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P R E F A C E T O T H E FIRST EDITION

THE present volume is an enlarged edition of that published
in 1887, and has been completely rewritten. The preparations
have all been carefully revised, some of the former ones
omitted and many new ones introduced. The chief additions
are the introductory chapters on organic analysis and molecular
weight determinations, and an extension of the appendix.
The book does not aim at being a complete laboratory guide,
but is intended to provide a systematic course of practical instruction, illustrating a great variety of reactions and processes
with a very moderate outlay in materials and apparatus.
The objection may be raised that the detailed description of
processes makes no demand upon a student's resourcefulness
or ingenuity. It must be remembered, however, that the
manipulative part of organic chemistry is so unfamiliar to the
elementary student that he requires minute directions in order
to avoid waste of time and material. Until he..has acquired
considerable practical skill he cannot accomplish the experimental work requisite for research, and repeated failures will be
apt to destroy his confidence in himself.
To satisfy, to a.legitimate extent, the prejudices of certain
examining bodies, who still adhere to the old system of testing
a student's knowledge of practical organic chemistry by means
of the qualitative analysis of certain meaningless mixtures, the
special tests for some of the more common organic substances
have been inserted. At the same time, an attempt has been
at the end of the appendix to systematise the analysis of
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organic substances on a broader and therefore more rational
basis.
The present occasion seems opportune to direct attention to
the fact that one of the most familiar, most readily procurable
and most cheaply produced of all organic materials is placed
beyond the reach of many students by the heavy duty levied
upon it. May I, in the name of teachers of organic chemistry,
appeal to the Board of Inland Revenue, on behalf of scientific
and technical education, to provide institutions for higher
education in science with a limited quantity of pure alcohol
free of duty, thereby placing schools of chemistry in this
country in the same position as those on the Continent ?
In conclusion I desire to thank Dr. J. McCrae, who has
written the section on Ethyl Tartrate and the use of the Polarimeter, Dr. T. S. Patterson, who has been kind enough to look
•over the proofs, and Mr. H. D. Dakin, who has given me substantial assistance in the practical work of revision.
J. B. COHEN.
THE YORKSHIRE COLLEGE,

October; 1900.

PREFACE TO T H E SECOND

EDITION

IN the former edition attention was drawn to certain
drawbacks which accompanied the study of practical organic
chemistry, among which the heavy duty on alcohol and the
unsatisfactory nature of the practical tests demanded by
public examining bodies were specially emphasised.
Teachers and students alike must welcome the changes which
have since taken place. An excise duty on alcohol used in the
laboratory is no longer exacted from students of science, and
substantial reforms have been introduced into practical examinations.
One important feature in some of the new examination
regulations is the recognition of the candidate's signed record
of laboratory work. We are, in fact, beginning to discover an
inherent .defect in practical chemistry as an examination subject, namely, its resistance to compression into a compact
and convenient examination form.
The old and drastic method by which chemistry was made to
fit into a syllabus consisted in cutting out the core of the
subject, or in other words, in removing all the processes which
demanded time, skill, and some intelligence, and in reducing the
examination to a set of exercises in a kind of legerdemain. This
process has been to a large extent abandoned, but a residuum
of it s.till remains. It is to be hoped that the kind of practical
examination in organic chemistry, which consists in allotting
a few hours to the identification of a substance selected from
a particular list, will in time be superseded or accompanied
by a scheme encouraging candidates to show, in addition
to tfceir note-books, evidence of skill and originality, as, for
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example, in submitting specimens of new or rare preparations, or
in presenting an account of some small investigation.
The present edition is much enlarged and contains new preparations, reactions and quantitative methods, all of which have
been carefully revised. My object has been not to follow any
particular syllabus, but to present a variety of processes from
which a selection may be made to suit the special needs of
different students.
My thanks are due to Mr. Joseph Marshall, B.Sc, and
several of my senior students, for their assistance in the work of
revision.
J. B. COHEN
THE UNIVERSITY, LEEDS.

July, 1908.
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Qualitative Examination.
Carbon and Hydrogen.—Carbon compounds are frequently inflammable, and when heated on platinum foil take
n*i?e or char and burn away. A safer test is to heat the substance
with some easily reducible metallic oxide, the oxygen of which
forms carbon dioxide with the carbon present. Take a piece of
soft glass tube about 13 cm. (5 in.) long, and fuse it together
at one end. Heat a gram or two of fine copper oxide in a
porcelain crucible for a few minutes to
drive off the moisture, and. let it cool
in a desiccator. Mix it with about
one-tenth of its bulk of powdered sugar
in a mortar. Pour the mixture into
the tube, the open end of which is now
drawn out into a wide capillary and
oen'L at the same time into the form
FIG. I.
shown in Fig. r. This is done by
shaking down the mixture to the closed end and revolving the
tube in the blow-pipe flame about 2\ cm. (1 in.) beyond the
mixture until it is thoroughly softened. The tube is then
removed from the flame, drawn out gently and bent. Make a
file scratch across the end of the capillary and break it. When
the. tube is cold tap it horizontally at the edge of the bench, so
as to £orm a free channel above the mixture. Suspend it by a
COHEN'S ADV. P. O. C.
B
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copper wire to the ring of a retort stand, and let the open end
dip into lime or baryta water. Heat the mixture gently with a
small flame. The gas which bubbles through the lime water
turns it milky. Moisture will also appear on the sides of the
tube, which, provided that the copper oxide has been thoroughly
dried beforehand, indicates the presence of hydrogen in the
compound. Gases, or volatile substances like ether and
alcohol, cannot, of course, be examined .in this way ; but
an apparatus must be arranged so that the gas or vapour is
made to pass over a layer of red hot copper oxide and then
through the lime water.
Nitrogen.—Many organic nitrogen compounds when
strongly heated with soda-lime give off their nitrogen in the
form of ammonia. Grind up a fragment of cheese or a few
crystals of urea with 5 to 6 times its weight of soda-lime, pour
the mixture into a small test-tube (preferably of hard glass) and
cover it with an equally thick layer of soda-lime. Heat strongly,
beginning at the top layer. Ammonia is evolved and can be
detected by the smell, or by holding a piece of moistened
red litmus paper at the mouth of the tube. When nitrogen is
present in direct combination with oxygen, as in the nitro- and
azoxy-compounds, ammonia is not evolved. The following
general method is applicable to all compounds and is therefore more reliable. The compound is heated with metallic
potassium or sodium when potassium or sodium cyanide
is formed. The subsequent test is the same as for cyanides.
Pour* about 10 c.c. of distilled water into a small beaker.
Place a fragment of the substance in a small test-tube along
with a piece of metallic potassium or sodium the size of
a coffee bean, and heat them at first gently until the reaction subsides, and then strongly until the glass is nearly
red-hot. Then place the hot end of the tube in the small
beaker of water. The glass crumbles away, and any residual
potassium is decomposed with a bright flash, all the cyanide
rapidly goes into solution, whilst a quantity of carbon remains
suspended in the liquid. Filter through a small filter into a testtube. Add to the clear solution a few drops of ferrous
sulphate solution, and a drop of ferric chloride, boi'I up for
a minute, cool under the tap, and acidify with dilute hydrochloric acid. A precipitate of Prussian blue indicate3 the
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presence of nitrogen. If the liquid has a blue colour, let it
stand for an hour and examine it again for a precipitate. If no
precipitate appears and the solution remains of a clear
yellowish-green colour, no nitrogen is present.
If sulphur is present, an excess of alkali metal must be
used to prevent the formation of sulphocyanide.
The Halogens.—Many halogen compounds impart a green
fringe to the outer zone of the non-luminous flame. A more
delicate test is to heat the substance with copper oxide
(Beilstein). Heat a fragment of copper oxide, held in the loop
of a platinum wire, in the outer mantle of the non-luminous
flame until it ceases to colour the flame green. Let it cool dovyn
a little and then dust on some halogen compound (bromacetanilide will serve this purpose, see Prep. 55, p. 152). Now
heat again. A bright green flame, accompanied by a blue zone
immediately round the oxide, indicates the presence of a
halogen. The halogen in the majority of organic compounds
is not directly precipitated by silver nitrate. Only those
compounds which, like the hydracids and their metallic salts,
dissociate in solution into free ions give this reaction. If,
however, the organic compound is first destroyed, and the
halogen converted into a soluble metallic salt, the test may be
applied. JHeat the substance with a fragment of metallic sodium
or potassium as in the test for nitrogen, p. 2. The test-tube
whilst hot is placed in cold water, the alkaline solution filtered,
acidified with dilute nitric acid and silver nitrate solution added.
A curdy, white or yellow precipitate (provided no cyanide is
present), indicates a halogen. If a cyanide is present, boil with
nitric acid until the hydrogen cyanide is expelled and add
silver nitrate.
Sulphur.—The presence of sulphur in organic compounds
may be detected by heating the substance with a little metallic
sodium or potassium. The alkaline sulphide, when dissolved in
water, gives a violet colouration with a solution of sodium nitroprusside. Heat a fragment of gelatine with a small piece of
potassium in a test-tube until the bottom of the tube is red hot,
and place it in a small beaker of water as described in the test
for nitrogen (p. 2). Filter the liquid and add a few drops of
sodium nitroprusside solution.
Phosphorus.—The presence of phosphorus is ascertained
B2
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by heating the substance strongly with magnesium powder and
moistening the cold product with water. Magnesium phosphide
is formed and is decomposed by the water, giving phosphine
which is readily detected by its smell.
Quantitative Estimation.

Carbon and Hydrogen.—The principle of the method is
that described under qualitative examination, but the substance
and the products of combustion, viz., carbon dioxide and water,
are weighed. The following app'aratus is required.
1. An Erlenmeycr or other form of Co?nbustion Fii?'?iace.—
The usual length is 80-90 cm. (31-35 in.), and it is provided with
30 to 35 burners. Flat flame burners are undesirable.
2. A Drying Apparatus.—A form of drying apparatus which
is easily fitted together is shown in Fig. 2. It consists of four
large U-tubes arranged side by side
in pairs. The U-tubes are mounted
upon a wooden stand with two uprights, to which the two pairs of tubes
are wired. The first of each pair is
filled with soda-lime, and the second
with pumice soaked in concentrated
sulphuric acid. Each soda-lime tube
FIG. 2.
is connected with a sulphuric acid tube
by well-fitting rubber corks and a bent glass tube. The two
other limbs of the sulphuric acid U-tubes are joined by a threeway-tap forming a T-piece. The free end of the T-piece is
attached to a small bulb
tube, Fig. 3, containing a
drop of concentrated sulphuric acid to mark the
rate at which the bubbles
are ri^smg through the
FIG. 3.
S
The
^ e i& -connect^ with the combustion tube by a short
M^fce of rubber ru]?ing and a short glass tube, which passes
through a rubber cork fixed in the end of the combustion tube.
The rubber'tubing carries a screw-clip. The open enois of
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the soda-lime U-tubes are closed with rubber corks, through
which pass bent glass tubes. One of these glass tubes is connected by rubber tubing to an oxygen gas-holder or to a
cylinder of compressed oxygen, which must be furnished with
an automatic regulating valve, and the other glass tube is
attached to a gas-holder containing air. By turning the threeway tap, either oxygen or air may be supplied to the combustion
tube.
3. A Combustion Tube of Hard Glass.—It should be about 13
mm. inside diameter, and the walls not more than 1*5 mm.
thick. Its length should be such that it projects at least 5 cm.
(2 in.) beyond the furnace at either end. After cutting the
required length, the ends of the tube are carefully heated in the
flame until the sharp edges are just rounded. The tube is filled
- - follows. Push in a loose asbestos plug about 5 cm. (2 in.) from
as
FIG. 4.

one end. This end, to which the calcium chloride tube and potash
apparatus are subsequently attached, may be called the front end.
Pour in coarse copper oxide at the opposite end and shake it down
to the plug until there is a layer about two-thirds the length of the
tube. Keep the oxide in position by another plug of asbestos ;
see that the plugs are not rammed too tight. Make a roll of
copper gauze about 13 cm. (5 in.) long to slide easily into the
back end of the combustion tube. This is done by rolling- the
gauze tightly round a stout copper wire until the requisite thickness is obtained. The projecting ends of the wire are then
bent over into hooks as shown in Fig. 4. This roll, or spiral,
as it is usually called, is subsequently oxidised. It is pushed
into the tube or withdrawn as occasion requires by a piece of
hooked wire. The combustion tube is placed on a layer of
asbestos in the iron trough of the furnace. The arrangement of
the tube with boat and spiral is shown in Fig. 5.
4. A Straight Calcium Chloride Tube.—It is insertec^tnYough a
rubber cork and fixed in the front end of the combustion tube
when the latter is not in use, as copper oxide is very hygroscopic, and it is necessary to protect it from the moisture in
the air.
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5. A Potash Apparatus.—Several forms of potash apparatus
are made ; that of Geissler (Fig. 6), and Classen (Fig. 7) being
perhaps most commonly employed. The latter has the advantage of being very light. The removable side tube is rilled
with granulated calcium chloride or soda-lime, with a plug of
cotton wool at each end. The bulbs of the apparatus are filled

FIG. 5
with a strong solution of caustic potash containing 25 grams of
potash to 50 c.c. of water. This is done as follows. Remove
the soda-lime tube and attach in its place a piece of rubber
tubing. This serves as a mouthpiece. Pour the potash
solution into a basin and dip the other end of the potash
apparatus under the liquid. Suck at the rubber tube until the
quantity appears sufficient to fill the bulbs. Remove the
potash solution and continue to suck until the solution is transferred to the bulbs. The bulbs should be nearly filled. In the
case of Classen's apparatus, the liquid should stand half an inch
deep in the bottom of the apparatus outside the lowest bulb.

FIG. 6

FIG.

Wipe the potash solution from the outside and inside of the
inlet tube of the apparatus with filter paper. Smear a thin film
of vaseline on the ground end of the soda-lime tube before
replacing it, and fit to the open ends of the apparatus, stoppers
of rubber and glass rod, which are not removed, except when
the apparatus is in use. As the potash apparatus has £6 be
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refilled after every two combustions, it is advisable to keep a littl
stock of solution in a bottle fitted with an ordinary cork
6. A Calcium Chloride U- Tube.—The form of calcium chloride
tube is shown in Fig. 8. It is fitted with sieved calcium
chloride to within i\ cm. (i in.) of the
side pieces, and then with coarser pieces
to within \ cm. (i in.). Place a small
plug of cotton wool in both limbs above
the chloride to keep it in position. Two
well-fitting corks, cut off level with the
glass and coated with sealing-wax, produce an effective air-tight stopper to the
FIG. 8.
open limbs, but it is preferable to seal
them in the blow-pipe flame. The sealing requires a little skill.
Carefully wipe off any chloride dust which may have adhered
to the open ends of the two limbs. Cork up one limb and
stopper one of the side tubes. Attach a short piece of rubber
tubing to the other side tube to serve as a mouthpiece. Now
soften the end of the open limb in a small blow-pipe flame, and
at the same time heat the end of a short piece of glass rod.
With the hot end of the rod gather up the edges of the open
limb, and whilst rotating the limb backwards and forwards in
the flame, draw it out and seal it up. If successful, the appearance of the tube is that shown in Fig. 9. The blob of glass is
heated in a small flame, and, by gently blowing and re-heating
and blowing again, the blob can be
removed, and, finally, by using a
rather larger flame, heating and
blowing alternately, the end is
neatly rounded.
7. A Porcelain or, preferably^ a
Platinum, Boat.—See that it slips
easily into the combustion tube.
FIG. 9.
The boat is kept in a desiccator
on a flat cork or support made of glass rod when not in use.
Preparation of t h e Tube.—Before starting the combustion it is necessary to clean and dry the combustion tube.
This is effected by heating the whole length of the tube containing the copper oxide and spiral gradually to a dull red heat,
and passing through it a slow stream of dry oxygen from the
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gas-holder or cylinder. As soon as a glowing chip is ignited at
the front end and the moisture, which at first collects there, has
disappeared,-the gas jets are turned down and finally extinguished. The oxygen is then stopped, and the straight
calcium chloride tube inserted into the open end of the tube.
Preliminary Operations.—Grind up a little pure oxalic
acid, and carefully weigh out 0*15 to 0*2 gram (not more) in the
boat Weigh also the calcium chloride tube and potash apparatus without stoppers or other accessories. The side tube of
the calcium chloride tube, which carries the bulb, is attached
directly to the combustion tube with a rubber cork. This cork
should be carefully selected, and should exactly fit the combustion tube. The bore hole should be small and smooth, and
it is advisable to dust it with graphite or coat it with a film of
vaseline to prevent the rubber from clinging to the glass, a
matter of frequent occurrence unless this precaution is taken.
The cork should be kept exclusively for the combustion. Push
the side tube of the calcium chloride tube through the hole until
it is flush with the opposite surface, and squeeze the cork tightly
into the combustion tube. Attach the potash apparatus to the
other limb of the calcium chloride tube by a well-fitting piece
of rubber tubing about 3 cm. (i£ in.) long, and bring the ends
of the glass as closely as possible together. It should be
unnecessary to wind wire round the joint if the rubber is of the
right diameter. A little vaseline may be used here with advantage, but only in the thinnest film. The potash apparatus
will require to be supported upon a block or stand. Remove
the copper spiral from the back of the tube. Introduce the
boat and push it into position against the asbestos plug by
means of the spiral which is placed behind it. Replace the
rubber cork connected with the drying apparatus. The apparatus
will present the appearance shown in Fig. 10.
It must now be tested to see that it is air-tight. For this
purpose, close the open end of the potash apparatus with a
tight stopper and turn on the full pressure from either gasholder. After the first few bubbles of air have passed through
the bulbs of the potash apparatus no further movement of
bubbles should appear in any part of the apparatus. If it
withstands this test, the combustion may proceed. Release the
pressure by closing the tap of the gas-holder, screwing i»p the
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clip at the back of the combustion\^e,^rrd^cautiouslyremovi
t h e stopper from the potash apparatus
^ ^ f e j f e
w a y tap from its socket for a moment.
^
u r. L.O
T h e Combustion.—Turn on the oxygen a^TaajustThe rate
of flow through the apparatus by means of the screw-clip' s o
t h a t • 2 or 3 bubbles a second pass through the potash bulbs.
Throw back the tiles if closed, and light the burners under the
front layer of copper oxide to within 10 cm. (4 in.) of the boat
a n d also 2 or 3 burners under the spiral behind the boat, but
n o t within 5 cm. (2 in.) of the boat. Turn up the gas slowly to
avoid cracking the tube and in a minute or two, when the tube
is thoroughly warmed, close the tiles over the lighted burners
a n d heat to a dull red heat. A vivid red heat during the
combustion is not only unnecessary, but undesirable, as the
l
is apt to soften and be distorted and even to blow out and

FIG.

10.

become perforated. A combustion tuoe carefully handled
should last indefinitely. When the copper oxide is red hot,
turn on the burners very gradually from the spiral towards the
boat, but do not close the two pairs of tiles over the boat until
t h e combustion is nearly terminated and the burners are all
lighted. The first indication of the substance burning is the
appearance of a film of moisture at the front end of the
combustion tube and an increase in the speed of the bubbles
passing through the potash apparatus. The front end of the
tube, which should project 4 to 5 cm. (i£ to 2 in.) from the
furnace, must be kept sufficiently hot to prevent moisture
permanently condensing there ; but it must never be allowed to
become so hot that there is any risk of the cork being burnt,
and it should always be possible to place the finger and thumb
^ound the part of the tube where the cork is inserted. A screen
m a d e -from a square piece of asbestos board, with a slit in it

I0
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slipped over the tube at the end of the furnace, may be
with advantage.
# .
The speed of the bubbles is the best indication of the
of the combustion. If the rate increases so that the
passing through the last bulb cannot easily be counted, nl
or burners must be lowered or extinguished until the sp
slackens. After a time, when the air has been displaced
carbon dioxide largely fills the tube, the gas is nearly all
sorbed in the first potash bull). When this occurs, the current
of oxygen maybe increased until the bubbles appear synchronously in the bulbs, when the current is a«ain checked. I f
some copper oxide has been reduced in the first stages of th<process, the bubbles in the potash apparatus may entirely reasts
for a time, but will reappear when the copper has been rooxidised. Here again an increased current of oxygen will h a s t e n
the process. The combustion is complete when a glowing eh i j >
held at the end of the potash apparatus is rekindled. All th<*
moisture must by now have been driven over into the calnim^
chloride tube. If this is not the case, warm the end of the ttif ><»
cautiously with a small flame, or by means of a hot tile h o l d
near the tube The time required to complete ihe combustion
is about one-half to three-quarters of an hour from the time the*
front of the tube is red hot, but more volatile substances, whic:Ii
must be heated more cautiously, will naturally take longer.
The combustion being complete, gradually turn down, and hrx
a few minutes extinguish, the burners. Whilst the furnace cool**
the oxygen is replaced by a slow current of air. To do this the?
oxygen supply is stopped and the three-way tap is t u r n e d
through 1800, so as to connect the tube with the air resm-oit-,
the tap of which is then opened and the stream of air regulated
by the screw clip.
Let the air pass through for 20 minutes whilst the furnace t M»
cooling down. Then remove and stopper the potash apparatus.
and the calcium chloride tube, and after allowing them to s t a n d
by the balance case for half-an-hour, weigh.
The results are calculated in percentages of carbon a n d
hydrogen as follows :
w is the weight of substance taken.
a is the increase in weight of the potash apparatus.
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b is the increase in weight of the calcium chloride tube.
12 x a x ioo
per cent, of carbon.
44 x w
2 X b X IOO= per cent, of hydrogen.
18 x «/
Example.—0*1510 gram of oxalic acid gave 0*1055 gram of
CO2 and 0*068 gram of H2O.
joo =
44x0-15100
ax.£o68xjoo = 5 - 00 p e r cent, of hydrogen.
X
&
I8XO-I5IO
Calculated for C2H6OG : C = 19*04 per cent. ; H = 4*76 per
cent.
As a rule, the carbon is a little too low through loss of moisture from the potash apparatus, whilst the hydrogen is too high,
probably through incomplete drying of the air and oxygen from
the gas-holders. The discrepancy should not exceed 0*2 per
cent, of the theoretical amount. If the substance burns with
difficulty it should be mixed with fine copper oxide in the
manner described under quantitative estimation of nitrogen.
The Combustion of Volatile and Hygroscopic Substances.—If the substance is a non-volatile liquid it may be
weighed in a boat like a solid ; if it is hygroscopic the boat
must be enclosed and weighed in a stoppered tube. If it is a
volatile liquid a glass bulb or tube, drawn out into a neck as
shown in Fig. 11, must be used. The
bulb is first weighed, and the liquid
is introduced by warming the bulb
gently to expand the air and then
FIG n.
inverting the open neck under the
liquid. The operation may require repeating. The tube is then
sealed and weighed again. Before introducing the bulb into
the tube the neck is nicked with a file and broken off. It
is then placed in the boat and pushed into the combustion
tube. In the combustion of a substance like naphthalene, which
is moderately volatile, the greater part is vaporised by the
heat of the copper oxide spiral in'contact with the boat. The
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burners are therefore not lighted under the boat until towards
the close of the combustion. In the case of a. highly volatile
compound like ether, a combustion tube is used, which projects
at least 15 cm. (6 in.) beyond the back of the furnace. The
bulb containing the substance is then placed just outside tin;
furnace, and then the spiral in contact with it. A small IJunsen
flame is placed under the end of the spiral away from the substance, the heat from which is sufificicnt to completely volatilise
the substance at a convenient speed.
The Combustion of Organic Substances containing*
Nitrogen.—The following modification must be introduced in
cases where the organic substances contain nitrogen. As the
nitrogen may be liberated in the form of one or other of its
oxides, which are liable to be absorbed in the potash apparatus,
a source of error is introduced, which may be eliminated in the
following way. A spiral of metallic copper is brought into the
front end of the combustion tube, which, when red hot, reduces
the oxides of nitrogen. The free nitrogen then passes through
unabsorbed. About 13 to 15 cm. (5 to 6 in.) of coarse
copper oxide is removed from the front end of the tube, and
after inserting an asbestos plug, the spare left by the oxide is
filled with a roll of copper gauze 13 to 15 cm. (5 to n in.)
long. The copper spiral must have a clean metallic surface,
which is easily produced in the following way. Take a laiv.e
test-tube or boiling tube, an inch or so longer than the spiral,
and push down to the bottom a small pad of asbestos. I'our in
about 5 c.c. of pure methyl alcohol.
Have a cork at hand which fits loosely into the mouth of the
test-tube. Wrap the tube round with a duster. Hold the cop
per spiral with the crucible tongs in a large blow-pipe (lame until
it is red hot throughout and slide it quickly into the test-tube.
The methyl alcohol reduces the film of oxide on the copper and
is at the same time oxidised to formaldehyde, the vapours of
which attack the eyes if the tube is brought too near the face.
The alcohol takes fire at the mouth of the test-tube. When the
flame dies down insert the loose cork and let the tube cool. The
spiral, which has now a bright surface, is withdrawn, and the
excess of alcohol removed by shaking it. It must now be
thoroughly dried. Place the spiral in a hard glass tube a feuinches longer than the spiral and fitted at each end with a cork,
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nto which short, narrow glass tubes are inserted. Attach one
2nd of the tube to an apparatus for evolving carbon dioxide,
which is thoroughly dried by passing it through concentrated
sulphuric acid. When the air is expelled from the tube, heat it
gently until the alcohol is removed. Then let the tube cool
while the gas is passing through. The spiral is then removed
md placed in the front of the combustion tube. The combustion
is carried out in the manner already described, but a current of
lir is substituted for oxygen until all the hydrogen has been
expelled, i.e., until water ceases to condense in the front of the
:ube. The burners under the metallic copper are then gradually
sxtinquished, and the spiral allowed to cool whilst the current
Df air is replaced by oxygen. By the time the oxygen reaches
:he spiral, the latter should have so far cooled that it remains
anoxidised. The current of oxygen is continued until a glowing
:hip is kindled at the end of the potash apparatus and the
operation is completed by turning on the air as previously
described.
A convenient substance to use for analysis is acetanilide, see
Preparation 54, p. 151.
Combustion of Organic Compounds containing
Halogens and Sulphur.—When the halogens or sulphur
are present in an organic compound, they are liable to be absorbed either in the free state or in combination with oxygen in the
potash apparatus. In this case, fused lead chromate broken up
into small pieces must replace the coarse copper oxide in the
combustion tube. The halogens and sulphur are retained by the
lead, the former as the halide salt, and the latter as lead sulphate
Special care must be taken in using lead chromate, that the
temperature of the furnace is not too high, as otherwise the
chromate fuses to the glass, and the combustion tube then
cracks on cooling.
Nitrogen (Dumas).—According to this method, a weighed
quantity of the substance is heated with copper oxide in a tube
filled with carbon dioxide. The carbon and hydrogen form
respectively carbon dioxide and water, and the nitrogen which
is liberated in the form of gas is collected over caustic potash
(which absorbs the carbon dioxide) and measured.
The following apparatus is required :—
1. A combustion furnace of the ordinary form.
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2. A short furnace of simple construction, such as used in
Turner's method for estimating carbon in steel (Fig. \i). It
should curry an iron trough about
30 cm. (12 in.) long, iixed at such
a height that it can he heated by
an ordinary Bunsen burner.
3. A combustion tuih\ which may
be rather longer than that usvil
in the estimation of carbon and
hydrogen.
KlG. J->.
4. A short Jiard ^Ltss tithe, 25
28 cm. (10—11 in.) long", and closed at one end.
5. A bent tube with a bulb, blown in the centre, as shown at
a, Fig. 13. This is attached by rubber corks to the ends of the
long and short combustion tubes.
6. A graduated Schiffs Asotometer, Fig. 13. A small quantity of mercury.is first poured into the bottom of the tube so as
to fill it 4—5 mm. above the lower side limb. A solution of
potash (1KOH : 3I-LO) is then poured into the glass reservoir,
which is attached to the upper straight side limb by a rubber
tube. By raising the reservoir and opening the tap the tube is
filled, and remains so on closing the tap and lowering the reservoir. When the tube is filled with potash solution there should

Fit;.
be sufficient mercury at the bottom to seal off the potash solution from the bent limb, which connects with the <ombustion
tube.
7. Two flasks, 200 c.c. ami 300 r.r.-Thc necks are slightly
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constricted in ^ T i ^ blow-pipe flame, so that the end of the combustion tube S ]^.p3 in as far as the constriction (Fig. 14). The
flasks are fitter ^ i t h good corks.
8. A spiral ^f
copper gauze 15 cm. (6 in.) long, which is
reduced in n ^ - j ^ y l alcohol as described on p. 12. The spiral
should be r e d u C e d just before use when the tube is filled
and ready. 1^ \^ unnecessary to remove all the alcohol from
the spiral by 3^ e 3.tirig it in a current of carbon dioxide. It is
sufficient to w l n i s " ^ it sharply through the air
and shake oft* t t i e : excess of liquid.
9. A sufficie7Zr£ grztantity of coarse copper oxide
to fill the cornh>i_istion tube two-thirds full and a
further quantity o f fine copper oxide to occupy
10—13 cm - (4- 5 in.) of the tube.
10. Two s/z£z.ZZ°w tin dishes, 10—13 cm
(4—5 in.) in d i a m e t e r for roasting copper oxide.
These dishes czs^in be obtained from.the ironmonger in dififer-ent sizes and are useful in the
laboratory for SL variety of purposes, such as for
oil, metal or sa/ncL-baths.
11. A squct?"& of copper gauze of moderate
FIG. 14.
mesh of the a r e a of the tin dish. It is turned
up at the e d g e s and is used for sifting the coarse ftom the
fine copper ox:icie after each combustion.
12. Pure $ocZzz4?n bicarbonate, NaHCO3, in powder free from
ammonia.
Filling t h . o C o m b u s t i o n Tube.—A plug of asbestos is
first pushed i n f r o m one end far enough to leave room for the
copper spiral, w l i i c h should lie well within the furnace. This end
of the tube is subsequently attached to the azotometer and may
be called the fr-ant
end. The coarse copper oxide is heated over
a Bunsen b u r n e r in one of the shallow tin dishes and the fine
oxide in a n o t h e r . After about a quarter to half an hour the
burners are extinguished and the oxides whilst still warm are
introduced i n . t o their respective flasks with drawn-out necks,
Theflasksa r e c l osed with corks and allowed to cool. The back
end of the c o m b u s t i o n tube is now pushed horizontally into the
neck of the c o 3 . r s e oxide flask and the oxide poured on to the
plug by tilting- t l i e flask and tube. The tube is filled with oxide
about t w o - t h i r d s of its length. Into the flask containing the
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rine oxide about o'2 gram of powdered substance (acctanilide
may be conveniently" used, see Prep. 54, p. 15 0 is weighed
out'by difference from a sample tube, which should contain the
approximate quantity. The substance is then well mixed with
the oxide by shaking the flask. The contents of the flask arc
carefully poured into the tube above the coarse oxide in the
manner"described and the flask is rinsed out with coarse oxide,
which is likewise poured into the tube until it is filled to the
full length of the furnace. A loose plug of asbestos is pushed
in to keep the materials in position and the tube is tapped
horizontally on the bench in order to form a channel above the
layer of fine copper oxide. The tube is now laid in the furnace,
which is tilted a little forwards in order to collect the moisture
at the front end of the tube. The short dosed tube is
well packed with powdered sodium bicarbonate and tapped
horizontally so as to form a good channel above the whole
length of the substance. It is laid in the small furnace, which
is also tilted forwards to drain off the water which is formed.
The bicarbonate and the combustion tubes arc connected by the
bulb tube already described. The copper spiral is now redurcd
and pushed into the front of the tube up to the plug and finally
the azotometer is attached by its bent tube. The arrangement
of the tubes and their contents are shown in Figs. 13 and 15.
The Combustion.—The tap of the azotometer is opened
and the reservoir lowered so as to empty as far as possible the
COARSE — CuO

graduated tube. The joints of the apparatus being well secured
begin by cautiously heating the bicarbonate near the closed
end of the tube with a good burner, and concentrate the heat
by tiles placed on each side. A rapid stream of carbon dioxide is at once evolved. When it begins to slacken, push the
burner on A cn^or so in order to maintain a continuous and
rapid stream. The quicker the stream of gas, the sooner is the
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air expelled, for the gas then pushes the column of air before
it like a piston, before the latter has time to diffuse. In about
ten minutes, the row of burners beneath the spiral and the
coarse oxide to within 10 cm. (4 in.) of the fine oxide may be
lighted. In another fifteen minutes, the gas which is passing
through the tube may be tested. The current is allowed to
slow down a little, and the graduated tube of the azotometer is
then filled with potash solution by raising the reservoir and
closing the tap. On gradually lowering the reservoir, a few
bubbles will pass up the graduated tube.
By the time they reach the top of the tube, the size of the
bubbles should have become so minute that when collected at the
top they occupy no appreciable volume, but appear as a fine froth.
If this is not the case, open the tap, run out the solution and
continue as before to drive carbon dioxide through the tube.
Repeat the test in another five minutes. Not more than half
the bicarbonate should have been utilised in expelling the air.
The air being removed, the combustion of the substance is commenced. The azotometer is filled with the potash solution, the
tap closed, and the reservoir lowered as far as possible. The
current of carbon dioxide is allowed to slacken, but it must not
be completely stopped. The front portion of the combustion
tube will by this time have reached a dull red heat. A few
more burners are now lighted on both sides of the fine oxide.
Finally, the layer of fine oxide is gradually heated and the process conducted in much the same manner as that described
under the estimation of carbon and hydrogen. The combustion
is regulated by the speed of the bubbles passing up the
azotometer tube, which should enable them to be readily
counted. The burners being all lighted and the tube red hot
throughout, the tiles above the substance are closed. The
current of gas will shortly slacken. The residual nitrogen is
then expelled from the tube by moving on the flame beneath
the bicarbonate and causing a fresh stream of carbon dioxide to
sweep through the tube. Care must be taken that the stream
of gas is not too rapid, as otherwise the potash solution may
become saturated and driven completely into the reservoir. The
burners may now be extinguished and a reading of the level in
the azotometer taken every few minutes until it remains constant
and the bubbles are completely absorbed. Remove the
COHEN'S ADV. P. 0. C.
C
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azotometer by slipping out the cork from the front of the combustion tube* and hang a thermometer beside it. D o not,
however, stop the flow of carbon dioxide until the tube is nearly
cold. In this way, the copper spiral remains quite bright and
may be used for a second determination without being
reduced.
When the azotometer has stood for an hour in a cool place,
adjust the level by raising the reservoir so that the liquid in the
tube and reservoir stand at the same height.
R e a d or! the
volume, and at the same time note the temperature and the
barometric pressure.
The percentage of nitrogen may be calculated as follows :—
v is the observed volume of nitrogen.
B is the height of the barometer in mm.
/ is the temperature.
/ i s the vapour tension of the potash solution, which m a y be
taken to be equal to that of water without serious error.
The volume corrected to o° and 760 mm. will be given by
the following expression :—
(273 + /) 760
As the weight of 1 c.c, of nitrogen at o° and 760 mm is C00126
gram, the percentage weight of nitrogen will be given by the
expression
) x 0-00126 x roo
x

(273 + /) 760
w
'
where 10 is the weight of substance taken.
Example.—0*206 gram of acetanilide gave iS'8 c.c. of moist
X at 17° and 756 mm. [/at 17°= 14-5 mm.]
iS'8 x 273 x (756 - 14*5) x o*T26
r
(373+17) x 760x0-206
~ I O ^ percent.
Calculated for CSH9ON ; N = 10-37 per cent.
Instead of collecting the gas over dilute potash solution, it is often
customary to use a very strong solution consisting of equal weights of
potash and water. The vapour tension is practically nil. Or/again,
the nitrogen may be transferred to a graduated tube standing over
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water, which gives a result free from any error arising from incorrect
vapour tension. The manner of transferring the gas is shown in
Fig. 16. The stem of a wide funnel is cut off and attached by rubber
to the top- of the azotometer. This is then filled with water and the
projecting end of the azotometer is alsofilledwith water. A graduated
tube is now brought over the end, and by opening the tap and raising

FIG. 16.

the reservoir the gas passes into the tube. The end is now closed with
the thumb and transferred to a cylinder of water.
The tube is held by a collar of paper, whilst the level is adjusted
and the volume ami temperature noted.
Before commencing" a second determination, the contents of
tbe combustion tube are emptied on to the wire-gauze sieve,
placed over one of the tin dishes, and the fine and coarse oxide
separated. Both oxides are roasted in order to reoxidise any
reduced copper, and transferred as before to their respective
flasks. The sodium bicarbonate tube is emptied into a special
c 2
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bottle and then replenished with fresh material. Fresh caustic
potash solution is also introduced into the azotometer, unless
the stronger solution is used.
Estimation of Nitrogen, Second Method.—Another method
which dispenses with the small furnace and bicarbonate tube
may also be used. The long combustion tube is closed at one
end and magnesite in small lumps is introduced into the tube
and shaken down to the closed end until there is a layer of
about 13—15 cm. (5—6 in.). This is kept in place by a plug of
asbestos and the tube is filled s-uccessively with 5 cm. (2 in.) of
coarse copper oxide, then fine copper oxide mixed with the substance, a further layer of coarse copper oxide, and finally the
COARSE
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centrated sulphuric acid and about 10 grams of anhydrous
potassium sulphate. The object of the latter is to promote
oxidation by raising the boiling-point of the liquid. The flask is
clamped over wire-gauze and the contents boiled briskly until
the liquid, which first darkens in colour, becomes clear and
colourless or faintly yellow. When the decomposition is complete (h—i hour), the flask is left to cool and the contents then
diluted with 2—3 volumes of water. The flask is now attached
to the distilling apparatus shown in Fig. 18. It is furnished
with a double-bored rubber cork, through one hole of which a
bulb adapter is inserted (to retain any alkali which may spirt
upwards), the latter being connected with a condenser. The
end of the condenser just dips
below the surface of 25 c.c. of
a half-normal solution of hydrochloric or sulphuric acid, contained in a flask or beaker. A
tap-funnel with a bent leg, containing about 30 grams of
caustic soda in 60 c.c. of water,
is inserted through the second
hole in the cork. A few pieces
of porous earthenware or granulated zinc are introduced into
the flask to prevent bumping.
After the apparatus has been
tlG> l8
fitted together the caustic soda
'
solution is run in slowly and
the flask shaken. The liquid is then boiled briskly until
no more ammonia is evolved (-0-—f hour). This should
be ascertained by testing a drop of the distillate with red
litmus paper. If the operation is complete, the liquid is
titrated with half-normal sodium carbonate solution, using
methyl orange as indicator.
Example.—0*5151 gram acetanilide required 17*3 c.c. N\z
sodium carbonate :—
77x0-007x100 = IO . 46 p e r cent_
25 _ i r 3 = 7 7 .
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The Halogens (Carlus).—The method of Carius, Avhich is
usually employed, consists in oxidising the substance with fuming
nitric acid under pressure in presence of silver nitrate. The
silver halide which is formed is then separated by filtration and
weighed.
The following apparatus is required : —
i. A piece of thick-walled soft tubing about 45—48 cm.
JS—19 in.) long, and 12—13 mm. inside diameter, the walls
being at least 2*5—3 mm. thick. Tubes of hard potash glass are
also used, in which case the thickness of the walls may be rather
less. The tube is carefully sealed at one end so that there
is no thickening of the glass at any point into a blob. If a
blob is formed, it may be removed by heating it and blowing

FIG. 19.

gently into the tube and repeating the operation if necessary.
Tubes of soft or hard glass may be bought ready sealed atone end. The tube is, washed out and dried before use.
2. A narrow weighing-tube, 8—10 cm. (3—4 in.) long and
sealed at one end, which will slip easily into the thick-walled
tube.
3. Pure fuming nitric acid of sp. gr. 1*5.— This is prepared
by distilling equal volumes of concentrated nitric acid (150 ex.),
and concentrated sulphuric acid (150 c.c.) from a litre retort, the
neek of which has been bent in the blow-pipe flame as in Fig. 19.
The object of this bend is to prevent acid from spirting into the
neck and being carried over mechanically into the receiver
during distillation. The retort is placed on a sand-bath, and
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attached to a condenser. The acids are poured in through
a funnel, and a few small bits of broken unglazed pot are
dropped in to prevent bumping. The acid is distilled with a
moderate flame until about 70 c.c. have collected in the
receiver, when the operation is stopped. The distillate is then
tested for halogens by diluting largely with distilled water, and
adding silver nitrate solution. The liquid should remain perfectly clear. It should also be tested for the presence of sulphuric acid, in case it is required for sulphur estimations, by

FIG. 20.

adding a few drops of barium chloride to a fresh portion of acid
diluted as above. If pure, it is kept in a stoppered bottle. If it
contains chlorine, it must be redistilled over a few crystals of
silver nitrate. Fuming nitric acid has a sp. gr. of about 1*5 at
15°, boils at about 90°, and contains about 90 per cent, of
HNO3. Acid of this strength can be purchased.
4. A Tube Furnace.—Various forms of furnace are used.
Those which are heated on the principle of the Lothar Meyer
hot-air furnace by a number of pin-hole gas jets are easily
regulated, and can be raised to a high temperature. The
Gattermann furnace, shown in the diagram (Fig. 20), is a very
convenient form.
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Filling and Sealing the Tube.—By means of a thistle
funnel nith a long stem, about 5 c.c. of fuming nitric acid are first
„
introduced, and the funnel carefully withdrawn so as
not to wet the side of the tube. About 0*5 gram silver
nitrate in crystals is dropped in, and finally the narrow
weighing-tube containing 0-2—0-3 gram of substance
is slipped to the bottom of the tube (see Fig. 21).
Bromacetanilide (see Prep. 55, p. 152) may be used
for this estimation. The open end of the tube is now
sealed in the blow-pipe. This operation requires
some care and a little skill. About two inches of the
tube at the open end is very gradually heated by revolving it for several minutes in the smoky flame of
the blow-pipe. The tube is now grasped about the
F^ ^ middle with the left hand, and inclined at an angle of
about 450. The blast is turned on slowly, and the end
of the tube heated and revolved until the glass begins to soften.
The end of a glass rod, about 13 cm. (5 in.) long, held in the
right hand, is heated at the same time. The glass rod is then

FIG. 22.

used to press the edges of the glass tube together, as shown in
Fig. 23. The subsequent operation depends upon whether
soft or hard glass is to be manipulated. If soft glass is used,
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the blow-pipe flame is made as hot as possible, but reduced
in length to about 8 to 10 cm. (3 to 4 in.). It is directed at a
point about 2 to 3 cm. (1 in.) below the open end to which
the glass rod is attached, the glass rod now serving as a support
whilst the tube is slowly rotated. The glass, if evenly heated
and not drawn out, begins to thicken where the flame plays upon
it, and the inside diameter of the tube contracts. When the
apparent inside diameter of the tube is reduced to about 3 mm.
(i in.), the tube is quickly removed from the flame, and a
capillary end formed by very slowly drawing out the thickened
part of the tube (Fig. 24). When the capillary has so far cooled
as to become rigid, it is sealed off. The tube will now have the

FIG. 23.
FIG. 24.
FIG. 25.
appearance shown in Fig. 25. The tube is kept in a vertical
position until cold. If the tube is of hard glass, a somewhat
different method of sealing is employed. As soon as the glass
is sufficiently soft, it is not thickened, but drawn out at once into
a wide capillary, about li cm. long. By directing the flame
below this constriction, and continuing to draw out, the capillary
is further lengthened. When it has a length of 2 to 3 cm.
(1 in.) it is thickened by revolving it in the flame and then
sealed off. Hard glass is much more easily manipulated in the
oxy-coal gas flame. When cold, the tube is transferred to the
metal cylinder of the tube furnace. The furnace, conveniently
isolated in case of explosions, should stand on the floor, with
the open end raised and facing a wall. The capillary point
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should project a little beyond the open end of the metal cylinder
in which the sealed tube is enclosed. The temperature, indicated
by a thermometer fixed in the top of the furnace, is carefully
regulated. It is advisable to commence the operation in the
morning-. The temperature is gradually raised from 150° to 3oo°during four hours, and then to 2300 for a further four hours. T h e
gas is then extinguished, and the tube allowed to cool until the
following morning.
Opening the Sealed Tube.—The tube is drawn a little
way out of the iron casing, so that the capillary end projects
3 or 4 cm. The tip is then warmed cautiously in the Bun sen
flame to expel the liquid which as a rule condenses there. T h e
point is then heated until the glass softens, when the pressure
inside perforates the glass and nitrous fumes are evolved. O?i ?io
account must the tube be removed from the furnace before this
operation is concluded. The tube is now taken away and
opened. A deep file scratch is made in the wide part of the
tube, about 3 cm. below the capillary. The end of a glass
rod, heated to redness, is then held against the file mark. A
crack is produced, which may be prolonged round the tube
by touching the tube in front of the crack with the hot end
of the glass rod. The top of the tube is now easily removed. ;
but in order to prevent fragments of glass from the broken
edge from dropping into the acid, the tube should be held
horizontally and the end carefully broken off. Any bits of
glass which become detached adhere to the side of the tube,
near the open end, and can be easily wiped off. The contents
of the tube containing the silver halide are now carefully
diluted by adding water a few c.c. at a time, and then washed
into a beaker. The mixture is heated to boiling, the silver
compound transferred to a filter, and washed with hot water
until free from silver nitrate. The filter paper is then dried
in a steam oven and the silver salt weighed. A simpler and
more accurate method for filtering and weighing the silver
halide is to use a perforated or Gooch crucible. A disc of
filter paper is cut with a cork cutter of suitable dimensions
to fit the bottom of the crucible, which is dried with the crucible
in a Victor Meyer air-bath (Fig. 26) heated to 140—1500 until
constant. The air-bath consists of a jacketed copper vessel
fixed upon a tripod. A liquid of constant boiling-point is poured
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into t h e o u t e r jacket and t h e v a p o u r s a r e c o n d e n s e d by an
u p r i g h t c o n d e n s e r o r t u b e w h i c h is a t t a c h e d t o t h e o u t l e t t u b e .
The crucible
is p l a c e d w i t h i n
and
c o v e r e d w i t h a m e t a l lid. T h e r e is a
Small a p e r t u r e t o a d m i t a i r from b e l o w
into t h e i n n e r v e s s e l a n d a c o r r e s p o n d i n g
o u t l e t i n t h e lid.
A n i l i n e , b . p . 182°,
m a y b e u s e d in t h e o u t e r j a c k e t in t h e
present case.
T h e (iooc.h c r u c i b l e is
w e i g h e d a n d fitted to a filler flask a n d
t h e s i l v e r l i a l i d e filtered a n d w a s h e d a t
the p u m p .
T h e c r u c i b l e is ' t h e n h e a t e d
in t h e a i r - b a t h u n t i l t h e w e i g h t is c o n s t a n t (i, h o u r ) a n d w e i g h e d .
T h e result is c a l c u l a t e d
in
p e r c e n t a g e of
halogen.
hixainplc.
Bromacetanilide gave the
f o l l o w i n g r e s u l t :—•••
o'l 5 1 g r a m g a v e 0*134 g r a m A g B r .
o&

5

188 x o-15 1
C a l c u l a t e d for C s H , H r N O ; B r - 3 7 - 3 8
VlC. U6.
per cent.
A n o t h e r M e t h o d ( P i r i a a n d SchifF).—There are some
s u b s t a n c e s which a r e incompletely d e c o m p o s e d with fuming
nitric a c i d u n d e r t h e c o n d i t i o n s d e s c r i b e d a b o v e , a n d t h e r e s u l t s
a r e c o n s e q u e n t l y t o o low.
In s u c h c a s e s t h e following m e t h o d
may be e m p l o y e d .
T h e s u b s t a n c e is w e i g h e d i n t o a v e r y s m a l l
p l a t i n u m c r u c i b l e , w h i c h is t h e n filled u p w i t h a m i x t u r e of
a n h y d r o u s s o d i u m c a r b o n a t e (1 p a i t ; a n d p u r e p o w d e r e d q u i c k l i m e (4 t o 5 p a r t s ) . T h e c r u c i b l e is t h e n i n v e r t e d in a l a r g e r
c r u c i b l e , t h e s p a c e b e t w e e n t h e t w o b e i n g filled w i t h t h e s a m e
m i x t u r e o f s o d i u m c a r b o n a t e a n d l i m e . T h e l a r g e c r u c i b l e is
n o w h e a t e d , first w i t h a s m a l l b l o w - p i p e flame, a n d t h e n
m o r e s t r o n g l y u n t i l t h e m a s s is red h o t . T h e c o n t e n t s a r e t h e n
a l l o w e d t o c o o l , a n d d i s s o l v e d in a l a r g e e x c e s s of d i l u t e n i t r i c
acid. T h e s u b s t a n c e m u s t be a d d e d slowly a n d t h e acid kept
cool. T h e h a l o g e n Is t h e n p r e c i p i t a t e d w i t h silver n i t r a t e a n d
e s t i m a t e d in t h e usual way.
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Sulphur (Carius).—The process is essentially the same as
that described under the estimation of halogens (p. 22). The
compound is oxidised in a sealed tube with fuming nitric acid,
but without the addition of silver nitrate. The resulting sulphuric acid is then precipitated and weighed as barium sulphate.
The same quantities of acid and substance (diphenylthiourea
may be used ; see Prep. 61, p. 159) are taken, and the process of
sealing up and heating, &c, are carried out in precisely thesame way as for the halogens. The contents of the tube, after
heating, are cautiously diluted with water and then washed out
into a beaker, and filtered, if necessary, from fragments of glass.
The filter paper is then well washed with hot water and the
filtrate diluted to at least 250 c.c. with water. The liquid is
heated to boiling, and a few c.c. of barium chloride solution
added. On continued heating over a small flame the liquid
clears and the grecipitate subsides. The addition of another
drop of barium chloride will determine if the precipitation is
complete. The liquid is then filtered through an ordinary
funnel, the precipitate of barium sulphate washed with hot
water, dried and weighed in the usual way.
Example.—Diphenylthiourea gave the following result:—
0*2518 gram gave 0*2638 gram BaSO4.
2^28x32x100 =
233x0*2518
Calculated for C13H12N2S ; 8 = 14*05.
Determination of Molecular Weight
According to Avogadro's law, equal volumes of all gases
under similar conditions contain the same number of molecules.
Consequently the weights of equal volumes or the densities of
gases will represent the ratio of their molecular weights. If the
densities are compared with hydrogen as the- unit, the ratio

in which IVS and Wh are the weights of equal volumes of
substance anji hydrogen respectively, will give the molecular
weight of the substance compared with the molecule or two
atoms of hydrogen or half the molecular weight compared with

DETERMINATION OF MOLECULAR
one atom of hydrogen. Consequently^ the observed density
must be multiplied by two in ordeiSvt6* olstain—the moler-H^cr
weight compared with one atom of hydro^ei}. "; •'V Q £ [_ Q P. '£Vapour Density Method (Victor" Mey^er).—This
method, which is generally employed for substances which
volatilise without decomposition, is known as the
air displaccmc?it method
of Victor Meyer. It consists in rapidly vaporising
a known weight of a substance at a constant temperature at least 40—500
above its boiling-point in
a special form of apparatus, which admits of the
displaced air being collected and measured. The
volume occupied by a
given weight of the substance under known conditions is thus ascertained
and from these data the
density is calculated. The
following apparatus is required :—
1. A Victor Meyer Apparatus as shown in
Fig. 27. It consists of
an elongated glass bulb
with a narrow stem, and
a capillary side-tube. It
is provided with a wellfitting rubber cork, which
can be pressed easily and
FIG. 27.
tightly into the open end
of the stem. The apparatus is clamped within an outer
jacket of tin plate or copper, which holds the boiling liquid
required to produce a constant temperature. It is represented
as transparent in the Fig.
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2. Hofmann Bottles.—-The substance, if liquid, is introduced
into a small stoppered glass bottle known as a Hofmann bottle
see Fig. 28). The dry bottle with the stopper is carefully
&
weighed and then filled with liquid through a tube
^
drawn out into a wide capillary. The stopper is inserted and the bottle reweighed. It should hold about
o'l gram of substance.
3. A narrow graduated tube holding 50 c.c. and
divided into tenths of a c.c.
4. A large crystallising dish which serves as a gas
FIG. 28. trough.
5. A long and wide cylinder in which the graduated
tube can be submerged in water.
6. A Bimsen burner with chimney.
The apparatus is set up as shown in Fig. 27. The Victor
Meyer apparatus is thoroughly dried by blowing air through by
means of a long glass tube, which reaches to the bottom of the
bulb. A small quantity of clean dry sand previously heated in
a crucible or a pad of asbestos is placed at the bottom of the
bulb to break the fall of the Hofmann bottle, when it is dropped
in. The bulb of the outer jacket is filled two-thirds full of
water and the displacement apparatus is clamped within it, so
that it nearly touches the liquid. The apparatus and jacket
must be adjusted at such a height that the capillary side limb
dips under the water contained in the crystallising dish, placed
on the bench. The graduated tube is filled with water and
inverted under the water in the crystallising dish and clamped
there until required. The burner protected from draughts by
the chimney is lighted under the outer jacket and the displacement apparatus left open at the top. To avoid inconvenience
arising from the steam, a split cork, into which a bent glass tube
is inserted, is pushed loosely into the open end of the jacket.
Whilst the water is boiling steadily and not too violently, the
substance is weighed. Chloroform, b.p. 6iQ, or pure and dry
ether, b.p. 34-5° (see Prep. 3, p. 59), may be used for the
experiment, as their boiling-points lie well below that of water.
Before introducing the bottle and liquid, the apparatus must
be tested to ascertain if the temperature is constant. As
a rule J hour's boiling suffices. Push in the rubber cork and
note if within the next minute or two any bubbles escape. If
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not, slip the graduated tube over the end of the side tube, and
carefully remove the rubber cork so that no water enters the
stem through the capillary. Remove the stopper of the
Hofmann bottle before dropping it in, and at once push in the
cork. Very shortly a stream of air bubbles will ascend the
graduated tube. When, in the course of a minute or two, the
bubbles cease, remove the cork from the apparatus and extinguish the burner. The graduated tube is transferred to the
large cylinder of water by closing the open end with the thumb.
Leave the tube in the water with a thermometer beside it
for i hour. Lift the graduated tube, and whilst holding it
by a collar of paper adjust the levels inside and out. Read off
the volume and note the temperature and barometric pressure.
The density is calculated as follows :—
If v is the volume, t the temperature, B the barometric
pressure, and f the vapour tension of water at t°, then the
corrected volume is given by the formula
760 x (273 + /)
This multiplied by 0*00009, the weight of 1 c.c. of hydrogen,
gives the weight of hydrogen occupying the same volume a s
the vaporised substance, from which the density A = —? is
Mh
obtained.
Extmiftle.—The
following result was obtained with ether :
0*1146 gram of ether gave 36*3 c.c. at ii° and 752 mm. / = 10
mm. at I I ° .
36-3 x (752 - 10) x 273 x 0*00009
760 x 284

=

0.

6

°

_o;u46 = 37 . 4
0-00306 J/ *
Calculated for C4H10O ; A = 37.
If substances of higher boiling-point have to be vaporised,
the water in the outer jacket is replaced by other liquids of
correspondingly higher boiling-point, such as xylene, b.p. 1400,
aniline, b.p. 1820, ethyl benzoate, b.p. 211°, amyl benzoate, b.p.
2600, diphenylamine, b.p. 310°, &c. A Lothar Meyer air-bath
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(Fig. 29) is, however, much more convenient for obtaining constant temperatures up to 6oo°. It consists of three concentric
metal cylinders, the outer one being coated with non-conducting
material. They are so arranged that the heated air from a
movable ring burner passes between the two outer cylinders
(shown in section in the Fig.),
and descends to the bottom of
the central cylinder, into which
it has access through a ring
of circular holes. The hot air
is thoroughly mixed by this zigzag flow, and the temperature
is equalised. The bulb of
the displacement apparatus is
clamped in the interior cylinder,
and a thermometer is fixed beside it.
The vapour density of freshly
distilled aniline, b.p. 182°, may
be determined, the temperature
FIG. 29.
of the air-bath being adjusted
0
to about 240 . The adjustment is made by raising or lowering
the flame, or by altering the position of the movable ring
burner.
Example,—0*1229 of aniline gave 31 c.c. at 7*5° and 750 mm.
A = 45-87.
Calculated for CGH7N ; A

46-5

The Cryoscopic or F r e e z i n g - p o i n t M e t h o d (Baoult).
—This method depends upon the fact, first demonstrated by
Raoult, and afterwards confirmed on theoretical grounds by
van't Hoff, that the original freezing-point of a given quantity
of liquid is lowered the same number of degrees by dissolving
in it different substances whose weights are proportional to
their molecular weights. This rule does not, however, apply to
salts, acids, & c , which appear to dissociate in certain solvents,
nor to substances which form molecular aggregates or associate
in solution.
Supposing the freezing-point of 100 grams of a
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solvent to be lowered i° by dissolving i, 2, 3 and 4 grams
respectively, of four different substances, the molecular weights
of these substances will be in the ratio of 1 : 2 : 3 : 4. In ordei
to convert these ratios into true molecular weights, the numbers
must be multiplied by a coefficient which depends upon the
nature of the particular solvent selected, and may be determined empirically by means of substances of known molecular
weight or by calculation from thermodynamical data.1
If w is the weight of substance and W the weight of solvent,
d the depression of the freezing-point, and k the coefficient for
the solvent determined for the standard conditions, i.e., for the
weight of substance, which produces i° depression in 100 grams
of solvent, the molecular weight M is given by the following
expression :—
dW
The values of k for some of the common solvents with their
melting-points are given in the following table :—
Water...
Nitrobenzene ...
Benzene
Acetic acid
Phenol
/-Toluidine

m.p.
0°
5'3
5'4
17
40

tz.
i8*5
70*0
50*0
39-0
72-0

It should be remembered that nitrobenzene, phenol, and acetic acid
are hygroscopic.
The following apparatus is required :—
A Beckmann Freezing-point Apparatus.—The form of apparatus is shown in the accompanying Fig. 30. It consists of-a
glass jar standing on a metal tray and furnished with a stirrer.
The cover of the jar has a wide slit to admit the stirrer, and a
circular aperture with clips to hold a wide test-tube.
Within the wide test-tube is a narrower one, which is held in
position by a cork. The narrow test-tube is sometimes
1
Vide \a.n't Hoflf, Ztschr. j>kys. C/iem., I. p. 481 ; Ostwald, Outlines 0/ General
Chemistry} chap, vu p. 139 ; J. Walker, Introduction to Physical Chemistry, chap*
xviii. p. ^76.
COHEN'S ADV. P. O. C.
D
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furnished with a side tube, for introducing the substance, but it is
not necessary.
It is provided with a stirrer.
A Beckmann
thermometer completes the apparatus. This is fixed through a
cork so that the bulb
nearly touches the bottom
of the tube, a wide slit
being cut in the side of
the cork for moving the
stirrer.
The Beckmann
thermometer is of special
construction and requires
explanation.
As the
method involves merely
an accurate determination
of small differences of
temperature, it is not requisite to know the exact
position on the thermometer scale. T h e Beckmann thermometer registers 6 degrees, which are
divided into hundredths.
The little glass reservoir
at the top (<?, Fig. 30)
serves the purpose of
adjusting the mercury
column to different parts
of the thermometer scale
by adding or removing
mercury from the bulb.
Freezing-point Det e r m i n a t i o n . — In the
example to be described,
pure benzene (see p. 136)
is used as the solvent
Carefully dry the inner tube. Fit it with a cork and weigh it
together with the cork suspended by a wire to the arm of the
balance. Introduce sufficient benzene to cover the bulb of the
Beckmann thermometer when it is pushed nearly to the bottom
of the tube. About 10 c.c. will be found to be sufficient Insert
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the cork and weigh the tube and benzene. Fill up the outer jar
with water and small lumps of ice and stir from time to time.
Whilst the benzene is cooling in the apparatus the Beckmann
thermometer may be adjusted.
Adjustment of the Beckmann Thermometer.—
Determine first the value of the mercury thread in degrees
between the top of the scale and the orifice of the reservoir.
This may be done by warming the bulb in a water-bath along
with an ordinary thermometer. As soon as sufficient mercury
has collected at the orifice, the burner is removed, the water
well stirred, and the little bead of mercury detached by gently
tapping the head of the thermometer without removing the bulb
from the water. The temperature on the ordinary thermometer
is noted and is again read off when the mercury in the Beckmann thermometer has subsided to the top of the scale. Supposing, then, the value of the thread above the scale to have
been determined and equivalent to 2°, and the freezing-point of
benzene to be about 40, the thermometer degrees may in this case
be made to coincide with the Beckmann degrees, which will bring
the thread of mercury well up the scale. The bulb of the thermometer will therefore require to be at a temperature of 6 + 2 = 8°
before removing the excess of mercury. It will, however, be
necessary to introduce more mercury into the bulb. This is
done by inverting the thermometer and tapping it gently on the
palm of the hand, so as to detach a bead of mercury, which
slips down to the orifice of the capillary. By warming the bulb
the mercury is driven to the top and coalesces with that in the
reservoir, so that on cooling the additional mercury runs into
the bulb. When sufficient mercury has been added the thermometer is cooled to 8°, and the excess detached as described above
The zero should now coincide approximately with that of icecold water. If the thermometer is to be adjusted to any other
temperature it is placed in water and warmed to that temperature -f the number of degrees on the scale above that point
-f the value of the thread above the scale. The excess-of
mercury is then detached. The thermometer being adjusted,
insert it through the cork so that the bulb is well covered by the
benzene, and let the benzene cool well below its freezing-point
before stirring. Tap the head of the thermometer occasionally with a pencil. Now stir briskly for a moment As soon
D2
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as crystals of the solvent begin to separate the mercury thread
will shoot up. Keep stirring occasionally and tapping the
thermometer, and read off the maximum point reached by means
of a lens. This gives a rough indication of the freezing-point
of the benzene. Take out the inner tube and melt the crystals
by warming the tube in the hand, and replace it in the apparatus.
Repeat the experiment, cooling the solvent not more than 0*2°
below its freezing-point before stirring. Make two or three
determinations m this way. The results should not differ by
more than o'or. Fuse some naphthalene in a basin and break
it up into small lumps or mould into pellets (p. 39). Weigh a
piece of about o*i to 0*2 gram on a watch-glass. Raise the cork
of the inner tube and drop the naphthalene in. Let it dissolve
and then determine the freezing-point of the benzene as before.
Repeat the process by dropping one or two fresh pieces of
naphthalene into the same solvent. At the end of the operation
remove the thermometer and stirrer, and weigh the benzene in
the inner tube with the cork. After deducting the weight of
naphthalene, the weight of the benzene will be approximately
the mean of the first and final weighings.
Example.—Using the same solvent and adding successively
three lots of substance (naphthalene), the following results were
obtained :—
iv.
IV.
a.
M. Mean.
126 ]
0*0985
97
0*403
123*2
0-0729
0305
123 VI25-3
126-8
O-II93
,,
0-486
126 J
Calculated for C10H8; M= 128.
In determining the molecular weight of liquids the apparatus
shown in Fig. 82 (p. 210) is convenient for weighing and transferring the liquid to the tube.
The Eykman Depressimeter.—For rapid but less
accurate determinations the apparatus of Eykman may be used,
which is shown in Fig. 31. It consists of a small vessel, into
the neck of which a thermometer is ground. The thermometer
is of the Beckmann type but divided into twentieths of degrees.
Phenol, m.p. 42-5°, is usually employed as the solvent. The
vessel and thermometer are dried and weighed. Phenol melted
on the water-bath is poured in to within about 5 c.c. of the neck,
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the thermometer inserted, and the apparatus weighed again.
The melting-point of the phenol must now be ascertained.
Warm the metal over a small flame on a sand-bath so as to
melt the phenol, leaving, however, a few crystals floating in the
liquid, and place the vessel in the cylinder, at the bottom of
which is a wire spring or pad of cotton wool. A perforated
cork at the top keeps the stem of the thermometer in position.
Let the phenol cool down well below its freezing-point, and
then shake the cylinder until solidification commences. This
will give a first approximation to the freezingpoint. The phenol is now warmed gently as before
until only a few crystals remain unmelted. The
vessel is replaced in the cylinder and the liquid
cooled o*5° to i° below the point previously ascertained. It is now shaken until crystallisation sets
in, and then occasionally until the maximum point
is reached. The operation is repeated as often
as requisite. The substance is now introduced, a
sufficient quantity being taken to produce a depression of at least 0*5°. In order to effect this the
phenol is melted and the neck warmed with a
small flame until the thermometer is loosened and
can be withdrawn. As much phenol as possible
is allowed to drain off the neck and off the thermometer, and the weighed quantity of substance FIG. 31.
introduced. The thermometer is replaced, and any phenol which
may have run out is wiped off from the outside of the vessel, which
is then re-weighed. The freezing-point is determined as before.
The Bbullioscopic or Boiling-point Method
(Raoult).—The boiling-point of a liquid is found to be affected
by the presence of a dissolved substance in a similar manner
to the freezing-point, that is, the boiling-point of a given quantity
of a liquid is ?'aiscd the same number of degrees by dissolving in
it the same number of molecules of different substances, or, in
other words, such weights of these substances as represent the
ratio of their molecular weights. These facts were first clearly
demonstrated by Raoult.
Statical Method.—The most convenient form of apparatus
for determining molecular weight by this method is Beckmann's
boiling-point apparatus shown in Fig. 32.
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It consists of a boiling-tube, through the botton"1
stout platinum wire is sealed, which is intended
^
external 1*°"
liquid ar
bles at
Above
layer,
deep, of
The
beads is t o
the b u b b l e ^
vent sup
irregular
the side l i i V b a
condenser
to c o n d c n ^ ^ ^ ^ ^
ppours g i v e n offA c l Urjng
the boiling"mann
inserted t l i r o u g ^ t h e
the
mouth o f
tube.
This t h e r m o m e t e r is
similar in <^ onstr Uction
to that u s e d for freez.
c ete;
ing-point
| t*rnmations, b u t
it ;h a s a
smaller
l;>vilb.
The
boiling'-tu!:>^ is placed
in the c e n t r a l cavity
of a h o l l o w gla.ss or
porcelain j i t c k e t , which
contains
the
same
liquid as t l i e "boilingtube a n d i s also provided witH £i condenser.
This j a c k i e t prevents
FIG. 32.
radiation f r o m trie boiling-tube.
It i s provided with two windows of mica. The jacket is c:lj.impecl on a
gauze ring supported on a square tray of asbestos p i need "upon a
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tripod. In the figure the lower part of the porcelain jacket and
the asbestos tray are made transparent to show the position of
the burners and the concentric rings of asbestos below the tray.
The asbestos has a circular hole in the centre, which admits
the lower end of the boiling-tube. Two asbestos chimneys
are fixed upright at the diagonal corners of the tray to carry
off heated air and two burners are placed below the other two
corners. The boiling-point of the solvent is first ascertained.
For this purpose benzene may be used.
The Beckmann
thermometer must be adjusted so that, when in the boiling liquid,
the thread occupies the lower half of the scale. In order to
adjust it, the bulb must be placed in water warmed gradually
6°—7° above the boiling-point of benzene, and the bead then
detached as already explained in the description of the freezingpoint method.
The boiling-tube is carefully dried and weighed with the
beads. Sufficient benzene is poured in to cover the bulb of the
thermometer, which is pushed down a little way into the beads.
The condenser is attached to the side limb. A layer of 1—2 cm.
of benzene is poured into the outer jacket, and the condenser
fixed in position. The same water supply may be made to
traverse both condensers. The two burners under the tray are
lighted and the temperature regulated so that the benzene in the
outer jacket boils briskly, whilst at the same time sufficient heat
finds its way to the boiling-tube, through the gauze ring outside
the concentric screens of asbestos below the tray, to keep the
benzene in the state of steady ebullition. In about J- hour from
the time the benzene boils in the inner tube the first reading may
be made, and a fresh reading every five minutes until the
temperature is constant, z>., does not vary more than o*oi°. As
the atmospheric pressure may produce considerable variations in
the reading, it is important to observe the barometer occasionally
during the experiment, and to make a correction, which is about
0*043° f°r every 1 mm. below 760.
The temperature being constant, a pellet (0*1—0*2 gram) of
fused naphthalene is carefully weighed and dropped into the boiling-tube through the condenser without interrupting the boiling.
These pellets are conveniently made in a small bullet-mould.
The boiling-point will rise and after a few minutes will remain
stationary. The temperature is noted. A second and third
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determination may be made by introducing fresh pellets of
naphthalene.
When the observations are complete, the apparatus is
allowed to cool and the weight of benzene ascertained by
weighing the boiling-tube and benzene.
As in the freezing-point method, the molecular weight is
calculated from the weight of substance required to raise the
boiling-point of i oo grams of solvent i°, and the result multiplied
by a coefficient which depends upon the nature of the solvent.
The following is a list of solvents commonly employed and
their coefficients and boiling-points :—'•
| b-P- k.
bp. k.
Ether
• ' 35° 21 *i i Ethyl alcohol
78° ii'5
Acetone ...
- 56° 17"i i Benzene ...
79° 26-1
Chloroform
. : 6l° 36-6 Water
100°0 5*2
Vlethyl alcohol .. . : 66°
SS Acetic acid
1180 25'3
Ethyl acetate
• * 77° 26-8 Aniline
184 32-2
The molecular weight i s determined from the formula
1yr _. 100 kw
d'W
in which w is the weight of substance, W that of the solvent,
d the rise of boiling-point, and k the coefficient.
Example.—Using the same solvent and adding successively
four pellets of naphthalene, the following results were
obtained :—
w
IV
d
M.
Me a 7i.
I
0 1866
21-313
0-185
126-6
2
0-1893
0-185
128 3 128-3
3
0-1860
,,
0-185
126-0
4
01901
0-180
132-4
Calculated for C, nH*; M - 128.
A simpler and more convenient form of Beckmann apparatus,
requiring much less solvent and giving equally accurate results,
is shown in Fig. 33. It consists of a boiling-tube furnished with
two side pieces, one of which is stoppered and serves to
introduce the substance and the other acts as a condenser. The
boiling-tube stands on an asbestos pad and is surrounded by
two short concentric glass cylinders surmounted by a mica plate.
The other parts of the apparatus are similar to those in the older
form and the process is conducted in the same way.

DETERMINATION OF MOLECULAR WEIGHT
Example—Ten c.c. of benzene were used and two pellets of
naphthalene were added.
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substance is introduced and the boiling continued. When
a steady temperature is reached, the new boiling-point is
determined ; the tube is immediately disconnected from the
flask, the flame removed, and the volume of the solvent is
read off as accurately as possible. By repeating the process,
several determinations may be carried out with the
same solvent and
the same material.
The weighing of
fresh solvent for
each estimation of
new portions of
substance is also
avoided. The main
precautions to be
taken are (i) to
ensure steady boiling in the flask, A,
by introducing fragments of porous pot,
and (2) to conduct
the boiling at such
a rate that the drops
fall slowly and regularly from the
FIG. 34.
condenser. The inaccuracies of the
method arise from constant change of concentration throughout
the operation and from impurity in the solvent, the boiling-point
of which will have a tendency to rise as the distillation proceeds.
Examples,—
w.
Volume of solvent.1 d. Jl/. Mean.
69 1 677
I I o'Siog grm. (urea) 17"5 c.c. (alcohol) 1-04
0*52 65 i °
Calculated for CON2H4; M=6o.
l The constants for liquids at the boiling-point (= constant divided by the specific
gravity of the solvent at the boiling-point) are as follows —
:
Alcohol
15*60
Acetone
22*20
Ether
30*30
Chloroform ... 26*00
Water
5*40
Benaene
32*80
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Although the boiling-point method is able to dispose of a
greater number of convenient solvents than are suitable for
freezing-point determinations, it is never so accurate, mainly on
account of the difficulty of avoiding fluctuations in the boilingpoint, due to radiation, to the dripping of cold liquid from the
condenser, to impure solvent, and to barometric fluctuations.
Molecular Weight of Organic Acids
Determination by means of the Silver Salt.—The
basicity of an organic acid being known, the molecular weight
can be determined by estimating the amount of metal in one of
its normal salts. The ratio of metal to salt will be that of the
atomic weight of the metal to the molecular weight of the salt.
The silver salts are usually selected for these determinations,
since they are, as a rule, normal, i.e. neither acid nor basic ;
they are only slightly soluble in water, and are consequently
readily obtained by precipitation, and finally they rarely contain
water of crystallisation. On the other hand they are very
unstable, being quickly discoloured when exposed to light, and
often decomposing with slight explosion when heated. Silver
benzoate may be prepared by way of illustration. Weigh out
roughly 2—3 grams of benzoic acid into a flask, and add about
20 c.c. of water and an excess of dilute ammonia. Boil the
solution until the escaping steam has nearly lost the smell of
ammonia, and then test the liquid from time to time until it is
neutral to litmus. Cool the flask under the tap, and add an excess
of silver nitrate solution (3—4 grams AgNO3). Filter with the
filter-pump.
Filtration under Reduced Pressure.—A filter-pump is
an essential part of a laboratory fitting. It consists of a good
water-jet aspirator (see Fig. 35), which is fixed to the water-tap
by a stout piece of rubber tubing well wired at both ends. The
joint is wrapped round with cloth or leather wired on to the
rubber. The side tube of the aspirator is connected by j>u?nfi
Uibing to an empty filter fiask or bottle by means of a glass tap.
A second glass tube or side piece is put in connection with the
filterflaskby means of rubber tubing. The object of inserting
a vessel- between the pump and the filter flask is to prevent
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water running back when the aspirator is stopped. Before
stopping the pump, close the glass tap. Turn off the water, and
then lift the tap out of its socket for a moment to equalise the
pressure.
Use a porcelain funnel and filter flask, different sizes of which
are shown in Fig. 36. The bottom of the funnel is covered with
a disc of filter paper.
After filtering, wash three or four times
with a little cold water,
press the precipitate
well down and let it
drain.
Remove the
precipitate and spread
it on a piece of porous
plate, and place it in
a
vacuum-desiccator
over sulphuric acid.
There are several useful forms of vacuumdesiccator,
two
of
which are represented
in Fig. 37.
The ground rims
are greased with vaseline or a mixture of
bees-wax and vaseline,
and the air is exhausted
by attaching the tube
of the water-pump to
FIG. 35.
the glass tap of the
desiccator.
If the substance is left overnight in the desiccator it will be
dry by the next day. The silver salt should be protected as far
as possible from the light.
When the precipitate is thoroughly
dry, weigh about o'$ gram into a weighed porcelain crucible.
Cover with the lid and heat, at first gently, over a small flame.
When the first reaction is over, heat the crucible for a few
minutes to a dull red heat, and then allow it to cool in a desiccator. The silver salt will be completely decomposed and leave
a dull white residue of silver. The crucible is now weighed and
the weight of silver determined.
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If W^is the weight of salt, W the weight of silver, and ;/ the
basicity of the acid, the molecular weight of the silver salt is
determined'from the following formula :—
IVx

IOSJZ

w
The molecular weight of the acid is then obtained by deducting 11 atoms of silver and adding n atoms of hydrogen.
^Example—0-3652 grm. silver benzoate gave 0*1720 grin,
silver.
•IO8 * °'3652 - 108 + I = I22'2.
OT72O
Calculated for C7H6O2; M = 122
Molecular Weight of Organic Bases
Determination by means of the Platinum Salt.—
The organic bases form, like ammonia, crystalline chloroplatinates with platinic chloride of the general formula B2H2,PtCl0.
By estimating the amount of platinum present in the salt, it is
possible to calculate the molecular weight of the platinum compound, and consequently that of the base.
Dissolve about 1 gram of an organic base (brucine, strychnine, guinine, &c.) in 10 c.c. of a mixture of equal volumes of
concentrated hydrochloric acid and water. To the clear hot
solution add excess of platinic chloride and let it cool. Yellow
microscopic crystals of the chloroplatinate of the base separate.
(If the chloroplatinate of the base is very soluble in water, such
as aniline, it must be washed with strong hydrochloric acid,
pressed on a porous plate and dried in a vacuum-desiccator over
solid caustic potash.)
Filter on the porcelain funnel with the pump and wash three
or four times with small quantities of cold water. Press the
precipitate down and dry on a porous plate in the vacuum-desiccator. When thoroughly dry, weigh out about 0*5 to 1 gram of
the compound into a porcelain or platinum crucible, and heat
gently with the lid on, and then more strongly until the organic
matter is completely burnt away. Cool the crucible in the desio
ea.or and weigh.
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The molecular weight of the salt is calculated from the weight
w of the platinum, and W oi the salt, according to the formula
(the atomic weight of platinum being 195) :—
JVx 195
w
To determine from this the weight of the base, it is necessary
to deduct from the molecular weight of the salt that of H2PtCl6,
and as two molecules of the base are contained in the salt,
the result is halved.
Example—07010 grm. of aniline chloroplatinate,
(C6H5NH2)3H2PtCle,
gave 0*2303 grm. platinum.
07oiojLi25
0-2303

= 594 - 2 .

^

M. W. of the salt.

Calculated for CflH7N ; M = 93.
Preparations
General Remarks.—Carefully read through the method.
References to the process are given under each heading. Be
clear as to the objects of the various steps described and the
nature of the materials employed. It cannot be too strongly urged
that in all cases where any doubt exists as to the nature of an
operation, a preliminary trial should be made in a test-tube with a
small quantity of the substance. This is especially necessary in
crystallisation where the quantity and character of the solvent are
unknown. A vast amount of time and material is thereby saved.
A small stock of clean and dry test-tubes (5 x § and smaller sizes)
should always be at hand for this purpose ; also watch-glasses
for microscopic examination of solid substances.
The yield of either the crude or purified product should
always be ascertained, and the purity of the product determined
either by the boiling-point or melting-point. A small rough
balance with celluloid pans, for use on the bench, is indispensable.
Select vessels of a size appropriate to the quantities dealt
with. Never use beakers for boiling or evaporating liquids, but
flasks and basins. Use ordinary, carefully selected, corks rather
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than rubber stoppers (which are attacked by many organic
liquids), and soften them well before use. The reactions
described at the end of each preparation are to be done in testtubes, and should not be neglected.
Above all, work with suitable, compact and clean apparatus
on a clean be?ich. The best results are usually obtained when the
preparation is carried out with something of the care and
accuracy of a quantitative analysis.
Where the asterisk occurs, it signifies that the operation must
be conducted in the fume cupboard.
Whilst the preparation is in progress, utilise the spare minutes
in reading the notes in the Appendix.
To facilitate reference to general manipulative processes,
which are described as they occur in conjunction with different
preparations, the following table is added.
Solids.
Filtration ...
...
...
...
Filtration under reduced pressure ...
Crystallisation
...
...
...
Fractional crystallisation•
Sublimation ...
...
...
...
Determination of melting-point ...
Liquids.
Dehydration...
Determination of boiling-point ...
Distillation under reduced pressure
Distillation in steam
...
...
Fractional distillation "
Determination of specific gravity
Liquids and Solids.
Heating under pressure
Determination of rotatory power
Mechanical stirring

Page.
... 53
... 43
... 52
... 122
... 226
... 72
...
...
...
...

56
58
84
107
136
56

24, 78
116
90, 147

Purification of Methylated Spirit and Spirits of Wine
Methylated spirit, or spirits of wine 60—70 " over-proof, " may
generally replace the more costly absolute alcohol as a solvent
after undergoing a process of purification. The methylated
spirit must be of the old kind, consisting of a mixture of 9 parts
spirit of wine and 1 part purified wood-spirit, without the

ETHYL ALCOHOL

49

addition of paraffin i.e., it should give a clear solution with
water. It is, however, preferable to use rectified spirits 60-70
over-proof which can be bought free of duty by teaching institutions on application to the Inland Revenue Board.
Methylated spirit contains, in addition to ethyl and methyl
alcohols, water, fusel-oil, acetaldehyde, and acetone. It may be
freed from aldehyde by boiling
with 2—3 per cent, solid caustic
potash on the water-bath with an
upright condenser for one hour, or
if larger quantities are employed,
a tin bottle is preferable, which
is heated directly over a small
flame (see Fig. 38). It is then
distilled with the apparatus shown
in Fig. 39. The bottle is here
surmounted with a T-piece holding a thermometer. The distillation is stopped when most of the
spirit has distilled and the thermometer indicates 8o°. A further
purification may be effected by
adding a little powdered permanganate of potash and by a second
distillation, but this is rarely necessary. The same method of
purification may be applied to
FIG. 38.
over-proof spirit, which will henceforth be called spirit as distinguished from the purified product
or absolute alcohol.
Ethyl Alcohol, C2H5.OH
Commercial absolute alcohol may be used for the preparations
which follow. It is obtained by distilling crude spirits of wine
over quicklime, and usually contains about 0*5 per cent of
water.
Properties—-Pure ethyl alcohol boils at 78*3°, and has a
sp. gr. of 0793 a t T5°- It mixes with water in air proportions
COHEN'S ADV. P.O.C.
E
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Reaction.—A delicate test for ethyl alcohol is the iodoform
reaction. Pour a few drops of alcohol into a test-tube and add
about 5 c.c. of a solution of iodine in potassium iodide, and then
dilute caustic soda solution until the iodine colour vanishes.
Shake up and warm very gently to about 6o°. If no turbidity
or precipitate appears at once, set the test-tube aside for a
time. Yellow crystals of iodoform will ultimately deposit, which
have a peculiar odour, and a characteristic star shape when
viewed under the microscope. The same reaction is given with

FIG. 39.

other substances, such as acetone, aldehyde, &c, but not with
methyl alcohol.
PREPARATION I.

Potassium Ethyl Sulphate, CSH6O,SO2.OK
Dabit Ann. Cfa'm. Phys. 1800, (1) 34, 300 ; Claesson, /. prakt.
Chem. 1879 (2) 19: 246.
70 grms. (87 c.c.) absolute alcohol.1
50 „ (27 cc.) cone, sulphuric acid.
The alcohol is poured into a round flask (i litre) and the
•sulphuric acid is slowly added and well mixed by shaking. A
1 For the preparation of methyl potassium sulphate the same quantity of methyl
alcohol is used ; in other respects the two processes are identical. The yield is
45—5° grams.

POTASSIUM ETHYL SULPHATE
considerable amount of heat is developed in the process. The
flask is now fitted with a reflux condenser (see Fig. 40) placed
upon the water-bath and heated for 2—3 hours. The product
now contains in addition to ethyl hydrogen sulphate, free sulphuric acid and unchanged alcohol. The liquid on cooling is
poured into J litre of cold water m a large basin and well stirred.
It is neutralised by adding chalk ground into a thin paste with
water. This precipitates the free sulphuric acid as calcium sulphate and converts the ethyl hydrogen sulphate into the soluble

FIG. 40.

calcium salt. The mixture is heated and filtered through a
large porcelain funnel (see Fig. 36) at the filter-pump, and the
precipitate pressed well down. The clear filtrate is heated on
the water-bath and a solution of potassium carbonate (about 50
grams) is added in small quantities until the liquid is slightly
alkaline. To ensure complete precipitation a little of the clear
liquid should be tested with a solution of potassium carbonate
before proceeding.
The calcium salt is thereby converted into the soluble potassium salt and calcium carbonate is precipitated. The latter is
removed by filtration, as before, and the filtrate concentrated on
the water-bath to a small volume until a drop of the liquid, removed on the end of a glass rod, crystallises at once on cooling.
E2
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The potassium ethyl sulphate is filtered and washed with a
little spirit or methylated spirit1
Crystallisation.—The substance should now be recrystallised. The success of many operations in practical organic
chemistry depends upon skill in crystallisation. The first essential is to select a suitable solvent, that is, one which dissolves
much more of the substance at a high than at a low temperature.
To discover a suitable solvent a small quantity of the substance
(o' i gram is sufficient) is placed in a test-tube and a few drops
of the solvent poured in. The common solvents are water,
methyl and ethyl alcohol, ethyl acetate, acetic acid, acetone, benzene (also toluene and xylene) nitrobenzene, petroleum spirit and
ligroin, chloroform and carbon tetrachloride. If the substance
dissolves on shaking without warming or does not visibly
diminish on boiling, it may be discarded as unsuitable. If it
dissolves on heating or boiling and crystallises on cooling in
considerable quantity, it may be employed. Sometimes solutions
can be supercooled. In such cases, rubbing the sides of the
test-tube with a glass rod will cause the substance to deposit. A
convenient method of crystallisation may be occasionally employed by using two miscible solvents in one of which the
substance is soluble and in the other insoluble. The substance
is then dissolved in a small quantity of the first solvent and
the second added gradually until a turbidity appears. Alcohol
and water, and benzene and petroleum spirit are often used in
conjunction in this way. If a substance of low melting-point is
to be crystallised care should be taken that sufficient solvent
is present to prevent the substance separating at a temperature
at which it is still liquid. The interval of temperature may be
increased after the solution has reached the ordinary temperature, by cooling it in a freezing mixture, when some of the
solid will be deposited.
In the present instance spirit or methylated spirit (purified)
will be found an efficient solvent for potassium ethyl sulphate.
The following is the mode of procedure when a volatile or inflammable solvent is used : the substance is placed in a round
flask attached to an upright condenser and heated on the waterbath. The form of apparatus is that already described (see Fig.
1
If methylated spirit is used it must be purified according to the method described
on p. 48

POTASSIUM ETHYL SULPHATE
Small quantities of spirit are added and kept boiling until
£L solution is obtained. A small quantity of impurity may remain
^ndissolved. The hot solution is at once decanted or filtered

FIG. 41.

through a fluted filter (Fig. 41) or hot water funnel (Fig. 4-)
i n t o a beaker and allowed to cool.
A fitttcd filter is made by first folding a large circular filter
p a p e r in the ordinary way. It is then half opened out and the
t w o quadrants folded towards the middle line (see a, Fig. 41),
' T h i s makes three creases with the hollows on the same side,
filter is now turned over and each section folded down the

FIG. 42.
c e n t r e so that the hollows of the four new creases alternate
Avith the ridges of the three others as shown at b. The paper
w h e n opened now appears like c. The two rectangular flutings
indicated by an asterisk have still to be divided by a crease
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down the middle. The filter is now pushed well into the
funnel, the stem of which is cut off short as shown at d.
A hot-water funnel is shown in Fig. 42. It consists of a
jacketed metal funnel, with a projecting metal tube. The vessel
is partly filled with water which is boiled by placing a small
burner under the end of the tube. The glass funnel is placed
within the metal-jacket. By keeping the liquid hot, crystallisation
in the filter is thus prevented.
Beforefilteringan inflammable liquid such as alcohol the flame
must be removed. The potassium ethyl sulphate is dried on a
plate of unglazed earthenware or on a thin pad consisting of
three or four sheets of filter paper, with another sheet ove"r the
crystals to keep out the dust. On concentrating the mother
liquors on the water-bath, a further quantity of crystals may be
obtained. Yield 35—40 grams. The following equations
express the chemical reactions which occur :
1.
CJI5OII + H2SO4 = C2II5SO4H + H2O
Ethyl hydrogen sulphate.
2. 2C2H5SO4II + CaCO3 = (C2H5SO4),Ca + H.2O + CO2
Calcium ethyl sulphate.
3.
(C,H5SO4VCa + KXO3 = 2C3H,SO4K + CaCO3.
Potassium ethyl sulphate.
Properties. Colourless, foliated crystals ; easily soluble in
water and dilute alcohol, less soluble in. absolute alcohol.
Reactions. 1. Dissolve a little of the recrystallised salt in water,
and add barium chloride solution. There is no precipitate, as
the barium salt of ethyl hydrogen sulphate is soluble in water.
2. Boil a little of the solution of the salt with a few drops
of dilute hydrochloric acid for a minute and add barium chloride.
A precipitate of barium sulphate is formed, as, on boiling ethyl
hydrogen sulphate in aqueous solution, it is decomposed into
sulphuric acid and alcohol (see Appendix, p. 234).
PREPARATION 2.

Ethyl Bromide (Monobromethane), C2H5Br.
T>tVr\],Jahresber.) 1857, 441.
100 grms. potassium bromide.
100 „ (54 c.c.) cone, sulphuric, acid.
60 „ (75 c.c). absolute alcohol

ETHYL BROMIDE
Fit up the. apparatus as shown in Fig. 43. The distilling
flask should have a capacity of not less than 1 litre, and is
attached to a long condenser. An adapter is fixed to the end~of
the condenser, dipping into a conical flask (250 c.c), which
serves as receiver. The alcohol and sulphuric acid are mixed
in the distilling flask and cooled to the ordinary temperature
under the tap. The potassium bromide, coarsely powdered, is
then added. The flask, which is closed with a cork, is fixed to
the condenser and heated on the sand-bath. A sufficient quantity of water is poured into the receiver to close the end of the
adapter. After a short time the liquid in the flask begins to
boil and froth up, and the ethyl bromide, in the form of heavy

FIG. 43.

drops of colourless liquid, distils and collects at the bottom of
the receiver. If the liquid threatens to froth over, the flask must
be raised from the sand-bath for a moment. The distillation is
continued until no further drops of oil appear at the end of
the condenser. As the ethyl bromide has a low boiling point
(3S-39C), it is desirable to surround the receiver with ice during
this operation. The distillate is now removed and poured into
a separating funnel (Fig. 44), and the lower layer of ethyl bromide separated. The water is thrown away and the ethyl
bromide poured back together with about an equal bulk of dilute
sodium carbonate solution and shaken up. The ethyl bromide
is withdrawn, as before, and again shaken up with water.
Finally, it is carefully separated from the water and run into a
dry distilling flask. The small quantity of water which remains.
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and renders the liquid turbid, is removed by adding a dehydrating agent.
Dehydration. Moisture can be readily removed from liquids
by adding a solid hygroscopic substance which does not act
chemically upon the liquid. The common
dehydrating agents are calcium chloride,
potassium carbonate, sodium sulphate
(anhydrous), quicklime, &c. Alkalis cannot'of course be used for dehydrating organic acids, nor can calcium chloride b e
employed in conjunction with alcohols o r
organic bases, with which it combines. I n
the present instance it can be used. A few
small pieces of the granulated or fused
calcium chloride are added to the liquid.
The flask is corked and left to stand for
some hours until the liquid becomes
clear. It is then distilled. A thermometer is inserted into the neck of
the flask with the bulb just below the
FIG. 44.
side tube. The flask is attached to a condenser and heated gently on the waterbath, so that the liquid distils at a moderate speed (2—3 drops
a second). The temperature is noted and the portion boiling a t
35—43° collected in a separate flask. This consists of ethyl
bromide which may contain a little ether. Yield 75—80 grams.
C0H5OH -|~ .H.7SO4 — Coiir,.H.SO4 4~ HoO.
Alcohol.
~
Ethyl hydrogen sulphate.
C2H5.H.SO4 + KBr - C2Hf)Br + KHSO4.
Ethyl bromide.
Properties— Colourless liquid ; b. p. 38*8°; sp. gr. 1*47 at 15^
(see Appendix, p. 234).
Determination of Specific Gravity.—A simple method
for determining the specific gravity of liquids is as follows: A
pyknometer, or small glass bottle, is used of about 20 to 30 c.c.
capacity, with narrow neck, upon which a mark,is etched and
which is closed by a ground glass stopper (Fig. 45).
The bottle is thoroughly cleaned and dried by warming and
aspirating air through it, after which it is allowed to cool and
weighed. It is then filled with the liquid, which is poured in

ETHYL BROMIDE

57

through a funnel, the stem of which is drawn out so as to pass
through the narrow neck. The bottle is placed in a mixture of
snow or pounded ice and left a quarter to half an
hour, until the contents have a temperature of o°.
The meniscus is now adjusted until it coincides
with the mark on the neck of the bottle. If
more liquid has to be added, this may be
done from a small pipette with capillary delivery tube ; if some of the liquid has to be
removed, a thin roll of filter paper may be
inserted which will absorb it. The bottle is
then stoppered, dried on the outside, left in the
balance case for a quarter of an hour, and
weighed. It is then emptied, cleaned, and
dried, and filled with distilled water previously
boiled. The water is cooled to o°, the meniscus
adjusted and the bottle weighed, the same
IG 45
'
process being repeated as that just described.
The following expression will give the specific gravity of the
liquid at o° compared with water at o° :—
Wo
Where wl = weight of empty bottle,
w.2 =
„
bottle.and water at o°,
wz =
„
bottle and liquid at o° ;
or, if compared with water at 40, the above number must be
multiplied by the density at o° = 0*999873.
A very delicate and useful piece of apparatus, which is
readily made with the blow-pipe, is Perkins5 modification of
Sprengel's pyknometer.1 It is especially adapted for small quantities of liquid and for the more volatile ones. The apparatus
(Fig. 46) consists of a U-tube to hold from 2 to 10 c.c, drawn
out at each end into a fine capillary. The one capillary limb, a, is
bent outwards and is furnished with a small bulb ; the other, b,
is bent at a right angle with the first. On the limb a, between
the bulb and the top of the U-tube a mark is etched. The
* Trans. Client, Soc. 1384, 45, 421.
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tube is dried and weighed, and the liquid drawn in through the
limb b, until it half fills the small bulb on the limb a. The
apparatus is cooled in ice and water, and the meniscus adjusted
to the mark on a by tilting the tube until the limb b has a horizontal position. To the end of this limb a piece of filter paper
is applied, until the liquid sinks to the desired position in the

limb a. The jj-tube is then brought to the vertical position,
loose glass caps placed over the ends of the two limbs, the
apparatus carefully dried, and allowed to stand and weighed.
The operation is then repeated with distilled water.
Example—An experiment with ethyl bromide gave the following result:—
Weight of tube empty
6*242 grams
+ ethyl bromide at o° . . 9-472 „
+ water at o°
8*417 „
% 2 2 3 x2 . =, r 4 8 5 .
A °%0-999873
A"
2*175
Determination of the Boiling-point.—A correct determination of the boiling-point of a liquid is made with a standard
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thermometer, /.^.,-one that has been calibrated, and the o° and ioo°
points carefully determined. An ordinary thermometer corrected
by a standard thermometer at Kew will serve equally well.
Correction must also be made for barometic pressure. This is
approximately 0*043° for every 1 mm. below 760 (Landolt). A
further correction is required for the thread of mercury, which
may project above the vessel. For this correction the followingformula may be used :—
N(T-/)o*oooi54.
Where T = apparent temperature in degrees.
/ = temperature of a second thermometer, the bulb
of which is placed at half the length N above
the vessel.
N = length of the mercury column in degrees from
above the vessel to T.
0*000154 = apparent expansion of mercury in glass.
This correction may be avoided by using short (Anschiitz)
thermometers, in which the mercury thread is entirely immersed
in the vapour. A rough correction for points above ioo° may
be made by determining the boiling points of pure organic
substances, such as naphthalene, 2i6'6°, &c.
PREPARATION 3.

Ether (Diethyl Ether, Diethyl Oxide), (C2H5)2O
V. Cordus (1544); Jottrn. P/iarm.9 1815, 1, 97; Williamson,
Phil. Mag. i85o,(3)375 35o.
150 grins. (80 c.c.) cone, sulphuric acid.
85 „ (no c.c.) absolute alcohol.
A distilling flask (\ litre) is fitted with a double-bored cork.
Through one hole a thermometer is inserted, the bulb of which
must be covered by the liquid in the flask and through the
other a tap-funnel passes. The side-tube of the distilling flask
is fixed by a cork into the upper end of a long condenser. An
adapter is fitted to the lower end and passes through the neck
of a flask, which is surrounded by ice. The apparatus is shown
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in Fig. 47. The sulphuric acid and alcohol are cautiously
mixed together in the distilling flask, which is then placed upon
a sand-bath and attached to the condenser. The mixture is
heated to 140° and alcohol is run in from the tap-funnel at the
same speed as the liquid distils (about three drops a second).
The temperature must be kept constant at 140—1450. When
about twice the quantity of alcohol contained in the original
mixture has been added and converted into ether, the distillation
is stopped. The receiver now contains, in addition to ether,
alcohol, water and sulphurous acid. The liquid is poured into

Fie. 47.
a large separating funnel and a small quantity (30—40 c.c.) of
dilute caustic soda added and well shaken. After settling,
the caustic soda solution is drawn off below, and about the
same quantity of a strong solution of common salt added,
and the process of shaking and drawing off repeated. The
ether, which is now free from sulphurous acid and from
most of the alcohol, still contains water. It is therefore
poured into a large dry distilling flask and some pieces
of solid calcium chloride added. It is allowed to stand
loosely corked overnight. The distilling flask is now attached
to a long condenser and heated on the water-bath. The
ether, which distils, still contains traces of alcohol and water,
which it obstinately retains and from which it can only be freed
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by a further treatment with metallic sodium. A few very thin
slices of sodium are dropped into the receiver and the vessel
closed with a cork, through which an open calcium chloride tube
is inserted to allow any hydrogen to escape and to prevent the
entrance of moisture.
When the sodium produces no further action, the ether is
decanted from the sodium residues into a distilling flask and
distilled on the water-bath. A thermometer is placed in the
neck of the flask to indicate the boiling-point, which should be
constant at 350.
CaHfiOH + H2SO4 C9H5SO4H + H.,O.
C2H6SO4H + C2H5OH C2H5.O.C2H5 +'H2
Properties.—Colourless, mobile liquid ; b.p. 350 ; sp. gr. 0720
at 15° ; burns with a luminous flame ; not miscible with water ;
9 parts of water dissolve 1 part of ether, and 35 parts of ether
dissolve 1 part of water at the ordinary temperature. See
Appendix, p. 236.
Commercial Ether is made from methylated spirit and
contains alcohol, water, and other impurities, and for many

FIG. 49.

reactions requires to be purified. The following method of purification may be employed. The ether is distilled over a little
coarsely powdered caustic potash, then placed in contact with solid
calcium chloride for several hours, and finally decanted and
treated with metallic sodium. It is convenient to use a sodium
knife (Fig. 48) or press (Fig. 49) f°r preparing the^ sodium.
In the former the metal can be cut into very thin slices, and
in the latter it is pressed into fine wire through a circular steel die.
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It must be remembered that ether is highly inflammable, and
also exceedingly volatile, and great care should be taken that
no flame is in the neighbourhood of the liquid. It must on no
account be distilled over the bare flame, but always from the
water-bath, and then with a long well-cooled condenser. The
distillation of large quantities should be avoided as far as
possible. In such cases it is convenient to employ a distilling
flask of moderate size (250 c.c), and to add, as the liquid distils,
a fresh supply of ether or ethereal liquid from a tap-funnel
inserted through the neck of the flask, which can be done
without interrupting the distillation.
PREPARATION 4.

Bthylene Bromide. CH2Br. CH2Br.
Balard, An?i. Chim. Phys. 1826 (2), 32, 375 ; Erlenmeyer.
Bunte, Anna/en, 1873, 168, 64.
25 grms. (30 c.c.) absolute alcohol.
150 „ (So c.c.) cone, sulphuric acid.
200 „ (65 c.c.) bromine (which must be measured
out in the fume-cupboard).
300 „ of a mixture of 100 grms. (124 c.c.) alcohol
and 200 grms. (108 c.c.) cone, sulphuric
acid.
Fit up an apparatus as shown in Fig. so. It consists of a
round flask (2 litres), which is furnished with a double-bored
cork. A tap-funnel is inserted through one hole and a deliverytube through the other, by which it is connected with two
wash-bottles with safety tubes. A useful form of wash-bottle is
that shown'in Fig. 50 and in section at a. Otherwise a threenecked Woulff bottle will serve, with a long tube inserted through
the central neck. The wash-bottles are one-third filled with
caustic soda solution. The two ordinary wash-bottles standingin the trough of water contain the bromine. The first contains
about 50 c.c. of bromine and 1 c.c. of water and the second about
15 c.c. of bromine and 1 c.c. of water. The latter is attached to
a wide U tube or cylinder containing pieces of soda-lime. If a
cylinder is used a layer of glass fragments or marbles should
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form a layer round the orifice of the inlet tube with the sodalime above.
The joints being tight, the mixture of 25 grams of alcohol and
1 50 grams of sulphuric acid is run into the large flask containing
a little dry sand and heated with a small flame on the sand-bath
until a steady stream of gas is evolved. When this occurs the
mixture of alcohol and sulphuric acid is dropped in slowly from
the tap-funnel. It is important to moderate the temperature
to prevent excessive frothing and the separation of carbon,
which, however, cannot altogether be avoided. A considerable
quantity of sulphur dioxide which is evolved with the ethylene

0

FIG. 50.
is removed by the caustic soda in the wash-bottles. If the
water surrounding the bromine bottles becomes warm, small
lumps of ice should be thrown in. The caustic soda should
be occasionally renewed, otherwise sulphur dioxide may pass
into the bromine and reduce it to hydrobromic acid. If the
pressure in the apparatus causes a back rush of bubbles
through the tap-funnel attached to theflask,the difficulty is
met by inserting the stopper in the tap-funnel. After a
few hours the bromine in both vessels is decolourised or at
least changes to a straw colour. The crude ethylene bromide
is removed and shaken with dilute caustic soda solution, then
with water, separated from the aqueous layer and dehydrated
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over small pieces of calcium chloride. It is decanted or
filtered from the calcium chloride and distilled. The distillate is
collected at 130—132*. The yield is nearly equal to the
weight of bromine taken.
C,H,(OH)-HX> = C,H4
Properties.—Colourless liquid, which solidifies, at cr to a
crystalline mass and melts at 90 ; b.p. I3i'5°; sp.gr. 2*19 at 15°.
Reaction.—Attach a 100 c.c. flask to a short upright condenser (see Fig. 86) and to the upper end of the condenser
attach a vertical delivery tube, dipping into an ammoniacal
cuprous chloride1 solution. Pour 2—3 c.c. of ethylene bromide
into the flask with 4 times its volume of strong methyl alcoholic
potash, which is prepared by boiling methyl alcohol with excess
of caustic potash on the water-bath with upright condenser. On
gently heating, a rapid evolution of acetylene occurs and the
characteristic brown copper compound (C2H2Cu2,H2O) is precipitated from the cuprous chloride solution.
2 4 2

a 3

Acetylene.
See Appendix, p. 237.
PREPARATION 5.

Acetaldehyde, CH3.CO.H
Liebig, Amiale?!^ 1835, 14, 133 ; Staedeler, / . praki. C/iem.,
1859, (0 76, 54100 grms. potassium bichromate
420 c.c. water.
A mixture of 100 grms. (125 c.c.) absolute alcohol
and 140 grms. (7$ c.c.) cone, sulphuric acid.
100 c.c. methylated ether, which has been left to
stand over solid caustic potash for a few hours, and
then distilled off from the water-bath.
A round flask (i-J- litre) is provided with a double-bored cork.
1
Ammoniacal cuprous chloride is made as follows : Eoil up copper oxide an
metallic copper with cone, hydrochloric acid for a short time until the liquid
is nearly colourless, and pour the liquid into water. The white cuprous chloride is
washed once or twice by decantation and dissolved in a strong solution of ammonium
chloride. When required a little ammonia is added sufficient to give a clear blue
solution.

ACETALDEHYDE
A bent tube, which passes through one hole, connects the flask
with a condenser and receiver. A tap-funnel is inserted through
the other hole. The flask is placed upon a sand-bath, and the
receiver is cooled in ice. It is important that all the corks
should be tight, as a small leak will considerably diminish the
yield. The potassium bichromate in small pieces and the
420 c.c. of water are placed in the flask and gently warmed.
The flame is then removed, and the mixture of alcohol and

FIG. 51.

sulphuric acid, which may be used warm, is slowly added from
the tap-funnel. The flask is occasionally shaken. A considerable rise of temperature occurs and the liquid darkens, whilst
aldehyde, with a little water and alcohol, distils. When the
mixture has all been added, the flask is heated on the sand-bath
until all the aldehyde has distilled (about 150 c.c), which may
be determined by removing the cork from the flask and noticing
if the smell of aldehyde is still perceptible. The distillate is now
redistilled on the water-bath in the apparatus shown in Fig. 51.
COHEN'S ADV. P. O. C.
F
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The flask is attached to an upright condenser in which the
water is kept at a temperature of 30—35°. Alcohol and aqueous
vapour condense in the condenser ; the aldehyde, on the other
hand, passes by a tube attached to a 100 c.c. pipette into two
narrow (100 c.c.) cylinders, one-third filled with the dry ether,
and cooled in ice-water. The aldehyde readily dissolves in the
ether and is rapidly absorbed. If the ethereal solution is now
saturated with dry ammonia gas, the whole of the aldehyde
separates out in the form of colourless crystals of aldehyde-ammonia,
CH3.CH.OH.NH2. The apparatus
for preparing the dry ammonia is
shown in Fig. 52. The flask containing strong ammonia solution is heated
by a small flame, when the gas is
readily evolved and passes up the
tower, which is filled with soda-lime
or quicklime. The ethereal solution
is saturated with the gas, and is then
allowed to stand for an hour.
The ether is then decanted from
FIG. 52.
the crystals, which are drained at
the filter-pump, washed with a little ether, and finally dried in
the air on filter-paper. Yield of aldehyde-ammonia, 25—30
grams. It may be used for the reactions described on p. 67.
Pure aldehyde may be prepared from the aldehyde-ammonia
as follows : The crystals are dissolved in an equal weight
of water and distilled on the water-bath with a mixture
of \\ parts of concentrated sulphuric acid and 2 parts of water,
the receiver being well cooled in ice. The temperature of the
water-bath is gradually raised until the water begins to boil,,
and the distillation is then interrupted. The distillate is dehydrated over an equal bulk of calcium chloride, from which it
is distilled in the water-bath, heated to 300. The anhydrous
aldehyde is kept in a well-stoppered bottle.
3C2H5(OH) + K2Cr207 + 4H9SO4 = 3CoH4O + KoSO4 +
Cro(SO4), + 7HoO
C2H4O + NH3 = CH,CH.OH.NH,
2CH3CH.OH.NH2 + H2SO4 = 2CH3.CO.H +"(NH4)9SO4.
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Properties.—Colourless liquid with a distinctive smell; b.p
210 ; sp. gr. 0*807 at o° ; soluble in water, alcohol and ether.
Reactions.—Acetaldehyde and many of the aliphatic aldehyde
are characterised by the following reactions :—
1. Prepare a little ammonio-silver nitrate by adding dilute
ammonia drop by drop to silver nitrate solution • until the precipitate just dissolves. Add to a third of a test-tube full of the
ammonia-silver nitrate solution about 1 c.c. of aldehyde,, and
place it in a beaker of hot water. A mirror of metallic silver is
deposited. Ag2O + C2H4O = Ag2 + C2H4O2 (acetic acid).
2. To 1 c.c. of aldehyde add 2-3 times its volume of a cold
saturated solution of sodium bisulphite and shake up. The
additive compound, CH3CH.OH.SO3Na, crystallises out on
standing. A crystal of the substance introduced into the liquid
will hasten its formation. The bisulphite solution is prepared
either by dissolving sodium metabisulphite in water, or by
passing sulphur dioxide into soda crystals covered with a layer
of water. It forms an apple-green solution, smelling strongly
of sulphur dioxide. The sulphur dioxide is conveniently obtained
from a bottle of the liquid which can be purchased, or by dropping
concentrated sulphuric acid on to solid sodium sulphite.
3. A solution of magenta decolourised by sulphur dioxide
becomes violet on the addition of a drop of aldehyde (Schiff;.
Prepare a weak solution of magenta by dissolving a crystal in
half a test-tube of water and bubbling in sulphur dioxide until
the colour disappears. Now add a few drops of aldehyde.
4. Boil a few drops of aldehyde with 1—2 c.c. of caustic
potash solution. The liquid becomes yellow and a brown
resinous precipitate is formed.
5. Add a drop or two of concentrated sulphuric acid to 1 c.c.
of aldehyde. The mixture becomes hot in consequence of the
aldehyde undergoing polymerisation to paraldehyde (C2H4O)3j
b.p. 124°, which separates as an oil on adding water. See
Appendix; p. 238.
Methyl Alcohol. CH3.OH
Commercial methyl alcohol is obtained by purifying wood spirit.
It often contains a little acetone, which may be detected by the
iodoform reaction (see p. 50). It may, if necessary, be purified by
boiling it, using an upright condenser, with 3—4 per cent, of solid
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caustic potash on the water-bath, and then distilling. It is
freed from water by standing for twenty-four hours in a flask
one-third filled with freshly-burnt quicklime, and re-distilling
from the water-bath, using a thermometer.
Properties.—Colourless liquid ; b. p. 66—67°; sp. gr. 0796
at 200.
PREPARATION 6.

Methyl Iodide (Iodomethane), CH3I
Dumas and Peligot, A?mak?h 1835, 15, 20.
18 grins, methyl alcohol.
5 „ red phosphorus
50 „ iodine
Attach a flask (250 c.c.) to an upright condenser, and bring
into it the methyl alcohol and red phosphorus. Add the iodine
gradually by detaching the flask for a moment from the condenser. A considerable evolution of heat occurs. When the
iodine hasbeen added the flask is left attached to the condenser
over night, and the contents then distilled from the water-bath
using a similar apparatus to that of Fig. 43, p. 53. The distillate is shaken up with dilute caustic soda in a separating
funnel, to remove iodine and hydriodic acid. If sufficient
caustic soda has been used the lower layer of methyl iodide will
be colourless. Separate the methyl iodide, add a few pieces of
solid calcium chloride, and after standing until clear, distil from
the water-bath with thermometer. Yield 45 grams. Ethyl
iodide and the other alkyl iodides are prepared in precisely the
same fashion.
Properties.—Colourless, highly refractive liquid ; b. p. 45° ;
sp: gr. 2*27 at 150.
Reaction.—Shake a few drops of methyl iodide with an
alcoholic solution of silver nitrate. A white precipitate of a
compound of silver iodide and silver nitrate is deposited, which is
decomposed and gives yellow silver iodide on adding water.
See Appendix, p. 240.

AMYL ALCOHOL

69

Amyl Alcohol, C5Hn.OH.
Commercial amyl alcohol is contained in fusel oil from fer
mentation and consists mainly of isobutyl carbinol together
with about 13 per cent, of secondary butyl carbinol, which
renders the liquid optically active. It turns the plane of polarisation to the left (see p. 116).
Properties.—Colourless, highly refractive liquid with a burning
taste and penetrating smell; b. p. 131—1320 sp. gr., 0*8113 at
190 ; dissolves in 39 parts of water at 16*5°.
PREPARATION 7.

Amyl Nitrite,. C6HUO.NO.
Balard ; Guthrie, Quart. J. C. 6"., 1858, 11, 245 ; Rennard,
Jahresb., 1874, P- 352.
30 grms. (37 c.c.) amyl alcohol.
30 „ sodium nitrite (finely powdered).
18 „ (10 c.c.) cone, sulphuric acid.
The amyl alcohol and sodium nitrite are mixed in a flask
(500 c.c), and whilst the" mixture is cooled in ice-water, the
cone, sulphuric acid is added drop by drop from a funnel with
constant shaking. Towards the end of the process a more
vigorous r.eaction sets' in, when care must be taken to add the
sulphuric acid more slowly. When the whole of the acid has
been added, the top layer of amyl nitrite is decanted into a
separating-funnel. A little water is then added to the residue
and, after shaking, a further quantity of amyl nitrite separates
and is decanted as before. The whole of the amyl nitrite
is then separated from water, dehydrated over calcium chloride
and distilled. The liquid boiling at 95—iooc is collected
separately. Yield, 30—35 grams.
C5H11OH + NaNO2 + H2SO4 = C5H11O.NO+NaHSOi + H2O.
Properties.—Yellow-green liquid with a peculiar penetratin
and sweet smell, which, on inhaling, causes a rush of blood to
the head \ b. p. 960 ; sp. gr. 0*902. See Appc?uiix, p. 240.
Acetone (Dimethyl ketone), CH3.CO.CH3.
Commercial acetone is obtained from the products of the
distillation of wood. To purify it, it is shaken with a saturated
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solution of sodium bisulphite (see Reaction 2, p. 67). The crystalline mass, C3H6ONaHSO3, is filtered and well drained and then
distilled with sodium carbonate solution. The distillate is
dehydrated over solid calcium chloride and finally distilled.
Properties.—-Colourless liquid with a pleasant colour ; b. p.
56'3° ; sp. gr. 0792 at 150 ; soluble in water.
Reactions.—1. Acetone gives the iodoform reaction like ethyl
alcohol5 (p. 50). 2. Dissolve a few crystals of /-bromophenylhydrazine or /-nitrophenylhydrazine in a few drops of glacial
acetic acid, dilute with about 1 c.c. of water and add a drop of
acetone. The bromo- or nitro-phenylhydrazone of acetone
separate as crystalline precipitates.
PREPARATION 8.

Chloroform (Trichloromethane), CHC13.
Liebig, Pogg. Ann., 1831, 23, 444 ; Dumas, Ann. Chim. Phys.,
1834,56, 115.
200 grms. bleaching powder (fresh).
800 c.c. water.
40 grms. (50 c.c.) acetone.
A large round flask (4 litres) is fitted with a cork, through
which a bent tube passes connecting the flask with a long condenser and receiver. The flask is placed upon a large sandbath. Grind the bleaching powder into a paste with 400 c.c. of
water and rinse it into the flask with the remaining 400 c.c.
Add the acetone and attach the flask to the condenser. Heat
cautiously until the reaction sets in, which is indicated by the
frothing of the liquid. Remove the flame for a time, and when
the reaction has moderated, boil the contents until no more
chloroform distils. This is easily determined by collecting the
distillate in a test-tube and observing if any drops of heavy
liquid are present. The distillate is shaken with dilute caustic
soda solution in a separating funnel and the lower layer of
chloroform run into a "distilling flask. A few pieces of solid
calcium chloride are added and left until the liquid is clear,
when it is distilled from the water-bath with a thermometer
inserted into the neck of the flask. Yield about 40 grams.

ACETOXIME
The bleaching powder acts as though it consisted of a
compound of calcium hydrate and chlorine, and the process
probably occurs in two stages.

Trichloracetone is first formed, which is then decomposed by
the lime into calcium acetate and chloroform..
Properties.—Colourless liquid possessing a sweet smell, b. p.
60—620 ; sp.gr. 1*498 at 150 ; very slightly soluble in water;
non-inflammable. As chloroform slowly decomposes in presence
of air and sunlight into phosgene, it is usual to add a little
alcohol to the commercial product, which arrests the change.
Pure chloroform is neutral to litmus, has no action on silver
nitrate solution and does not discolour concentrated sulphuric
acid when shaken with it for an hour or left for a day.
Reactions.—1. Heat a few drops with double its volume of
methyl alcoholic potash. On the addition of water a' clear
solution is obtained. Potassium formate and chloride are
formed. CHC13+4KOH = 3KC1 + HCO.OK + 2H2O.
2. Bring into a test-tube two drops of chloroform, one drop of
aniline and 1 c.c. of alcoholic potash and warm in the fume
cupboard. Note the intolerable smell of phenyl carbamine
(carbamine reaction), CHC13 + C0H5NH2 + 3KOH=C0H6NC +
3KCI + 3H00. Wash out the contents of the test-tube in the
fume cupboard.
PREPARATION 9.

CH3
I
Acetoxime, C:NOH
I
CHo
V. Meyer, Fanin, Bcr., 1882, 15, 1324.
5 grms. hydroxylaynine hydrochloride in 10 c.c. water
3 „ caustic soda in 10 c.c. water
6 „ (7*6 c.c.) pure acetone.
Add the acetone to the mixture of the hydroxylamine
hydrochloride and caustic soda in a small flask. The flask is
then corked and left for twenty-four hours, during which the
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crystalline oxime separates. The presence of any free hydroxylamine is then tested in a few drops of the liquid with Fehling's
solution, or by merely adding a drop or two of copper sulphate,
then a sufficient quantity of caustic soda to produce a clear blue
solution and warming. An orange-red precipitate of cuprous
oxide indicates uncombined hydroxylamine. If no free
hydroxylamine is present, the liquid is shaken up with an equal
volume of ether, in which the acetoxime dissolves. The
ethereal solution is separated and the process repeated twice
with fresh ether. The united ethereal extract is filtered, if
necessary, through a dry filter into a distilling flask. The
greater part of the ether is distilled off on the water-bath. The
remaining liquid is poured into a glass basin and the rest of the
ether left to evaporate in the air, the last traces being removed
by heating for a few minutes on the water-bath. The acetoxime
separates out on cooling in colourless needles. It is dried on
a porous plate and recrystallised from a little petroleum spirit
m. p. 61—62.° Yield 4—5 grams.
CH3. CO.CH3+ NH2OH.HC1 + NaOH
= CH3.C:NOH.CH3 + NaCl + 2 H 2 O
Properties.—Colourless needles ; m. p. 6o°.
Reaction.—Boil a small quantity for a few minutes with dilute
hydrochloric acid, and test with Fehling's solution. The oxime
is decomposed into acetone and hydroxylamine,
CH3.C(NOH).CH3+H20 = CH3.CO.CH3 + NH2OH.
Melting-point Determination.—For this purpose the
following apparatus is used (Fig. 53). A small sample of finely
powdered substance, which has been carefully dried, is introduced
into a capillary tube of about 1 mm. inside diameter sealed at
one end. The tube is made from soft thin-walled glass tubing,
about 15 mm. diameter, by rotating it in the blow-pipe flame until
the glass softens, and then quickly drawing it out. The long
capillary is then broken into lengths of about 7 cm. (i\ in.) by
scratching across with a writing diamond, and each short tube
is sealed at one end. To introduce the substance, it is convenient to scoop up the finely powdered material off a watch
glass with the open end. By tapping the closed end on
the bench, the powder is shaken down. The quantity introduced should occupy a length of about 2—3 mm. when tightly
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[jacked. The tube is attached to a thermometer (preferably with
a very small bulb) so that the substance is level with the bull). The
attachment may he made by a narrow rubber rinj;' or by simply
moistening the side of (he capillary with the thermometer bulb,
which has been dipped in the liquid in the bath, and then
pressing it against the thermometer stem. The thermometer
parses through a cork inserted into a round flask with a lonj;
neck, the bulb of which is three-quarters filled with concentrated
sulphuric add, ^lycurol, ur castor oil. The ik»sk is clamped to a

retort stand and is heated very gradually by a small flame. Instead «>f claiupiuj; the flask to a retort stand, it can be fixed in a
small bra »s tiipod, shown in Ki^. 53, which fits on to an ordinary
laboratory tripod and from which it can be removed when not
required.1 When a certain temperature is reached the substance,
if pure, melts suddenly within one or two decrees. When
approaching the melting-point, it is desirable to remove the
flame or turn it very low so that the rise of temperature is very
j.'1'adual. If" the liquefaction is protracted, it is an indication
that the substance* is not pure. The melting-point, obtained in
this way, to be quite accurate, must be corret ted for the
» Th.-app.ti.ttif. UlyX ainl-.l.tiiil)i un In* pun h.ivil lV»nu Mr. J. W.ukin-uu, Physic:.
pr|iiut»i*iil» Thr Umvrruiy, Lcxd'i, ptiir ut. ,<«/., pu%i«g<: included.
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temperature of the thread of mercury outside the liquid, the
same formula being used as in the correction for the boilingpoint (see p. 58). When the acid becomes discoloured, a crystal
of potassium nitrate will remove the colour on warming.
Acetic Acid, CH3.CO.OH.
Commercial acetic acid is manufactured from pyroligneous
acid obtained in the destructive distillation of wood. The latter
is neutralised with lime, and separated by distillation from woodspirit and acetone. The crude calcium acetate, which has a
dark colour, is then distilled with the requisite quantity of concentrated hydrochloric acid. Anhydrous or glacial acetic acid
is obtained by distilling fused sodium acetate with concentrated
sulphuric acid.
Properties.—Colourless liquid with pungent smell ; b. p.
1190 ; m. p. 1670; sp. gr. 1*055 at 150. It should not decolorise
a solution of permanganate. The vapour of the boiling acid is
inflammable.
Reactions.—Add a few drops of alcohol to the same quantity
of acetic acid, and an equal volume of concentrated sulphuric
acid. Warm gently and notice the fruity smell of ethyl acetate.
Neutralise a few drops of acetic acid by adding excess of
ammonia and boiling until neutral. Let cool and add a drop
of ferric chloride. The red colour of ferric acetate is produced.
On boiling, basic ferric acetate is precipitated.
Heat a very small quantity of potassium acetate with an equal
bulk of arsenious oxide. The disagreeable and poisonous vapour
of cacodyl oxide is evolved.
4CH3.COOK + As2O3=As2(CH3)4O + 2CO2 + 2K2CO3.
PREPARATION 10.

Acetyl Chloride, CH3.CO.C1.
Gerhardt, Ann. Chim. Phys., 1853, (3) 37, 285 ; Bdchamp
Compt. rend.) 1855, 40, 944, and 1856, 42, 224.
50 grms. glacial acetic acid.
40 j, phosphorus trichloride.
Fit up the apparatus shown in Fig. 54. It consists of a distilling
flask (250 c.c), which is attached to a condenser. A small
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filter llask serves as receiver, the side tube being attached
to a calcium chloride tube. The distilling vessel is provided
with a cork, through which a tap-funnel is inserted. The flask
is tooled in cold water in the water-bath (outlined in Fig. 54)>
whilst tin* phosphorus trichloride is slowly run in from the tapfunnel.* When the phosphorus chloride has been added, the
water in the water-bath is warmed to 40—50", until the evolution of hydrochloric acid gas, which at first is very rapid, begins
to abate. The water-bath is then heated to boiling until

Fiu. c)4.
nothing further distils. The distillate is no.v redistilled as
before, but with a thermometer, and the distillate collected
at the boiling point of acetyl chloride (53 56). Yield 45
grains.
i'.pc'i. 3i:H:,.<:oc;i + I\J<>3 \ 311(1
/'/vyV/Y/Vv. Colourless liquid with a pungent smell ; it fumes
in contact with moist air ; b. p. $1 ; sj). gr. 1*105 at 20 .
f\!t'<titi(W\\ 1. Add a few drops of acetyl chloride to about
5 i.e. of water in a test-tube. The acetyl chloride sinks to the
bottom of the. lest-tube, but on shaking rapidly dissolves, and
heat is evolved. Tin* acetyl chloride is converted into acetic acid
and hydrochloric acid.
(§U:,.C.:CK:I > \u>
\- n n .
*. To about 1 i'.r. of ethyl alcohol in a test-tube, add 1 cc.
of acetyl chloride drop by drop, cooling under the tap. Then

7o
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add about I c.c. of a solution of common salt. Ethyl acetate,
recognised by its fragrant smell, separates out on the surface of
the liquid.
CH3.COCI + C2H5OH = CH3.CO.OC2H5 + HCL
3. Add two drops of acetyl chloride to a drop of aniline. A
vigorous action occurs, and a solid separates. This is acetanilide,
and may be obtained in larger crystals by dissolving in boiling
water and cooling slowly.
CH3.COCI + C6H5NH2 = C6H6NH.CO.CH3 + HCL
See Appendix, p. 241.
PREPARATION II.

Acetic Anhydride (Diacetyl Oxide), C

'

/

0

Gerhardt, Ann. Chim. Phys., 1853, (3) 37, 311.
55 grms. sodium acetate (fused).
40 „ acetyl chloride.
A retort (250 c.c.) is attached to a short condenser and
receiver, which is furnished, as in the previous preparation, with
a calcium chloride tube. The tubulus of the retort is closed by
a cork, through which a tap-funnel is fixed. The fused sodium
acetate is prepared by fusing crystallised sodium acetate,
(CH3.CO0Na + 3H2O). The sodium acetate (100 grams) is
placed in a shallow tin and heated over a Bunsen burner.
It first melts in the water of crystallisation, after which it
becomes solid, and finally melts again as the temperature rises.
When completely melted it is allowed to cool, powdered, and
introduced into the retort. The acetyl chloride is gradually
added through the tap-funnel, the retort being cooled in water.*
When the acetyl chloride has been added, the contents of the
retort are well stirred by means of a thick glass rod pushed
through the tubulus. The retort is now closed by an ordinary
cork or stopper, and heated over a small flame, which should
be moved about to prevent the retort cracking. When nothing
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further distils, the retort is allowed to cool somewhat, and the
distillate poured hack and redistilled. Kinally it is distilled
(nun a distilling flask with a thermometer, and collected at
1 30 i.}'1 • Yield ,\a grains.
CI I...C'(H:1 -{- ClI...('().()Na • (CH.j.COy) + NaCL
I'nt/h'} firs Colourless liquid with an irritating smell ; h. p.
l.;.4"' ; sp. j-r. i'oS at 15 .
AVtt,/ftw\ Kep<iat the three experiments described undet
a* tt \ t < liloridr. 'l'he result is the same in each case ; but as
the acetic anhydride reacts less readily than aeelyl chloritle, the
mixture requires to be wanned.
I, r\\:i'r(f\

I) I•!!..<) aCM-COOH.

In Reaction 2, combination is not complete, even on boiling,
tnd a little dilute caustic soda must be added to decompose the
:
unchanged acetic anhydride. In Reaction 3, the product n»ni"
"'
mains
liquid until water is added, when it becomes solid, and
heating dissolves. See <•////v/<//\\ p. 24.*..

l'KKi'A RATION 12.
Aoetamide, (tlla.C.C).NII2.
Hol'mann, /»V/\, tKS:», 15, <;Hi.
ltx) jjriu1-*. ammonium acetate.
Acctamide may be obtained by simply distilling solid
ammonium acetate from a distilling llask provided with a thennometer, USIJ^M fur a < ondenser a straight, wide tube. (See Ki^. 55.)
A considerable quantity of ammonia, water, and acetic acid
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distils, and when the temperature passes 1800 the distillate solidifies, and consists mainly of acetamide. The yield is, however,
small. A better result is obtained by first heating the ammonium

FIG. 55.

acetate in sealed tubes. The ammonium acetate, if not procurable, may be prepared by adding to 70 grms. glacial acetic acid,
warmed in a basin on the water-bath, about 80 grms. powdered
ammonium carbonate until the acid is neutralised, which is recognised by diluting a sample with a little water, and testing
with litmus.
Heating under Pressure.—Two tubes are made from the
usual thick-walled tubing by sealing one end (see p. 24). These
are gently warmed, and the melted acetate poured in until they
are about half full. They are then sealed in the manner described
on p. 24. The tubes are then placed in a tube furnace (p. 23)
and gradually heated to 2000, at which temperature they are
maintained for 5—6 hours. Without removing the tubes from the
furnace they are allowed to cool, and the capillary end opened by
holding a Bunsen burner to the tip until fused, when the pressure
within perforates the glass. If a deep file scratch is then made
about an inch below the sealed end and the end of a red-hot glass
rod held against the scratch, a deep crack is produced and the end
easily removed. After heating, the tubes contain a clear,, oilylooking liquid, which consists of an aqueous solution of acetamide,
together with some unchanged acetate. The contents are poured
into a distilling flask and distilled with a straight tube as
condenser, and the portion boiling above 1800 collected in a

ACETONITRILE

79

small beaker. This distillate, on standing, almost completely
solidifies to a colourless crystalline mass. It is freed from
mother-liquor by spreading on a porous plate, and purified by a
second distillation. The acetamide has then a nearly constant
boiling-point. Yield, about 40 grams.
CH3.CO.ONH4 = CH3.CONH2 + H2O.
Properties.—Colourless, rhombohedral crystals, having a
peculiar smell of mice. This is due to impurity, which may be
removed by recrystallising from benzene ; m.p. 820 ; b.p. 2220 ;
easily soluble in water and alcohol.
Reaction,—I. Boil a small quantity of acetamide with caustic
soda solution. Ammonia is evolved, and sodium acetate is found
in solution, CH3.CONH2 + NaOH = CH3.CO.ONa + NH3.
See Appendix, p. 243.
PREPARATION 13.

Acetonitrile (Methyl cyanide), CH3.CN.
Dumas, Malaguti and Leblanc, Annalen, 1848, 64, 332.
10 grms. acetamide
15 „ phosphorus pentoxide.
The phosphorus pentoxide is introduced into a small distilling flask (200 c.c.) attached to a short condenser. As the
pentoxide absorbs moisture rapidly and becomes sticky, it is
convenient to push the neck of the distilling flask through a
cork which fits the phosphorus pentoxide bottle, and then to
shake in the oxide until the required weight is obtained. The
powdered acetamide is immediately introduced and shaken up,
and the mixture distilled over a small flame, which is constantly
moved about. Add to the distillate about half its volume
of water, and then solid potassium carbonate, until no more
dissolves. The upper layer of liquid, which consists of methyl
cyanide, is separated and distilled over a little fresh phosphorus
pentoxide with thermometer. Yield, about 5 grams.
CH3.CO.NH2 - H2O = CH3CN.
Properties.—Colourless liquid with peculiar smell; b. p. 820.
Reaction.—Boil a few grams of the acetonitrile with three

So
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times its weight of a mixture of 2 vols. water and 3 vols. concentrated sulphuric acid for an hour with-a loner upright tube
or air-condenser. Distil a few c.c. of liquid, and test the distillate
for acetic acid, 2CH,CN + H2SO4 + 4H2O = 2CH3.COOH +
(NH4)2SO4. See Appendix, p. 244PREPARATION 14.

Methylamine Hydrochloride, CH«.NH2.HC1.
Wurtz, Comptrend, 1848, 28, 223 ; Hofmann,Ber., 1882, 14,
2725, and Ber., 1883,15, 407 and 762.
20 grms. acetamide
54 „ (18 c.c.) bromine
56 „ caustic potash.
The dry acetamide and bromine are mixed in a flask (| litre),
and whilst the mixture is cooled in water, a 10 per cent,
solution of caustic potash (about 20 grams KOH) is added,
until the dark brown liquid changes to a deep yellow colour.
The solution, which now contains potassium bromide and
acetmonobromamide, is slowly added from a tap-funnel inserted, together with a thermometer, into the neck of a distilling
flask (1 litre). The flask contains a concentrated solution of
caustic potash (56 grams in 100 c.c. of water), heated to 60—70°.
Heat is evolved, and care must be taken that the rise of temperature does not greatly exceed the above limits. The reaction
goes on quietly, and the yellow solution is gradually decolourised.
The mixture is then digested for a short time at the above
temperature until the yellow colour completely disappears. A
few bits of broken pot are now introduced into the flask, which
is closed with an ordinary cork, and the liquid distilled over
wire-gauze. The vapours of methylamine and ammonia, which
are cooled, are passed by means of a bent adapter, attached to
the end of the condenser, into dilute hydrochloric acid contained
in the receiver. Care must be taken that the adapter does not
dip too far into the acid, or liquid may ]De sucked back into the
condenser and distilling flask. When the distillate is no longer
alkaline, and consequently all the methylamine has been driven
over, the hydrochloric acid solution is evaporated to dryness on
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tht* water hath, and the colourless crystalline residue extracted
repeatedly with .small quantities of absolute alcohol, which
dissolve-, out the inethylainine salt from the ammonium chloride.
From the hot alcoholic solution foliated crystals separate out
on cooling.
cn.XONIL h lir..* KOII
•\i' «.««uiilr.
(il,(()NHlir {KOII

(TL.-CONHBr 4- KI*r + IL<>
A«ftiii«»ui>ltitini;tnu<lf.
CH:,.N:('O -I- KBr + IU>
Mf-tliyl>-.iir>;iiiaUa
i
( !I..,N:<':() I ,:K()11 - ClU N 11.,-{- Kj,COa
.Mrli'iylaiUJMir.
/V/yV///cv. Large deliquescent tablets, which melt at 227",
and sublime above thai temperature, with slight decomposition.
The base is liberated on wanning with caustic soda, as an intlannnable gas with strong ammouiacal smell. See Appendix,

Ethyl Acetate (Acetic Kther), CH.,.ro.()CaHfl.
Si heele, C/itintntl his says, r/«S.>, p. 307; V rank I and, Dupj)at
/•////. 7/vf/z.v., 1865, 156, 37 ; I'abst, Hull. Soc. C/u't/i., i8«u, 33,
ntJ50 i ,c. cone, sulphuric acid.
^o c.c. absolute alcohol.1
Mixture of equal volumes of glacial acetic: acid (looe.e.)
and absolute alcohol (UHJ t\c).
A distilliuji flask (A litre./ is attached to a condenser and
receiver. The il.i'.l; is provided with a cork, through which a
separating funnel is inserted. The mixture of $0 c.c. of concentrated sulphuric acid and 50 e.c. of absolute alcohol is
poured into the tiask, uliith is then heated in a bath of paraffin
wax or fir.ible metal" to 140, and kept at this temperature.
The mixture of equal \olmnes of acetic acid and alcohol is
l .Vsttivf tut't^U m.«v !*«'ii»."!«* in pin I'M-IV lli«" '.aim- way, \v\\\\\ nwiliyl nla»l»ol.
Th«* j»i-t»lu< I i. thru (t.Mi'wK.Kf <| .tml i.»IU<« tnl at ',7 'M'.
•s A <n A\AV \\\%-\A ii.uli In . «i»« .itlv.mt.tv',*' >»vn aw «>il U.uh of nritbrr Mnt-lHtt); imr
l.'iti;; Ii.ii-I. t<,,.,!, i, !,.., It r. in.,. If Lv la. Itiir; in a Mnall roukilii'. {tail one part
t>l 1» .i«i .ii«l IWII ji.ul . t<\ l.i.nmtU. 'I hi-, .tlioy *t> iitlid ;ilit»vr two'.
COHKN'S ADV. V. (1. ('.
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now added, drop by drop, from the tap-funnel at the speed at
which the liquid distils, as in the preparation of ether (p. 59)
When all the mixture has been added, the distillate, which contains the ester, and also acetic acid, alcohol, ether, and
sulphurous acid, is shaken in a separating funnel with a strongsolution of sodium carbonate (50 c.c.) until the upper layer of
ethyl acetate ceases to redden blue litmus. The lower layer is
removed as completely as possible, and a strong solution of
calcium chloride (50 grams in 50 c.c. of water) added, and the
shaking repeated. The lower layer of calcium chloride is run
off, and the ethyl acetate carefully decanted from the mouth of
the funnel into a dry distilling flask. A few pieces of solid
calcium chloride are added, and, after standing over night, the
ethyl acetate is distilled from the water-bath with a thermometer in the neck of the flask. The portion distilling below
740 contains ether, that boiling at 74—yg° is mainly ethyl
acetate, and is separately collected. Yield, 80 per cent, of
the theory.
C2H5(OH) + H2SO4 = C2H6.H.SO4 + H,O.
C2H5HSO4 + CH3XO.OH = CH3.COOC2H6 +~H2SO4.
Properties.—Colourless liquid, with an agreeable fruity smell;
b. p. 770 ; sp. gr. 0-9068 at 150; soluble in about 11 parts of
water ; miscible in all proportions with alcohol, ether, and acetic
acid.
Reaction.—Weigh out 20 grams of ethyl acetate, and heat in a
round flask with three times its volume of aqueous potash
(iKOH : 3H2O) with upright condenser over wire-gauze'. Add
a small piece of porous pot to prevent bumping. After an hour
or so the upper layer of ethyl acetate will have disappeared. Distil
the product with a thermometer.until the temperature reaches
ioo°. Add solid potassium carbonate to ,tfe distillate until no
more dissolves. Separate the top layer of alcohol and dehydrate
over fresh potassium carbonate or quicklime. Distil with a
thermometer and weigh the distillate. Neutralise the alkaline
liquid, from which the alcohol was fiust distilled, with dilute sulphuric acid, and evaporate to dryness on the water-bath. Break
up the solid residue, and distil with concentrated sulphuric acid
(20 c.c.) until the thermometer marks 1300. Redistil and collect

ETIIVL AC F.TOACICTATR
between 115° and 120°. Weigh the distillate. This process
furnishes an example of hydrolysis or saponijication,
CHa.COOC,Hf, + IU) - CII:,.COC)M + C2HfiOH.
See Appendix, p. 247.
PREPARATION 16.
Ethyl Acetoacetate (Acetoacetic Ester),
CH:,CO.CII.,.CO.OC1,IIf,.
Geuthcr, Jahresb., 1863, p. 323; Krankland, Duppa, . Phil.
Trans., 1865, 156, 37 ; Wislicenus, Anna fen, 1877, 186, 161.
200 grms. ethyl acetate.
20 „ sodium.
The ethyl acetate, carefully dehydrated as described in the
previous preparation, is introduced into a round flask (i litre)
connected with a long upright condenser. 20 grams well pressed
sodium, cut into thin slices, arc quickly added, and the flask
cooled in water. After a short time a brisk reaction sets in, and
ultimately the liquid boils. When the first action is over, and
no further evolution of heat occurs, the mixture is heated on the
watcr-b/ith, without detaching the condenser, until the sodium is
completely dissolved. A 50 per cent, acetic acid solution is at
once added and well shaken, until the liquid is acid (about
TOO c.c), and then an equal volume of concentrated brine. The
liquid divides into two layers ; the upper one, consisting of
acetoacetic ester and unchanged ethyl acetate, is carefully
separated. It is distilled over wire-gauze until the thermometer
marks ioo°, and all the ethyl acetate has been removed. The
distillate is now collected in five fractions (roo 130'', 130—135°,
165—175°, 175-185'', 185 200). The fraction distilling at
175—185" is nearly pure acetoacetic ester. Yield 30—40 grams.
A further quantity may be obtained by redistilling the other
fractions ; but it is undesirable to repeal the process frequently,,
as acetoacetic ester gradually decomposes at the boiling point.
It is for this reason that GaUermann recommends the fractional
distillation to be carried out in vacua.
The brown residue remaining in the distilling flask solidifies,
on cooling, to a crystalline mass consisting chiefly of dehyG 2
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dracetic acid CSH8O4. . It is converted into the sodium salt fc>y
boiling with soda solution with the addition of animal c h a r coal. The sodium salt crystallises from the filtrate. O i 1
adding dilute sulphuric acid, the free acid is obtained as colourless needles ; m. p. 109°.
1. 2GH,0H + Na2 = 2NaOC2H5 + H2
/ONa
2. CII3CO.OC,H5 + NaOCoH5= C I I 3 ^
/ONa
+ 2C2HaOH.
CO.OCoH5 + CoIl4
+ CH3"CO.0Na
The formation of ethyl acetoacetate occurs, according" t o
Claisen, in four steps. The presence of a small quantity of
alcohol gives rise to sodium ethylate, which forms an additive
compound with ethyl acetate. The latter unites with a second
molecule of ethyl acetate yielding the sodium salt of ethyl a c e t o acetate, and splitting off alcohol, which reacts with fresh metallic
sodium. The sodium salt on acidifying passes into the t a u t o meric (ketonic) form of acetoacetic ester.
Properties.—Colourless liquid possessing a fruity smell ; b . p .
1810; sp. gr. 1*03 at 150. Boiled with dilute caustic p o t a s h ,
the ester decomposes into alcohol, carbon dioxide, and acetone
(ketonic decomposition), with strong or alcoholic caustic potasli,
sodium acetate and alcohol are formed (acid decomposition).
Reactions.—1. Add a drop of ferric chloride dissolved in alcohol
to a few drops of the ester ; a deep violet coloration is produced..
2. Add 1 c.c. of a saturated alcoholic solution of cupric a c e t a t e
to a few drops of the ester, a bluish-green crystalline precipitate
of copper acetoacetic ester, (CcH9O3)2Cu3 is formed.
See
Appe?idix, p. 248.
Distillation in vacuo.—-The apparatus is shown in "Fig-. 5 6 .
The distilling flask is provided with a thermometer and attached
to a short condenser and receiver. The receiver consists of a.
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s e c o n d distilling flask, w h i c h is t i g h t l y a t t a c h e d to t h e e n d of
t h e n a r r o w c o n d e n s e r t u b e , figured at ti a n d c o n n e c t e d b y t h e
s i d e l i m b b y m e a n s of p u m p - t u b i n g to a w a t e r - j e t a s p i r a t o r a n d

auj^e. Some small bits of porous pot are placed in
the flask, which is heated in a paraffin bath, and the apparatus
exhausted to about 35--40 mm. pressure. At this pressure ethyl
acetoacetate boils at about 90". The following table ^ives the
temperatures corresponding to different pressures :
74/
88'

mm.
. 14
. 18
29

97'

• 45
59

1 O<)

T h e chief i n c o n v e n i e n c e w h i c h a t t e n d s d i s t i l l a t i o n imuwito
is
t h e b u m p i n g of t h e liquid in the. d i s t i l l i n g i l a s k . T h i s m a y b e
m o d e r a t e d or removed b y various devices, s u c h as t h e i n t r o d u c tion of p o r o u s pot, c a p i l l a r y j j l a s s t u b e s , &<•., o r b y d r i v i n g a
r a p i d s t r e a m of fine a i r - b u b b l e s t h r o u g h t h e li(jui(l.
For this
p u r p o s e a C l a i s e n flask (Kij4#. 57), m a y be u s e d with a d v a n t a g e .
A t u b e is d r a w n out i n t o a fine c a p i l l a r y a n d is o p e n a t b o t h
e n d s , t h e wide e n d b e i n ^ a t t a c h e d to a s h o r t p i e c e of r u b b e r
t u b i n g a n d s c r e w - c l i p . T h i s t u b e is i n s e r t e d t h r o u g h a c o r k in
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the straight neck of the flask, whilst the thermometer is f i ^
in the
the second
second neck,
neck, wnicii
which is
The
in
is attached
attacneu to
to the
tne condenser.
condenser,
l
d
b
h
i
l^
stream of air-bubbles is regulated by the clip. Instead o f

FIG.

long manometer shown in Fig. 56, a more compact, a n d , f o r
low pressures, a more convenient form is shown in Fig". 5 ^ If the distillate has to be separated into fractions, it is u n d e sirable to interrupt the boiling. Various forms of a p p a r a t u s
for effecting this object are shown in Figs. 59—61.
Trie
apparatus (Fig. 59) consists of a double receiver a and b ; c a n d
e are ordinary two-way taps, whilst d is a three-way tap p i e r c e d
lengthwise and crosswise as shown in section at f.
The

FIG. 61.
FIG. 60.
aspirator is attached to the limb marked with the arrow. D u r i n g
the distillation the taps c and d connect the apparatus with, t r i e
aspirator whilst e is closed. The distillate collects in a. W h e n
this fraction is to be removed, c is closed and e is opened. T h e

liquid is thereby transferred to the second receiver b\ c is now
dosed, /.• is opened and // turned so as to let air into b ; b may
now be removed and replaced by a similar vessel and the process repeated. Fig. 60 needs little explanation. There arc two
or more receivers on one stem. I»y rotating the stem the distillate falls into one or other receiver. Fig. 61 consists of a
vacuum vessel containing a series of test-tubes which can be
moved in turn, under the end of the condenser, by means of a
vertical axis. It is often preferable to beat the distilling flask
in an oil or metal bath instead of using wire-gauze. Distilling
llasks above 250 e.c. capacity should not be used for low pressures, as they may collapse. For high boiling liquids, or for
substances which may solidify in the condenser, a condenser
tube without water-jacket is used. A convenient form of condenser tube is shown at <r, Fig. 56. It consists of straight tube
fused on to a short narrower tail-piece. In certain cases it is
found convenient to insert the side-tube of the distilling flask
directly into the neck of the receiver (see p. 94).
PRNI'A RATION 17.
Monochloracetic Acid, CMoCl.CO.OH.
R. Hofmann, Annalcn, 1857, 102, 1 ; Auger, Belial, Bull. Soc.
Chim., 1889, (3) 2, 145.
100 e.c. glacial acetic acid.
10 grms. sulphur (flowers).
Fit up the apparatus shown in Fig. 62.* It consists of a stoneware jar one-third full of pyrolusite in lumps, and fitted with exit
tube and tap-funnel. It is heated on a sand-bath over a small
flame, whilst concentrated hydrochloric acid is allowed to drop
in from the tap-funnel. A rapid current of chlorine is thus
evolved, which is dried by passing through concentrated sulphuric acid in the Woulff bottle. The Woulff bottle has a safety
and exit tube, the latter being connected with a straight tube
passing to the bottom of the retort. The retort is tilted upwards
and connected with an upright, condenser, which is furnished
with an open calcium chloride tube. The acetic acid and sulphur are placed in the retort, and heated on the water-bath.
The retort and contents are weighed at lhe commencement of
the operation on a rough balance. A rapid current of chlorine
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is then passed through for six to twelve hours, .and the retort
occasionally weighed, until the increase in weight (50 grams)
roughly corresponds to the formation of monochloracetic acid.
The operation is then stopped. The action of the chlorine i s
greatly facilitated by sunlight. The yellow liquid in the retort
is decanted from the sulphur into a distilling flask, and distilled
over wire-gauze. Some acetyl chloride, sulphur chloride, a n d
unchanged acetic acid first distil, after which the temperature

FIG. 62.

rises and the fraction boiling at r 500—190° is collected separately.
It is advisable to run the water out of the condenser when t h e
temperature approaches 1700, as the acid may solidify and bloclc
the condenser-tube. The distillate solidifies on cooling. Any
liquid is drained
off at once, and the solid is redistilled and collected at 1800—1900. It is nearly pure chloracetic acid. Yield
80—100 grams.
CH3.CO.OH + CI2 = CH2CLCO.OH + HC1.
The sulphur acts as a "chlorine carrier" by forming sulphur
chloride.
Properties.—Colourless crystals ; m. p. 630 ; b. p. 1850—1870 ;
readily soluble in water, and deliquescent in moist air. It
causes blisters on the skin. See Appendix, p. 252.

MONOBROMACETIC ACID
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PREPARATION IS.

Monobromacetic Acid, CH2Br.COOH.
Hell, Bcr., 18S1, 14, 891 ; Volhard, Annalen, 1887, 242,
141 ; Zelinsky, Ber., 1887, 20, 2026.
30 grms. (30 c.c.) glacial acetic acid.
5 3) (35 c.c.) bromine.
5 „
red phosphorus.
All the above substances must be dry. The acetic acid is frozen in
ice, and any liquid drained off, and the red phosphorus is washed
with water to free it from phosphoric acid, dried in the steam oven,
and kept over sulphuric acid in a desiccator until required. The
bromine is placed in a separating funnel with half its volume of
concentrated sulphuric acid overnight, and
then separated. The apparatus is shown in
'Fig- 63 . It consists of a round flask (250 c.c.)
attached to an upright condenser, which is
provided with a cork. A tap-funnel containing the bromine passes through one
hole, and a wide bent tube, attached at its
lower end to a funnel, passes through the other.
As ;i large quantity of hydrobromic acid is
evolved in the reaction, the funnel is made to
touch the surface of water contained in a
beaker, whereby it is completely absorbed.
The phosphorus and acetic acid are placed
in the flask, and bromine dropped in from the
tap-funnel.* A vigorous reaction occurs, and
the liquid becomes very warm. After half
the bromine has been added the action
moderates, and the remainder may be run in
FIG. 63.
more quickly. When the whole has been
added, the liquid is boiled gently until the colour of the
bromine disappears. It is now allowed to cool, and the
liquid decanted into a distilling flask for distillation in vacua.
Care must be taken not to touch the substance with the hands,
as even a small quantity produces very unpleasant sores. The
apparatus for distilling in vacuo is shown in Fig. 56 (p. Z'$\
IO

go

PRACTICAL ORGANIC CHEMISTRY

The distilling flask is provided with a thermometer, and attached
to a short condenser and receiver. The receiver consists of a,
second distilling flask, which is tightly attached to the end of the
condenser and connected by the side limb with pump-tubing t o
a water-jet aspirator and mercury manometer. Some small
bits of of porous pot are placed in the flask, and the apparatus
exhausted to about 50—60 mm. pressure. The liquid distils at
a nearly constant temperature (about 500—53°), and consists of
nearly pure bromacetylbromide. The calculated quantity of
water is added to convert it into bromacetic acid, when the liquid
forms a solid crystalline mass.* It may be purified by distillation at atmospheric pressure with condenser-tube only, the
portion boiling above 1650 being collected separately.

3-CHo.C00H + P + iiBr = sCH2Br.COBr + HPO, + sHBr.
Bromacetyl bromide.
CH.Br.COBr. + H2O = CH2Br.CO.OH + HBr.
Bromacetic acid.
Properties.—Colourless crystals; m. p. 50°—51°; b. p. 2080
See Appendix, p. 252.
PREPARATION 19.

Grlycocoll (Glycine, Aminoacetic Acid).

CH

2\cQ0H

Braconnot, A?m. Chim. P/iys., 1820, (2) 13, 114; Perkin,
Duppa, Trans. C/iem. Soc, 1859, 11, 22 ; Kraut, Annalen, 1891,
266, 292.
50 grms. chloracetic acid.
50 c.c. water.
600 c.c. ammonia, 26*5 per cent. (sp. gr. 0*907 at 14°).
Fit up the apparatus shown in Fig. 64. It consists of a large
wide-necked bottle, in which the ammonia solution is placed.
The solution is stirred by a mechanical stirrer, rotated by means
of a water-turbine. The solution of the chloracetic acid in 50
c.c. water, is dropped in from a tap-funnel. After standing
24 hours the liquid is poured into a flask, and the excess of
ammonia is removed by passing in a current of steam, and
evaporating at the same time on the water-bath until the last
traces of ammonia disappear. The solution now contains gly-
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coroll and ammonium chloride. Preripitaled carbonate of copper
is added to the hot liquid until no further effervescence occurs,
and some carbonate remains undissolved. It is filtered and
evaporated down on the water-bath until crystallisation sets in.
This is determined by removing and cooling a small portion in
a test-tube or watch-glass. The blue needles of copper glycocoll,
(Col•I.JNO^OCU.I I./ >, are filtered and washed, first with dilute and
then with stronger spirit. The mother liquor may be further evaporated, and a. fresh quantity of crystals obtained. The copper
salt is dissolved in water and precipitated hot with hydrogen
sulphide, the t'vee glycocoll passing into solution. The precipitate is filtered and well washed, and the filtrate evaporated

to a small bulk on the walcr-bath. Crystals of glycocoll
separate out. Yield 15-20 grams. The loss is due to the
formation of" di- and triglycolaminic acid, NH(CH2.COOH).>
and N(CIU:()( )ll)
CIIX'I.COOII +2NII ; ,

CM.NIIo.COOII -1- NH,,CI.

Profitvi/'es. Large monoclinic crystals ; discoloured at 228° ;
m.p. 232-236° ; scarcely soluble in alcohol and ether, readily
soluble in water (1 part glycocoll in 4 parts water).
Reaction.— 1. Add a drop of copper sulphate: to a solution of
glycocoll, and notice the blue colour of the copper salt.
2. Add a drop of ferric chloride to the solution. It gives a
deep red colour. See Appendix, p. 254.
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PREPARATION 20.

CH2.NH.,HC1
Glycocoll Ester Hydrochloride, \
CO.OC9HKlages, Ber., 1903, 36, 1506, Hantzsch and Silberrad, £er.9
1900, 33, 70250 c.c. formaldehyde solution (40 per cent.).
90 grams ammonium chloride (powdered).
„ potassium cyanide (in 200 c.c. water).
IIO
63 c.c. glacial acetic acid.
The first part of the process consists in the preparation of
methyleneamino-acetonitrile.

The formaldehyde and ammonium chloride are mixed in a
wide-necked glass jar cooled in a freezing mixture and
stirred by means of a stirrer as shown in Fig. 64. When the
temperature falls to 5° the potassium cyanide solution is slowly
run in from a tap-funnel during three hours, the temperature
being maintained below io°. When half the cyanide solution
has been added the ammonium chloride will have completely dissolved. Whilst the second half of the solution is
being added, 63 c.c. of glacial acetic acid are dropped in from
another tap-funnel at about the same rate, whilst the temperature is kept below 150. As soon as the acetic acid is
added a white crystalline substance begins to separate and
gradually fills the liquid. The stirring is continued for another
hour after the solutions have been added. The crystalline mass is
filtered, washed with water and dried. The yield is 60—70 grams.
Methyleneamino-acetonitrile melts at 1290. 11 m ay be recrystallised
from alcohol, but is usually pure enough for further treatment.
On hydrolysis in presence of alcohol it breaks up into glycocoll
ester hydrochloride, ammonium chloride and formaldehyde.
CHotN. CHoCN + 2H2O + C2H5OH + HC1 = (HC1)NH3. CH,. COOG,H5
+ NH4C1 + CH2O.
Twenty-five grams methyleneamino-acetonitrile are added to
170 c.c. of absolute alcohol previously saturated in the cold
with hydrogen chloride.
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Preparation of Hydrogen Chloride.—A filter flask
(J, litre) is fitted with a rubber cork, through which a tapfunnel is inserted. The flask is filled one-third full of concentrated hydrochloric acid and is attached to a wash-bottle
containing" a little concentrated sulphuric acid. A delivery
tube is attached to the wash-bottle. The hydrogen chloride is
generated by dropping concentrated sulphuric acid from the tap-funnel into the
flask containing" the hydrochloric acid.
As the gas is rapidly absorbed by the
alcohol and may in consequence run
buck into the wash-bottle, it is advisable to run in the acid rather more
quickly at the beginning- than is necessary later on and to generate the gas
for a short time before passing- it into
the alcohol. The apparatus is shown
in Fig. 65.
When saturated, the mixture is boiled
FIG. 65.
for an hour with reflux condenser on
the water-bath and filtered hot from the ammonium chloride
which remains undissolved. On cooling, the greater portion of
the ester hydrochloride crystallises. A further quantity may be
obtained by concentrating the mother liquors. Yield 30—35
grams.
/V^vvVVx •-•••Colourless needles; m. p. 144°, soluble in hot
alcohol, very soluble in water.
G-lycocoll Ester Hydrochloride from Gelatine.
Mix 100 grams commercial gelatine or size with 300 c.c. concentrated hydrochloric acid and shake until the gelatine is nearly
dissolved ; I hen add a few fragments of porous pot and boil
over wire gauze with reflux condenser for four hours. The
dark coloured product is now evaporated on the water-bath
under diminished pressure in the apparatus shown in Fig. 66.
It consists of two distilling flasks (r litre) fitted together by
rubber corks, ihe one acting as distilling flask and the other as
receiver. The receiver which is cooled by a stream of water
is attached to a water-jet aspirator. A long capillary, which
nearly touches the bottom of the flask, is inserted through the
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cork of the distilling vessel. It serves to agitate the liquid
by introducing a stream of fine air-bubbles which keep it
in constant motion. When the water is removed as far
as possible, the residue, which forms, on cooling, a thick
viscid mass, is mixed with 500 c.c. absolute alcohol. It is
heated on the water-bath with reflux condenser for a short time
with t h e addition of a little animal charcoal and filtered. The
alcoholic solution is cooled in ice and saturated with dry
hydrogen chloride (see p. 93). The liquid is then boiled for

FIG.

66.

half an hour on the water bath, cooled, and, after dropping in a
crystal of the substance, left overnight. Glycocoll ester hydrochloride crystallises in colourless needles (m. p. 1440) and is
filtered and washed with a little alcohol. Yield 10—15 grams.
PREPARATION

21.

CH<J]
|
^N
COOC 2 H 5
Curtius, / . prakt. Chem., 1888, 38, 401 ; Silberrad, Trans.
Chem. Soc, 1902, 81, 600.
25 g r a m s glycocoll ester hydrocMoride (in 50 c.c. of water).
18
,,
sodium nitrite in fine powder.
Diazoacetic Ester,

DTA'/OACETIC ESTER
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The glycocoll ester and sodium nitrite are shaken together in
a separating funnel (250 c.c.) until the nitrite is dissolved, a
little water being added if necessary. Fifteen c.c. of ether are
poured into the funnel, and when the temperature has sunk to
about 5", two or three drops of a ten per cent, sulphuric acid
solution are added. The mixture is now well shaken for a
minute and the aqueous layer drawn oft* into a flask standing in
ice whilst the yellow ethereal solution, separated as completely
as possible from water, is poured from the neck of the funnel
into a dry flask. The aqueous portion cooled to 50 is returned
to the funnel and the process is repeated five or six times with
fresh quantities of ether, a few drops of sulphuric acid being
added each time before shaking, and the yellow ethereal layer
separated, until the ether is only slightly coloured.
The united ethereal extracts are shaken with very small
quantities of sodium carbonate solution until no more carbon
dioxide is evolved and the solution remains alkaline. The
ether solution is then thoroughly dehydrated over calcium
chloride over-night and the ether carefully removed on the
water-bath, which should not be heated to boiling. When most
of the ether has been distilled off, the flask is taken from the
water-bath and the remainder of the ether removed by blowing
air over the surface of the liquid. Yield about 15 grams.

Properties.- Deep yellow liquid which explodes on boiling ;
but distils nndecomposecl under diminished pressure.
Reactions.-- Add a drop of the diazoacetic ester to concentrated sulphuric acid. It decomposes explosively. Heat a
few c.c. of the ester in turn with water and alcohol. Nitrogen
is evolved with the formation of glycollic ester in the first case
and ethyl glycollic ester in the second.
lrJ-H,O-CII,OH.COOC2Hf) + Na.
l-C'JIr.OI-I -cfl.pCJ I iV c60,H 6 + N2.
Add an ethereal solution of iodine. Nitrogen is evolved and
iodacel'u: ester is formed.
Heat a little of the ester with
concentrated hydrochloric acid. Nitrogen is evolved and
chloraeetic ester is formed. C.radually add five grams of the
diazoacetic ester to a solution of 8 grams of caustic soda
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dissolved in 12 c.c. of water heated on the water-bath. A
vigorous reaction occurs and yellow crystals of sodium bisdiazoacetate are deposited. Cool, add 10 c.c. of spirit, and
filter and wash with spirit.
H<

>CH COONa

See Appendix, p. 255.
PREPARATION 22.

Diethyl Malonate. C
Conrad, A?malen, 1880, 204, 126; W. A. Noyes, Amer.
Chem.J., 1896, 18, 1105.
50 grms. chloracetic acid (in 100 c.c. water)
40 „ potassium carbonate
40 „ potassium cyanide (in powder)
The solution of chloracetic acid is poured into a wide basin
(20 cm. diam.), and whilst the mixture is heated to 55—6o°
potassium carbonate (40 grms.) is added until the evolution of
carbon dioxide ceases and the liquid is neutral. A solution of
potassium chloracetate is thus obtained. Potassium cyanide
(40 grms,) is now added and well stirred.* When the first
reaction is over, the contents of the basin are cautiously heated
on the sand-bath, whilst the mass is continuously stirred with a
thermometer until the temperature reaches 1350. The brown
semi-fluid mass is allowed to cool and stirred whilst solidifying,
and then quickly broken up into coarse powder and introduced
into a round flask (J litre). The potassium cyanacetate which has
been formed is now converted into the ester, and at the same
time hydrolysed by boiling with sulphuric acid. Absolute
alcohol (20 c.c.) is gradually added with shaking, and the flask
is then mounted on a water-bath and attached to a reflux condenser. A cold mixture of 80 c.c. absolute alcohol and 80 c.c.
concentrated sulphuric acid are added in the course of about ten
minutes, and the flask heated for one hour on the water-bath.
The mixture is cooled quickly, 100 c.c. of water added, and any
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insoluble miitlcr filtered off. The filter is washed several times
with small quantities of ether, and the filtrate .shaken uj) with the
ether and separated. The filtrate is shaken up repeatedly with
fresh ether until the ester is completely separated, and the united
ethereal extracts freed from acid by shaking with a strong solution of sodium carbonate until the latter remains alkaline. The
ether extract is then separated, dehydrated with calcium chloride,
and the ether removed on the water-bath. The residual ester i-s
distilled under reduced pressure. Yield 45 -50 grains.
CILCI.COOK: I-KCN -CIU;N.COOK-I-KCI
CII..CN.COOK I 20,11,011 -I 2II..SO, • CII^COOC.II,,)., | KIIKO,

•|NIl.,IISo1.
Propniirs. —Colourless liquid ; b. p. 105 ' ; sp. g\\ 1 *oott at rS*
See Appendix, p. 256.
1'RKIWUATION 23.
Ethyl Malonic Acid, C,l I.-.C11 ( ^ | J
Conrad, Annaloi, 1880, 204, 134.
16 grms. ethyl malonate
2
5
» (S2 C-CO absolute alcohol
2*3 „ sodium
20
„ ethyl iodide.
Sodium ethylate is first, prepared by dissolving 2*3 grains
sodium in 25 grains alcohol, and the reaction completed, if
necessary, on the water-bath as described on p. S3. Whilst
the product is still slightly warm, 10 grains malonic ester aie
added from a tap-funnel. The liquid remains clear at first, but
before the ester has all been added a white crystalline body
(sodium ethyl malonate) separates out, and soon the whole
solidifies. To the .solid mass 20 grains ethyl iodide are slowly
added. The mass softens and, after continued shaking, completely liquefies with evolution of heat. The product is now
heated on the water-bath, when it becomes turbid from the
separation of sodium iodide in the form of a i)nc powder. After
one and a half hours the liquid ceases to be alkaline and the
reaction is complete. The alcohol is distilled off from a brinebath (water saturated with common salt) On the addition of
COHEN'S ADV. I', u. C.
JI
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water to the residue an almost colourless oil separates out. T h e
oil is removed by extraction with ether, dehydrated over c a l c i u m
chloride and distilled. When the ether has been driven off,
almost the whole of the residue (ethyl diethyl malonate) p a s s e s
over at 206—208°. Yield about 15 grams.
CH2.(CO.OC2H5)2 + NaOCoH5 = CHNa(CO.OG2Hs)2 + C 2 H 5 OH
Sodium ethyl malonate.
CHNa(CO.OC,H5)2 +C2H5I = CH(G>H5) (CO.OC2HD)2 + N a l
Ethyl malonic ester.
Properties.—Colourless liquid with an agreeable fruity s m e l l ;
b. p. 2of, sp. gr. i"oo8 at 18°.
To obtain the free acid, the ester is hydrolysed w i t h
caustic potash. To 15 grams caustic potash in strong"
aqueous solution, 10 grams of the ester are slowly a d d e d
from a tap-funnel. At first an emulsion forms, which s o o n
solidifies to a white mass. This is heated on the w a t e r bath with frequent shaking for about three-quarters of £in
hour, until* it becomes completely liquid. The hydrolysis i s
then complete. The product is diluted with a little w a t e r ,
neutralised with concentrated hydrochloric acid, and the f r e e
acid precipitated with a strong solution of calcium c h l o r i d e
as the calcium salt. This is separated from the solution "by
filtration and concentrated hydrochloric acid added to t h e
calcium salt. From the acid solution the free ethyl m a l o n i c :
acid is extracted by shaking with ether. After e v a p o r a t i n g
off the ether, the acid remains behind as a syrup, w h i c h
solidifies when cold. This is redissolved in water, b o i l e d
with a little animal charcoal to free it from any a d h e r i n g
colouring matter, filtered, and evaporated to syrupy c o n sistency on the water-bath. The colourless acid c r y s t a l l i s e s
on cooling. Yield about 5 grams.
C2H5CH(CO.OC2H5)2 + 2KOH = CoH5CH(COoK)o + 2C 2 H 0 OII
CoH5CH(COoK)2 + 2HCl = C2H5CH(COaH)2 + 2KCI.
Ethyl malonic acid.
Properties,—Rhombic prisms; m. p. iir5°, easily soluble i n
water, alcohol, and ether.
Reaciio?i.—1. Heat a gram or two of the acid in a t e s t tube over a small flame and have at hand a second test-ti_il:>e
one-third full of lime water. The acid decomposes at i 6 o ;
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into butyric acid and carbon dioxi$£. JJV^en the effervescence
begins to slacken, decant the gas\^\vn^)-d^into_tlie_ X&p:tube of lime-water, shake up and notic^^tire^iQ^/d^y?; tTKe
acid which remains will have a strong smeTTlyf-^t-^k—acid,
C2H5CH(CO2H):>= C3H7CO.OH + C02
See Appendix, p. 256.
Chloral Hydrate, CC13.C
Liebig, A?inale7i, 1832, 1, 189; Dumas, Aim. CJiim. Phys.
1834, 56, 123.
Chloral hydrate is obtained by the action of chlorine upon
ethyl alcohol The solid chloral alcoholate is formed,
CC13.CHOH.OC.2H5, which, when decomposed with sulphuric
acid, yields chloral, CC13.COH, a liquid which combines with
water to form the crystalline hydrate.
Properties.—It crystallises in prisms, which dissolve easily in
water, alcohol, and liquid hydrocarbons. It has a peculiar
smell ; m. p. 57°; b. p. 97*5°. It volatilises on evaporating its
aqueous solution.
Reactions.—1. Add a few drops of a solution of chloral
hydrate to a little ammonio-silver nitrate solution and warm.
Metallic silver will be deposited.
2. Add a little caustic soda to a solution of chloral and warm
gently. The heat of the hand is sufficient for the purpose. A
smell of chloroform is at once apparent, CC13.CH(OH)2 +
NaOH = CHCl3 + HCO.ONa + H.>O. Sodium formate remains
in solution.
3. Add a few drops of ammonium sulphide solution and warm
gently. A brown colouration or precipitate is formed.
PREPARATION 24.

Trichloracetic Acid, CC13.CO.OH.
Dumas, Compt. rend., 1838, 8, 609 ; Clcrmont, A?in. Chim*
Phvs., 1871, (6), 6, 13525 grins, chloral hydrate
20 „ fuming nitric acid ; sp. gr. I '5 (see p. 20).
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The chloral hydrate is melted in a distilling flask (250 c.c.) and
the fuming nitric acid added.* The mixture is heated carefully
over a small flame until the reaction sets in. After a few
minutes red fumes are evolved, consisting mainly of nitrogen
tetroxide. The reaction proceeds without the application of
heat, and is complete when, on warming the liquid, nitrous
fumes cease to come off. The product is now distilled ; below
123° excess of nitric acid distils; between 12f and 1940 a.
mixture of trichloracetic acid and a small quantity of nitric acid
pass over, and at 194—1960 nearly pure trichloracetic acid
collects in the receiver and solidifies on cooling. It is advisable
to distil the last fraction with a condenser-tube only. T h e
fraction boiling at 123—1900 is treated with a fresh quantity of
fuming nitric acid (10 c.c), and the product- purified as before.
Yield, 10—15 grams.
CC13.CO.H + O = CCL.CO.OH.
Properties.- Colourless, rhombohedral crystals ; m. p. 5 2° ;
b. p. 195°. See Appendix, p. 257.
PREPARATION 25.

CO.OH
|
+2HoO
CO.OH
Scheele (1776), Naumann, Moeser, Lindenbaum, / . firafcfChem. 1907, 75, 146.
140 c.c. cone, nitric acid.
20 grins, cane sugar.
o'l grm. vanadium pentoxide.
The nitric acid is warmed gently on the water-bath in a larj^o
flask (1 litre) with the addition of the vanadium pentoxide. I t i s
then placed in the fume cupboard and the cane sugar at o n c e
added. As soon as torrents of brown fumes begin to be evolved,
the flask is placed in cold water. After the reaction has ceased t l i e
liquid is left for twenty-four hours when colourless crystals o f
the acid separate. A further small quantity may be obtained
from the mother liquor on standing. The crystals are drained 011
a small porcelain funnel without filter paper, and recrystallisecl
from a very small quantity of water. Yield, 15—20 grams.
Oxalic Acid,

MKTIIVL OXALATK
Properties. — Colourless crystals, which, on heating to IOO'
lose their water of crystallisation, inch, ami then partly sublime
and partly decompose, giving off carbon dioxide and formic
acid. M. p. of the h yd rated crystals loi^'. Soluble in water
and in alcohol, very slightly soluble in ether.
Reactions.— i. Boil a little of the acid with ammonia solution
until neutral, and add calcium chloride solution. A while precipitate of the calcium salt is obtained, which is insoluble in
acetic acid.
2. Add to a solution of the acid ;i few drops of dilute
sulphuric acid, and warm gently. On adding permanganate
solution it is immediately decolourised, 5C.'.,II.>nil4-2KMn0iHS nO4 ."
3ll I 2SS 4Oi oCCO
O 2 + 8HHa ((HKKS: i O
S .M
l^2
3. Heat two or three grains of the crystals with about 5 c.c. concentrated sulphuric acid. Rapid effervescence occurs, and the
gas maybe ignited at the mouth of the lube, CJ I., Oa - J ].,() =
CO-fCOo. See Appendix, p. 257.

PRKI'AKATION 26
CO.OCM,

Methyl Oxalate,
Dumas, 1'cligol,//////. Chim. P/tys., 1^3^,58,44; Erlcnmeycr,
Rep. Phanii. (2), 23, 432.
70 grins, crystallised oxalic acid
50 „ (63 e.c.) methyl alcohol.
The oxalic acid is powdered and heated in a basin on a walcrbath, which is kept boiling briskly, until no more water is given off
(one to two hours). It must be occasionally stirred and powdered
up. It is then heated to 1 10 120° in an air-bath or in a Victor
Meyer drying apparatus (see p. 27) until it loses the weight
corresponding to two molecules of water. If the Victor Meyer
apparatus is used, ainyl alcohol, l>. p. 132 , should be placed in
the outer jacket.
The dehydrated and powdered oxalic acid Ls mixed with the
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methyl alcohol, and the mixture heated on the water-bath f o r
two hours with an upright condenser. The liquid is then distilled,
with a thermometer. When the temperature rises to ioo° t h e
receiver is replaced by a beaker, and the water-jacket of tlie
condenser removed. The thermometer rises rapidly to t h e
boiling-point of methyl oxalate, 160—165°, and the distillate
solidifies in the receiver. It is drained at the pump and dried.
It may be recrystallised from spirit. Yield, 20—25 grams.
Properties.—Colourless plates ; m. p. 540 ; b. p. 163°.
Reactions.—-F'or this purpose the alcoholic mother liquor from
the crystals may be used.
1. Add a little caustic potash solution. Crystals of potassium
oxalate are deposited. The ester is hydrolysed.
2. Add a few drops of concentrated ammonia. A w h i t e
crystalline precipitate of oxamide is formed, C90.,(0CH3).>-+NH CA(NH) + CHOH
PREPARATION 27.

Glyoxylic Acid, CHO.COOH + H2O.
Glycollic Acid, CH2OH.COOH.
Tafel and Friedrichs, Bcr., 1904, 37, 3187 ; Centralblatt; 1 9 0 5
II, 1699.
20 grms. oxalic acid (infi-nepowder).
100 c.c. sulphuric acid (10 per cent.).
The process is one of electrolytic reduction and the apparatus
is similar to that shown in Fig. jy, p. 144. It consists of a sm*LlI
porous cell (8 cm. x 2 cm. diam.) surrounded by a narrow bealccr
(11 cm. x 6 cm. diam.). The oxalic acid, mixed with 100 c.c*.
10 per cent, sulphuric acid (titrated against standard b a r y t ; i
solution) forms the cathode liquid and is placed in the*
beaker. The porous cell is filled with the same strength o f
sulphuric acid and forms the anode liquid. The electrodes nr<*
made from ordinary clean sheet lead. The anode consists o f ;i
thin strip projecting about two inches from the cell and
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cathode is made from a rectangular piece 10x15 cm. with a
long tongue, the square portion being bent into the form of a
cylinder surrounding the porous cell, and the projecting tongue
serving as attachment to the circuit (see Fig. yy, p. 144). It is
advisable to reverse the current before use so as to produce a
metallic surface.
The whole apparatus is placed in a good freezing mixture.
The electrodes are connected in circuit with an ammeter and
resistance as described on p. 144. The reduction requires theoretically 9 ampere-hours and the strength of current may vary
between moderately wide limits (2—6 amperes) per 100 sq. cm.
of cathode surface. The cathode liquid should be frequently
stirred so as to bring the suspended 5oxalic acid into solution,
and, as the yield of glyoxylic acid depends on efficient cooling,
it is important that the temperature should not exceed ioc. If
the temperature is allowed to rise? glycollic acid is formed.
The glyoxylic acid is separated as the calcium salt. The
cathode liquid is poured into a basin and the sulphuric and
unchanged oxalic acid precipitated with standard baryta solution.
The mixture is filtered and the filtrate is concentrated in vacno
at 6o° (see p. 94), neutralised in the cold with calcium
carbonate, boiled up for a short time and filtered. As calcium
glyoxylate is only slightly soluble in cold water (1 part in 140
of water at iSc) the greater portion crystallises on cooling. If
calcium glycollate, which is much more soluble, is present, it
may be separated from the filtrate by concentrating the solution on the water-bath and precipitating with spirit. To obtain
free glyoxylic acid, the calcium salt is dried and suspended
in water, the calculated quantity of oxalic acid added and the
mixture filtered. The filtrate is evaporated in a vacuum
desiccator, when the glyoxylic acid remains as a viscid liquid
which may crystallise on long standing,
COOH.COOH + H2 = CHOC00H + H2O.
Properties.—Crystallises in rhombic prisms ; very soluble in
water.
Reactions. — 1. Adda few drops of the acid solution or solution of the calcium salt to a few c.c. of ammonia-silver nitrate
and warm in hot water. A silver mirror is deposited.
2. To the acid, neutralised with potassium carbonate, or to the
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solution of the calcium salt, add a solution of phenylhydrazin e
acetate and a little sodium acetate. The phenylhydrazcme
separates on standing in minute yellow crystals, which can "be
recrystallised from alcohol. The neutral salts also c o m b i n e
with sodium bisulphite and hydroxylamine.
Glycollic Acid. If it is required to convert the oxalic a c i d
completely into glycollic acid, the same method is employed a s
described above, but the temperature is raised to 350 and t h e
number of ampere-hours is doubled. The separation is effected
as the calcium salt and precipitated with alcohol as a l r e a d y
described.
COOH.COOH + 2H, = CH20H + COOH + H2O
Properties.—Crystals m. p. 79—80° ; very soluble in w a t e r .
The air-dried calcium salt contains three molecules of water of
crystallisation and is soluble in 80 parts of water 15°, and in 1 9
parts at ioo°. See Appendix, p. 258.
PREPARATION 28.

Palmitic Acid, C15H31CO.OH.
Fremy, Amialcn, 1840, 36, 44.
30 grins, palm oil.
24 „ caustic potash.
The caustic potash is dissolved in its own weight of w a t e r .
The palm oil is melted in a large basin on the water-ton/th,
and the potash solution added with constant stirring.
Tlitt
mixture is heated for half an hour. Half a litre of b o i l i n g
water is poured in, and, after stirring well, 75 c.c. concentrated
hydrochloric acid are gradually added, and the heating c o n tinued until the palmitic acid separates out as a t r a n s p a r e n t
brown oil on the surface of the liquid. It is allowed to cool, a n d
the cake of impure acid removed and pressed between f i l t e r paper. The acid is now melted in a small basin on the w a t e r bath and decanted, from any water which may have s e p a r a t e d ,
into a retort (250 c.c). It must be distilled in vacuo.
The
neck of the retort is fixed into a small filtering tube, which s e r v c - s
as receiver, as shown in Fig. 67. A few small pieces of unglaze< 1
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pot are dropped into the retort, the tubulus of which is closed
with a cork holding a thermometer. Before commencing the
distillation the apparatus should be tested to see that it is airtight. It jjs then evacuated with the water pump (See Fig. 35,
p. 44), and the distillation commenced.
During the distillation it is advisable
to hold the Bunsen and to heat the
retort with the bare flame. Under a
pressure of 36 mm. the acid distils at
245^. The pale yellow oil which collects in the receiver is poured out
into a basin whilst hot and allowed to
cool. The cake of acid is spread on
a porous plate and left to drain,
when it becomes nearly colourless,
FIG. 67.
and, after one or two crystallisations
from small quantities of spirit, is pure, and melts at 62°.
Yield about 20 grams.
The aqueous portion from which the cake of acid is removed
contains free hydrochloric acid, potassium chloride, and glycerol.
The latter may be obtained by evaporating to dryness on the
water-bath, and extracting the residue with small quantities of
alcohol, which dissolves out the glycerol. On evaporating the
alcohol impure glycerol is left.
CH2.O.CO.Cir>H31
CH.O.COCr>H3L + 3KOH
3CWH31COOK + QH6(OH)3
I
Potassium palmitatc. Glycerol.
CI-L,O.CO.CirjH31
Pafmitin.
C16H31COOK + HC1 = C15H31COOH + KC1.
Properties.—Crystallises in tufts of colourless needles ; m. p.
62° ; soluble in alcohol and ether ; insoluble in water.
Reactions.—1. Dissolve a small quantity of the acid in caustic
soda solution and add salt. Sodium palmitate separates as a
curdy white precipitate.
2. Boil another portion of the acid with caustic soda and let it
cool. Pour off the liquid from the crust of sodium palmitate, which forms on the surface, wash once or twice with
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a little cold water, and dissolve the sodium salt in hot
water. On cooling, a thick gelatinous mass of sodium
palmitate separates. See Aftpe?idix, p. 258.
Glycerol (Glycerin), CH2(OH).CH(OH).CH2(OH)
Scheele, Opusc, 1779, 2, 175.
Glycerol is obtained by the hydrolysis of fats and oils, and
purified by distillation under reduced pressure with superheated
steam.
Prope7'ties.—A viscid, colourless liquid, with a sweet taste; m. p.
17°, b. p. 2900. It boils, under ordinary pressure, with partial
decomposition forming acrolein ; sp. gr. 1*269 a t I2 ° \ niiscible
with water and alcohol ; insoluble in ether and the hydrocarbons.
Reactions.—1. Heat a few drops of glycerol with some powdered
potassium hydrogen sulphate. The irritating smell of acrolein
is at once perceptible.
2. Make a borax bead and dip it into a solution of glycerol
and bring it into the flame. A green colouration due to boric
acid is produced.
PREPARATION 29.

Formic Acid, H.CO.OH.
Berthelot, Ann. Chim. P/iys.," 1856, (3) 46, 477 ; Lovin, Bull.
Soc. C/iim., 1866, (2) 5, 7 ; 1870, (2) 14, 367.
50 g"rms. anhydrous glycerol.
200 „ oxalic acid (in four portions of 50 grams).
The glycerol is dehydrated by heating it gently in a basin on
a sand-bath until a thermometer with the bulb immersed in the
liquid indicates 1750. Fifty grams of commercial crystallised
oxalic acid and 50 grams of glycerol are heated in a retort
(250 c.c.) over wire-gauze, with condenser and receiver. A
thermometer is fixed through the tubulus with the bulb in the
liquid. The reaction begins at about 8o°, and at 90° proceeds
briskly, carbon, dioxide being evolved. The temperature is maintained at 105 —1 io° until the evolution of gas has slackened.
Some aqueous formic acid has meanwhile collected in the
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receiver. The contents of the retort are now cooled to
about 8oc and a further 50 grams of oxalic acid added. The
reaction recommences on heating with the formation of aqueous
formic acid, which becomes more concentrated with each fresh
addition of oxalic acid until the distillate eventually contains 56
per cent, of acid. The other portions of oxalic acid are added
in the same way. In order to regain the formic acid which
remains as monoformin in the retort, the contents are transferred to a round flask, diluted with about 250 c.c. of water
and distilled in steam, until the distillate has only a faintly acid
reaction (about 250 c.c).
Distillation in Steani.—The apparatus for distilling in
steam is shown in Fig. 68. A large flask, or, preferably, a 1 gallon

FIG. 68.

tin is closed by a double bored cork. A safety-tube passes
through one hole, and a bent tube which terminates below the
cork passes through the second hole, and is attached by rubber
tubing to the inlet-tube of the distilling flask (1 litre). The
flask is sloped to prevent the contents being splashed over
into the condenser. It is heated on the sand-bath or asbestos
board to boiling, and steam passed in. The united distillates
are poured into a basin and neutralised by adding lead carbonate until, on heating, no further effervescence occurs. The
liquid is now left for a moment to settle, and the clear solution
decanted, whilst hot, through a fluted filter. The residue in the
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basin is boiled up again with a volume of water equal t o t h a t
decanted, and again a third and fourth time, and filtered hot
each time until no more lead formate is dissolved. X l i e l<*-id
formate will have now passed into solution and the liquid i s t h e n
evaporated down on a sand-bath o r ri n J4'burner(see Fig. 69), until crystals
zip}yi*nv
on the surface, when the liquid is p u t on
one side to cool. Lead formate c i ' ) r s t a ' "
lises out in long white needles.
Vield
about 150 grams. In order to
i
pure formic acid, hydrogen sulpr
passed over the heated lead salt.
I l **
carried out as follows :—
9<
The powdered salt, dried on the w a t e r bath, is introduced in a long layer into a sloping w i d e tui»-»
loosely stopped at the lower end by a plug of glass w o o l or
asbestos.* To the lower end of the tube a receiver, in t h e f o r m
of a distilling-flask, is attached, which is protected from m o i s t u r e
by a drying-tube. The salt is heated gently by moving a flium*
along the tube whilst hydrogen sulphide, washed throug\ri w«it er,
and dried by passing through a U-tube containing calcium c h l o r ide, is led over the salt in not too rapid a stream. T l i e Je;i<l
formate blackens, and is slowly converted into lead s u l p h i d e ; m d
formic acid, which drops into the receiver. The acid, which r e t a i us
a strong smell of hydrogen sulphide, is freed from the l a t t e r l>y
distillation over a little dry lead formate. Yield is n e a r l y
theoretical.
C,H5(OH)3+C,H304=C3H5g)J^H+CO:!+H;iO.
Glycerole monoformin.
Formic acid.
Properties.—Colourless liquid, with a penetrating s m e l l r e sembling sulphurous acid; b. p. ioo°; sp.gr. 1*223 at o°- s o l i d i f i e s
below o° to colourless crystals; m. p. 8*6°; soluble in w a t e r a n d
alcohol.
Reactions.—For the following tests use a neutral solution p r e pared as follows :—Boil a little lead formate with a s o l u t i o n of
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sodium carbonate, filter, add a slight excess of nitric acid, boil a
minute, add dilute ammonia and boil until neutral. 1. Adcl
;i drop of ferric chloride. A red colouration is produced,
which, on boiling, becomes turbid from the formation of basic
ferric formate. (Compare acetic acid, p. 74.)
2. Add to the solution a few drops of a solution of silver
nitrate and warm. Metallic silver is deposited as a black powder.
3. Add to the solution a few drops of a solution of mercuric
chloride and warm. White mercurous chloride is deposited.
4. Add concentrated sulphuric acid to a little formic acid,
solid lead formate, or other salt and heat. Carbon monoxide
is evolved, and may be lighted at the mouth of the test-tube.
(11COO).,Pb + IIaSO.,- PbSO.t + 2l-IaO + 2CO. See Appendix,
p. 259.
PkKPAKATION 30.
Allyl Alcohol, CJI.iCILCILOH.
Tollcns, llcnninger, Ajinalcn, 1870, 156, 129.
50 gnus, oxalic acid.
200 ,, glycerol.
\ „ ammonium chloride.
A mixture of the above substances is heated in a retort
(o litre) over wire-gauze with condenser and receiver.* A rapid
evolution of carbon dioxide at first occurs, and the temperature,
indicated by a thermometer dipping* into the liquid, remains for
some time stationary at about 130". As the temperature slowly
rises the evolution of gas slackens, and after a time (at about
i8of) entirely ceases. When the temperature has reached 1950
the receiver, which contains aqueous formic acid, is changed.
At 200—210° carbon dioxide is again given off, and oily streaks
are observed to run clown the neck of the retort ; at the same
time a disagreeable penetrating smell is perceptible. By gently
heating the contents of the retort, a temperature of 220—2300 is
maintained for some time, and when it has finally risen to 2600
the distillation is stopped. The distillate is a mixture of allyl
alcohol and water, and there is also present allyl formate,
glycerol, and acrolein. Excess of glycerol remains in the
retort and may be used again by repeating the operation with a
smaller quantity of oxalic acid (30—40 grams) until the residue is
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too small or has become dark-coloured and thick. The distillate is submitted to a second distillation, which is continued
until no oily layer separates from the latter portions which distil
on treating with solid potassium carbonate. This occurs when
the temperature reaches about 1050. On adding solid potassium
carbonate to the distillate, the allyl alcohol settles out as an oil.
This is separated and distilled. Yield about 15 grams boiling
at 92—960.
2

Glycerol monoformin.
C3H,(OH).,O.CO.H = C3H5OH + H
Allyl alcohol.
Proper-ties.—Colourless liquid, with a pungent odour ; b. p.
96*5° ; sp. gr. 0*858 at 15°.
Reaction.—Add bromine water to a little of the allyl alcohol.
It is immediately decolourised, C3H3OH + Br3==C3H5Br2OH.
See Appendix^ p. 259.
PREPARATION 31.

Isopropyl Iodide, CH3.CHI.CH3
MarkownikofF, Annalen, 1866, 138, 364.
60 grms. iodine.
40 „ glycerol.
32 „ water.
11 „ yellow phosphorus.
The iodine, glycerol, and water are placed together-in a retort
(250 c.c), standing over wire-gauze and attached to a condenser
and receiver. The phosphorus is cut up under a layer of water
into small pieces, the size of a pea, and, with crucible tongs,
dropped gradually into the retort. The introduction of the
phosphorus generally produces at the beginning a violent reaction, often accompanied by a vivid flash. If-no reaction
occurs on adding the first few pieces of phosphorus, the retort
must be warmed gently. The last two-thirds of the phosphorus
may be added more quickly. The contents of the retort are
now distilled as long as any oily liquid passes over. The distillate is poured back into the retort and redistilled. The liquid.
is then shaken up with dilute caustic soda solution in a separating-
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funnel, the isopropyl iodide separated, dried over calcium
chloride, poured off and fractionated in a distilling- flask. It
distils entirely at 88—89°. Yield 30—35 grams.
1.
2.

3.

PI, + 3H2O
= 3HI + H,PO3.
CH.OH
CHJ
I
I
CHOH + 3HI = CHI + 3H2O
CHoOH
CHJ
Propenyl triiodide.
CHJ
CH3

I CHI +2HI
I
CH2I

!
= CHI 4-2L,
!
CH3
Isopropyl iodide.
Propenyl triiodide is probably formed as an intermediate product, though it does not exist in the free state.
Properties—^Colourless liquid ; b. p. 89-5°; sp. gr. 1744 at o°.
See Appendix', p. 260.
PREPARATION 32.

Bpichlorhydrin,

CHX1.CH.CH2
" \ Q /"

Reboul, Annaleji^ SfiL, i86r, 1, 221.
200 grins, glycerol.
160 c.c. glacial acetic acid.
The glycerol, which must be dehydrated (see p. 106), is mixed
with an equal volume of glacial acetic acid. Hydrochloric acid
gas (see Fig. 65, p. 93) is passed into the cold liquid for about
two hours, when it ceases to be absorbed. The mixture is now
heated on the water-bath, and, after standing twenty-four hours,
the current of gas is continued for about six hours more. The
liquid is distilled with a thermometer.* Hydrochloric acid is
first given off, together with acetic acid. As the temperature
rises, the dichlorhydrin and acetodichlorhydrin distil. The
portion distilling at 160—210°, consisting mainly of dichlorhydrin,
is collected separately and used for the preparation of epichlor-
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hydrin. Yield of dichlorhydrin about 120 grams. Epichlorhydrin is obtained by the action of aqueous potash solution
upon the dichlorhydrin. A solution of 100 grams of caustic
potash in 200 c.c. of water is well cooled and poured slowly, with
constant stirring, into the dichlorhydrin. Rise of temperature
must be carefully avoided. The epichlorhydrin is separated
from the product by adding ether, which dissolves out the
epichlorhydrin. The upper layer is separated, shaken up
with a little water, and again separated. It is then dehydrated
over calcium chloride and decanted into a round flask. The
ether is first removed on the water-bath. The residue is then
fractionally distilled. This is effected by attaching a fractionating column to the flask (see p. 137). The portion boiling
at 115—12 50 is epichlorhydrin, and is collected separately. The
portion boiling above this temperature consists mainly or
acetodichlorhydrin. Yield 25—30 grams.
CH2OILCMOII.CHoOH + HC1 = CH2C1.CHOH.CH2OII + H2O.
a-Monochlorhydrin.
CH2C1.CHOH.CH2OH + HC1 = CH2C1.CHOH.CH2C1 + H2O.
aa-Dichlorhydrin.
CHoCl.CHOH.CHja + KOH = CH2.CH.CH»C1 + KC1 + H.O.
Epichlorhydrin.
Pi'ofterties.—Mobile liquid, with an ethereal smell; b. p.
117°; sp. gr. 1*203 at o°.
Reaction.—Warm a little of the epichlorhydrin with caustic
potash solution. It dissolves, forming glycerol. See Appendix,
p. 260.
CH(0H).C00H
Malic Acid, |
CH2.C00H
Malic acid is prepared from the juice of the mountain ash
berries by precipitation as the calcium salt.
Properties.—-It is soluble in water and alcohol, but not in
ether. On heating, it loses water and is converted into fumaric
and maleic acids (see p. 125). On oxidation it gives malonic acid
and on reduction succinic acid.
Reactions.— r. Make a strong neutral solution, add calcium
chloride solution and boil. The calcium salt is precipitated.

SUCCINIC ACID
2. Mix about 0*5 «jram each of powdered malic acid aiul
resorcinol, and add i e.c. of concentrated sulphuric acid.
Warm the mixture for a moment over the llame until it
begins to froth. On cooling and adding water and caustic soda
solution, an intense blue fluorescence is produced (von Pechmann).
PREPARATION 2>3-

Succinic Acid (Ethylenedic.arboxylic Acid),
Schmitt, Atwalcn, icSoo, 114, ion.
10 <|rms. malic acid.
30 ,, hydriodic acid.
2 ,, red phosphorus.
The hydriodic acid is conveniently prepared, according to
Gattermann, as follows: —A small round flask (100 c.c.) is
provided with a tap-funnel and delivery-tube, the latter bein^
attached to a U-tube «'is shown in Kijj. 70. The U-tube is filled
with broken glass or pot, which
has been coated with amorphous phosphorus by rubbing
it in the phosphorus slightly
moistened with water. The
flask is first detached from the
U-tube and funnel, and 44
grains of iodine introduced.*
Four grains of yellow phosphorus, cut in small pieces, are.
then added. The phosphorus
must be cut under water,
Via.
brought on to filter-paper with
crucible tonjjs, pressed for a moment, and transferred with
tone's to the flask. Each piece of phosphorus as it drops in
produces a flash. When the phosphorus has been added a dark
coloured liquid is obtained, which solidifies on cooling, and
consists of PI:{. The flask, when cold, is closed with its cork,
and the delivery tube from the U'tube is inserted loosely into
the neck of a small flask containing 50 c.e. of water., so (hat
the open end of the delivery-lube is above the surface of the
water. It is kept in position by a wed^e of cork fixed in the
COHKN'S ADV. l». O. C.
I
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neck. Ten c.c. of water are now added gradually from the tapfunnel. Hydriodic acid is evolved, and, after being freed from
iodine in the LJ-tL1ke> *s absorbed by the water. When the water
has been added, the liquid is gently heated over a small flame
until no more fumes issue from the delivery-tube. The aqueous
solution of hydriodic acid is distilled with a thermometer, and
the portion boiling at 1250 and above is collected separately. It
consists [of strong hydriodic acid solution, containing about
57 per cent, of HI. The malic acid is dissolved in the
hydriodic acid and poured into a stout-walled tube for
sealing. The red phosphorus is added, and the tube sealed
in the usual way (see p. 24). It is heated in the tube-furnace
for six hours at 1200. On removing the tube it is found to be
filled with crystals of succinic acid mixed with iodine. The
contents are poured into a basin and evaporated to dryness on
the water-bath. The residue, when cold, is stirred with a little
chloroform to dissolve the free iodine, which is then decanted,
and the process repeated if necessary. After warming to drive
off the chloroform, the substance is dissolved in hot water and
set aside to crystallise. Succinic acid crystallises in long prisms.
Yield 5 grams.
•" COOH.CHOH.CHo.COOH + 2HI = COOH.CH0.CH0.COOH
+ H2O + I2.
Properties.—Colourless prisms ; m. p. 1800. On distillation,
the acid loses water and is converted into the anhydride.
Reaction.—1. Make a neutral solution by boiling with an
excess of ammonia, and add to one portion, calcium chloride ;
no precipitate is formed ; to another portion add a drop or
two of ferric chloride ; a brown precipitate of ferric succinate
is thrown down. See Appendix, p. 261.
CH(OH).COOH
Tartaric Acid (Dihydroxysuccinic Acid), |
CH(OH).COOH
Scheele (1769).
The acid potassium or calcium tartrates are found in many
plants ; but the chief source of tartaric acid is the impure acid
potassium salt, which separates out as wine-lees, or argol from
grape-juice in process of fermentation.
Properties.—The acid crystallises in monoclinic prisms,
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soluble in alcohol and water, but not in ether. It turns the
plane of polarisation to the right ; m. p. 167—1700.
/u-dfci/ons.—1. Heat a crystal of the acid. It gives an odour
rcscmbling burnt sugar. Carefully neutralise a solution of tartaric acid with caustic soda, and make the following tests : —
2. Add calcium chloride and stir with a glass rod. A crystalline precipitate of calcium tartrate, C4H4O0Ca + 4H2O, .is formed
which dissolves in acetic acid and caustic alkalis. Repeat the
foregoing test, but add a few drops of acetic acid before the calcium chloride. There is no precipitate. Calcium sulphate also
gives no precipitate with tartaric acid or neutral tartrates,
(compare reactions for oxalic acid, p. 100).
3. Add silver nitrate solution. The white precipitate is the
silver salt. Add two or three drops of dilute ammonia until the
precipitate is nearly dissolved, and place the test-tube in a
beaker of hot water. A silver mirror will be deposited.
4. Add a few drops of acetic acid and a little ammonium or
potassium acetate solution to a moderately strong solution of
tartaric acid or a neutral tartrate. On stirring with a glass rod,
the acid potassium or ammonium tartrate will be precipitated.
5. To a solution of tartaric acid or a tartrate in water add
a drop of ferrous sulphate solution and a few drops of hydrogen
peroxide and make alkaline with caustic soda. A violet coloration is produced (Fenton's reaction).
PREPARATION 34.

CH(OH).CO.OCoH6
Ethyl Tartrate, |
CH(OH).CO.OC2H6.
Anschtitz, Pictct, ficr., 1880, 13, 1176.
30 grins, tartaric acid.
160 c.c. absolute alcohol.
The tartaric acid is finely powdered and mixed with half the
above quantity (80 c.c.) of absolute alcohol. The mixture is
heated on the water-bath with upright condenser until dissolved.
The flask is immersed in cold water, and the well-cooled
solution saturated with dry hydrochloric acid gas (prepared in
the usual way by dropping cone, sulphuric acid into cone,
hydrochloric acid, see Fig. 65, p. 93)- A f t e r standing for an
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hour or two (or preferably overnight), the hydrochloric a c i d ,
excess of alcohol and water are expelled by evacuating* t b e
flask and distilling in vacua on the water-bath. The r e maining' half of the alcohol is added to the residue, and t l i e
mixture again saturated in the cold with hydrochloric acid ^ i i s .
After standing, the acid, alcohol and water are removed **s
before, and the residue fractionated from an oil or metal b a t n in
vaaio. The ethyl tartrate distils as a clear viscid liquid. A-fter
a second distillation in vacuo the substance is pure.
At II mm. it boils at 1550.
„ 20 „
„
„ 1640.
The yield is 80 per cent of the theory. See Appendix, p . 2 6 2.
Determination of Rotatory Power.—The rotatory p o ww
of ethyl tartrate, which is an optically active substance, is
determined by means of a polarimeter. One of these i n s t r u ments known as Laurent;s polarimeter is shown in 2/iK~
71 and 72.
The monochromatic light of a sodium flame is used in t h e s e
determinations and is obtained by suspending in a B u n sen
flame a platinum wire basket containing fused sodium c h l o r i d e
or the more volatile bromide. The latter gives-a brighter fhitiu 1 ,
but the basket requires replenishing more frequently.
The
light from the name passes through a cell B, containing <*'
solution of potassium bichromate (or a crystal of this substan <"<•),
which deprives it of blue or violet rays. It then passes t h r o u g h
the polarising nicol prism P. A plate of quartz cut parallel to
the optic axis covers half the opening D, and is of such a tliickness that it produces a difference of a half-wave length ( o r an
exact odd multiple of a half-wave length) between the two r«iys,
which it gives by double refraction. The light then p a s s e s
through the substance placed in the tube T and entering* ;it K
strikes the analysing nicol N. The telescope OH isfocussetl on
the edge of the quartz plate at D. When N is turned, a p o i n t e r
moves over the graduated circle C and its position can b e read
by means of the lens L.
The Theory of the Instrument may be explained as
follows :—If, after passing through the nicol p, the p l a n t ; of
vibration is in the direction OB, Fig. 73 a, then in the half of" the
field to the right, uncovered by the quartz plate, it passes o n un-
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changed. When it strikes the quartz the ray is broken up i n t o
the two components Oy and Ox. These traverse the q u a i ' t 2
with different velocities, and since one ray is retarded h a l f **•
wave-length in respect of the other, the vibration of one c o m ponent will be represented by oy, but the other must b e r e presented by Ox' instead of Ox. These two combine ° n
emerging to a plane polarised ray vibrating in the d i r e c t i o n
OB' SO that the angle AOP/ is equal to the angle AOB.
If now (the tube containing water or other non-rot a t in*^
liquid) the nicol N be so placed that it is parallel to n i c o l IS
then the light, in the half of the field to the right, will p a s s
through unchanged, but only a portion of the light which. h «•*•*>

a.
FIG.

73

passed through the quartz diaphragm with its plane of v i b r a t i o n
in the direction OB', will pass through N and consequently t r i e r e
will be different intensities of illumination in the two h a l v e s
of the field, Fig. 73 b (if the angle a is 450 then the angle ISO K
will be 900, and the light in the left half of the field will be c o m pletely obscured). Similarly if the plane of the nicol N be m a d e
parallel to OB'there will be a greater intensity of i l l u m i n a t i o n
in the left half of the field, Fig. 73 c. Between the two p o s i t i o n s
of the nicol N there must necessarily be one which g-ivtts
uniform illumination of the whole field, and this is t h e z e r o
point of the instrument, Fig 73 d.
If the tube T, containing the active substance, be i n t e r p o s e d
between the two nicols, then both rays OB and OB' w i l l "be
rotated through equal angles, and to re-establish u n i f o r m
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illumination in the two halves of the field, the nicol N must
be turned through an angle equal to the angle of rotation, which
is then measured on the divided circle.
When the angle a is small, i.e. when the plane of
vibration of the polarised light is almost parallel to the optic
axis of the quartz, the greatest degree of sensitiveness is
attained, for then a very small change in the position of N
causes a great difference in the respective illuminations in the
two halves of the field. As a increases, the sensitiveness
diminishes, but a greater total intensity of illumination is obtained. By moving j (Fig. 71) the position of the nicol r may
be altered. For clear colourless liquids the angle a may be
made comparatively small ; but in the case of coloured liquids
it is necessary to have a larger, and so obtain a greater intensity
of light at the cost of sensitiveness.
Calculation of Results ; Homogeneous Liquids.
The angle of rotation, represented by au (for sodium light), varies
with the length of the column of substance through which the
light passes. One decimetre has been chosen as unit of length.
The angle also varies with the temperature, which must consequently be determined for each observation.
For the comparison of the rotary power of different substances,
use is made of the constant specific rottitioH^ which may be define
as the angle of rotation, produced by 1 gram of active substance
in r c.c. by a layer 1 dm. in length. This is obtained by dividing
the observed angle of rotation by the product of the length in
decimetres, and the density of the substance at the temperature
at which the observation was made.
L J

" """

/ x d

M o l e c u l a r R o t a t i o n is the above quantity multiplied by
the molecular weight M of the compound, and divided by 100 to
avoid unwieldy numbers, and is represented thus

It expresses the angle of rotation of 1 mm. of active substaix e
containing 1 gram-molecule in r c.c.
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Rotation of Ethyl Tartrate.—Fill a 200 mm. polarimetertube with the tartrate prepared. Whilst it is settling determine
the zero of the instrument, and if it does not coincide with t l i e
zero of the graduated circle, a corresponding correction must !:>e
introduced in the subsequent observations. The tube is tlictn
placed in the instrument, and the angle of rotation determine-d
by turning the analyser N until equality of illumination is cstal >lished in the two halves of the field. In making polarimcl ri<observations reliance should not be placed on a single setting °*"
the instrument, but at least five or six readings should be mac It.*,
which, with a good instrument, should not differ by more tl 1«til
four or five minutes. The temperature at the time of observation must be noted, and the density determined either «it tliitt
temperature or at two or three, other temperatures, and
required density found by extrapolation,
Example :—
Temp.

Length.
199*85 mm.

18° 28'

1 -2059

7-66

r™
L. »° C Anscliiitz, Pictet, /Ar., iSSo. 13,
[a][8 = 7*47 J
'
'
[a]g = 7-27(
By extrapolation.
[a]}; = 6-66°
E o t a t i o n o f T a r t a r i c A c i d . — T h e specific rotation o f a
dissolved substance can be calculated from the rotation of tli<*
solution if the concentration is known. T h e formula to b e u.-»<*<!
for this purpose is :—

where a is the angle of rotation of solution, / the length of t i n ;
tube, and c the concentration, i.e., the weight in grams of t l i c r
dissolved substance contained in 100 c.c. of solution.
'I'liet
formula [a] D = j l ~ - may also be used (it is, in fact, i d e n t i c a l j ,
where p is the percentage (by weight) of substance in s o l u t i o n .
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and •/the density of the solution. The specific rotation of" dissolved substances varies with the concentration and with the
temperature.
Heat some tartaric acid in an air-bath to i io°, until it is quite
dry. Weight accurately about 20 grains of the dry acid and
dissolve in water; then make up the solution to exactly 100 c.c.
Determine the rotation of the solution in a 200 mm. tube, and
note the temperature at which the observation is made.
Take 50 c.c. of the solution and dilute it to 100 <:.<;. Determine the rotation of this solution ttf tJic stime lempcnxturc us
that at which the first rotation was observed.
Dilute 50 c.c. of the second solution to 100 c.c, and a^ain
determine the rotation at the same temperature.
The same process can lie repeated once or twice more. Calculate the specific rotation of the tartaric. acid, usinj; the lirst
formula. Plot the results on squared paper, making the ordinates specific rotation and the abscissae concentration.
Kxamftlc :—
emp.

a nccntration.

,.,„«„, ,,r,,,.,.

IO°
10"
10"

40
20
IO

2OO nun.

Aunlr.ifKiHatii.lJ. I Sim:. Rot. '
6"
3" 59'

»

-1- 7'5"
-I <)•<>(>"
•i 10-91"

T h e following t a b l e s h o w s t h e i n f l u e n c e s of t e i n p c r a l u n - o n
t h e specific rotation of a n a q u e o u s s o l u t i o n c o n t a i n i n g 20 g r a i n s
of t a r t a r i c a c i d in roo c.c.
Temp.

10"
20"
40°
6o°
So"
100°

S|H-« ilir K..t;uiiiii.

<>f tnlH

K

4"
S"
()fi
7"
S"

2S

;

\fi'
"S'
2S'
21'
$()'

•I S-66"
I <)•<)(>"
I 11-57"
-I i,V<>^'
I 21'So'

(Thuni.scn,,/. f>rakt. Ch. [;:) \:\ an.)
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PREPARATION 35

Racemic Acid and Mesotartaric Acid.
CH(OH).COOH
I
+ H,,O
CH(OH).COOH

Pasteur, Ann. Chim. Phys., 1848, (3)24, 442 ; 1850, (3) 28, 5 ^ >*
Dessaignes, Bull. Soc. Chim., 1863, 5, 356 ; Jungfleisch, &t*H.
Soc. Chim., 1872,18, 201 ; Hollemann, Rcc. trav. chim. J^qys~Z>y'*s>
1898,17, 66.
100 grms. tartaric acid.
350 „ caustic soda (in 700 c.c. water).
Boil the tartaric acid and caustic soda solution for three h o u r s
in a round flask (1 litre), or preferably in a tin bottle furnished w i t h
reflux condenser. The use of a tin vessel obviates certain difficulties of filtration which the solution of the silica by the a c t i o n
of the alkali on the glass entails. The liquid, after boiling, is
carefully neutralised with cone, hydrochloric acid (it is a d v i s able to remove a little of the solution beforehand in case of
overshooting the mark) and an excess of calcium chloride s o l u tion is added to the hot liquid. The mixture is left overniK^11'
and the calcium salts filtered off at the pump, washed w i t h
water, and well pressed.
The calcium salts are well dried on the water-bath, or a fraction of the whole weight of the moist salts is taken and dri«.•<!,
and the total dry weight estimated. The substance is then s u s pended in boiling water and the calculated quantity of sulphuric
acid added, after which the mixture is boiled for an hour. "Vim
calcium sulphate is removed by filtration, well washed with Hot
water, and the precipitate pressed down. The filtrate is corux*ntrated on the water-bath until crystallisation begins. Racemic'
acid crystallises first, and after dehydrating on the water-ijsith
melts at 2050. A further quantity is obtained on evaporation.
Yield 50—60 grains.
The last mother liquors contain mesotartaric acid, 111. p. 14. ^
1440, which is much more soluble in water than racemic a.<:id.
To obtain a pure specimen repeated crystallisation is necessary.

RACEMIC ACID AND MESOTARTARIC ACID
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The yield varies with the period of boiling, but usually does not
exceed 10 grams.
Resolution of Racemic Acid.—The racemic acid is dissolved in water (250 c.c.) and divided into two equal volumes.
Half of the solution is carefully neutralised with caustic soda
and the other half with ammonia, and the two solutions then
mixed.
The liquid is concentrated and poured into a crystallising dish.
If, on cooling", the crystals are small and massed together, the
solution has been too concentrated, and must be diluted so that
small, well-defined crystals deposit. A dozen or so of these are

7 ^

\

/
FIG. 74.

picked out, dried, and put on one side. The remaining crystals
are re-dissolved and left to cool in a room of fairly even temperature.
When the solution is just cold the crystals, previously removed, are sown evenly over the bottom of the dish at distances
of 1—2 cms. apart and left for two days. The crystals will have
now grown to a size which will enable the facets to be readily
recognised. Each crystal is dried and carefully examined with
a pocket lens in order to determine the position of the hemihedral facets, and placed in separate heaps. These facets lie
to the right or left hand of the central prism face, as shown in
Fig. 74. The crystals should be weighed, dissolved, and the
solution diluted and examined in the polarimeter. The specific
rotation may then be calculated. See Apfie?idix, p. 264.
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PREPARATION 36.

Pyruvic Acid, CH3.CO.CO.OH.
Doebner, A?i?ialen, 1887-, 242, 268.
200 grms. potassium hydrogen sulphate.
100 „ tartanc acid.
The potassium hydrogen sulphate and tartaric acid must !:>e
finely powdered and intimately mixed. The mixture is distill eel
in a round flask (1 litre), attached to a moderately long condenser
tube, from a paraffin bath heated to 220'.* The mass at first
froths up, and it is necessary to interrupt the heating when t l i e
flask is not more than half full of froth, as otherwise it m r t y
boil over. When the temperature of the bath has fallen t o
about I2oc, the heating may be recommenced. The distillation
is carried on until no more liquid distils. The distillate, whicli
consists of water and pyruvic acid, and has a yellow colour, i s
fractionated in vacuo. It is collected at 68—700 at a pressure
of 20 mm., and is quite colourless. Yield 15—20 grams. I t
may be fractionated at the ordinary pressure, but is difficult t o
obtain colourless in this way.
CO.OH.CHOH.CHOH.COOH = CH3.CO.COOH + C0 2
Properties.—Colourless liquid; b. p. 1650 at atmospheric:
pressure ; m. p. 10—n°; polymerises on keeping.
Reaction.—Dissolve a drop of phenylhydrazine in two d r o p s
of glacial acetic acid, dilute with about 1 c.c. of water, and aclcl
a drop of pyruvic acid. A yellow crystalline precipitate of t l i e
phenylhydrazone, CH3.C:(N.NH.CflH6).CO.OH, is formed.
CH2.COOH
Citric Acid, C(OH).COOH + H2O
CH2.COOH
Scheele (1784).
Citric acid occurs in the free state, as well as in the form o f
the calcium and potassium salts, associated with malic and ta.r-
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taric acid, in many plants. It is prepared principally from
lemon juice, from which it is precipitated as the calcium salt on
boiling with chalk and also by the citric fermentation of
glucose.
Profit')-t/es.~—'Yh<± acid, which contains 1 molecule of water,
crystallises in prisms ; soluble in water, alcohol, and also moderately soluble in ether ; m. p. ioo°. The anhydrous acid melts
at 153-154°Reactions.— 1. Meat a little of the acid and notice the irritating vapours.
Make a neutral solution of sodium citrate by adding caustic
soda to a solution of the acid.
2. Add lime water. There is no precipitate of the calcium salt,
(Cr>IIr,0:)2Ca:{-l-4H.jO, until the solution is boiled.
3. Add calcium chloride solution and boil, and, to another
portion, silver nitrate solution. Note the results and compare
the reactions with those of tartaric acid (p. 115).
PKKPAUATION 37.

Citraconic and Mesaconic Acid.
(Methyl fumaric and Methyl maleic acid).
CH3.C(CO(.)H):CH(COOH).
Kekule, Lchrbuc/i, 2, 319; Kittig, Annalen, 1877, 188, 73.
250 grins, citric acid (crystallised).
Heat the crystallised citric acid, without powdering, in a porcelain basin to a temperature not exceeding" 150°. The water of
crystallisation is expelled, and the crystals become pasty and
then fluid. When cold, the solid mass is removed from the
basin by gently warming, and is coarsely powdered. The anhydrous acid is-rapidlydistilled in portions of 100 grams, from a
retort (250 c.c.) with bent neck (sec Fig. 19, p. 22), fitted to a condenser, the receiver being a separating funnel. The distillate
consists of two layers. The lower layer of impure citraconic
anhydride is run oflf, and the tipper layer, consisting of water and
citraconic acid, is fractionated, the portion distilling at 190—210°
being collected and mixed with the previous lower layer.
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The citraconic anhydride is now distilled in vaciio and collected at no—H4C under a pressure of 30 mm. Yield 30—3S
grams.
CH2.COOH
CH3
C(OH).COOH = C.CO\
+ CO* + 2H90.
!
II
\o
CH,.COOH
CH.CO/
Properties.—Colourless liquid; b. p. 213—2140 (ordinary
pressure). To convert the anhydride into citraconic acid t h e
calculated quantity of water is added (1 mol. acid : 1 mol. water)?
and the mixture well stirred. The whole solidifies, on standing",
to a mass of colourless crystals of citraconic acid, which a r e
dried on a porous plate ; m. p. 84— 86°.
MESACONIC ACID.—To a saturated solution of citraconic a c i d
in ether (4 parts citraconic acid require about 5 parts of anhydrous ether), about 1 part of chloroform is added, and a few
drops of a moderately strong solution of bromine in chloroform.
The mixture is placed in strong sunlight, when mesaconic acid,
which is insoluble in ether and chloroform, begins at once t o
deposit on the side of the vessel nearest the light. Drops o f
bromine are added from time to time until no further precipitation occurs. The pasty mass is then filtered, washed with ether,
and dried on a porous plate. Yield 73 per cent, of the citraconic
acid ; m. p. 202°. See Appendix, p. 265.
PREPARATION 38.

Urea (Carbamide), C
Wohler, Pogg. Ami., 1828, 12, 253; Clemm, Annalen, 1848,
66, 382.
50 grms. potassium cyanide (98—99 per cent).
140 „ red oxide of lead.
25 „ ammonium sulphate.
The potassium cyanide is heated in an iron dish over a.
large burner until it begins to fuse, when 140 grams of r e d
oxide of lead are gradually added in small quantities a n d
stirred in. The heat of the reaction causes the mass to melt

UREA

I27

and froth up. When it fuses quietly, the dark coloured liquid
mass is poured on to an iron pl.tte and allowed to cool.
It solidifies and is powdered and separated from the solid
cake of metallic lead. 200 c.c. of cold water are poured on
to the crude cyanate and, after standing- an hour, filtered
through a fluted filter and washed with a little cold water.
A concentrated solution of 25 grains of ammonium sulphate
is immediately added to the filtrate, which is evaporated to
dryncss on the water-bath, the mass being stirred occasionally to prevent the formation of a surface crust. The
cooled residue is powdered and the urea extracted with alcohol
by boiling on the water-bath, using a reflux condenser and
adding successively small quantities of spirit until the extract
leaves only a small residue on evaporation on a watch-glass.
The greater part of the alcohol is distilled off on the waterbath, and the residue poured out into a beaker to crystallise.
Yield about 15 grams.
1.
4KCN + Pb/Xt = 4CONK + 3 Pb
2. (NH4)2SO4 + 2CONK - 2C0N.NH4 + K2SO4
3.
CO N. N H4 = CO( N11,)2
Properties.—Colourless prisms ; m. p. 132°; very soluble in
water ; soluble in hot alcohol.
Reactions.—1. Add to a strong solution of urea in water a
drop of concentrated nitric acid, and to another portion a
concentrated solution of oxalic acid; the crystalline nitrate
CO(NH2)2H NO., and oxalate (.CO(N I 12)2)2C2II2O,, are deposited.
2. Melt a few crystals of urea over a small flame and heat
gently for a minute, so that bubbles of gas are slowly evolved.
Cool and add a few drops of water, then a drop of copper sulphate solution, and finally a few drops of caustic soda. A violet
or pink coloration is produced, depending upon the quantity of
biurct formed.
2C0(NIL>), - NII<^gJj}fjj + NIL,
lihltT-t.
3. Add a few drops of sodium hypochlorite, or hypobromite,
to a solution of urea in water. Nitrogen is given off,
CO(NH2)2 + 3NaOCl •- N2 + 2lI2O + 3NaCl + CO, (which
dissolves in the alkaline solution).
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4. Add to a solution of urea a few drops of hydrochloric acid
and a solution of sodium nitrite. Effervescence occurs and
nitrogen and carbon dioxide are evolved.
CO(NH2)2 + 2HO.NO = 2N2 + CO2 = 3H2O.
5. Heat a little urea with soda-lime. Ammonia is evolved.
See Appendix, p. 267.
PREPARATION 39.

Thiocarbamide (Thiourea),
Reynolds, Trans. Chem. Soc, 1869, 22, 1 ; Volhard, . / . $rakt.
Chew., 1874, (2), 9, 10.
50 grms. ammonium thiocyanate.
The ammonium thiocyanate is melted in a round flask in a
paraffin-bath, and kept at a temperature at which the mass remains just liquid (140—145=) for 5—6 hours- The cooled melt is
powdered and ground with half its weight of cold water, which
dissolves unchanged ammonium thiocyanate, but little of the
thiourea. By dissolving the residue in a little hot water, pure
thiourea is obtained, on cooling, in colourless, silky needles.
Yield 7—S grams.
CNS.NH4= CS(NH2)2.
Prope?iies—Colourless, rhombic prisms (from dilute aqueous
solution), long silky needles (from concentrated solutions) ; m. p.
172°. Very slightly soluble in cold water (1 part of thiourca dissolves in about 11 parts of water at the ordinary temperature).
KN—CO
Uric Acid, CO C—NH
I
||
>CO
HN—C—NH
Scheele (1776).
Uric acid is a product of the metabolism of t l i e aninir.il
organism. It is usually prepared from guano, which in treated
first with dilute hydrochloric acid to remove phosphate of calcium. The uric acid is then dissolved out with hot caustic soda
and the clear alkaline solution precipitated with acid.

ALLOXANTIN
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Properties.—Uric acid forms microscopic crystals of a characteristic shape. It is insoluble in water, but dissolves in the
presence of many organic substances. On dry distillation it
yields ammonia, cyanuric acid, and urea.
Reactions.—Evaporate a little of the acid with a few c.c. of
dilute nitric acid to dryncss on the water-bath. An orange or
red residue remains. On cooling, add ammonia. A fine purple
colour is produced (murexide test) ; see also Reaction for
alloxan (p. 130).
PREPARATION 40.

Alloxantin, CHH4N4O7 + 3U2O
Licbig, Wohlcr, Annalen, 1838, 26, 262.
lo grins, uric acid.
20 „ (18 c.c.) cone, hydrochloric acid diluted with an
equal weight of water.
21
potassium chlorate.
The hydrochloric acid is poured over the uric acid. The
mixture is heated to 35°, and the potassium chlorate, finely
powdered, is added in small quantities at a time with constant
shaking. When about two grams of the chlorate have been
added, the uric acid will have nearly dissolved, and the liquid
has a faint yellow colour. It is diluted with double its volume
of water, allowed to stand for about an hour, and filtered. The
filtrate is saturated with hydrogen sulphide, and yields,
after being left for 12 hours, crystalline crusts, often of a
reddish tint, of alloxantin mixed with sulphur. It is filtered
and washed with cold water, and the alloxantin dissolved in a
small quantity of hot water, and filtered from the residue of
sulphur. On cooling the filtrate, colourless crystals separate
out. Yield 7—8 grams.
Cr.H4N.Ai + O + H.,0 = dI-LN.,0,, + CON,H4,
Uric add.'
Alloxan.
Urea.
2C.iH,N,O,1 + ILS = C8H4N4Or + S + H,O.
Alloxan 1 in.
Properties. — Hard, colourless crystals, slightly soluble in cold^
more readily in hot water.
COHEN'S ADV. P. O. C.
K
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Reactions.—\. Add to the solution of alloxantin a little b a r y t ; L
water ; a violet colouration is produced.
2. Add ammonio-silver nitrate solution and warm ; m e t a l l i c
silver is deposited.
3. Boil the solution with mercuric oxide ; a violet solution of
murexide is formed.
PREPARATION 41.

Alloxan (Mesoxalylurea), C 0 \ N R C 0 / C 0
Liebig, Wohler, Annalcn, 1838, 26, 256.
5 grins, alloxantin.
5 „ (3*5 c.c.) cone, nitric acid (sp. gr. 1*4).
10 „ (7 c.c.) fuming
„
(sp. gr. 1-5).
The finely powdered alloxantin is added to a mixture o f
strong and fuming nitric acid, and left to stand. Slight e v o l u tion of nitrous fumes occurs, and the alloxantin, which a t
first
remains at the bottom of the vessel, slowly changes i n t o t l i r
more bulky crystals of alloxan, which gradually fill the l i q u i d .
The reaction lasts about two days, and is complete w l i e i i it
sample dissolves readily and completely in cold water.
'1*1 )<•
crystalline mass is spread upon a porous plate, thoroughly clru.r<l
in the air, and freed from traces of nitric acid by heating i n +1
basin on the water-bath, until the smell of the acid d i s a p p e a r s .
Alloxan may be obtained in large crystals by dissolving- t r i e d r y
product in the smallest quantity of hot water, and allowing" t h e
solution to evaporate slowly in a desiccator over sulphuric ncicL
The crystals are liable to effloresce.
CsUANfi7-rO -2C,H,N,O4.
Alloxautin.
Alluxan.
Properties.— Colourless crystals, containing 4 molecules <>i
water of crystallisation.
Reactions.—-1. A small quantity of the alloxan s o l u t i o n is
evaporated to dryness on the water-bath in a porcelain " b a s i n .
A reddish residue is left, which turns purple on the a d d i t i o n of
ammonia (murexide). See Appendix, p. 268.

CAKKKINK

PREPARATION 42.

C1I...N CO
Caffeine (Trimethyl xanthinc),

CO C N(CI 1;;)

CILN

C- N . / C I 1

100 grins, tea.
Digest the tea with 500 c.e. boiling water for a quarter of an
hour, and filter through cloth into a basin placed over a ring
burner (see p. 108), so that the liquid in the filter is kept hot.
Moderately line unsized cotton cloth is used, and is welted and
stretched on a wooden frame as shown in Kig. '/$. Wash with
a further 250 e.e. of boiling water. Add to the liltrale a solution of basic lead acetate (made by boiling acetate of lead
solution with excess of litharge, and then filtering until no more

KM.. 7:i.

precipitate is formed. Killer hot through a large lluted idler
froiM precipitated albumin, ami wash with wafer. To the boil
ing filtrate add dilute sulphuric acid until the lead i:. precipitated
as sulphate. Kilter or decant from the sulphate of lead, and
concentrate the solution with the addition of animal charcoal
to 250 3f)° t%-('« Killer and extract the filtrate three times with
small quantities (50 c.c.) of chloroform. Distil off the chloroform on the waler-balh, and dissolve the residue in a. small
quantity of hot water. On allowing the solution to evaporate
very slowly, long silky needles of caffeine separate, which may
have a slightly yellow tint, in which case they should be drained,
re-dissolved in water, and boiled with the addition of animal
charcoal. The needles contain one molecnle of water, which
they lose at 100 and melt at 234*5". Yield about 1*5 grains.
See Appendix, p. 260.
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PREPARATION 43.

.N(CH3).CH2- .CO.OH
Creatine. HN:C(
+H 2 O
Neubauer, Amialen, 186r, 119, 27.
500 grms. meat.
The meat, separated as far as possible from fat, is put t h r o u g h
a sausage machine, or finely chopped and digested with -i litre
of water at 50—6o°, and well stirred from time to time.
I t is
filtered through cloth (see Fig. 75, p. 131), and is then d i g e s t e d
with a further 250 c.c. of water in the same way, filtered, a n d
the cloth removed from the frame and squeezed out.
The
filtrate is heated to boiling to coagulate the albumin, a n d , on
cooling, filtered. Basic acetate of lead is carefully added, j u s t
sufficient to precipitate the soluble albumin. The l i q u i d is
again filtered through a fluted filter, and the lead removed w i t h
hydrogen sulphide, which is passed into the warm licjuid.
The filtrate from the sulphide of lead is concentrated to n. t h i n
syrup on the water-bath and then transferred to a v a c u u m
desiccator, where it is left over sulphuric acid. In a short t i m e ,
especially on the addition of a crystal of creatine, needle-sli^tped
crystals begin to separate, and when no further crystallisation
is observed, the crystals, which have a brown colour, <ue
brought on to a porcelain funnel, and washed with a l i t t l e
spirit. They are recrystallised from a little hot water, w i t h t h e
addition of animal charcoal. Yield about 1 gram. The f U t r a l e
from the creatine contains hypoxanthine and sarcolactic stcid,
but the small quantity of these two constituents render t l i e n i
difficult to extract
Properties,—Small rhombic prisms ; with difficulty s o l u b l e
in cold water, readily soluble in hot water. On warming" w i t h
alkalis, it decomposes into urea and sarcosine,
/N(CH3),CH.,.COOH
HN:C/
KH(CH3).CR,C0bNa.

TYROSINE-LEUCINE
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PREPARATION 44.

Tyrosine, (OH).C0H4.CH.,.CH(NH.,).COOH
civ
Leucine,
>CH.CH.,CH(NH.,).COOH
CM/
Beyer, Zcit., 1867, 436 ; E. Fischer, Bcr., 1901, 34, 433.
100 grms. hoof or horn shavings (washed free from dirt).
250 „ (136 c.c.) cone, sulphuric acid (in 750 c.c. water).
The shavings and acid are heated in around flask(1 Mitres) on
the water-bath until the greater part is dissolved, and then boiled
with reflux condenser over wire-gauze for about 20 hours, until the
solution no longer gives the biuret reaction (p. 127). Add to a
little of the liquid two drops of copper sulphate solution and make
alkaline with caustic soda ; if the colouration is violet or pink
instead of blue, continue to boil. After boiling, the dark
coloured liquid is poured into a large basin and neutralised whilst
hot with slaked lime. The hot liquid is filtered and the residual
calcium sulphate replaced in the basin and extracted twice with
300 c.c. of hot water. The united filtrates are concentrated and
made up to a litre. The total quantity of oxalic acid (about 20
grains) required to precipitate the dissolved calcium salts is
determined by a preliminary estimation with 50 c.c. of the solution.
The liquid is boiled before adding the acid and filtered hot from
the precipitated calcium oxalate. The precipitate is extracted
twice with 250 c.c. of water and concentrated (to about 250 c.c.)
until crystals appear on the surface.
Tyrosine.—On cooling, a brown, crystalline crust of impure
tyrosine separates. It is filtered, dissolved in the least quantity
of boiling water, boiled with a little animal charcoal, and
filtered. On cooling, long, white, silky needles of tyrosine arc
deposited. Yield about 2 grams.
Reactions.—Warm a small quantity of the substance with n.
drop of strong nitric acid and add ammonia. A yellow solution
is produced in the first case, which changes to deep orange with
ammonia (xanthoproteic reaction). Warm with a solution cA
mercury in strong nitric acid (Millon's reagent). The liquid
turns red, and a red precipitate is then formed.
Leucine.—The filtrate from the tyrosine is further conccnlnitecl on the wa.ter-bath to a small bulk, when on cooling a
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quantity (about 20 grams) of crude leucine in the form of a brown
crystalline crust separates, and is collected on a filter and
dried on a porous plate. It is converted into the ester
hydrochloride as follows: the dry material is dissolved in
120 c.c. absolute alcohol and saturated with hydrogen chloride
(p. 93). The alcohol is removed- by distilling under reduced
pressure at a temperature not exceeding 400 in the apparatus
shown in Fig. 66 (p. 94). The same quantity of alcohol is added,
saturated with hydrogen chloride, and removed as before. The
residue, which consists of the ester hydrochloride of leucine and
small quantities of other amino-acids, is converted into the free
ester in the following way : it is dissolved in about one-quarter
its volume of water, to which an equal volume of purified ether
is then added. The liquid is well cooled in a freezing mixture
and a cooled 33 per cent, solution of caustic soda is slowly added
until the liquid is just alkaline, and then an equal volume of a
saturated solution of potassium carbonate. The mass is now
well shaken and the ether decanted. In this way the ester,
which is rapidly hydrolysecl by alkali at the ordinary temperature, is liberated from the hydrochloride without decomposition
and dissolves in the ether. The residue is kept in the freezing
mixture, a fresh quantity of ether, more caustic soda solution, and
sufficient solid potassium carbonate to form a pasty mass are
added in succession, shaken up thoroughly and the ether decanted. The residue is extracted two or three times with fresh
ether and the united extract, freed as far as possible from water,
is shaken up for a minute with solid potassium carbonate and
then dehydrated overnight with anhydrous sodium sulphate.
The ether is removed on the water-bath and the residue distilled
at a pressure not exceeding 15 mm. The colourless liquid, which
distils at 80—ioo°, has an ammoniacal smell and is nearly pure
leucine ester. Yield 10—15 grams. The ester is readily
hydrolysecl by boiling five times its weight of water with reflux
condenser until the alkaline reaction disappears (about an
hour). The liquid is then concentrated on the water-bath until
crystals separate on the surface and cooled. The leucine
may be recrystallised from dilute alcohol or dissolved in
the smallest quantity of hot water and alcohol added until
a turbidity appears. It forms small glistening plates, which
melt and sublime at 1700. See Appendix, p. 270,

C.KAPK SlT('.AR
PRKIWRATION 45.
Grape Sugar.

(Glucose, Dextrose.)

Soxhlct, J. pra/ct. C//., 1880, (2) 21, 245.
CU.plLCHOM.CIIOri.CllOH.CHOH.CO.H
250 grins, cane sugar.
750 c.c. spirit.
30 c.c. cone. hydrochloric acid.
The spirit and acid are mixed and warmed to 45—50', whilst
the fmely^owdercd cane-sugar is gradually added and stirred.
When the sugar has dissolved the solution is cooled, and a few
crystals of anhydrous grape-sugar added. On standing for a
day or two the grape-sugar deposits in the form of fine crystals,
which continue to increase in quantity. When no further deposition is observed, the crystals arc filtered and washed with
spirit. The sugar may he purified by dissolving in a little
water to a syrup, and adding hot methyl alcohol until a turbidity
appears. On cooling, the grape-sugar crystallises out.
c10M.,,on + I L O - C ( ,H,,A. + Q.n, a o c .
(';m<! sug:u".
(llucosc.
Kructuse.
Pro/nvtics.—Colourless crystals ; m. p. 146" ; soluble in hot
and cold water, insoluble in alcohol.
/u'rtcfions.—1. Add to a little of the solution of glucose a few
drops of caustic soda, and warm. The colour changes from
yellow to brown.
2. Add to 2 or 3 c.c. of the solution two or three drops of copper
sulphate, and then caustic soda, until a clear blue solution is
obtained, and heat to boiling. Red cuprous oxide is precipitated.
3. Add a few drops of glucose solution to half a. test-tube
of ammonio-silvcr nitrate solution and place the test-tube in
hot water. A mirror of metallic silver is formed.
4. Dissolve about 0*5 gram of glucose in 5 c.c. of water, and
add a solution of phenylhydra/.ine acetate, made by dissolving
1 gram of phenylhydrazine in the same weight of glacial acetic
acid, and diluting to 5 e,c, Mis Uie solutions ana warm in the,
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water-bath. In a few minutes the yellow crystalline phenyl"
glucosazone (m. p. 204—205°) is deposited.
5. Mix a few drops of a glucose solution with a few drops of
an alcoholic solution of a-naphthol and pour slowly down the sid^
of the test-tube a few drops of cone, sulphuric acid. A violet
colouration is produced. (Molisch's reaction.) See Appendix*
p. 271.
Benzene.
Pure Commercial Benzene, obtained from coal-tat"
naphtha, should distil within one degree (80—8ic), and solidify
completely when cooled to o°. Other tests are as follows :
shaken with concentrated sulphuric acid for a few minutes, the
acid should not darken, and a drop of bromine water should
not be immediately decolourised. A single distillation over a
few small pieces of sodium, which absorb any traces of water, is
usually a sufficient purification. If the benzene impart a brown
or black colour to the sulphuric acid, it must be repeatedly
shaken with about 20 per cent, of the acid until the latter
becomes only slightly yellow on standing. This is done in a
stoppered separating funnel, and after shaking fora few minutes
the mixture is allowed to settle, and the lower layer of acid
drawn off. The benzene is then shaken two or three times with
water to free it from acid, carefully separated from the aqueous
layer,, and left in contact with fused calcium chloride until the
liquid becomes clear. It is then decanted, frozen in ice, and
any liquid (carbon bisulphide, paraffins) carefully drained off,
and the benzene finally distilled over sodium.
Properties.—Mobile, colourless liquid ; m. p. 5 *4° ; b. p. &o'4° ;
sp. gr. 0*874 a t 2O°- Coal-tar benzene usually contains a little
thiophene, C^H^S, which may be detected by dissolving a few
crystals of isatin (see p. 229) in concentrated sulphuric acid and
shaking up with the1 benzene. If thiophene is present, a blue
colour is produced (indophenin reaction).
Fractional Distillation.—It is often possible to separate
almost completely by a single distillation, two liquids occurring"
together in a mixture when their boiling points lie widely apart.
The more volatile liquid first passes over, the temperature
suddenly rises^ and the higher boiling liquid distils.
It is otherwise when a liquid consists of a mixture of subStances boiling at Umperatures n o t v^rY ^ar amoved from one
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another, especially in the case of homologous compounds, such
as occur in petroleum and coal-tar naphtha. One distillation
suffices only to produce very partial separation of the different
substances, a portion of the less volatile liquid being carried
over in the first distillate, together #ith the more volatile body.
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platinum-wire being placed in the flask to prevent bumping*The flask is surmounted with a fractionating- column, in whicli
the thermometer is fixed. Various forms of fractionating- columns
are used (see Fig. 76).
The effect of the columns may be explained as follows: t h e
vapour given off from a mixture of liquids contains a larger p r o portion of the more volatile constituent than the liquid. If t h i s
vapour is condensed in its ascent, the vapour above this c o n densed liquid will be still richer in the more volatile constituent.
If, by a series of constrictions or diaphragms, the condensed
liquid is obstructed in its return flow, a momentary equilibrium
between liquid and vapour is established at each diaphragm, a n d
the longer the column the greater will be the amount of more
volatile constituent in the last portion of vapour to undergo condensation. This passes off by the condenser and is collected
in the receiver. The apparatus (Fig. 76, E) can be made o u t
of a piece of wide tubing. This is constricted in the blow-pipe
flame, near one end, and a piece of copper wire-gauze with rt
circular hole, carrying the little bent tube, is placed on the constriction. A second constriction is made and another gauze
diaphragm introduced. The number of diaphragms may vary
from 10 to 20, according to the degree of separation required.1
Commercial 50 per cent, and 90 per cent. Benzene
are mixtures of benzene and larger or smaller quantities of its
higher boiling homologues, viz., toluene (b. p, no°) and t h e
xylenes (b. p. 137—1430). The constituents may be separatedsby
fractional distillation.
Fit up an apparatus with fractionating column and distil
200 c.c. 50 per cent, or 90 per cent, benzene, at a regular speed,
so that the drops falling from the end of the condenser may b e
readily counted. Collect the distillate between every five degrees
in separate flasks. Redistil each of these fractions in order,
adding the next to the residue of the previous one in t h e
distilling-flask. Collect portions boiling below 850 and above
1050, between every two or three degrees. It will be found that
by a repetition of the process the liquid is gradually separated
into two large fractions, consisting chiefly of benzene and toluene,
and a number of smaller intermediate fractions. The following"
table gives the ifolume in c.c, and the- boiling points 0 the
1 T-xans. Chevi. Soc.t 1899, 76, 700,

FRACTIONAL DISTILLATION
fractions obtained by this method from 200 c.c, 50 per cent,
benzene, each table denoting a complete scries of fractionations,
using a simple column with two bulbs.
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PREPARATION 46.

Bromobenzene (Phenyl bromide), CGH5Br.
Cohen and Dakin, Trans. Chem. Soc, 1899, 76, 894; C r o s s
and Cohen, Proc. Chem. Soc, 1908.
50 grms. benzene.
120 „ (40 c.c.) bromine,
o* $ „ pyridine.
The apparatus is similar to that shown in Fig. 63, p. 89, but t r i e
flask should be placed in a water-bath, in which it can be h e a t e d ,
and the tap-funnel may be dispensed with. The benzene, b r o mine, and pyridine are placed in the flask and heated to 25—3°°?
when a vigorous and steady evolution of hydrogen bromide
takes place, the gas being absorbed by the water in the beaker.
When the action slackens (about 1 hour) the temperature of t r i e
water-bath is gradually raised to 65—70°, and the process
stopped when most of the bromine has disappeared and t h e
evolution of hydrogen bromide has nearly ceased. The c o n tents of the flask are cooled and poured into dilute caustic s o d a ,
solution contained in a separating funnel and shaken. Sufficient alkali must be present to give an alkaline reaction a f t e r
shaking. The lower layer is drawn off and dehydrated o v e r
calcium chloride. When perfectly clear the bromobenzene i s
filtered or decanted into a distilling flask (200 c.c.) provided
with a thermometer and distilled over wire-gauze. Unchanged
benzene first passes over ; the temperature then rises rapidly
and the portion boiling at 140—170° is collected separately.
It
is redistilled and collected at 150—i6oc. Yield 60 grams.
CflHc + Br2 = C0H5Br + HBr.
The pyridine acts as "halogen carrier/3 probably by formingthe additive compound C5H5NBr2, which gives up its bromine t o
the benzene.
Properties.—Colourless liquid ; b. p. 154— 155° ; sp. gr. 1-496
at 16°.
Hydrobromic Acid.—The weak solution of hydrobrom i c
acid which collects in the beaker in the course of tjie above r e -

ETHYL BENZENE
action may be concentrated by fractional distillation, as in the
case of hydriodic acid (p. 113), and used in the preparation of
bromotoluene (p. 167). It boils at 1260 at the normal pressure,
has a sp. gr. of 1*49, and contains about 47 per cent, of HBr.
See Appendix\ p. 271.
PREPARATION 47.

Ethyl Benzene, C0H5.C,H5
Fittig, Annalen, 1864, 131, 303.
60 grms. bromobenzene.
52 „ ethyl bromide (see p. 54).
26*5 „ sodium.
A quantity of ether, which has been freed from alcohol by
distilling over caustic potash, and dried over calcium chloride
and sodium (see p. 6i), is poured into a round flask (1 litre).
The amount of ether should be about twice the volume of the
mixed phenyl and ethyl bromides. The sodium, cut into thin
slices with the sodium knife, or squeezed into fine wire, is added
to the ether, and when all evolution of hydrogen has ceased,
the flask is attached to an upright condenser and immersed in
a vessel of ice-water. The mixture of broinobenzene and ethyl
bromide, both carefully dehydrated, is poured into the flask.
The reaction is allowed to commence spontaneously, the fact
being indicated by the appearance of the sodium, which becomes darker in colour and sinks to the bottom of the vessel.
Although the flask is allowed to remain in the outer vessel, and
is cooled by water and ice, the heat evolved often causes the
ether to boil. The flask is therefore not removed until the reaction is over. It is convenient to leave it over night. The
liquid is then decanted from the sodium bromide, which has a
blue colour, into a distilling flask, and rinsed out once or twice
with ether. The ether is removed on the water-bath, a bit of
porous pot being added, and the residue is fractionated with a
fractionating column. The portion boiling at 132—135° is
collected separately. Yield 20—25 grams.
QH 5 Br + C2H5Br + 2Na = CGH5.C2H5 4- 2NaBr.
Properties.—Colourless liquid; b. p. 1340; sp. gr. 0-8664 at
22'5°. See Appendix, p. 273,
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PREPARATION 48.

Nitrobenzene, C(!H5NO2
Mitscherlich, Annalen, 1834, 12, 305.
50 grms. benzene.
80 „ (60 c.c.) cone, nitric acid, sp. gr. 1 '4120 „ (60 c.c.) cone, sulphuric acid.
The two acids are mixed and well cooled, and then s l o w l y
added from a tap-funnel to the benzene, which is contained i n .1
flask (-1- litre). The contents of the flask are well shaken a f t e r
each fresh addition. Nitrous fumes are evolved, and a c o n s i d e r able amount of heat developed. Care must, however, be t a k e n
that the temperature does not exceed 50—6o° by immersing t h e
flask, if necessary, in cold water. The nitrobenzene s e p a r a t e s
out as a brown, oily layer on the surface of the acid licjtuil.
When the acid has all been added, an operation which. ln.i»t ^»
about half an hour, the mixture is heated for about t w e n t y
minutes ori the water-bath, and again well shaken. T h e c o n tents of the flask, on cooling-, are poured into a stoppered s c j ) a rating-funnel, the lower layer of acid removed, and the n i t r o benzene washed free from acid by shaking once with w i t t e r
(50 c.c), then with dilute carbonate of soda solution, and a & a i u
with water, the oil being each time withdrawn from the b o t t o m
of the vessel. The nitrobenzene, separated as carefully a s p o s sible from water, is allowed to stand over a few pieces of f u s e d
calcium chloride, and shaken occasionally until the l i q u i d i •>
clear. The yellow liquid is decanted, or filtered from t i n :
calcium chloride, and distilled in a distilling-flask, with c o n denser tube only. At first a little benzene passes over ; t l i e
temperature then rises, and the nitrobenzene distils at 2 0 4
207', and is separately collected. The brown residue c o n s i s t s
of dinitrobenzene, the quantity depending upon whether t h t *
temperature during nitration has been allowed to rise too l i i y h Yield about 60 grams.
CGHU -I- HO.NO, = CGH5NO2 + H2O.
The function of the sulphuric acid is that of a dehydratim*.
agent-taking up the water formed in'the reaction.
Properties.—Light yellow liquid, with a smell of b i t t e r

AZOXYHKNZENK
almonds; 1). p. 206—2070, sp. gr. r2°& at 15" ; m. p. 3^.5uV
soluble in water, soluble in alcohol, ether, and benzene.
Reaction.—Pour a drop of nitrobenzene into a test-tube, with.
1 c.c. water and 1 c.c. glacial acetic acid. Add a little zinc-dust
on the point of a penknife, and warm for a minute. Dilute
with a few c.c. of water, and add caustic soda solution until
alkaline, and pour a few drops into a test-tube half filled with
sodium hypoehlorite solution. A violet colouration, which
gradually fades, is produced, due to the presence of aniline
(see p. 150). See Appoidix, p. 274.
l'RK PA RATION 49.
Azoxybenzene, C,;nf/N
N.C(!Hf)
^ 7
Klinger, />V/-., 18S2, 15, S65.
200 grms. methyl alcohol.
20 ,, sodium.
30 „ nitrobenzene.
Attach nil upright condenser to a round flask (J, litre). Pour
in the methyl alcohol and add the sodium in small pieces,
2—3 grams at a time. A good stream of water should pass
through the condenser, but otherwise the flask need not be
cooled. When the sodium has dissolved, the nitrobenzene is
introduced, and the mixture boiled on a water-bath three to
four hours. The methyl alcohol is then distilled off in the
water-bath. As the liquid is liable to bump, owing to the
separation of solid matter, it is advisable to add a few bits of
pot. When no more alcohol distils, the residue is poured into a
beaker of water and rinsed out. A dark-coloured oil is deposited,
which soon solidifies, and is then washed by decantation, and
pressed on a porous plate. Yield about 23 grams. It is recrystallised, when dry, from ligroin, in which it is rather soluble.
4C0M6NO3 + 3NiiUCM:,----2C0IIf>N
N.C(iIIfl + 3l-IC0.0Na
-I 3ll,O.
/'/•ryV/77'<\y.-'~Yellow needles ; in. p. 36 . vSee Appendix*
p. 274.
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Azoxybenzene from Nitrobenzene by Electrolysis.—Nitrobenzene can be conveniently converted intoazoxybenzene by electrolytic reduction. The apparatus required is
shown in Fig. 77.
It consists of a porous cell which forms the cathode chamber
and contains 20 grams nitrobenzene and 160 grams 2*5 per
cent, caustic soda solution. The two are kept well mixed
throughout the operation by a rapidly revolving stirrer. The
cathode is a cylinder of nickel gauze (12 cms. x 8"5 cms. = 100 sq.
cms.). The anode chamber is the outer glass vessel or beaker,

FIG. 77.

which contains a solution of sodium sulphate acidified with
sulphuric acid ; a cylinder of sheet lead serves as the anode.
An ordinary ammeter (A) and resistance (7v) are connected in
series with the battery and electrodes, and it is also useful,
though not essential, to insert a voltameter (V) between the
two electrodes. A current density of 1 to 5 amperes per 100 sq.
cms. is used and 15—20 ampere hours will complete the
reduction.1
The oily liquid which separates in the cathode chamber, and
1
The current may be obtained from a number of secondary batteries or from n.
direct electric light circuit with a suitable resistance.

AZOBENZENE
consists of azoxybenzene mixed with aniline and a little unchanged nitrobenzene, is distilled in steam, which removes the
impurities. The residue then solidifies on cooling, and is filtered,
dried, and recrystallised. Yield 11 grams (60—70 per cent, of
the theory) (Elbs, Electrolytic Preparations, trans, by R. S.
Hutton, p. 76).
PREPARATION 50.

Azobenzene, CaH5N:N.CGHMitscherlich, Annalcn^ 1834, 12, 311.
5 grms. azoxybenzene.
15 „ iron filings.
The azoxybenzene and iron filings, both of which must be
carefully dried on the water-bath, are powdered together and
distilled from a small retort, which is conveniently made by
blowing a large bulb on the end of a piece of rather wide
tubing iv>- cm. inside diameter, and then allowing the bulb
whilst hot to bend over. The mixture is carefully heated, the
burner being moved about until the contents are thoroughly
hot, and then the mixture is more strongly heated until nothing
further distils. The distillate, which forms a solid, dark-red
mass, is washed with a little dilute hydrochloric acid and water,
and then pressed on a porous plate. It is crystallised from
ligroin, in which it is very soluble.
Q.H-N — N.C0H6 + Fe = CGH:,N : N.CGHt, + FeO.
Properties.—Red plates; m. p. 68J; b. p. 295°. See Appendix,
p. 274.
Azobenzene from Nitrobenzene by Electrolysis.—A
good yield of azobenzene can be obtained by the electrolytic
reduction of nitrobenzene in alcoholic solution. The apparatus
is similar to that shown in Fig. 77, p. 144, but in the present
case the cathode chamber is the outer vessel, which should be a
deep, narrow glass cylinder or beaker. The cathode liquid is
a solution of 20 grams nitrobenzene and 5 grams sodium acetate
crystals in 200 c.c. 70 per cent, spirit. The cathode is a cylinder
of nickel gauze. A large porous cell forms the anode chamber,
COHEN'S ADV. P. O. C.
L
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and contains a cold saturated solution of sodium carbonate.
The anode is a wide strip of sheet lead. A current density of
6 to 9 amperes per ioo sq. cms. is passed for 17*4 ampere hours,
and then a lower current density for a further 1—2 ampere hours.
During" the reduction the cathode liquid becomes very hot and
the alcohol which evaporates must be replaced. The cathode
liquid at the end of the process contains, in addition to azobenzene, azoxybenzene and hydrazobenzene. If is poured into a
flask and the hydrazobenzene is oxidised to azobenzene by
aspirating a current of air through the solution for half an
hour. The greater part of the azobenzene separates and can be
filtered ; the remainder, which is less pure, is precipitated from
the filtrate by the addition of water. It is recrystallised from
ligroin. Yield 90 per cent, of the theory.
(Elbs, Electrolytic Preparations, trans, by R. S. Hutton,
p. 73.)
PREPARATION 51.

Hydrazobenzene (Diphenylhydrazine)C6H5N H. N H QH5
Alexejew, Zeitschr. f. C/iem., 1867, 33; 1868,497; E.Fischer,
Anleittmg zur Darstellung org. Prciparate, p. 23.
50 grms (42 c.c.) nitrobenzene.
54 „ caustic soda (in 200 c.c. water).
50 c.c. alcohol.
100—125 grms. zinc dust.
The apparatus is shown in Fig. 78. It consists of a1 large,
round, wide-necked flask {\\ litre) furnished with a cork perforated with three holes. Through one hole a stirrer, moved by a
water-turbine or electric motor, passes in the manner shown in
Fig. j8. To the stem of the stirrer a short, wide glass tube is
attached which revolves in the annular space formed at the end
of an adapter by fusing to it an outer concentric piece of wider
tubing. When this space is filled with water it serves as a
water seal. Through a second hole a wide glass tube is inserted
by which the zinc dust is introduced, and is fitted with
a cork. The third hole is furnished with an adapter to which
a condenser is attached. The nitrobenzene, caustic soda solution, and the alcohol are poured into the flask and the stirrer set

IIYI)kAZOBKNZKNK
in r;i])id motion so that the contents arc kept thoroughly agitated
The thorough mixing of the materials is essential to the success
of the process. The zinc dust is added in quantities of ^ 4
grains at a time through the wide glass tube, which is closed by
a cork after each addition. The mixture soon becomes warm
and eventually boils. To prevent the liquid boiling over the
frothing is allowed to subside before fresh zinc dust is added.
The operation is usually completed in j hour, when the liquid,
which has first a deep
red colour (azobenzene),
becomes pale yellow. To
examine the colour a
sample should be withdrawn with a pipette
and filtered. The stirring is continued for
another \ hour. A litre
of cold water is added
which precipitates the
hydrazobenzene.
The
mixture of hydrazobenzene and zinc residues
is filtered at the pump
l lu
and washed free from
' 7^alkali with water. The
precipitate is then pressed down and extracted with 750 c.c.
of spirit on the water-bath with reflux condenser and filtered.
On cooling in a freezing mixture, the hydrazobenzene crystallises in colourless plates, which are filtered and washed with a
little spirit. The mother liquor is used for a second extraction
of the zinc residues, and from the filtrate a further quantity
of hydrazobenzene is precipitated with water. If the second
crop of crystals have a yellow colour crystallisation from alcohol
will remove it. Yield 30 35 grains.
-l 3/n 6N;iOH ~ C,jlIl,Nl[.NnC1.,Hn -I 3Zn(GlI).,(
Properties.---Colourless plates ; m. p. 125 '.
Reactions.--1. Heat a small quantity in a dry test-tube.
Notice the colour. On cooling add a little water and pour a few
drops into a solution of sodium hypochlorite. A violet coloura-
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tion indicates aniline. 2CaH3NH.NH.C0H3 = C0HiiN:NCGH5=
2CGH,NH,
2. Heat a small quantity with Fehling's solution and observe
the formation of cuprous oxide. The hydrazobenzene is oxidised
to azobenzene.
Benzidine.—Five grams of powdered hydrazobenzene are
shaken with 125 c.c. hydrochloric acid (3 per cent.) at 20—30°. In
a quarter to half an hour the substance will have completely dissolved. Finally, the mixture is heated to 45—50°, a little water
added to redissolve any benzidine hydrochloride, and filtered
warm. The benzidine is precipitated from the solution of the
hydrochloride by adding to the cold solution an excess of caustic
soda solution. It is filtered and washed free from alkali, and
recrystallised from boiling water or dilute alcohol. It crystallises
in plates with nacreous lustre, m. p. 1270.
C0H5NH.NHCGH5 = NH2C0H4.C6H4NH3.
See Appendix, p. 275.
PREPARATION 52.

Phenylhydroxylamine, C0H5.NH.OH
Bamberger, Ber^ 1894, 27, 1548; Wohl, ficr., 1894,27, 1432 ;
Friedlander, Theerfarbenfabrikation, IV.. 48.
6 grins, ammonium chloride (in 200 c.c. water).
12 „ nitrobenzene.
18 ,, zinc dust.
Mix the nitrobenzene and ammonium chloride solution in a.
flask (-0- litre). The zinc dust is added in portions of about a gram
at a time with constant shaking or stirring by turbine, the temperature being maintained below 15°, by cooling if necessary in ice
water. The addition of the zinc dust should take about an hour.
The shaking is continued for another quarter of an hour, when
the sm-jll of nitrobenzene will have disappeared. The contents
of the flask are filtered and washed with 100 c.c. water, so that
the water trickles slowly through the filter. The filtrate iis
saturated with clean salt (80 grams) and cooled to o°. Colourless crystals of phenylhydroxylamine fill the liquid. They a r e
filtered at the pump, dried on a porous plate, and recrystallisedL
if necessary from benzene. Yield C—8 grams.

ANILINE
Properties,--Colourless needles ; m. p. 81 '.
Reactions.—Add to a solution of phenylhydroxylamine Feh1 in^-'s solution and warm. Cuprous oxide is precipitated. To
another portion add ammoniaeal silver nitrate and warm. Silver
is deposited. See A/>pcm{ix, p. 276.
Nitrosobeiizene. -Dissolve 4 grains of phenylhydmxylamincin the equivalent quantity of ire cold 6 per cent, sulphuric
acid (4 e.c. in 66 ex. water), and add a well-cooled solution of 4
grams potassium bichromate in 200 e.c. water. Yellow crystals <>f
nitrosobenzene are deposited which distil in the vapour of steam
with an emerald-green colour ; m. p. 67-68*.
C,,Hfi.NIIOI[ + O = C,jU;,NO + H->0.
p-Aminophenol.—Add gradually i gram of phenylhydroxylamine to ro e.c. cone, sulphuric acid and 15 grams of ice, dilute
with 100 e.c. of water and boil. Test a small sample with bichromate solution in order to see if the smell is that of nitrobenzene or quinonc. In the latter case conversion is complete.
The acid liquid is neutralised with sodium bicarbonate, saturated
with common salt and extracted with ether. On distilling off
the ether, /V-amidophenol crystallises ; m. p. 186".
C,,II(VNH.OII •= OH.Cyi.pNMU
V REPARATION 53.
Aniline (Aminobenzene ; IMienylamim^, C^II-NII.,
Zinin, Atwalen, 1842, 44, 28;,.
50 gims. nitrobenzene.
90 „ granulated tin.
170 e.c. cone, hydrochloric acid (sp. ^r. ri6'i.
Introduce the tin and nitrobenzene into a round flask M.I
litre), and fit it with a straight upright tube about 2 feet long
(air-condenser). 11 eat the mixture for a few minutes on the
water-bath. Then remove the flask and add the concentrated
hydrochloric acid in quantities of 5 10 e.c. at a time, and shake
repeatedly. The liquid should become hot and boil quietly ;
but, if the action becomes too violent it must be moderated by
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cooling the flask in cold water. In the course of -h— -f hour all
the acid should have been added ; the flask is then replaced o n
the water-bath without the air-condenser, and heated for a n
hour or more until the reduction is complete. This is ascertained by the absence of any smell of . nitrobenzene. T h e
contents of the flask, on cooling", solidify to a crystalline mass
(a double salt of stannic chloride and aniline hydrochloride)
Whilst still warm, water (ioo c.c.) and strong caustic socln
solution (140 grams in 200 c.c. water) are added until t h e
stannic oxide, which is first precipitated, nearly redissolves
and the liquid has a stongly alkaline reaction. If the mixture
begins to boil during the addition of the caustic soda solution
it must be cooled. The aniline, which separates out as a dark>
coloured oil, is distilled in steam. The apparatus is shown i n
Fig. 68, p. 107. The flask containing the aniline is gently
heated on the sand-bath, and steam is passed in from the t i n
bottle. It is advisable to heat the aniline mixture on
water-bath before steam is admitted, as otherwise a
quantity of water condenses in the flask. On distillation,
aniline and water collect in the receiver, the former as a coloui"less oil. When the distillate, as it comes over, appears clear
instead of milky, the distillation is stopped. The oil is n o w
extracted from the distillate by shaking up the liquid in n
separating-funnel three times with small quantities (30 c.c.) ox
chloroform. The chloroform solution, separated as far as possible
from water, is further dehydrated by adding a little solid potassium carbonate. The clear liquid is decanted into a distilling-flask, the flask rinsed with a little*Chloroform, and t r i e
chloroform removed by distillation until the temperature
reaches ioo°, when the receiver is changed. Aniline distils rtt
182—183°, and has usually a faint amber colour. Yield, about
30 grains.
2CCH3NO2 + 3Sn + 12HCI =2CCH5NH2 + 3SnCl4 + 4H2O
Properties.—Colourless, highly refractive liquid, which s o o n
darkens in colour ; b. p. 1830 ; sp. gr. 1*0265 a t I5°Reactions.—1. Add a drop of the oil to a solution of bleacliing powder or sodium hypochlorite. An intense violet coloura.tion is produced, which gradually fades.
2. Heat a drop of the oil with a few drops of chloroform, aiicl
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about 1 c.c. of alcoholic potash, in tlic fiimc-LUpbotwtt. Phenyl
carbamine is formed, which possesses an intolerable smell.
(Hofmann's reliction for primary amines.)
3. Add to a drop of aniline in a basin a few drops of concentrated sulphuric acid, and stir with a glass rod. Then add
a few drops of potassium bichromate solution. An intense
blue colour is obtained.
4. Dissolve a few drops of aniline in 5 c.c. dilute hydrochloric
acid, cool under the tap and add a few drops of a solution of
sodium nitrite. Then pour some of the solution into about
half a gram of phenol dissolved in a few c.c. of caustic soda
solution. An orange solution of sodium hydroxyazobenzene is
formed (see Reaction (">, p. 163).
0,1I.-iNII.,IICH- II NO..,- C(;II.VN,('H-21LO
O,II;,.NJc:i + C:jiri.ONa---C0Hfl.N2CVI.,C)Na"
-fNaOll
-t-NaU-HLO.
See Appendix, p. 277.

PRK PA RATION 54.
Acetanilide (Phcnylacctmnide), CJL,.NII.CC).CM:!
(1. Williams, Trans, CJtcm. Soc, 1864, 2, 106.
• 25 grins, aniline (freshly distilled).
30 c.c. glacial acetic acid.
Boil the mixture gently in a ilask (250 c.c.\ fitted with an aircondenser, for a day (j <S hours). As the liquid solidifies on
cooling, it is at once poured out, while hot, into a basin of cold
water (500 c.c). It is filtered and washed with cold water.
Acetanilide crystallises best from hot water, in which, however,
it is not very soluble. Place the moist acetanilide in a larj.;c
basin, and add gradually about a litre of boiling water. If the
substance does not dissolve completely on boiling, a small quantity of spirit will bring it into solution. Filter through a large
fluted filter or hot-water funnel (p. 53) and set the solution aside
to crystallise. If the product is dark coloured it is redissolved
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as before, and heated with a little animal charcoal (5—10grams)
for half hour and then filtered. Yield, 30—35 grams.
CcHaMHo + CH3.COOH = CfiHBNH.CO.CH3-+H2O
Properties.—Rhombic plates ; m.p. 1120 ; b.p. 295°.
Reaction.—Introduce about 0*5 gram of the substance i n t o n
test-tube, and*add 3 c.c. concentrated hydrochloric acid. T3oil
for a minute. On diluting with water, a clear solution is o b tained.
See Appendix, p. 278.
PREPARATION

55.

p-Bromacetanilide, CGH4<
Remmers, Ber., 1874, 7, 346.
5 grms. acetanilide.
25 c.c. glacial acetic acid.
6 grms. bromine.
Dissolve the acetanilide in the acetic acid in a flask (| l i t r e ) ,
and add gradually the bromine, dissolved in about twice its
volume of glacial acetic acid, and shake well. When t l i o
bromine has been added, let the mixture stand £ hour a r i d
then pour into 200 c.c. water and rinse out with writer.
Filter the crystalline precipitate at the pump and wash three o r
four times with water. Press it well down and let it d r a i n .
Dissolve the moist substance in spirit (about 60 c.c.) a n d
pour into a beaker to crystallise. Filter the crystals, w a s h
with a little dilute spirit, and dry on filter paper. Yield 6 —• 7
grams.
Properties.— Colourless needles; m.p. 165 —1660. On h y drolysis with concentrated hydrochloric acid, /-bromaniline is
formed (see above reaction for acetanilide).

p-NJTRANlUNK

X

53

PKKPARA'I ION $(I.
p-Nitraniline.
Hendcr and Erdmann, Chonlsclic Pvtiftaratenkimde, vol. ii.,
])• 4.3&
25 grms. ace t anil ide.
25 c.c. acetic: acid (glacial).
50 „ cone, sulphuric arid.
10 „ fuming nitric acid (sp. gr. 1*5).
'Flic acotaniliclc, acetic acid, and sulphuric acid arc mixed by
means of a mechanical stirrer and cooled in a freezing mixture.
The fuming nitric acid is then gradually added from a tapfunnel at such a. speed that the temperature docs not exceed
20 . After the acid has been added, the mixture is stirred for
an hour and poured on to ice. The product is then diluted
with water, left to stand for a time, filtered, washed, and dried
on a porous plate. It maybe recrystallised from dilute alcohol,
but is usually pure enough for further treatment. Yield is
80 per cent, of the theory ; the remaining 20 per cent, is orthocompound and'remains in solution ; m. p. 207°.
C(;Hr).NllXT)CriaH-irNO;;-N().,.C(;lI.1.NH.COCH.J+H2O
The />-nitracetanilidc is either boiled with 2!, times its weight of
concentrated hydrochloric acid, or heated on the water-bath
with twice its weight of equal volumes of sulphuric acid and
water until the liquid remains clear on diluting with water.
The/Miitraniline which is now present in the liquid as the hydrochloride or sulphate, is diluted with water and precipitated by
the addition of an excess of caustic soda or ammonia. When
cold, the yellow crystalline precipitate is filtered, washed and
re-crystallised from boiling water. Yield, 25 grams.
(.;ii:. !- 11/) 1 n n - NOO.C.:,,II.,.NII.,.IICI

^ ci

Properties.—Yellow needles; in. p. 147 ; soluble in hot
water ; very soluble in alcohol.
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PREPARATION 57.

m-Dinitrobenzene.

C

GH 4

Deville, Ami. Chim. Phys., 1841 (3), 3, 1S7 ; Hofmann,
Muspratt, Amialcn, 1846, 57, 214.
30 grnis. nitrobenzene.
35 „ (24 c.c.) fuming nitric acid ; sp. gr. 1*5.
35 „ (20 c.c.) cone, sulphuric acid.
The acids are mixed in a flask (500 c.c), and the nitrobenzene
added in portions of 5—10 c.c. at a time. Heat is evolved, a n d
the mass becomes somewhat deeper in colour. When the nitrobenzene has been added, the flask is heated for a short time on
the water-bath. A few drops are then poured into a test-tube of
water. The dinitrobenzene should, if the reaction is complete,
separate out as a hard pale yellow cake. If it is semisolid, the heating must be continued. The contents of the flask
are then.poured, whilst warm, into a large quantity of water.
The dinitrobenzene, which separates out, is filtered at the p u m p
and well washed with water. It is then dried. The yield is
nearly theoretical. A few grams should be recrystallised from
spirit. The remainder may be used for the next preparation
without further purification.
%
CCH3.NO2+ HNO3 = CGH4(NO2)2+ H2O
Properties.—Colourless long needles ; m. p. 90" ; b. p. 297°.
See Appendix, p. 279.
PREPARATION

58.

m-Nitraniline. C C H 4 <^°*

\

Hofmann, Muspratt, Annalen, 1846, 57, 217.
25 grms. ?;/-dinitrobenzene.
75 „ (95 ex.) spirit.
12 „ (13 c.c.) cone, ammonia.
The powdered dinitrobenzene, spirit and ammonia, are m i x e d
together in a flask (| litre) and weighed. Hydrogen sulphide,

m-NITRANILINE
washed through water, is passed into the dark red pasty mass,
which is occasionally shaken.* The clinitrobenzene slowly
dissolves, whilst, at the same time, flakes of crystallised sulphur
are deposited. When the gas has been passing for an hour the
flask is removed and heated on the water-bath fora few minutes.
After cooling, the liquid is again saturated with hydrogen
sulphide and then heated on the water-bath as before. When
the gas has been passing in a steady stream for fully two hours
the process is complete. Water is now added to the liquid until
nothing further is precipitated. The mixture is filtered at the
pump and washed with a little water. The solid residue is
transferred to a flask and shaken up with successive small
quantities of hot dilute hydrochloric acid and the liquid
decanted through the original filter. The nitraniline dissolves,
leaving the sulphur. When no more nitraniline is extracted
(this may be ascertained by adding" ammonia in excess to
a portion of the acid solution, when no precipitate is formed),
the acid solution is somewhat concentrated, cooled, and concentrated ammonia added. The ///-nitraniline is precipitated,
filtered when cold, and purified by recrystallisation from
boiling water. The filtrate from the nitraniline may be concentrated on the water-bath and a further small quantity obtained.
Yield, about 15 grams.
J'ro/u'r/it's.—YcWinr needles; m. p. 114° ; b. p. 285°. With
tin and hydrochloric acid it is reduced to ///-phenylenediamine,
m-Phenylenediamine. Dissolve 30 grams stannous chloride
(SnCl., + 2lIaO)in 50 c.c. cone, hydrochloric acid in a round flask
(}, litre) and gradually add 5 grams ///-nitraniline. The mixture
is heated on the water-hath until no precipitate is formed, on
adding water (\ hour). The liquid is diluted with 500 c.c.
water, hcited nearly to boiling and a current of hydrogen
sulphide passed in until all the tin is precipitated as sulphide
(A 4 hour). With this object a small quantity should be
filtered and tested from time to time by passing in hydrogen
sulphide. The precipitate is left overnight to subside, the clear
liquid decanted and the residue filtered at the pump through a

156

PRACTICAL ORGANIC CHEMISTRY

double-filter. The clear filtrate is concentrated on the w a t e r bath until crystallisation commences and allowed to cool.
The crystals of the hydrochloride of phenylenediamine separate
and are filtered, A further quantity may be obtained by concentrating the mother-liquors. Yield 6*5 grams.

Reaction.—Dissolve a few crystals in water, acidify with
dilute hydrochloric acid, and add a drop of sodium nitrite solution. A deep brown solution (Bismarck brown) is obtained.
See Appe?idix, p. 279,
PREPARATION 59,

Dimethylaniline, C0HflN(CH3)a
Poirrier, Chappat,./tf/jm&, 1866,^903.
20 grms. aniline hydrochloride.
15 „ aniline.
22 „ methyl alcohol.
The aniline hydrochloride is prepared by gradually adding"
cone, hydrochloric acid to aniline (20 grams in a b e a k e r )
until a drop brought on to a piece of filter paper, stained with
methyl violet, turns it green. The liquid is quickly cooled a n d
stirred so as to produce small crystals. It is then filtered, well
pressed and dried on a porous plate. The dry hydrochloride is
brought into a thick-walled tube closed at one end, and. t h e
mixture of aniline and methyl alcohol added. The tube is t h e n
sealed in the ordinary way and heated in the tube f u r n a c e
gradually to 1500 during two hours, and then to 180—200° for
six: hours more. The contents of the tube divide into t w o
layers, the lower one consisting of the hydrochloride of" t h e
base and water, and the upper one of the free bases. The w h o l e
of the contents are poured out into a large separating f u n n e l ,
and caustic soda added in excess. The addition of a little e t h e r
causes the bases to separate out more readily. The top l a y e r
is removed, and the lower aqueous portion is shaken up t w i c e :

P-N1TR()S(JI)IMKTI1YLANILINK
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v

itl
r n 1 * quantities of ether. The ethereal solution is deS
hy i*-^ ^ c l over solid caustic potash, the liquid filtered and the
1
^ ^ e iTiovcd on the water-bath. The residue is now boiled
^ ^ c- <_>riuns acetic anhydride, using an upright condenser, for
, ~~ Y in- t n c same flask, the side limb of which is stoppered.
i
j ^ t o i i t s are then distilled. Unchanged acetic anhydride
- - o ^ r ° l ilt 13°"~I5°J '•> t n e thermometer then rises, and the
poj-j.a l^oiling at 190 ~200" is collected separately. When the
^ t v h e r tcnip^nilurc is reached, it is advisable to keep only the
l i r t i r of the condenser filled with water. The distillate
o ^
toi'iS-i"!"11 Jim ^ cr colour. Yield, 20 grams. The residue in
la
consists of acetanilide and methylacetanilide and
^ o n cooling.

f*^'- Colourless liquid ; b. p. 192' ; sp.gr 0*957 at 20°.
'—Warm, with an equal volume of methyl iodide ; the
quaternary ammonium iodide will be formed,
p. 279.
PKKl'ARATION 60.
rj-Nitrosodimethylaniline,
QII,' :

,O
N-

or

QM,;
'NO

4

B a e y c r , C.'aro, />V/\, 1874, 7, 8JO and 963 ; Meldola, Trans.
C/i<jsst. ^SV£-., icS81, 39, 37.
3 0 grms. dimt'thylaniline.
5 2 „ (45 c.c.) cone, hydrocliloric acid diluted with
loo c.c. of water.
I 2 „ sodium nitrite (in 20 c.c. of water.)
T h e cli iiiclhylaniline is dissolved in the dilute hydrochloric
a c i d i r i <x l-)<jaker and cooled in a freezing mixture. The sodium
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nitrite, dissolved in a small quantity of water, is then slowly
added with frequent stirring. The separation of the h y d r o chloride of nitrosodimethylaniline in the form of small yellow
needles soon begins, and the liquid is gradually filled with a
thick crystalline deposit. When, after standing for a short t i m e
(half an hour), no further increase in the quantity of crystals is
observed, the mass is filtered at the pump and washed w i t h
spirit, to which one or two c.c. of concentrated hydrochloric
acid has been added. It is then washed once or twice w i t h
spirit, drained and pressed on a porous plate. Yield, n e a r l y
theoretical. It may be recrystallised by adding small quantities
of hot water, until the salt is just dissolved, and then setting*
aside to cool. If the free base is to be prepared, recrystallisation is unnecessary. Ten grams of the hydrochloride are m i x e d
into a paste with water in a flask, and caustic soda solution a d d e d
in the cold until alkaline. The yellow colour of the salt changes
to green of the free base. Sufficient ether is added to dissolve
the green precipitate. The ethereal solution is carefully
separated by means of a separating-funnel and most of the e t h e r
is then removed by distillation. The remaining liquid is p o u r e d
out into a beaker and set aside to crystallise. The base r e m a i n s
on evaporation of the ether in the form of brilliant green foliated
crystals.
CGH5N(CH3)2HC1+HN02-(NO)C0H4N(CH3).,HC1 + H 1 >0
Properties.—Large green foliated crystals ; m. p. 85".
Reactions.-—1. Dissolve a few crystals in dilute hydrochloric
acid and add a little zinc dust. The solution is decolourised
through the formation of dimethyl ^-phenylenediamine,
2. Warm a few of the crystals with yellow ammonium sul p h i d c
solution for a few minutes, acidify with hydrochloric acid, a n d
finally add a little ferric chloride. A deep blue colouration- is
produced, due to the formation of methylene blue.
3. Dissolve 6 grams of caustic soda in 250 c.c. of water a m i
heat to boiling. Add 5 grams of the hydrochloride of n i t r o s o dimethylaniline gradually. The free base, which separates o u t in
oily drops, is allowed to dissolve before each fresh addition*
The
boiling is continued until the dark green colour of the l i q u i d

changes to reddish-yellow. Dimelhylamine is evolved and is
easily recognised by its smell. After cooling, acidify the liquid
in the flask and extract with ether. On distilling off the ether,
nitrosophcnol (quinoneoximc) remains in the form of darkcoloured crystals, which are difficult to purify.

The presence of a nitroso-compound may be detected as
follows : Melt together a minute quantity of nitrosophcnol and a
few crystals of phenol. Add about 2 c.c. concentrated sulphuric
acid and warm very gently. A blue solution is obtained, which
changes to red on dilution with water, and back to blue on
adding alkali (Licbermann's "nitroso" reaction ; see Reaction,
p. 180). Sec Appendix, p. 280.
l'KKl'AKATION 6l.
Thiocarbanilide(Diphenylthiourea), Cs/^jSS r t 5 r >
Hofmnnn, Annalcn^ 1849, 70, 14^,
30 grms. aniline.
50 „ carbon bisulphide*
30 „ absolute alcohol.
The aniline, carbon bisulphide,1 and alcohol are poured into a
round flask (\ litre), and heated for a day (8 hours) on the waterbath with upright condenser. As hydrogen sulphide is evolved
the operation must either be conducted in the fume cupboard or
an exit lube must be attached to the top of the condenser tube
clipping into soda-lime. The contents of the flask solidify after
a time. When the reaction is complete, the condenser is reversed,
and excess of carbon bisulphide and alcohol distilled off on the
water-bath. The residue is washed on to a. filter with very dilute
hydrochloric acid, to remove any unchanged aniline, and then
with water. The crystals are dried on a porous plate, and a portion crystallised from spirit. Yield 30••- 35 grams.
2C0I I.vN H2 + CS2 - CS(N 11 C,.Mf,)2+ H2S
1 Carbon bisulphide being very volatile: and (exceedingly inflammable, great care
mast be taken when usinjj it in the neighbourhood of n. flame.
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Properties.— Colourless rhombic plates ; m.p. 151° ; scarcely
soluble in water, easily soluble in alcohol or ether.
Phenyl Thiocarbimide (Phenyl Mustard Oil), C 0 H g N:CS
The thiocarbanilide is boiled with two to three times t h e
weight of concentrated hydrochloric acid in a flask with. <m
upright condenser for half an hour. It is decomposed i n t o
triphenylguanidine, which remains as the hydrochloridc in s o l u tion (it is subsequently separated) and phenyl mustard oil, wlnich
separates out as a brown oil. On distilling the product in
steam, the phenyl mustard oil is carried over into the receiver.
It is separated by shaking out with ether, and removing" t h e
ethereal layer with a tap-funnel. It is dehydrated o v e r
calcium chloride, and decanted into a small distilling fla.sk.
The ether is removed on the water-bath and the mustard oil
distilled, with the thermometer, using a short condenser tul:>e.
Yield, 9—10 grams.
Properties.—Colourless oil with a peculiar smell; b. p. 2 2 0 ° ;
sp.gr. 1-135 at 150.
Reactions.— 1. Heat gently for a few minutes 0*5 c.c. p h e n y l
mustard oil, 0*5 c.c. alcohol and ij c.c. concentrated ammoniiu
On cooling, thiocarbanilamide, NH2.CS.NH.C(jH5, crystallises in
needles.
2. Heat gently 0*5 c.c. phenyl mustard oil, and 0*5 c.c. a n i l i n e ;
on cooling and rubbing with a glass rod, thiocarbaniiicle
crystallises.
3. Heat on the water-bath in a small flask with upright c o n denser 3 grams of phenyl mustard oil and 10 c.c. absolute a l c o h o l
for 3 hours, and pour into cold water. Phenylthiourethrme,
CtjM5NH.CS.OC.2H5, separates out and may be recrystallisecl
from alcohol. Yield, 2^ grams ; m. p. 670.
4. Heat a few drops of the mustard oil with yellow m e r c u r i c
oxide and notice the irritating smell of phenyl carbimide.
CGH5N :CS + HgO = C0H5N :CO + HgS
Triphenylguanidina—In order to separate the t r i p h e n y l guanidine remaining in the flask as hydrochlorideafter distilling
off the phenyl mustard oil, the hot solution must be s o m e w h a t
concentrated. The colourless salt, which crystallises out on c o o l -

DIAZOBENZENE SULPHATE

l6r

ing, is filtered and washed with a little water. It is then'warmed
gently for a few minutes with dilute caustic soda solution. The
base is liberated, filtered, washed with water and recrystallised
from spirit.
ti6

:NCtfHfi
Thiueaibanilide.
Phenyl Mustard Triphttnylguanidine
Oil.
Hytlroehloride.
Properties.—Colourless needles ; m. p. 1430.
Reaction. ~Bo\\ for a short time with moderately strong*
caustic soda solution. Aniline is formed.
See Appendix, p. 28 r.
PRKPARAT JN 62.

Diazobenzene Sulphate, C(;H,:N.SO.H
III
N
Griess, Annalen, 1866, 137, 76 ; Knocvcnagel, Ber., 1895, 28,
2049.
15 grms. aniline.
140 „ (175 c.c.) absolute alcohol.1
30 „ (16 c.c.) cone, sulphuric acid.
20 „ amyl nitrite.
Mix the aniline and alcohol and add the concentrated
sulphuric acid in a slow stream with constant shaking. The
precipitate of aniline sulphate, which first appears, redissolves.
Cool the mixture to 30" and keep at 30—350 (thermometer in
the liquid) and out of direct sunlight whilst the amyl nitrite is
dropped in from a tap-funnel. Then cool in ice water and
leave for half an hour. The diazobenzene sulphate separates as
a colourless or pale green mass of needle-shaped crystals.'" It
is filtered at the pump and washed with a little alcohol.
Although diazobenzene sulphate is much more stable than the
1 Neither methylated spirit nor methyl alcohol can be substituted.
COHKN'S ADV. P. O. C.
M
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nitrate, it is undesirable to let the precipitate become quite d r y .
The various reactions described below are carried out with.
the slightly moist and well pressed precipitate.

Properties.—Colourless needles; soluble in water a n d
methyl alcohol ; slightly soluble in ethyl alcohol.
Reactions.—The following reactions are performed in t e s t tubes with about a gram of the substance.
1. Warm the substance with a few c.c. of ethyl alcohol.
Vigorous effervescence occurs and the liquid turns red. W l i e n
effervescence ceases, add water. An oil separates out on t h e
surface consisting of benzene mixed with a little phenetol.
CGH,NoSO4H + C2H6O = CGHG + N2 + C2H4O + H9SO4
CGH5N2SO4H + C2HGO==CGH5OC2H5 + N2 + H2SO4.
2. Dissolve about a gram of the substance in a little w a t e r ,
cool in ice and make alkaline with caustic soda. Make a n
alkaline solution of stannous hydrate by dissolving 3—4 g r a m s
of stannous chloride in twice its weight of water and adding*
strong caustic soda solution until the precipitate redissolves.
Cool the diazo solution and add the alkaline stannous hydra.te.
Effervescence occurs, nitrogen is liberated and benzene separates
on the surface of the liquid and can be detected by its smell.
C6H5N2. ONa + Sn(ONa)2 + H3O = C6IIG + N2 + Na2Sn0:{ + NaO 11 3. Dissolve the substance in a few c.c. of cold water and nxld
a solution of bromine in potassium bromide until no f u r t h e r
turbidity is produced. A black oil collects at the bottom of t h e
test-tube. Pour off the top layer as far as possible, and let t h e
oil stand in cold water. It .solidifies. This is the perbromide of
diazobenzene.
CGH5N2SO4H + KBr + Br2==CcH5NBrNBr2 + KHSO*.
Decant any liquid and warm the perbromide with a little alcohol.
Nitrggen and bromine are given off and bromobenzene is
formed.
CGH5NBrNBr2 = CGH5Br + N2 + Br2.
4. Dissolve the substance in a little cold water and a d d
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potassium iodide solution. Effervescence occurs and a dark
coloured liquid separates out. This is iodobenzene.
C(inQN2SO4H + KI = COHCI + N2 + KHSO4.
5. Dissolve the substance in water and warm gently. Effervescence occurs and a dark coloured oil separates, which has the
smell of phenol. When effervescence ceases, cool and shake
up with a little ether. Decant the ether into a dry test-tube.
Evaporate the ether and test the residue for phenol, see p. 179.
QjlIfiNoSCH + ihO = C0H5OH + H2SO4 + N2.
6. Dissolve the substance in cold water and add it to a
solution of phenol in caustic soda, drop by drop. An orange
crystalline precipitate of hydroxyazobenzene is formed. Repeat,
using /3-naphthol in place of phenol. A scarlet precipitate is
obtained.
G.HfiN.jSO.jH + C,,HfiONa = C0H.-N:N.C0H4QNa + Na.,SO4
+ 2NaOH
'
+2H 2 O.
7. Dissolve in cold water and add a few drops of aniline,
and shake up. Diazoaminobenzene separates out as a yellow
crystalline precipitate.
C(iH5N,SO4H + CcHflNH3 = C0HfiN:N.NHCaH5 + H2SO4.
8. Heat o' 5 gram of the dry substance on an iron tray. It
decomposes with slight explosion.
Any of the diazo-compound which remains over should be
dissolved in water and poured away. See Appendix, p. 282.
PREPARATION 63.

Toluene from p-Toluidine, QH-.CH*
Kricdliindcr, Bcr., 1889, 22, 587.
10 grms. /S-loluidinc.
30 c.c. cone, hydrochloric acid (in 60 c.c. water).
7*5 „ sodium nitrite (in powder).
15 „ of caustic soda (in 50 c.c. water).
30 „ stannous chloride (in 75 c.c. water).
The /Moluidinc, which is placed in a beaker, is dissolved in
the hydrochloric acid by warming and is then cooled under the
M2
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tap, so as to obtain small crystals of the hydrochloride. T h e
beaker is placed in a freezing mixture and the contents cooled
below io°. The sodium nitrite is added in small portions a t a
time with stirring, the temperature being kept below io°. T h e
hydrochloride gradually dissolves in the form of the soluble
diazonium salt. Towards the end of the operation a drop of t h e
solution is occasionally tested with potassium iodide and starch
paper when an excess of nitrite is indicated by a blue stain.
The solution is poured very slowly into the solution of caustic
soda previously cooled in ice, so that the temperature does not
rise above io°.
CH3.C6H4N2C1 + 2NaOH = CH3.C6H4N2ONa + NaCl + H 2 O.
Meantime the stannous chloride solution is converted into sodium
stannite by adding a 50 per cent, solution of caustic soda u n t i l
the precipitate of the hydrate nearly redissolves (about 30grams
of caustic soda). The liquid is placed in a round flask (500 c.c.)
attached to a condenser and cooledVin ice. The alkaline diazo
solution is poured through the top of the condenser in s m a l l
quantities at a time. After each addition there is a vigorous
effervescence and evolution of nitrogen,and a brown oil separates
which consists of impure toluene.
CH3CaH4NoONa + Sn(ONa)2 + 11,0 = CH3.CGH5 + No + Na*Sn0.8
+ NaOH.
When the solution has all been added the toluene is distilled off
in steam, separated from the water, and dehydrated over calcium
chloride. It distils at no°. Yield 5—6 grams. See
p. 284.
PREPARATION 64.

p-Cresol, C G H 4 g ^
Griess, Annalen, 1S66, 137, 39; Ihle, / . praki, Chem.y 1876,
25 grins./-toluidine.
25 „ cone, sulphuric acid (in 750 c.c. water).
20 „ sodium nitrite (in 40 c.c. water).
Mix the dilute sulphuric acid and toluidine in a large r o u n d
flask (ii litre) and cool to the ordinary temperature. The n i t r i t e

p-CIILOROTOLUENE

l65

solution is gradually added. The clear solution is then gently
warmed on the water-bath until the evolution of nitrogen ceases
The solution, which has become very dark coloured, is distilled
in steam until the distillate produces only a slight precipitate
with bromine water (500 c.c.)- A small quantity of tarry residue
remains. The distillate is then extracted three times with small
quantities (50 c.c.) of ether. The ethereal solution is dehydrated
over anhydrous sodium sulphate, filtered, and the ether removed
on the water-bath. Thc/-crcsol is then distilled over the flame
with a condenser tube, and collected at 195—200°. The distillate, which has a yellow colour, solidifies on cooling. Yield 10
— 15 grains.
(CH3.C(JH.1NII1i)2lI2S().,H-2N.'iNO2===2Cl-I;..C0H.l.OH
-h2N.H-Na,,S(>., + 2lI,6.
Properties. - Colourless crystals ; in. p. 36° ; b. p. 202°.
Reactions.—Make a solution of /-cresol by shaking up a
few drops with 5 c.c. of water. To one portion add a few drops
of bromine water. A white precipitate of tetrabromocrcsol
is formed. To another portion add a drop of ferric chloride.
A blue colouration is produced. See Appendix^ p. 284.
PREPARATION

p-Chlorotoluene,

65.

CJl/^

3

l

Sandmcyer, ficr., 1884, 17, 2651 ; Wynne, Trans. Chan. Soc,
1892, 61, 1072.
50 grms. /-toluidinc.
120 c.c. cone, hydrochloric acid (in 80 c.c. water).
40 grms. sodium nitrite (coarsely powdered).
30 „ copper carbonate to be dissolved in 300 c.c. cone.
hydrochloric acid
Dissolve the /-toluidine in the hydrochloric acid and then
cool quickly in a beaker, and stir so as to obtain small crystals.
Place the beaker in ice and salt and, whilst it is cooling,
prepare a solution of cuprous chloride. Dissolve the copper
carbonate in the hydrochloric acid, and boil with excess of
copper turnings until a nearly colourless solution is obtained.
The solution is decanted into a large round flask (2 litres)
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which is loosely corked, and placed in ice.
Whilst tliis
solution is cooling to o° the diazotoluene chloride is p r e p a r e d
by adding the powdered sodium nitrite gradually to t r i e J>~
toluidine hydrochloride and stirring. The temperature s h o u l d
not rise above io°. When three-quarters of the nitrite has b e e n
added, test occasionally with potassium iodide-starch paper u n t i l
a drop gives an immediate deep blue or dark brown colouration.
Add this solution gradually in portions of about 20 c.c. at a. t i m e
to the cold solution of the cuprous chloride, and shake u p xvell
after each addition. A thick crystalline mass of orange c o l o u r e d
needles, consisting probably of the diazo-copper salt s e p a r a t e s ,
and, on standing, decomposes slowly, forming a dark-coloured
liquid. After standing a short time, the liquid is distilled in s t e a m .
The distillate is shaken up with a little caustic soda to r e m o v e
cresol, and the chlorotoluene, which sinks to the b o t t o m , is
separated. The liquid is further shaken out with a little c h l o r o form, which is then added to the chlorotoluene, and the w h o l e
dehydrated with calcium chloride. The liquid is decanted, t h e
chloroform distilled off and the residue collected at 115
165 0 .
Yield, about 45 grams.
2O.
CH3CCH4N2C1 = CH3CGH4C1 + N J
Properties.—Colourless liquid ; b. p. 1620 ; m. p. 7*4
Reactiojis.—Chlorobenzoic Acid.—Boil 10 grams ^ toluene with 20 grams permanganate dissolved in 500 c.c. of w a t e r
in a brine or calcium chloride bath, with upright condenser, f o r a
day. The bath should keep the contents of the flask ooilinjL**
briskly whilst the permanganate is gradually added. T r i e oilydrops of chlorotoluene will gradually cease to drip from t r i e c o n denser and the permanganate will be nearly decolourised.
The precipitated manganese dioxide is now dissolved a s sulphate by passing in sulphur dioxide gas until the last t r a c e of
brown precipitate has disappeared. The colourless c l x l o r o benzoic acid comes down in the acid solution on cooling*, a n d
is filtered, washed with water, and recrystallised from sjpirit ;
m. p. 2360. The yield is theoretical.
CH3.C6H4C1 +
See Appe?idix, p. 284.

p-BROMOTOLUENE
PREPARATION
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66.

/CH 3
1
p-Bromotoluene, CGU/X
Br
4
Sandmcycr, Bcr., 1884,17,2651 ; Gattermann, Ber., 1890,23,
1218.
50 grms. j
100 c.c. cone, hydrochloric acid (in 60 c.c. water).
35 grins, sodium nitrite (in powder).
90 „ crystallised copper sulphate (in 300 c.c.water).
45 „ potassium bromide (in 100 c.c. water).
150 c.c. hydrobromic acid (sp.gr. 1-49 = 47 per cent. HBr).
The ^-toluidinc is diazotiscd as described in the previous experiment (Prep. 65) by forming1 the hydrochloride, cooling and
gradually adding the sodium nitrite. The solution of the
diazonium chloride is then poured into cuprous bromide dissolved in hydrobromic acid. The cuprous bromide is prepared
by adding the potassium bromide solution to the copper sulphate
solution and passing' in sulphur dioxide until no more precipitate
forms-. The white cuprous bromide (about 35 grams) is filtered,
washed, and well pressed on the funnel and introduced into a
round flask (1 h litre). It is dissolved in 150 c.c. hydrobromic acid
and well cooled in ice. The diazonium chloride is now added
slowly with constant shaking. A thick pasty mass separates and
nitrogen is evolved. When the evolution of gas has slackened
the flask is heated on the water-bath until effervescence ceases
and the bromotoluenc is then distilled in steam. The heavy
yellow liquid is extracted with chloroform, shaken with caustic
soda solution to remove traces of cresol, dehydrated over calcium
chloride, and distilled. The distillate is collected at 180—1900
On cooling, it solidifies to a pale yellow mass, m. p. 280; b. p.
1850. Yield, 35 grams.
CM:,.C,.M4N:,CH-CuBr=CH3.C0H4Br + CiiCl + N2.
Gattermann's Method.—According to this method the
diazonium bromide is first prepared and then decomposed by
finely divided metallic copper. The 50 grams /-toluidine is
dissolved in 200 c.c. hydrobromic acid previously diluted with
100 c.c. water and diazotiscd in the usual way. To this solution
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the copper powder is gradually added. It is prepared by dissolving ioo grams crystallised copper sulphate in 300 c.c. water
and dusting in through a fine muslin bag 25 grams zinc dust with
constant stirring. It is left until the blue colour of the copper
salt has nearly disappeared. The precipitated powder is washed
by decantation two or three times with cold water and then with
very dilute hydrochloric acid to remove metallic zinc and
finally filtered and washed at the pump. The pasty mass is not
allowed to dry, but is added at once in small quantities to the
diazonium solution with constant stirring. After the evolution
of nitrogen has ceased the bromotoluene is distilled in steam
and purified as described above. See Appendix^ p. 284.
PREPARATION 67.

p-Iodotoluene.
Griess, An?mle?i, 1866, 137, 76.
25 grms. ^-toluidine.
50 „ (27 c.c.) cone, sulphuric acid (in 250 c.c. water).
20 j, sodium nitrite (in 40 c.c. water).
60 „ potassium iodide (in 100 c.c. water).
Mix the dilute sulphuric acid and /-toluidine in a large
beaker (j litre) and cool to o° in a freezing mixture.
Stir,
whilst cooling, to produce small crystals of the sulphate. A d d
the solution of sodium nitrite slowly, and if the temperature
rises above io°, add a few lumps of ice. When three-quarters
of the nitrite solution has been added, test occasionally with
potassium iodide-starch paper until a blue or brown stain is
produced. Now add the solution of potassium iodide gradually,
and, after well stirring, leave the mixture at the ordinary temperature for an hour, and then warm cautiously on the water-bath
until effervescence ceases. The liquid is dark coloured, a n d a
black oil settles to the bottom of the vessel, which when cold
solidifies. The oil consists of iodotoluene, and the dark colour of
the solution is due to free iodine, which may be removed by the
addition of a gram or two of sodium- bisulphite. The mixture
is now distilled in steam, using a beaker as receiver. Care must
be taken to prevent the condenser tube becoming blocked by the
iodotoluene, which is solid at the ordinary temperature. This is
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effected by running the water very slowly through the condenser
so that the upper part remains warm. The iodotoluene solidifies
in the receiver. It has a yellow tint, which may be removed by
recrystallisation from spirit. Yield, 45—50 grams.
4
NaHSO4+HoO.
CH3.C(5H,No.SO,H + KI = CH,.CfiH4I + N2+ KHSO4.
Properties.—Colourless plates ; m. p. 350 ; b. p. 211—2120.
1. Tolyliodochloride.—Dissolve ro grams iodotoluene in
five times its weight of chloroform, cool in ice, and pass in dry
chlorine until saturated. If a chlorine cylinder is not available,
the chlorine is conveniently made by dropping concentrated
hydrochloric acid from a tap-funnel on to powdered potassium
bichromate or permanganate in a round flask, heated on the
water-bath. The chlorine is dried through concentrated
sulphuric acid. When chlorine is no longer absorbed, the
yellow needle-shaped crystals of the iodochloride are filtered,
washed with a little chloroform, and dried on a porous plate.
CHa.C0H4I +C13= CH;l. CaH4ICl2.
2. Iodosotoluene.—Dissolve 2-5 grams caustic soda in 20
c.c. water, and grind with 5 grams of iodochloride in a mortar.
Leave overnight and then filter and wash with water. The
colourless crystals of the iodoso-compoundarc dried on a porous
plate.
See Appendix, p. 285.
PREPARATION 68.
/CH, 1
p-Tolylcyanide, C(JI I ,<X^
CN 4
Sandmeyc-r, />V;\, 1884, 17, 2653.
20 grms. /-toluidinc.
45 c.c. cone, hydrochloric acid (in 150 c.c. water).
16 grms. sodium nitrite (in 40 c.c. water).
50 „ copper sulphate (in 200 c.c. water).
55 „ potassium cyanide (in 100 c.c. water).
The copper sulphate is dissolved in 200. c.c. water on the
water-bath in a round flask (2 litres). Pure potassium cyanide
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is gradually added to the warm solution.* The cuprous c y a n i d e
dissolves in excess of the potassium cyanide and cyanogen g"as
is liberated. 2CuSO4 + 4KCN = 2CuCN + 2K2SO4 + ( C N ) 2 The solution is left, whilst the /-toluidine is diazotised.
The base is dissolved in the dilute hydrochloric acid, c o o l e d in
ice, and well stirred. The mixture is kept cold whilst the s o d i u m
nitrite solution is gradually added, until it gives an i m m e d i a t e
colouration with potassium iodide-starch paper. The cliazosolution is then added in portions of about 10 c.c. a t a
time to the warm cuprous cyanide solution, with freqi-ient
shaking. A rapid effervescence occurs, nitrogen and s o m e
hydrocyanic acid being evolved. When, in the course of a t o o u t
fifteen minutes, the diazo-solution has been added, it i s left
on the water-bath until effervescence ceases (J hour).
The.
liquid turns a dark colour, and a black tarry d e p o s i t is
formed. The product is distilled in steam. This s h o u l d b e
carried out in the fume cupboard, as not only is h y d r o c y a n i c
acid liberated, but a small quantity of isocyanide, which is f o r m e d
inthe reaction, and produces an intolerable smell. The d i s t i l l a t i o n
is continued until no more yellow oil passes over. T h e t o l y l
cyanide solidifies in the receiver on cooling as a yellow c r y s t a l line mass, which is filtered, dried on a porous plate, and m a y b e
purified by distillation ; but for the preparation of toluic a c i d
this is unnecessary. Yield about 15 grams.
CH3.C0H4NHo.HCl+ NaNOo+ HC1 = CH3.CGH4N2C1 Hh

Properties. —Colourless crystals ; m. p. 290; b. p. 218°.
Reaction.—p-Toluic Acid.—Boil up 10 grams tolylcyaraide
with a mixture of 30 c.c. cone, sulphuric acid and 20 c.c. w a t e r , i n a
round flask with upright condenser until colourless c r y s t a l s of
toluic acid appear in the condenser tube (about half an h o u r ) . O n
cooling, the acid crystallises out, and is separated by f i l t r a t i o n ,
washed with water, and recrystallised from hot water ; m. p . I 79°.
CH3.CGH4.CN 4- 2H0O + H9SO4 = CH3.C6H4.CO.OP-I
+ NH4.H.SO4.
The yield is nearly theoretical.

DIAZOAMINOBENZENE
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Terephthalic Acid.—Dissolve 5 grams/-toluic acid in dilute
caustic soda solution and boil with reflux condenser, adding 12
grams of permanganate in 250 c.c. water gradually from a tap
funnel inserted through the top of the condenser. When the red
colour of the permanganate persists after continued boiling the
solution is treated with sulphur dioxide (see p. 166), which dissolves
the manganese dioxide and precipitates the terephthalic acid as
a white amorphous powder. The latter is filtered, washed, and
dried. It sublimes without melting at 300" and is insoluble in
water and alcohol. The yield is nearly theoretical.
NaOOC.C(;H.1.COONa-t- 2KOH + MnO2 -f 2H0O.
PREPARATION 69.

Diazoaminobenzene, C0Hr,N:N.NH.CGH5.
Gricss, Annalai, 1866, 137, 58 ; Staedel, Bauer, Ber., 1886, 19,
1952.
20 grms. aniline.
6 „ cone, sulphuric acid.
600 „ water.
7*4 „ sodium nitrite.
The acid is poured into the water contained in a large beaker
(1 litre) and the aniline then added. About half the aniline
dissolves as sulphate. The liquid is warmed in the water-bath to
27Jand the sodium nitrite, dissolved in a small quantity of water,
is slowly added and the whole well stirred. The temperature
is maintained at 27—30° for a quarter of an hour. As soon as
the sodium nitrite is added the liquid turns yellow and rapidly
becomes turbid from the formation of diazoaminobenzene,
which separates out in yellowish brown crystalline crusts. The
solution is now allowed to stand at the ordinary temperature
for half an hour, when nearly the whole of the diazoaminobenzene crystallises out. It is filtered, washed with cold water,
pressed well on the filter, and dried on a porous plate or a pad
of filter paper. It forms a brown sandy powder and may be
purified by recrystallisation from benzene or alcohol. In
crystallising, it is necessary to bring the substance into solution
as quickly as possible. Boiling spirit (about three times the
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weight of substance) should be added and the liquid heated for
a moment until a clear solution is obtained and then allowed to
cool. On prolonged boiling it decomposes. For the preparation
of aminoazobenzene the dry powder is sufficiently pure. Yield,
nearly theoretical.
2NaNO2 + 2H2SO4 =
2C0H5N2.SO4H + Na2SO4 + 4H0O.
CGH5N2.SO4H + CGH5NH, = C6H5N:N.NHCCH5 + H,SO 4 .
N.B.—The sulphuric acid, set free in the second phase of the reaction,
acts upon the sodium nitrite, so that one molecule only is required.
Properties.—Golden yellow plates (from alcohol) m. p. 98° ;
insoluble in water; it explodes when heated above its melting 1
point.
Reaction.—Dissolve a little of the substance in alcohol a n d
add a drop or two of an alcoholic solution of silver nitrate. A
red crystalline precipitate of C6H6N:N.NAg.CcH5 is deposited.
See Appendix, p. 285.
PREPARATION 70.

Aminoazobenzene (Aniline yellow), C6H5N:NC0H4NI-l2Mbne,/a/iresd., 1861, 496; Kekule', Zeitsch.f. CA., 1866, 2, 6 8 9 ;
Staedel, Bauer, Ber., 1886, 19, 1953.
10 grms. diazoaminobenzene.
25 „ aniline.
5 „ aniline hydrochloride.
The finely powdered diazoaminobenzene, aniline h y d r o chloride (see p. 156), and aniline are mixed together and h e a t e d
to 400 for an hour. The mixture forms a clear, deep red solution.
After standing for 24 hours at the ordinary temperature, t l i e
diazoaminobenzene is converted into aminoazobenzene. A.
slight excess of moderately strong hydrochloric acid is a d d e d ,
care being taken that no great evolution of heat occurs. O n
cooling, the aminoazobenzene separates out together w i t h
aniline hydrochloride. It is filtered and washed with cold, verydilute hydrochloric acid, when small violet crystals of aminoazobenzene hydrochloride remain on the filter. In order to o b t a i n
the free base, the hydrochloride is warmed with dilute ammonia.
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The base, which has a brown colour, is filtered and dissolved
in hot spirit, with the addition of a few drops of concentrated
ammonia. Yield, about 8 grams.
C,H5N:N.NHCCH5 + H.COH4NH<,HC1 =
CGH5N:N.Cf)H4.NH2 + CCH5NH2.HC1.
Properties.—Orange prisms ; m. p. 1270.
Reactio7i.—Make a solution of 4 grams stannous chloride in
10 c.c. cone, hydrochloric acid, add 2 grams aminoazobenzene,
and boil for a few minutes. On cooling crystals of the hydrochlorides of aniline and ^-phenylenediamine separate out.
The liquid is filtered and washed with a little cone, hydrochloric acid to remove the tin salts. If the precipitate is
dissolved in water and made alkaline with caustic soda, a
mixture of liquid aniline and solid j^-phenylenediamine is precipitated, from which the former may be removed by filtering,
washing, and draining on a porous plate.
CGH5N:N.C0H4NHo +"2SnO> + 4HC1 =
CGH5NH2 + H2N.CCH4.NH2 + 2SnCl4.
^-Phenylenediamine, when warmed with dilute sulphuric acid
and potassium bichromate or lead peroxide, gives the odour of
quinone (p.* 192). After warming and cooling, extract with ether.
The ethereal solution has a yellow colour. Decant the ether
extract on to a watch-glass and leave it to evaporate in the air.
A deposit of microscopic yellow crystals remains. See Appendix, p. 286.
PREPARATION

71.

Phenylhydrazine, CGH5NH.NH2
E. Fischer, Annalen, 1878, 190, 167 ; Meyer, Lecco, Ber.,
1883, 16, 2976 ; Meyer and Jacobson, Lchrlmch, 2, 305.
20 grms. aniline.
200 „ (170 c.c.) cone, hydrochloric acid.
20 „ sodium nitrite (in 100 c.c. water).
120 „ crystallised stannous chloride (in 100 c.c.
cone, hydrochloric acid). .
The aniline is dissolved in the concentrated hydrochloric
acid and cooled to o° in a freezing mixture. The solution of
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sodium nitrite is gradually added, the temperature being kept
below ioc, until a drop of the mixture, diluted with water, turns
potassium iodide-starch paper blue. To the mixture, still cooled
in ice, 120 grams stannous chloride, dissolved in about an
equal weight of cone, hydrochloric acid, is added. A thick
white crystalline precipitate of phenylhydrazine hydrochloride
separates. It is allowed to stand for half an hour and filtered at
the pump ; it is then separated as far as possible from the mother
liquor, and transferred to a flask. The free base is obtained bydecomposing the hydrochloride with caustic soda. An excess
of caustic soda is added, and the mixture well shaken. The
free base, which separates as a reddish coloured oil, is extracted
with ether, and the ethereal solution dehydrated over solid
potassium carbonate. The ether is then removed on the waterbath, and the residual oil either used without further purification
or distilled in vacuo. Yield, 15 —20 grams.
C0H5N H2. H Cl + NaN 0 2 + H Cl = CGH5N,. Cl +
3O.
Propei-ties.—Nearly .colourless oil when freshly distilled ;
b. p. 241—2420 ; m. p. 17*5° ; sp. gr. 1*097 at 230.
Reactions.— 1. Add a few drops of phenylhydrazine to 2 c.c.
of water, then a drop or two of copper sulphate solution and
excess of caustic soda. Cuprous oxide is precipitated with
effervescence and benzene separates, CGH5NH.NH2-f 2C11O -~
CcHc+N2+Cu20 + H20. The same reaction takes place if
the phenylhydrazine is dissolved in dilute acetic acid and copper
sulphate solution added and warmed.
2. Add 2 grams of phenylhydrazine to 4 c.c. water in a boiling"
tube, warm until dissolved, and then add about 3 c.c. of a warm
saturated solution of cupric hydrate dissolved in cone, ammonia.
Nitrogen is evolved and cuprous hydroxide dissolves. Add a 10
per cent, caustic potash solution until there is a slight permanent
precipitate of cuprous hydroxide and heat the liquid in the
water-bath. A copper mirror is .deposited on the surface of the
glass (Chattaway).
3. Add to a few drops of phenylhydrazine an equal quantity
of glacial acetic acid, dilute with a little water, and VLCICL a

SULPHANILIC ACID
drop of benzaldehyde. In a short time the phenylhydrazone of
benzaldehyde will crystallise out
4. Phenylmethylpyrazolone.—Mix together 10 grams dry
phenylhydrazine hydrochloride*ancl 9 grams acetoacetic ester in a
flask (200 ex.), add 3 or 4 drops cone, hydrochloric acid and
warm for 10—15 minutes.- A clear reddish solution is obtained,
which is poured into water and carefully neutralised with caustic
soda. The precipitated-oil solidifies almost immediately and
can be recrystallised from alcohol; m. p. 1270. Yield 8 grams.
+

N!H j

;!
NJH !C6H5

=

CH3.CCHo.CO
i|
i c6H5

4 H 2 O + C 2 H 5 OH.

See also the Reactions on pp. 70, and 135, and Appendix,
p. 287.
PREPARATION 72.
7 NH 2

Sulphanilic Acid, C6H4<;X

1

SO 3 H 4
Gerhardt, Annalen, 1846, 60, 312; Buckton, Hofmann,
Amialen, 1856, 100, 163.
25 grms. aniline.
80 „ cone, sulphuric acid.
The aniline and sulphuric acid are cautiously mixed in a
round flask (250 c.c.) and heated to 180—1900 in an oil or metal
bath for four to five hours until a sample dissolved in water
remains clear on the addition of caustic soda in excess and no
aniline separates. The product is poured into cold water, which
precipitates the sulphanilic acid as a grey crystalline mass. ^ It
is filtered, washed with a little cold water, recrystallised from
hot water with the addition of a little animal charcoal, and dried
in the air. Yield, 25—30 grams.
CGH5NH2 + H2SO4 - NH2.C0H4.SO3H 4- H2O.
Properties.—Colourless rhombic plates, containing 2 mols. of
water of crystallisation, which they lose slowly in the air, and
the crystals fall to powder. See Appefidix, p. 289.
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PREPARATION 73.

Methyl Orange (Helianthin), SO3Na.C0H4N":N.C0H4N(CH3)3
10 grms. sulphanilic acid.
2*5 j, anhydrous sodium carbonate (in 100 c.c. water).
3*5 „ sodium nitrite (in 20 c.c. water).
6 „ cone, hydrochloric acid (in 10 c.c. water).
6 „ dimethylaniline (in 6 c.c. cone. HC1 and 20 c.c.
water).
The sulphanilic acid is dissolved in the sodium carbonate
(h mol.) solution and the sodium nitrite (1 mol.) solution a d d e d .
The mixture is cooled in ice, and the solution of hydrochloric
acid (1 mol.) gradually added. The solution of dimethylaniline
(1 mol.) is now poured in, and the liquid made alkaline w i t h
caustic soda. The separation of methyl orange at once b e g i n s ,
and is assisted by the addition of a little common salt (20 g r a m s ) .
The precipitate is filtered at the pump, and crystallised from
hot water. Yield, nearly theoretical.
S03Na.CGH4NHo + NaNO, + 2HCI = SO3Na.CGH4N.,.Cl -fSO3Na.CflH4No.Cl + CflH5N(CH3)3HCl =
SO3H.CGH4.N2.CGH4N(CH3)2 + NaCl + HC1.
SO3H.CGH4N:N.CGH4N(CH3)9 + NaOH =
SO3Na.CGH4N:N.CGH4N(CH3)2 + H2O.
Properties.—Methyl orange is the sodium salt of the s u l phoaic acid, and dissolves in water with a yellow colour. T h e
frJFacid is red, and its action as an indicator depends u p o n
this change on the addition of mineral acid.
Reaction.—Methyl orange is decomposed, like the majority of
azo-compounds, by stannous chloride in hydrochloric acid i n t o
tjsjo molecules, produced by the addition of hydrogen to t h e
double-linked nitrogen atoms (see p. 173).
HSO3.CGH4N:N.CG-H4N(CH3), + 2SnCU + 4HCI =
HSO3.C6H4NH2 + H2NCCH4N(CH3)2 + 2SnCl4.

POTASSIUM BENZENE SULPHONATE
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Make a solution of 4 grams stannous chloride in 10 c.c. cone,
hydrochloric acid, add 1 gram of methyl orange dissolved in a
few drops of hot water, and boil for a few minutes until the red
colour disappears. On cooling a crystalline precipitate consisting of sulphanilic acid and dimethyl ^-phenylenediamine is
deposited. In order to separate the base, dilute with water, add
caustic soda solution until the precipitate of stannous hydrate
redissolves, shake out the cold solution with ether, and dehydrate over potassium carbonate. On distilling off the ether,
the dimethyl ^-phenylenediamine remains as a crystalline
solid ; m. p. 410. On warming with dilute sulphuric acid and
lead peroxide the odour of quinone is readily perceived
(see p. 192). It also gives the f methylene blue' reaction, like
nitrosodimethylaniline (see p. 158). See Appendix, p. 289.

PREPARATION 74.

Potassium BenzenesuLphonate, CCH5.SO3K + £H2O
Mitscherlich, Pogg. Ami., 1834, 31, 283 and 364; Michael,
Adair, Ber,, 1877, 10, 585.
60 c.c. benzene.
60 „ cone, sulphuric acid.
The benzene and sulphuric acid are heated together on a
sand-bath in a round flask (-^ litre) with upright condenser.
The mixture is kept at a gentle boil with frequent shaking (an
apparatus like that shown in Fig. 78, p. 147, with mechanical
stirrer is preferable) until the top layer of benzene has .been
nearly absorbed by the sulphuric acid (six to eight hours)/' On
cooling, the dark-coloured liquid is poured into cold water
(t litre) contained in a large basin, boiled up and neutralised
with powdered chalk or thick milk of lime. The mass^ is
filtered'hot through a porcelain funnel or cloth from the j|recipitate of calcium sulphate, washed with hot water and
somewhat concentrated. The solution, which contains the
calcium salt of benzene sulphonic acid, is treated with just
sufficient potassium carbonate solution to precipitate the calcium
as carbonate and convert the sulphonic- acid into the potassium
COHEN'S ADV. P. O. C.
N
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salt. This is ascertained by filtering small samples and testing
the filtrate with potassium carbonate. The liquid is again
filtered through cloth or through a porcelain funnel and concentrated first over a ring burner, and finally on the water-bath,
until a sample crystallises on cooling. The potassium salt is
drained at the pump and dried on porous plate. Yield, about
So grams.
CGHG + H2SO4 = CGH5SO3H + H2O.
2CGH5SO3H + CaCO3=(CGH5SO3)2Ca + CO2 + H2O.
Properties.—Colourless pearly plates, which slowly effloresce
in the air and which melt above 3000 with slight decomposition ;
very soluble in water. See Appendix, p. 292.

PREPARATION 75.

Benzenesulphonic Chloride, CCH3SO2C1
Gerhardt, Chiozza, Annalen, 1853. 87, 299.
15 grms. potassium benzene sulphonate.
25 „ phosphorous pentachloride.
The potassium benzenesulphonate is carefully dried on t h e
water-bath, powdered, and mixed with the phosphorus p e n t a chloride in a flask.* A vigorous reaction sets in. When it h a s
abated, the flask is heated on the water-bath for one hour,* 1
and the mass occasionally stirred with a glass rod. T h e p r o duct is poured into a flask containing 200 c.c. cold water a n d
allowed to stand an hour. The sulphonic chloride, which
separates as an oil, is then extracted with ether, dehydrated
over calcium chloride, decanted, and the ether removed 011 t h e
water-bath. Yield, 10 grams of a light brown oil.
C6H5SO3K + PC15 = CGH5SO2C1 + POCI3 + KC1.
Properties.—Colourless oil when pure ; b. p. 246—2470 with.
decomposition ; m. p. 14° ; distils undecomposed in vacno.

PHENOL
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Reaction.—1. Grind up in a mortar 1 c.c. of sulphonic chloride
with 5 grams powdered ammonium carbonate, and leave on the
water-bath until the smell of the sulphonic chloride has gone.
Add water, filter, and wash, and crystallise the residue of
benzene sulphonamide from spirit, CcH5SO.>Cl + 2NH4HCO3 =
CHSONH
HO
CO NHC1
2. Add 1 c.c. of the sulphonic chloride to 2 c.c. aniline, stir
up well, add water, and acidify with a few drops of concentrated
HC1 (methyl violet paper). Filter, wash, and crystallise the
benzenesulphonanilide from spirit, CGH3SO.>Cl + NHoCGH\- «=
CGH5SO2NHCCH5+HC1.
3. Add 2 c.c. absolute alcohol to 1 c.c. sulphonic chloride and
excess of caustic soda until alkaline ; warm gently for five
minutes and add more caustic soda if necessary. Cool, and
extract with ether. The residual liquid consists of benzene ethyl
sulphonate, C0H5SO2Cl + HOC2H5=CGH5SO2OC2H5-{-HCl.
4. Repeat 3, using phenol in place of alcohol. See Appendix,
P- 293.
PREPARATION 76.

Phenol (Carbolic acid, Hydroxybenzene), CCH5.OH
Kekule, Wurtz, Dusart, Zeitschr. f. Ch. N. K, 1S67, 3,
299-301 ; Degener, J.p-akt. Chim. 1878, (2), 17, 394.
20 grins, potassium benzenesulphonate.
35 „ caustic potash.
The caustic potash is dissolved in the smallest quantity of
water (5 c.c.) by heating" in a silver or nickel basin or crucible,
and the powdered potassium benzenesulphonate added. The
temperature of the melt, which during the process is kept constantly stirred, must not exceed 250°. It is convenient to use
the thermometer as stirrer, the bulb and part of the stem beingencased in a glass tube closed at one end. When the requisite
temperature has been reached, a small flame is sufficient to
maintain it. The mass is first thick and, pasty, but soon becomes semi-fluid and remains in this condition, gradually
changing in colour from yellow to brown. Towards the end of
the operation (one hour) it regains somewhat its original consistency. On cooling, the melt is dissolved in a little water
N2

180

PRACTICAL ORGANIC CHEMISTRY

and the alkaline reddish-brown liquid (potassium phenate and
excess of alkali) acidified with concentrated hydrochloric acid in
the cold. Phenol separates out as a light yellow oil, which is
extracted three times with ether. The ethereal solution dehydrated over anhydrous sodium sulphate is distilled, first on
the water-bath until the ether is removed, and then over the
flame. The portion boiling at 175—1850 is nearly pure phenol.
It distils as a colourless liquid and solidifies at once on cooling.
Yield, 6—7 grams.
C6H5OK+HC1-CGH5OH + KC1.
Properties.—Colourless needles, with a characteristic smell ;
m. p. 42—430; b. p. 1820; easily soluble in alcohol and ether ;
and in about 15 parts of water at the ordinary temperature ;
produces blisters on the skin.
Reactio?is.—1. Make a solution of phenol in water, and t o one
portion add a drop of ferric chloride. A violet colouration is
produced.
2. Add to another portion a drop of bromine water. A white
crystalline precipitate of tribromophenol is formed.
3. To a third portion add an equal volume of dilute a m m o n i a
and a few drops of sodium hypochlorite and warm gently. A
copper-sulphate-blue colour is produced.
4. Add a small fragment of solid sodium nitrite to 5 c.c. c o n c e n trated sulphuric acid and warm very gently until dissolved- On
adding about o'5 gram of phenol, a brown solution is o b t a i n e d ,
which rapidly changes to deep blue. If the blue solution is
poured into water, a cherry red colouration is produced, w h i c h
changes to blue on the addition of an alkali (LiebeVmann's
'nitroso J reaction, see p. 159).
5. Mix 1 gram of phenol with 1 c.c. of dimethyl s u l p h a t e l
and add 4 c.c. of a 10 per cent, solution of caustic s o d a .
Warm and shake. The odour of phenol is replaced by t h a t of
anisole, which can be extracted from the liquid b y e t h e r
(Ullmann's reaction). See Appendix, p. 294.
1
The vapour of dimethyl sulphate is very poisonous, and care should be taken.
not to breathe it.

ANISOLE
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PREPARATION 77.

Allisole (Methyl phenate, Phenyl methyl ether), CGH5.O.CH3
Cahours, An?ia/en, 1851, 78, 226.
5 grms. sodium.
100 c.c.
methyl alcohol.
20 grms. phenol.
40 „ methyl iodide.
The methyl alcohol is poured into a round flask (250 c.c.)
connected with an upright condenser. The sodium, cut into
small pieces, is then added, the flask being detached from the
condenser for a moment and replaced. When the sodium has
dissolved, the phenol and methyl iodide are added. The mixture
is heated on the water-bath until the solution has no longer an
alkaline reaction (two to three hours). As much as possible of
the methyl alcohol is distilled off on the water-bath and water
added to the amber-coloured residue. A colourless oil separates
out, which is extracted with ether. The ethereal solution is
dehydrated over calcium chloride and distilled, first on the
water-bath until the ether has been driven off, and then over
the flame. Almost the whole of the residue distils at 150—155°.
Yield, nearly theoretical.

Properties.—Colourless liquid, possessing an agreeable smell;
b. p. 1540 ; sp. gr. 0*991 at 150. See Appendix^ p. 294.
PREPARATION

78.

Hexahydrophenol (Cyclohexanol), C0Hn.OH
Sabatier and Senderens, Compt. rend., 1901, 132, 210.
50 grms. phenol.
The phenol is reduced with hydrogen in presence of finely
divided metallic nickel; which acts as a catalyst. The
apparatus is shown in Fig. 79.
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It consists of an oblong Lothar-Meyer air-bath about 60 cms.
(241ns.) long and 15 cms. ( 6 ins.) wide. It is heated on each side
by a series of small gas jets made by perforating an iron pipe
which runs below the air-bath. The hot air passes up t h e
space between the outside metal casing and an inner rectangular
metal box, and then down and into the interior of the air-batfo
through a number of round holes at the bottom of a central
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Small pieces of pumice impregnated with a paste of nickel
oxide (NiO) and water is dried on the water-bath and packed into
the wide tube, which is then loosely plugged at each end with
asbestos. The phenol is melted and poured into the distilling flask.
The air-bath is slightly tilted so that any liquid which may collect
in the tube can run down into the receiver. The process is
conducted as follows : the delivery tube from the Kipp is first
raised above the surface of ihc phenol and a slow current of
pure dry hydrogen passed through the apparatus, the temperature of which is maintained at 300° for 20 minutes. The nickel
oxide is thereby reduced and changes from black to pale yellow.
After reduction, the tempera1 urc is lowered to 160-170° and
kept at this point. The phenol in the ilask is now melted and
heated just below its boiling-point, whilst a fairly rapid current
of hydrogen is passed through the delivery tube, which is
thrust well into the liquid. The hexahydrophenol slowly distils
and condenses in the receiver. Care must be taken that the
phenol does not condense in the tube, but that only the vapour
passes over. When sufficient liquid has collected, it is shaken
with caustic soda solution, extracted with ether, dehydrated over
potassium carbonate and distilled.
Cyi/Ml + 6H -QH^OII.
Profitvties.- Colourless liquid ; b. p. 170° ; pleasant aromatic
smell distinct from phenol ; insoluble in water and solutions of
caustic alkalis. See Appendix, p. 295.
PRKPARATION 79.

/OH 1 1
o- and p-Nitrophenol, C(ilI.1N
NO. 2 4
Ilofmann, Annalen, 1857, 103, 347; Frilsohc, Aiwalen, 1859,
110, 150 ; Kekule, Lehrbiteh d. orif. diem., 3, 40.
40 grins, phenol
70 „ (50 c.c.) cone, nitric acid (in 170CC. water).
The phenol, melted in a basin on the water-bath, is slowly
added in small quantities to the nitric acid and water contained
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in a large round flask (i litre), and the contents of the flask
well shaken. On the addition of the phenol, the liquid immediately changes to a deep brown or black colour, and a heavy
dark-brown oil separates out. When the phenol has been
added, the mixture is allowed to stand for 12 hours. The oil
has by that time collected at the bottom of the vessel, and may
be freed from acid by repeatedly decanting and pouring" in
fresh water (three or four times). The contents of the flask
consist of nearly equal quantities of para- and ortho-nitrophenol
mixed with resinous products. In order to separate the two
isomers, the product is distilled in a current of steam (sec Fitf.
68, p. 107) until the distillate is almost colourless. The orthocompound distils in the form of a yellow oil, which may solidify
in the condenser, in which event the water is temporarily run
out of the condenser. The solid in the receiver is separated by
filtration and dissolved in spirit at 40", to which water is then
added, drop by drop, until a turbidity is produced. Yield, 15
grams. The solid residue contains the para-compound mixed
with black, resinous substances, from which it is separated by
repeatedly extracting" with boiling" water. The united portions
of the aqueous extract arc boiled with animal charcoal for
half an hour in a large basin, and filtered through a fluted filter
moistened with water. The filtrate is made alkaline with
caustic soda solution, and concentrated to a small bulk (100
c.c). If tarry matter separates, it must be filtered through a wet
filter. To obtain the free para-compound, the concentrated
aqueous solution of the sodium salt is cooled, and the separated
sodium salt filtered. The crystals arc dissolved and acidified
with concentrated hydrochloric acid, and the nitrophenol, which
separates, is filtered and recrystaiiised from hot water. Yield,
10 grams.
C0H6OH + HONO2«OHC0H4NOa + H2O.
Properties.—o-Nitrophcnol, sulphur-yellow needles, possessing a peculiar smell ; m. p. 45 0 ; b. p. 2140 ; distillablc with
steam ; soluble in alcohol, ether, and hot water ; less soluble in
cold water.
^-Nitrophoiol, colourless needles ; m. p. n 4° ; easily soluble
in alcohol and hot water ; slightly soluble in cold water. See
p. 295.

PICRIC ACID

Ig

PREPARATION SO.

/NO, 2
Picric Acid (Trmitrophcnol), C(iH,,(OH)r-NO2 4
X
NO 2 6
Woulfe, 1771 ; Schmidt, Glutz, Bcr^ 1869, 2, 52.
25 grins, phenol.
25 „ cone, sulphuric acid.
100 „ (70 c.c.) cone, nitric acid, sp. gr. 1*4.
25 „ (20 c.c.) fuming nitric acid, sp. gr. 1*5.
The phenol and concentrated sulphuric acid are heated
together in a porcelain basin for a few minutes, until a clear
solution of phenol sulphonic acid is obtained. It is diluted,
with half its volume of water, well cooled, and then slowly
added, in small quantities at a time, from a tap-funnel, to the
nitric acid contained in a flask (r litre), and well shaken.*The liquid assumes a. deep red colour, a considerable rise of
temperature occurs, and ved fumes are evolved. When the
phenol sulphonic acid has been added, the flask is placed o n
the water-bath and heated, with the addition of 25 grams fumingnitric acid, for 1 2 hours.* On cooling, picric acid separates
out as a yellow, crystalline mass. It is diluted with water,
filtered at the pump, and washed free from the mother liquor
with cold water. It is then purified by recrystallisation from a
large quantity of hot water acidified with a few drops of
sulphuric acid. Yield, about 30 grains.
CJ1-(011) +1 raSO., r, C,,H4(OH).SO3H + H2O.
CjH^OHJSOyll + 3IIONO.,C0H2(OH)(NOa)3 4- 3H2O +H 2 SO 4 .
Properties.—Yellow, prismatic crystals; m. p. 122*5°; sublimes on gently heating ; explodes on detonation ; easily soluble
in alcohol and ether ; with difficulty in cold, more readily in
hot water; the solution has a bitter taste.
Reactions.— r. '["0 an aqueous solution of picric acid, add a.
little potassium cyanide solution, and warm. A brown crystalline precipitate of isopurpuric acid separates.
2. Add picric acid and a few drops of caustic soda to a dilute
solution of grape sugar, and warm. The liquid turns deep brown.
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3. Dissolve naphthalene in a little spirit, and add a n
equal quantity of a solution of picric acid in spirit, O n
cooling, yellow needles of naphthalene picrate separate,
C10H8.CGH2OH(NO2)3. Benzene forms colourless crystals,
anthracene, scarlet needles, having a similar composition. S e e
Appendix, p. 295.
PREPARATION 81.

.(C0H4OH)2
Phenolphthalem, CfX
\ C6H4CO.O
Baeyer, Ber.>
10 grms.
20 „
8 „

1876, 9, 1230, and Annalcn, 1880, 202, 6 S ,
phthalic anhydride.
phenol
cone, sulphuric acid.

The phthalic anhydride, phenol, and concentrated sulphuric
acid are heated together to 115—120° in the oil-bath 8—9 hours.
The mass becomes semi-fluid and of a dark red colour. It i s
poured, whilst hot, into a basin of water (500 c.c.) and boiled
until the smell of phenol has disappeared, the water being"
renewed as it evaporates. The undissolved yellow granular
precipitate, on cooling, is separated from the liquid by filtration,
and washed with water. It is then dissolved in dilute caustic
soda solution, filtered from the undissolved residue, and t l i e
filtrate acidified with acetic acid and a few drops of hydrochloric acid. The phthalein separates out, after standing f o r
some hours, as a light yellow, sandy powder, which is filtered,
and dried. It is purified by dissolving in absolute alcohol witli
the addition of animal charcoal (1 part phenolphthalein, 6 p a r t s
alcohol, and £ part charcoal) and boiling the solution on t r i e
water-bath for an hour. The mass is filtered hot, washed w i t l i
2 parts boiling alcohol, and the filtrate evaporated down t o
two-thirds its bulk on the water-bath. On adding 8 times t r i e
quantity of cold water to the cooled solution, the latter becomes
turbid. The liquid is well stirred, and, after standing a f e w
seconds, filtered through cloth from the resinous oil whicli
separates. On heating the filtrate on the water-bath to e x p e l

FUTOURSCKIN AND KOSIN
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excess of alcohol, phenolphlhalcin crystallises out in the form
of a white powder. Yield, 5 grains.
2C,IL((OfI) + C0H.,<
X

>O •• C ( ;II,/ >O
x

CCK

"+\UX

eo

Properties. —White, granular, crystalline powder; m. p.
250 253° ; very slightly soluble in water, readily soluble in hot
alcohol ; soluble in alkalis with a crimson colour. See Appendix,
p. 296.
PREPARATION 82.

Fluorescein and Bosin,
X(;1U)II
XVIlBr.OH
^\(; l .ii..()ii
•QII'J'CO.CJ

I

~\c (i iir>r.,on
I

cvii,c;f).o

.

J
l_ . . v
Baeyer, Amialen, 1S76, 183, 3.
10 jjrins. ])hth<'dic anhydritle.
15 „ resorcinol.
7 „ zinc chloride (fused and powdered).

Tlic phthalic anliydrkle and resorcinol are ground together
and heated in a deep tin dish or cylinder to 180°. To the
fused mass the zinc chloride is added with continual stirring in
the course of ten minutes. The temperature is now raised to
210" and the heating continued until the mass is quite hard
(about 2 hours). On cooling, the melt is chipped out, pulverised,
and boiled for ten minutes with 150 c.c. water and 10 c.e. cone,
hydrochloric, acid. The (luoreseein is filtered off, washed, and
boiled with a small quantity of absolute alcohol to dissolve
impurities. The residue is then dried on the water-bath. Yield
20 grains.
Bosin.- Fifteen grains of the fluorcsccin arc mixed in a flask
with 80 c.c. spirit and 1 r c.c. bromine are dropped in from a
burette in the course of quarter of an hour. Heat is developed
and the fluoreseein gradually dissolves until, when half the
bromine has been added, a dear solution is obtained. Further
addition of bromine precipitates the tetnibromo-compound
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(eosin). After standing two hours the precipitate is filtered,
washed with spirit, and dried at i io° to expel alcohol of crystallisation. Yield 30 grams. .
In order to obtain the sodium compound, 6 grams of the
product are ground in a mortar with 1 gram of sodium carbonate,
placed in a beaker, and moistened with alcohol. Five c.c. of
water are added and the mixture boiled until the evolution of
carbon dioxide ceases. To the sodium salt 25 c.c. spirit are
added and the mixture boiled and filtered. On standing for
a day or two, the sodium salt crystallises in brown needles.

/COX
X

/ I XCGIIU<^
X
~ + 2C6H4(OH)2 - > C6H4<^ O
OII

/OH
.OH
/CfillZ
/QHBr/
X<;
^>O
>O
yC/
/ | \CUH<
X | NC0HBr,<X
<X
C6H,< O
OII + 8Br—>C6H< O
" OII
M o

' \ i o

See Appe?idiX) p. 296.
PREPARATION 83.

Salicylaldehyde (f?-Hydroxybenzaldehyde)
p-Hydroxybenzaldehyde,
Reimer, Tiemann, Ber.> 1876, 9, 824.
1 1
C H / O H
50 grms. phenol.
100 „ caustic soda.
J6O „ water.
75 „ chloroform.
The phenol, caustic soda and water are mixed together in £t
round flask (1 litre) attached to an upright condenser a n c l
heated to 50—6o°. The chloroform is then added gradually

SALICYLALDEIIYDE
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through the top of the condenser and, after each addition, the
flask is well shaken. A gentle reaction sets in, and the temperature rises. At the same time the surface of the brownish
yellow solution takes a violet tint, which rapidly fades, the
liquid finally assuming' a deep red colour. When all the chloroform has been added, the contents of the flask are boiled for half
an hour. A yellow semi-solid mass separates out of the solution.
The unattacked chloroform is now distilled off on the waterbath, the liquid diluted with water and strongly acidified with
dilute hydrochloric or sulphuric acid. A thick red oil separates
011! on the surface and is subjected to distillation in steam. An
oil, having a faintly yellow colour, distils over with the water, andsettles to the bottom'of the receiver. When drops of oil cease
to condense, the distillation is stopped. The distillate, which contains salicylaklehyde and phenol, is extracted with ether, and the
ethereal solution well shaken with a saturated solution of sodium
bisulphite (see Reaction 2, "p. 67). The bisulphite compound
of salicylaldchydc separates out in colourless needles, which are
filtered, washed free from traces of phenol with alcohol and then
decomposed by heating with dilute sulphuric acid. The aldehyde
which separates is taken up with ether, dehydrated over calcium
chloride, the ether driven off and the aldehyde distilled.
Yield, 10 grams. In the distilling flask from which the salicylaldehyde has in the first instance been removed with steam,
there remains a brownish liquid and a dark red substance, which
sinks to the bottom of the vessel, and forms a brittle resin on
cooling. The aqueous portion is filtered- hot through a moistened
filter, which retains the resin, and the filtrate, containing /;-hydroxybcn/.aldehydc, is extracted when cold with ether. On distilling
off the solvent, the aldehyde remains in the form of a yellow
mass of stellar-shaped needles, which may be purified by
crystallisation from hot water. Yield, about 2 grams.
CyijiONa + 3N11OII + CIICL, - C (; [ I i\[;o H +
3NaCl + 21IX).
Proficrfics.--Salicylaldchydc. Colourless fragrant oil, b. p.
9^"5J.5 SP- K1'- l'l73> :it ! 3'5°; solidifies at 20", forming large
crystals.. Volatile in stwwn ; soluble in water ; miscible in all
proportions with alcohol and ether.
r
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Reaction.—xAxld a drop of ferric chloride to the a q u e o u s
solution of the aldehyde. A deep violet colouration is produced.
p-Hydroxybensaldehyde.—CoXoiwXtss needles, m. p. 115—x 1 6 ° ;
scarcely soluble in cold water, readily in hot water, alcohol an<3
ether. Non-volatile in steam. The bisulphite of s o d i u m
compound dissolves readily in water.
Reaction.—The same as above ; but the colouration is l e s s
intense. See Appendix, p. 297.

PREPARATION 84.

Salicylic Acid (0-Hydroxybenzoic Acid), c o H 4 \ c o O H
Kolbe, / prakt. C/iem., 1874, (2), 10, 9510 grms. caustic soda.
23 „ phenol.
This preparation should be commenced first thing in tl\G
morning. Dissolve the caustic soda in about 10 c.c. of water 111
a small porcelain basin and add the phenol. Heat the basin o n
wire-gauze over a very small flame, and, whilst holding it f i r m l y
with a small clamp (tongs are too insecure), keep constantly
stirring with a glass rod. After a short time the mass b e c o m e s
stiff and balls together. The basin should now be r e m o v e d
from the gauze, and the mass stirred and broken up as it c o o l s .
When still warm, it is sufficiently hard to powder in a m o r t a r .
It is quickly powdered and transferred to a small retort (200 c . c . )
heated in an oil or paraffin bath to 130—1400, and dried toy
passing over it a fairly rapid current of dry hydrogen from n.
Kipp. In about an hour all the moisture is removed, and
body of the retort appears dry. The light coloured mass in
retort is allowed to cool whilst the hydrogen is passing throug-li,
then broken up and shaken into a mortar, when it is q u i c k l y
powdered and replaced. The object of the above operation i s
to obtain perfectly dry, uncharred and well-powdered s o d i u m
phenate, upon which the success of the preparation e n t i r e l y
depends. A moderate stream of carbon dioxide, dried throug'li
concentrated sulphuric acid, is now passed over the surface of*

SALICYLIC ACID
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the socliLir* 11 p n e n a te ^Y nieans of a bent tube fixed through the
tubulus o f t l i ^ retort, and terminating just above the substance.
The t e n i P e r a l u r c °*" ^ i e O1^"^'lt-n ' s gradually raised from 140° to
i 8 o - ~ i C ) < o 0 , whilst fresh surfaces are exposed by occasionally
stirrinc.*- v v i t l i a glass rod inserted for a moment through the
tubulus ./Vt the end of four hours the temperature is raised to 190
—200° f o r iiiiother hour, and the process stopped. During the
heatinc*- n. considerable quantity of phenol distils, and solidifies in
the necl-c o f !- nc retort, whilst the contents become dark coloured.
The rn.ci.ss * s shaken out into a basin without disturbing" the phenol
in the n e c k , zind the residue dissolved by filling the retort twothirds jfu.ll of water. This is poured into the basin containingthe o t l i e i " portion, which soon dissolves. The solution is acidified w i t l n concentrated hydrochloric acid, which throws down
impure
sn.lx<.:ylic acid in the form of a dark brown precipitate.
W h e n cold, the precipitate is filtered at the pump,
and v v r t s l ^ o c l with a little cold water. A further quantity
may b e o l ^ t n i n e d by evaporating" the filtrate to a small bulk. It
is p u r i f i e d l^y dissolving in water, boiling" with a little animal
charcon.1 rvncl filtering. The filtrate deposits the acid, on cooling',
in colouurlo.^s needles. Yield about 6 grams.
1. C 0 H : f > 0 Na + CO. - C(!Il-O.CO.ONa
Stxluun pheuyl t:;irlx>n;xti:.
2. C H s O . C O . O N a + C(lM,()Na =C,,
Disocliuiu s:ilit:yhilc.
Projf!>*??--//**s.'- Colourless needles; m. p. 155—15613; soluble in
ilcohol ri.iT.cl hot water. 100 parts water dissolve 0*225 part at
15° a n d 7 * 9 2 5 parts at ioo'J.
Reucjfi&ns:--I. Dissolve a little of the acid in water and add
a drop o f ferric, chloride. A violet colouration is obtained.
2. G r i n d Lip some of the acid with soda-lime and cover with a
shallow l a y e r of the same substance. On heating1 strongly the
smell of* |p>lioiiol is perceived.
C

O

H .,(OH)CO.OIl + CaO = CCH5OII + C:iCO3.

See u<4.j5j?>4L*?rdi\\) p. 297.
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PREPARATION 85.

Quinone and Quinol (Hydroquinone),
/O
\o

H
a n cdl cUflW

/OH
4\OH

Woskresensky, Annalen, 1838, 27, 268 ; Nietzki, Ber., 1886,
19, 1467 ; Meyer and Jacobson, Lehrhich, vol. ii., 421.
25 grms. aniline.
200 „ (no c.c.) cone, sulphuric acid.
750 c.c. water.
So grms. potassium bichromate.1
The water and aniline are mixed together in a large glass jar
(i£ litres) and the sulphuric acid added. The mixture is cooled
in ice and stirred with a turbine (see Fig. 64, p. 91). The finelypowdered bichromate is added every few minutes in small quantities on the end of a small spatula, until about one-third has
been added, care being taken that the temperature does not
exceed io°. The mixture is then left to stand over night, and
the remaining two-thirds of the bichromate introduced as before.
Aniline black separates out in the first part of the operation,
and in the second part of the process gradually dissolves,
giving a deep brown solution. The liquid, after standing for
four to five hours more, is divided into two about equal portions.
One half is shaken up, not too vigorously, with a large quantity
(200 c.c.) of ether three times. The same ether may be distilled
and used again. Vigorous shaking produces an emulsion, which
very slowly separates. On distilling off the ether, the quinone
remains in the form of yellow needle-shaped crystals, which may
be purified by sublimation. The substance is placed in a flask
attached to a condenser, and a rapid current of steam blown
through. The quinone sublimes and collects in the receiver,
and is sepai-ated from the water by filtration, and dried. Yield
about 10 grams.
1
Or an equivalent quantity of sodium bichromate (75 grams), which may be
dissolved in 3—4 times its weight of water and delivered from a tap-funneJ

QUINONK AND OUINOL

103

The reaction consists in tlie oxidation and elimination of the aniinoniouj) and simultaneous replacement * it two hydrogen atoms in the
lienzene nucleus hy oxygen, and cannot wel! he expressed in the
form of equation.
Properties. •----(jolden-yellow, needle-shaped crystals ; m. p.
116' ; with difficulty soluble in water, readily soluble in alcohol
and ether ; sublimes on heating ; its vapour has a penetrating
smell and attacks the eyes.
Reaetion. --Dissolve a few crystals in water and add a solution
of sulphur dioxide. The solution (irsl darkens from the formation of quinhydrone, C,.I I,.()u.C.*,jI I.j(() I II,, and then becomes
colourless and contains quinol.
Qllinol. The other half of the product is treated with a
current of sulphur dioxide until, after standing for a time, it
retains the smell of the jjas.* The sulphur dioxide is most
conveniently obtained from a bottle of liquid, or it may be prepared by dropping concentrated sulphuric acid from a tapfunnel on to sodium sulphite. The liquid, after standing one to
two hours, is extracted with ether until no more quinol is
removed. The ether is distilled off, and the dark coloured
residue recrystallised from water with the addition of sulphur
dioxide and a little animal charcoal. Yield about \o grains.
Ci;II,|U2 4- SO., -1~ 2II0O --•• C.JIIJOHI), -j- ILSO.j.
Properties.--Colourless prisms ; m.p. 169' ; sublimes at a
gentle heat ; easily soluble in alcohol, ether, and hot water.
Reaetions. — 1. To a solution of quinol in water, add a few
drops of ferric chloride. The solution turns brown and ether
now extracts quinonc.
+ 2FeCl;{ - QII.,0. -H 2FeCL + 2IICI.
2. Add to the solution of quinol in water, a drop of copper
sulphate, and caustic soda, and warm. Cuprous oxide is precipitated.
CflH4(01I)2 -1- 2C11O = C.Il.tOo ~H CuyU + II-A
See Appendix, p. 297.
COHKN's ADV. I'. U. C.

O
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PREPARATION 86.

Benzyl Chloride, QH5CHX1
CannizzarOj A?i7ialen, 1853, 88, 129.
100 grms. toluene.
1 „ phosphorous trichloride.
The apparatus consists of vessels for evolving and drying
rine (see Fig. 62, p. 88) and a weighed retort (300 c.c.)
on wire-gauze, into which the toluene is brought. (Fig. 80.)
chlorine enters through an inlet tube, fixed through the
of the retort, the neck being fixed to a reflux condenser. 'JTlie

FIG. 80.

dry chlorine is conducted into the toluene, which is kept b o i l i n g "
gently until it has gained about yj grams in weight.* The l i c j u i d
turns yellow, and hydrochloric acid fumes are evolved zxt. t l i e
upper end of the condenser. When the reaction is complete t l i e
contents of the retort are distilled.* At first unchanged t o l u e n e
distils; the fraction boiling at 165 —185° contains nearly **tlie
whole of the benzyl chloride, and forms the greater p a r t of
the product. The liquid, which passes over above 185 0 , Is a
mixture of higher chlorinated compounds, and consists c l i i e f l y
of benzal chloride, C6H5CHC12, and benzotrichloride, C S H 5 C C 1 3 .

1-iKNZVL ALCOHOL
*i£\ie. portion c o n t a i n i n g the benzyl chloride is repeatedly fract i o n a t e d u n t i l it liquid is obtained, boiling at 176 - 180°, wl.ich
\s n e a r l y p u r e 1>«.MIZVI chloride. Meld 80 90 grains.
Cjl-IftCJIla + Cl2 - C.Il-ClLCl + MCI.
properties*—Oolourless
liquid with an irritating- smell ; b. p.
; sp. g r . 1 * 1 0 7 at I4'J. See Appendix, p. 299.

176"
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" B e n z y l Alcohol, (yL.CILOH
S o d o r l );uim, W'idinan, Her., 1892, 25, 3290.
20 ^1'iiiiS. 1 MMV/YI chloride.
16
,,
i>otassium carbonate (in 200 e.c. water).
In a round
flask (\ litre) attached lo a reflux condenser,
b o i l the m i x t u r e of benzyl chloride and potassium carbonate
s o l u t i o n o v e r w i re-^auze with the addition of a few bits of porous
p o t . The b o i l i n g must be continued until the smell of benzyl
c h l o r i d e h a s disappeared (6—8 hours). Extract the liquid with
e t h e r , d e h y c l r ; i t o over potassium carbonate, decant through a
filter and d i s t i l off the ether on the water-bath. Continue the
distillation o v e r wire-j^auzc, run the water out of the condenser
a n d collect i\,t 2 00-«2io J . Yield 12 15 grains.
2 C O H 6 C I L C 1 -4- I I./) l-.K-j<-'O, .-• 2C-V,nf,CnaOII + 2KCI + C0a.
lyroj>cr//^s^
Oolourless liquid with a faint aromatic smell;
b . i->. 206-5° ; s p . ^r. 1-05 at 15'4°; moderately soluble in water.
J?editions*
1. Boil 2 or 3 drops with 2—3 c.c. dilute nitric
a c i d ( i H N O : j 7 4-1 I./)); ben/.aklehyde is first formed and is detected
b y t h e smell.
O n continued boiling, benzoic acid is formed and
s e p a r a t e s 011 oooling" in crystals.
2. W a r m 1 c*.c"!. of the alcohol with 1 c.c. concentrated hydrochloric acid.
"J*hc clear solution becomes turbid and benzyl
c h l o r i d e sepLi.rn.tes out.
C,.I T.-,O ILOU + 11C1 - QM.CHXl + H.,0
S e e Af>/w;i<://\\'^ p. 300.
02
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Benzaldehyde (Hitter Almond Oil), C0HVCO.H
Liebig, Wohler, Annalen, 1837, 22, 1 ; Lauth, Grimaux, A?m~
stlen, 1867, 143, 186.
50 grms. benzyl chloride.
40 „ copper nitrate.
500 c.c. water.
The mixture of benzyl chloride, copper nitrate and water is
heated to boiling in a round flask (i-J litre) with upright
condenser on the sand-bath for a day (8—9 hours). A slow
current of carbon dioxide is at the same time passed through
the liquid to prevent oxidation of the benzaldehyde by absorption of oxygen from the air. During the process nitrous fumes
are slowly evolved. When the reaction is complete, the contents
of the flask are extracted with ether, and the yellow oil remaining,
after distilling off the ether, is well shaken with a saturated solution of sodium bisulphite2 and allowed to stand for
a time. The colourless crystalline mass which separates
out is filtered, washed with a little alcohol and ether, and then
drained on a porcelain filter. The aldehyde is regained by
adding dilute sulphuric acid in excess and distilling in steam.
The distillate is extracted with ether, dehydrated over calcium
chloride, decanted, and the ether distilled off. Yield, about 15
grams.
2CGH5CH2C1 + Cu(NO3)2 = 2C0H6COH + CuCl3 + 2HNO,.
Properties,—Colourless liquid, with a pleasant smell ; b. p.
I790 ; sp. gr. 1*0504 at 15°; it quickly oxidises in the air, forming
benzoic acid.
Reactions,—1. Leave a drop of benzaldehyde on a watchglass. It solidifies by becoming oxidised to benzoic acid.
2. Add 5 c.c. concentrated ammonia to I c.c. benzaldehyde,
cork up and leave two days. Crystals of hydrobenzamide,
1
The solution is prepared either by dissolving solid sodium bisulphide in water or
by passing sulphur dioxide into powdered sodium carbonate covered with a shallow
layer of water. The carbonate dissolves with effervescence, forming n heavy apple*
green liquid smelling strongly of sulphur dioxide

a- AND jB-UENZALDOXIMES
1
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~"I':J 2> separate out, which may be recrystallised from

2NH3 = (CGH5CH),N2 + 3H2O.
y HL e n t o^ t j i e water-bath 2 c.c. benzaldehyde and 2 c.c.
anili*"10 ^ * ° l ^.x^. hour. Crystals of benzalaniline are formed
on c o o l i n g , p CJ H[ 6 C0H + C0H3NH2 = C0H5CH:N.CoH5 4- H20,
w h i d \ m a . y bov filtered and crystallised from spirit; m. p. 42°.
4. p * i a ' c O l | p together 10 grams of benzaldehyde with 9 grams
c a u 5 t l ° P o t * l s h . in. 6 c.c. of water until a permanent emulsion is
formed *in.cl l Q t stand 3—4 hours. Dissolve the solid product in
w a t e r zuid shake out with ether twice. On acidifying
a littlo
the a q u e o u s portion with hydrochloric acid, benzoic acid is
precipi t -*" t t c c ^
jriiter and wash with a little cold water and dry.
Distil
t l i c G t l i e r from the ethereal solution. The residue
is b e n z y l ;U C o i-ol (Cannizzaro).
2 C c H r , C o H + KOH = CCH6COOK + QH.CH.OH.
5 e o i x l ^ o Ueactiono on p. 135 and p.* 174, and Appendix^ p. 300.
PREPARATION
a
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" a n d /^Benzaldoximes, C0H3CH:NOH
Beckmann, Ber., 1890, 23, 1684.
2 r
g"i~ms. benzaldehyde.
15 5 ,
hydroxylamine hydrochloride.
I
4 ,,
caustic soda (in 40 c.c. water).
T1T.O s o l u t i o r i of caustic soda and benzaldehyde are mixed and
the r * y c l r o x y l n . r n i n e hydrochloride gradually added with constant
shal^iiiM*H i e liquid becomes slightly warm and the oil eventu-aily d i s s o l v e s , forming a yellow solution which has lost the
smell o f "benxaldehyde. On cooling, a crystalline mass of the
h y d r o c l i l o r i d c of benzaldoxime separates. Sufficient water is
a d d e d t o f o r m a clear solution, through which a current of
c a r b o n d i o x i d e is passed. A colourless emulsion of the a- or
rt;z//-alcloxime
separates on the surface and is extracted with
ether"-, dcshydi-ated over anhydrous sodium sulphate and the
ethet" r e m o v e d on the water-bath. Impure benzrt/*//aldoxime
renriciins and
is purified as follows. It is poured into a
satuiTLtcscl solution of sodium ethoxide in alcohol (prepared by
d i s s o l v i n g 5 |>,*i-ams sodium in 60 c.c. alcohol), when the aldoxime
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separates as the sodium compound in the form of a semi-solid
mass. It is filtered and washed with a saturated solution of sodium
ethoxide in alcohol to dissolve out the /3-oxime. The product
is dissolved in water, saturated with carbon dioxide and
extracted with ether as before. Dry air is then drawn through
the liquid to remove the last traces of ether when, if pure,
the oxirne, on cooling to o°, solidifies. If not, it should be
distilled in vacuo. At 12 mm. it boils at 122—124° : at 10 mm.
at 118—119°.
Yield, 10 grams.
+ 3IICX,
C6H5.CHO + NH,OH.HC1 + 2NaOH = C0Hr>CII:NONa + NaCi
C6HaCH:NONa + CO2 + II2O = QH,CH:NOH + NaHCO3.
Properties of a-Benzaldoxime.—Colourless needles, m. p.
34-35°Reaction.—Dissolve a small quantity of the a-oxime in a few
drops of acetic anhydride, warm if necessary, and cool quickly
by adding a little ice. Add to the clear solution solid sodium
carbonate and a little caustic soda solution. The solution
becomes clear on shaking or warming.
/3-Benzaldoxinie.—The various steps in the preparation
of the /3-oxime must be carried out continuously, and it is
therefore necessary to- be provided beforehand with about
300 c.c. of pure anhydrous ether.
The a-compound is dissolved in 50 c.c. pure dry ether, and
dry hydrogen chloride is passed in with constant shaking to
prevent the delivery tube from becoming" blocked. Colourless crystals of the hydrochloride of the /3-oxime separate
and are filtered and washed with dry ether and then placed
in a separating funnel and covered with a layer of ether.
A concentrated solution of sodium carbonate is gradually added
with constant shaking until no further effervescence is observed.
Sodium chloride is precipitated and the /3-oxime dissolves in
the ether. The ether extract is separated, dehydrated over
sodium sulphate, and the ether removed as rapidly as possible
at the ordinary temperature by evaporation in vacuo. The
residue crystallises, and when pressed on a porous plate leaves
a mass of small silky needles, m. p. 126—1300. It may be re-
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crystallised by dissolving it in the smallest quantity of ether'and
then adding petroleum ether.
The yield is theoretical.
QII6CI i

jr n

C(JI r,,CIT

N

- QTI^CH

IIO.iNT
""^
N.Oil.IICl
^
N.OII
a.- or <r////-<).vimc.
/3- or .s^jv/-oxiine.
Properties of the $-Renza1doxinu\— Colourless needles, m. p.
Reaction.—Repeat the reaction for a-bcnzaldoxime. In this
case benzonitrile is formed, which separates in oily drops having
a characteristic smell. See Appendix, p. 301.
l*RKl'A RATION 90.
Benzoic Acid, C(,Hf>CO.OH
5 grins, benzyl chloride.
4 „ anhydrous sodium carbonate (in 50 c.c. water),
S'5 „ potassium permanganate (in 150 c.c. water).
The benzyl chloride and sodium carbonate solution are mixed
in a round flask (I litre) attached to a reflux condenser, and
boiled gently over wire-gauze, whilst the permanganate solution
is gradually dropped in from a tap-funnel pushed through the
top of the condenser. In the course of 2—-3 hours the pink
colour of the permanganate will have vanished and been replaced
by a mass of dark brown precipitate of manganese dioxide.
When the liquid is cold, a stream of sulphur dioxide is passed in
until the manganese dioxide is dissolved (see p. 166). The
liquid is allowed to cool and the benzoic acid, which separates,
is filtered at the pump, washed with a little cold water and
rcerystallised from hot water; in. p. 1210. The yield is
theoretical. The reaction probably occurs in two steps.
1. 2C,lHf,CII.,Cl 4- N;iXO:jH- II,O
2C(>IIr,CII,OH + 2NaCl + CO2.
2
- 3CeII6CH2OII f 4KMn(>4 •-•
3C(.I1:,CO()K + 4M11O2 + KOH + 4H.X).
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Properties.—Crystallises in needles; m. p. 1210 ; on heatingit melts and sublimes ; soluble in hot water, alcohol and ether.
It distils in steam.
Reactions.—i. Make a neutral solution of ammonium benzoate
by adding excess of ammonia to benzoic acid and boiling until
neutral. To different portions add solutions of calcium chloride,
ferric chloride, silver nitrate and lead acetate and note the
results.
2. Grind up o'5 gram of the acid with four times the weight of
soda-lime and heat gently at first and then more strongly.
Vapours of benzene will be given off, which may be detected by
the smell. C0H5CO.OH + CaO = CCH6 + CaCO3.
See Appe?idix, p. 302.

PREPARATION 91.

m-Nitro, m-Amino- and m-Hydroxybenzoic Acid,
/NO,
I
r „ /NH,
r TT / O H
4 \

0

6 H

°OH4\C06H

^n\COOH

3

40 grms. benzoic acid. *
80 „ potassium nitrate.
TOO c.c. cone, sulphuric acid.
The benzoic acid and potassium nitrate are mixed and carefully powdered. The sulphuric acid is warmed to 70° and
stirred mechanically, whilst the mixture of benzoic acid and
nitrate is added slowly, so that the temperature does not exceed
8o°. When all is added the temperature is raised to 90°, and
kept at this temperature until the nitrated acid separates as an
oily layer on the surface. On cooling, the layer solidifies and
can be separated. It is then distilled in steam to remove
benzoic acid. The residue containing the nitrobenzoic acid is
heated to boiling and made slightly alkaline with baryta. Two
litres of water are added and the liquid raised to the boiling
point by passing in steam and then filtered. On cooling, the
barium salt crystallises and is filtered off and decomposed with
hot dilute hydrochloric acid. The precipitated acid is recrystallised from water ; m. p. 1410. Yield, 28 grams.

m-HROMOBENZOIC ACID
m-Aminobenzoic Acid
20 gnus, nitrobenzoic acid.
40 „ granulated tin.
120 c.c. cone, hydrochloric acid.
The nitrobenzoic acid, tin, and hydrochloric acid are mixed
in a litre flask and wanned until the reaction begins. When
the first vigorous action is over, the mixture is heated on the
water-bath until the tin is dissolved. The liquid is poured
into a basin and evaporated on the water-bath to expel the
excess of hydrochloric acid. The tin is then precipitated by
passing into the hot, dilute solution a current of hydrogen
sulphide. The sulphide is filtered and washed with hot water,
and the filtrate evaporated to dryncss. To obtain the free acid,
a small portion of the residue is dissolved in very little water
made alkaline with ammonia, and acidified with acetic acid.
It is recrystiillised from water, and melts at 1740.
m-Hydroxybenzoic Acid,
15 grms. 7//-aminobc:nzoi<: acid hydrochloride (in 200 c.c. water).
6*5 „ sodium nitrite (in 15 c.c. water).
The nitrite solution is slowly added to the solution of the
hydrochloride dissolved in water. The liquid is heated on
the water-bath until the evolution of nitrogen ceases, and then
filtered and concentrated. The hydroxybenzoic acid separates
on cooling" as a brown mass, which maybe purified by dissolving
in water and boiling with animal charcoal. It separates in
colourless crystals, in. p. 200°. Yield, 7 grams. See Appe?idix1
P- 3°3PREPARATION 92.

m-Bromobenzoic Acid, C

( !

H/^

QH

Hiibncr, Petcrmann, Aunalen, 1869, 149, 131.
5 gnus, benzoic acid.
7 „ l)ro mine.
30 c.c. water.
The mixture is brought into a thick-walled tube, closed at one
end and scaled in the usual way. The tube is heated in the
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tube furnace to 140—150° for eight to nine hours. After cooling-,
the capillary is opened and the tube removed from the furnace.
The bromine will have completely disappeared, and colourless
crystals of bromobenzoic acid now fill the tube. The contents
are removed, filtered, and boiled with water (100 c.c.) in a
basin to drive off unchanged benzoic acid. The liquid is
cooled, filtered, and the bromobenzoic acid crystallised from
hot water. Yield, 5 grams.
CGH5CO.OH + Br2 = C6H4Br.CO.OH + HBr.
Properties.—Colourless needles ; m. p. 155°.

PREPARATION 93.

Benzoin,

CGH5.CH0H
|
CfiH6.CO

Liebig, Wohler, Annalen, 1832, 3, 276; Zinin, Annalen, 1840,
34, 186.
25 grms. benzaldehyde.
5 „ potassium cyanide (in 10 c.c. water).
50 c.c. absolute alcohol.
The mixture of benzaldehyde, potassium cyanide and alcohol
is heated on the water-bath with an upright condenser for
about half an hour. On cooling the liquid, the benzoin separates
out as a mass of small colourless crystals, which are filtered and
washed with a little alcohol. Yield, about 20 grams. A portion
of the substance may be purified by recrystallisation from spirit.
2C6H5COH = C6H5CO.CH(OH).CGH5.
Properties.—Colourless prisms; m. p. 137° ; slightly soluble
in water ; soluble in alcohol and ether.
Reaction.—Add Fehling's solution to benzoin dissolved in
alcohol. Benzil is formed and cuprous oxide precipitated,
Benzil is also formed on oxidation with nitric acid.
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Benzil, CGH5CO.CO.C6H6
15 grins, benzoin.
35 „ cone, nitric acid, sp. gr. 1*4.
The benzoin and nitric acid are heated on the water-bath with
an air condenser, the flask being occasionally shaken. Nitrous
fumes arc evolved, and the crystals of benzoin are converted
into a yellow oil, which, after two hours' heating, is free from unchanged benzoin. The contents of the flask are now poured
into water, and the yellow crystalline deposit separated by
filtration, washed with water, and recrystallised from alcohol.
Yield, 10—12 grams.
Properties.-—Y€i\o\v prisms ; m. p. 95° ; insoluble in water ;
soluble in hot alcohol.
Reaction.—1. Dissolve a small quantity of benzil in a little
alcohol, add a fragment of caustic potash and boil. A violet
solution is obtained,
Benzilic Acid, (C6Hr))2C(OH).CO2H
10 grms. benzil.
50 „ caustic potash.
The caustic potash is melted with a small quantity of water in a
silver or nickel crucible. The temperature of the mass is brought
to 1500, and the finely powdered benzil added. The benzil melts,
and the mixture shortly changes to a solid mass of potassium
bcn/.iL'itc. The cooled melt is dissolved in water, and the
alkaline solution acidified with hydrochloric acid, which precipitates the benzilic acid. The crystalline mass, which contains
small quantities of benzoic acid, is separated from the motherliquor and washed with cold water. It is then transferred to a
porcelain basin, dissolved in hot water, and the solution boiled
until the smell of benzoic acid has gone. On cooling, benzilic
acid crystallises out, and is purified by a second crystallisation
from hot water.
C«Hri.CO.CO.CfiHfi+ KOH =(CnH5)2C.(OH).COOK.
Properties.—Colourless needles ; m. p. 150° ; scarcely soluble
in cold, readily in hot water and alcohol
Reaction*—Add a little concentrated sulphuric acid to benzilic
acid. It dissolves with an intense red colour. See Appe?idix,
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Cinnamic Acid (Phenylacrylic Acid),
CGH;VCH:CH.CO2H
Bertagnini, Anmilcn, 1856, 100, 126; Perkin, Trans. Chcm.
Soc, 1868, 21, S3 ; Fittig, Bcr., I88I,-14, 1826.

20 grms. benzaldehyde.
10 „ sodium acetate (fused).
30 „ acetic anhydride.
The mixture of benzaldehyde, sodium acetate, and acetic anhydride is heated to 180° in a small round flask with upright
condenser in an oil-bath for about eight hours. The mass is
poured out whilst hot into a large round flask (1 litre), sodium
carbonate added until alkaline, and any unchanged benzaldehycle
distilled off with steam. After filtering from undissolved resinous by-products, hydrochloric acid is added, which precipitates
the free cinnamic acid in white crystalline flakes. It may
be purified by recrystallisation from hot water. Yield, 15—20
grams.
1. C6H5CO.H + CH3.CO.ONa = C0HfiCH:CH.CO.ONci+H2O.
2.
C0H3.CH:CH.CO.ONa+H,O + (CH3.CO),O =
C6H3.CH:CH.COOH + CH3CO.ONa + CH3.COOH.
Properties.—Colourless prisms ; m. p. 1330 ; b. p. 300—3040*
See Appendix, p. 304
PREPARATION 95.

Hydrocinnamic Acid (Phenylpropionic Acid),
C0H5CHa.CH2.CO3H
Erlenmeyer, Alexejeff, Annalen, 1862, 121, 375, and 1866,
137, 237.
10 grms. cinnamic acid.
100 „ water.
170 „ sodium amalgam (2-^ per cent).
The sodium amalgam is prepared by warming 200 grams of
mercury in a porcelain basin for a few minutes. The mercury
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is poured mil into a mortar which is placed in the fume cupboard, the window ot which is drawn down so as to protect the
face. Kive grams of sodium are introduced in small pieces, the
size of a pea, and pressed with a pestle under the surface of the
mercury. Kach piece dissolves with a bright flash. The
amalgam is poured out whilst semi-fluid on to an iron tray,
broken up, and kept in a wide-necked stoppered bottle.1
The cinnamic acid and water are introduced into a strongbeaker or bottle (300 c.c), and the liquid made slightly alkaline
with caustic soda, which dissolves the acid forming the sodium
salt. The sodium amalgam is added in small pieces from time
to time and the liquid thoroughly agitated. The solution, which
remains clear, becomes slightly warm, and the amalgam soon
liquefies, but no hydrogen is evolved until towards the end of
the operation. When the whole of the amalgam has been
added, and bubbles of gas cease to be given off, the solution is
decanted from the mercury, which is rinsed with water. On
acidifying the solution with hydrochloric acid, hydrocinnamic
acid is precipitated as a colourless oil, which solidifies on standing. It may be recrystalliscd from a large quantity of warm
water. Yield, 8--9 grams.
C(;H;VCH:Cn.C(),n-hlT.J-C(5HlVCH.,CH2.CO,H.
Pr0fiiTtit\s\~~lAm\* colourless needles; m. p. 47°; b. p. 2800 ;
soluble in water and alcohol ; volatile in steam. See Appendix,
p. 300.
PRKPARATION 96.
Mandelio Acid, Col 1,.CH(OH).COOH
Kriedliinder, Theerfarbenfabrikation IV, 160.
15 gi'ms. benxaldehyde.
50 c.c. cone, sodium bisulphite solution.
12 grins, potassium cyanide (in 10 c.c. water).
The ben/.aldehyde and sodium bisulphite are mixed together
and stirred. The mixture forms a semi-solid mass of the
1 If larger quantities uf amalgam arc required, the mercury is heated in a small
enamelled pan, or erudblr, the sodium added in one lot, and the vessel immediately
closed with a lid, which is held down with long crucible tongs until the reaction is
over, and then poured out whilst fluid.
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bisulphite compound, which after standing for half an hour is
filtered and pressed at the pump and washed with a little water
and spirit. The mass is then ground to a thick paste with water
and true solution of potassium cyanide added. After a short
time mandelic nitrile separates as a reddish oil and is removed
by means of a tap-funnel with the addition of a little ether.
C0H5CH(O.H)SO3
The ether is allowed to evaporate on the water-bath and th e
nitrile is then hydrolysed by continuing to heat it on the waterbath with the addition of 4—5 times its volume of cone,
hydrochloric acid until crystals appear on the surface. Water
is added and the hot liquid decanted and filtered from any oil.
On cooling, the crystals are filtered, washed with a little cold
water and dried. A further quantity can be extracted from the
filtrate with ether. It may be recrystallised from benzene.
Yield, 10—15 grms.
C0H6CH(OH)CN + HCl + 2H,O
= C0H6CH(OH).COOH + NH4C1.
Properties.—Colourless needles, m. p. 118-1190; dissolves
readily in hot water and in 6 parts of water at 20°. The acid is
racemic; the active components exhibit a rotation of [a]fju= ±:
1570 in aqueous solution. See Appendix^ p. 306.
PREPARATION 97.

Phenyl Methyl Carbinol, CGH5 CH(OH).CH3
Grignard, Compt rend. 1900, 130, 1322 ; Klages and Ullendorf, Ber., 1898, 31, 1003.
36 grms. methyl iodide.
150 c.c. ether (purified and carefully dried over sodium).
6 grms. magnesium ribbon or powder.
26 „ benzaldehyde.
The magnesium methyl iodide is first prepared and is
formed by the action of methyl iodide on the metal. T h e
magnesium ribbon or powder is placed in a dry, round flu sic
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(1 litre), c o n n e c t e d with a l o n g c o n d e n s e r a n d d r o p p i n g - f u n n e l
a s s h o w n in Kiu»". S i .
T h e m e t h y l i o d i d e a m i 50 ex. of d r y e t h e r a r e m i x e d in a
s e p a r a t e v e s s e l a n d 2 0 c.c.
of t h i s m i x t u r e p o u r e d o n
to t h e m a g n e s i u m . I n a few
seconds a vigorous action
usually s e t s in o r if it is d e layed m a y b e started by
a d d i n g a c r y s t a l of i o d i n e .
W h e n t h e first r e a c t i o n h a s
s u b s i d e d , 70 c.c. of d r y e t h e r
arc added, and the r e m a i n d e r
of t h e a l k y l i o d i d e a n d e t h e r
m i x t u r e r u n in d r o p b y d r o p
from t h e t a p - f u n n e l
The
F i r . 8t
c o n t e n t s of t h e
flask
arc
t h e n b o i l e d on t h e w a t e r - b a t h for h a l f a n h o u r w h e n (if t h e r e
h a s b e e n n o loss of a l k y l i o d i d e ) t h e m a g n e s i u m c o m p l e t e l y d i s solves.

T h e flask is n o w d i s c o n n e c t e d a n d w h i l s t it is k e p t cool in i c e w a t e r t h e b e n z a l d c h y d e m i x e d w i t h a n e q u a l v o l u m e of d r y e t h e r
is d r o p p e d in from a t a p - f u n n e l w i t h c o n s t a n t s h a k i n g .
The
w h i t e solid m a g n e s i u m c o m p o u n d s e p a r a t e s a n d is left o v e r night.

T h e c o n t e n t s of t h e flask a r e c o o l e d u n d e r t h e t a p w h i l s t w a t e r
a n d j u s t sufficient h y d r o c h l o r i c a c i d t o d i s s o l v e t h e m a g n e s i a
are a d d e d , t h e acid b e i n g cautiously d r o p p e d in from a t a p funnel.
T h e a q u e o u s l a y e r is r e m o v e d in a s e p a r a t i n g f u n n e l
a n d t h e e t h e r w a s h e d first w i t h s o d i u m b i c a r b o n a t e s o l u t i o n ,
t h e n w i t h s o d i u m b i s u l p h i t e ( t o r e m o v e free i o d i n e ) a n d a g a i n
with s o d i u m b i c a r b o n a t e .
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The ether extract is then dried over potassium carbonate and
the ether removed by distillation on the water-bath. The
phenyl methyl carbinol which remains is distilled under reduced
pressure; b. p. ioo° at 15 mm. ; no-iu Q at 28 mm. ; 1180 at
40 mm. Yield, 20 grams.
The same method may be used without modification for preparing phenyl ethyl carbinol using a corresponding quantity of
ethyl iodide. See Appendix^ p. 307.
PREPARATION 98.

Benzoyl Chloride, C0H5CO.C1
Wohler, Annulet^ 1832, 3, 262 ; Cahours, A?walcn, 1846, 60,
255.
28 grms. benzoic acid.
50 „ phosphorous pentachloride.
A round flask (250 c.c.) is fitted with an air-condenser. The
phosphorous pentachloride is introduced from the bottle and
weighed by difference. The operation must be conducted in
the fume-cupboard. The benzoic acid is then added, and the
air-condenser attached to the flask.* The action begins almost
immediately, and clouds of hydrochloric fumes are evolved.
The whole contents become liquid and consist of benzoyl
chloride (b. p. 2ooc), phosphorous oxychloride (b. p. 1070), and
unchanged pentachloride. Most of the oxychloride may be
removed by distilling in vacno on the water-bath. The remainder is fractionated at the ordinary pressure and collected at
190-2000. Yield, 20 —25 grams.
P7'ofterties.—Colourless liquid, which fumes in the air and
possesses a pungent smell; b. p. 198*5° ; sp. gr. 1*214 at 19°.
Reactions.—1. Add a few drops of benzoyl chloride to 1 c.c. of
water; the benzoyl chloride does not decompose at once, and
requires warming for some time before it is completely dissolved
(compare acetyl chloride, p. 74).
2. Add 2 c.c. ethyl alcohol to 1 c.c. benzoyl chloride and
caustic soda solution until alkaline, and warm gently. After a
time the smell of benzoyl chloride disappears, and ethyl benzoate
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remains as an oily liquid with a fragrant smell. C(5H5COC1 +
CJlrOl 1 + Na( )11 •CTllIflC:()( )C,H- + NaCl + H.,0. Re°peat the
same- reaction with phenol and separate the solid phenyl
beiv/.oate. (Schotten-liaumann reaction.)
3. Add 5 grains benzoyl chloride to 10 grams ammonium
carbonate in a mortar* and grind up well. The reaction proceeds quietly. I f after ten minutes the smell of benzoyl chloride
still remains, add a few drops of concentrated ammonia. Add
cold water and filter. Bcnzamide remains on the filter in the
form of a white crystalline powder, and maybe recrystallised
from hot wau-r ; m. p. 128'. C(.,11-COC1 + 2NH4HCO3 =
C(;Hr)CC)Nll,-hNIl.lCl + 2C().,-h2ll,(). See Appendix, p. 308.
PKKPARATION 99.

Ethyl Benzoate (Ethyl Rein-zoic Ester), CCH3CO.OC,H5
K. Fischer and Speier, AVr., 1895, 28, 1150
25 grins, benzoic acid.
75 n (9° <-•<•••) absolute alcohol.
Pass dry hydrochloric acid gas (seep. 93) through the alcohol,
cooled in water until it. has increased about 3 grams in weight.
Add the- benzoic acid and boil the mixture with upright condenser over wire-gauze for two hours. On pouring a small
quantity of the product into water, only the ester, which is a
heavy oil, should separate, but no solid benzoic acid. The
excess of alcohol is now distilled off on the water-bath and the
residue poured into water. Any free hydrochloric or benzoic
acid is removed by shaking with a dilute solution of sodium
carbonate. On adding ether and shaking, the ester dissolves in
the top layer of ether, which is separated and dehydrated over
calcium chloride. The ether is removed on the water-bath, and
the ethyl benzoate is then distilled over wire-gauze, a few bits of
porcelain being added to prevent bumping. The distillate is
collected between 205° and 212°. Yield, about 22 grams.
Properties. -Colourless, sweet-smelling oil; b. p. 2110 ; sp. gr.
1*05 at 15°.
CXHIKN'S ADV. I'. O. C
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Quantitative Hydrolysis of Ethyl Benzoate.—The
quantitative estimation of an ester by hydrolysis is conducted as
follows : a standard half-normal solution of alcoholic potash is
prepared by dissolving 7 grams of caustic potash in about an
equal weight of water and diluting to 250 c.c. with absolute
alcohol. The liquid is allowed to stand overnight in a stoppered
flask and filtered through asbestos
into a clean day bottle closed with a
cork through which a 25 c.c. pipette
is inserted. The solution is first
standardised by titration against halfnormal sulphuric acid, using phenolzzZ. phthalein as indicator. About 1 gram
of ethyl benzoate is carefully weighed
by difference by means of the apparatus shown in Fig. 82.
A volume corresponding to about
FIG. 82.
1 gram is delivered into a round
flask (200 c.c.) by attaching a piece of rubber tubing to the wide
end of the apparatus and blowing until the liquid descends to
the required graduation on the wide limb. Twenty-five c.c. of the
standard alcoholic potash solution is added, and the mixture
boiled on the water-bath with reflux condenser for twenty
minutes.
CGH5COOC2H5+KOH-CGH5COOK + C2H5OH.
The amount of free alkali is estimated by titration with
standard sulphuric acid and the quantity of ester calculated.
Example.—1'355 grams required 15*1 c. c. N/2H2SO4
15'i XQ-I5OX 100
= 997 per cent.
2x1-1355
See Appendix\ p. 308.
PREPARATION 100.

Acetophenone (Phenylmethylketone, Hypnone),
CGH6.CO.CH3 .
Friedel, Crafts, Ann. Chim. P/iys., 1884, 1, 507 ; 14, 455.
30 grms. benzene.
50 „ aluminium chloride (anhydrous).
35 „ acetyl chloride.
ff

ACETOLMIENONE
\'\\c various reactions, known as the Friedel-Crafts reactions,
arc CIUHUHI hy means of anhydrous aluminium chloride. The
aluminium chloride, being- very hygroscopic, cannot be kept
long, even in a stoppered bottle, without undergoing gradual
decomposition. As the success of the reaction depends entirely
on the quality of the chloride, it should be either freshly procured from a reliable firm or resublimed from a retort. It may
also be prepared on a small scale by passing dry hydrochloric
acid over heated aluminium foil or filings, but the operation is
troublesome and scarcely repays the time spent. Attach a
round flask (500 c.c.) to an upright condenser, and bring into it
the aluminium chloride, which should be well powdered, and
immediately cover it with the benzene. Place the flask in icewater, and add the acetyl chloride drop by drop from a tap-funnel,
which is pushed into the top of the condenser.* A vigorous
effervescence occurs, and hydrochloric acid is evolved. The
contents of the flask are convei'ted into a brown, viscid mass,
which, after standing an hour, is stirred up and shaken into a
beaker containing ice and water (250 c.c). The mass decomposes with evolution of heat, and a dark oil separates on the
surface. The liquid is poured into a separating-funnel and a
little benzene added. The aqueous portion is drawn off", and
the benzene layer shaken up with dilute caustic soda and then
with water. The benzene solution is finally separated, dehydrated over calcium chloride, filtered, and distilled. The
benzene first passes over. The thermometer then rises quickly
to 1950- The receiver is now changed, the water run out of the
condenser, and the distillate, which boils at 195—200°, collected
separately. It forms a pale yellow oil with a characteristic
sweet smell, and solidifies completely on standing. Yield,
20—25 grams.
C(iH(J + CH3COCl = CUH6.CO.CH, + HC1.
Properties.—Colourless plates ; m. p. 20° ; b. p. 2020 ; insoluble
in water.
Reactions.—-\. Acetophenoneoxime.—Mix together 5
grams of hydroxylamine hydrochloride dissolved in 10 c.c. of
water, 8 grams of acetophenone, and 3 grams of caustic soda
dissolved in a very little water. Add spirit until, on warming, the
solution becomes clear, and boil it on the water-bath 2—3 hours.
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Pour into 100 ex. water, and extract with ether. Distil oft" the
ether and crystallise the solid residue from petroleum spirit.
Yield, 8 grams ; m. p. 58-60°. C(;H;VCO.CH, + NH.OH.HCHNaOH = C(!H,C(NOH).CH, + NaCl + 2H,O.
2. Acetophenonesemicarbazone.—Mix 1 gramofsemicarbazide hydrochloride with 1-5 grams of crystallised sodium
acetate, and dissolve in the smallest quantity of warm water.
Add 1 gram of acetophenone and sufficient spirit to produce a
clear solution when hot. Continue to heat for a few minutes. On
cooling, the semicarbazone deposits as a yellow, crystalline
mass. Ci;H.vCO.CH.j + NHo.NH.CO.NH2.HCl + NaC,H:5O2
= C(.H5C(x\T.NH.CONH.,)CH/+ NaCl + CoH4Oo. Theoretical
yield ; m. p. 185—188'.
3. Beckmann's Reaction.—Dissolve 1 gram of acetophenoneoxime in 30 c.c. anhydrous ether, and add gradually
1 -5 grams of powdered phosphorus pentachloride. Distil off the
ether, and add a little water to the residue. On cooling, crystals
of acetanilide separate. Recrystallise from water, and determine
the melting point.
1. C6H3.C^NOH).CH3 + PCI,,
= C0HjVC(NCl).CH, + POC1, + HCL
2. QH5C(xNCl)CH3+ H,0 = C0Hr,NH.CO.CH3 + MCI.
4. Benzoylacetone {Claiseri s Reaction).—Six grams of dry,
powdered sodium ethoxide are added to 20 grams of dry ethyl
acetate, and cooled in water. The sodium ethoxide is prepared
by dissolving 4 grams of sodium in 40 c.c. absolute alcohol, and
distilling off the excess of alcohol, first from the water-bath, and
then from the metal-bath, in a current of dry hydrogen, the
temperature of the bath being raised gradually to 200°, until
nothing more passes over. The white cake is detached rapidly
powdered, and the requisite quantity quickly weighed out and
added to the'ethyl acetate. After standing a quarter of an
hour, 10 grams of acetophenone are added, when sodium benzoyl
acetone begins to separate. A little ether is added, and, after
standing for a few hours, the sodium compound is filtered and
washed with ether. The sodium compound is then dried in
the air, dissolved in cold water, and acidified with acetic acid.
Benzoylacetone separates out. Yield, 9—10 grams; m.p. 60—6i°.

It behaves towards ferric chloride and copper acetate like ethyl
acetoacetate (see Reactions, p. 84).
,. ONa
1.
CII...C.: OCJf. + CH...CO.C.HOC.,11"
"
= Cir:;.C(()Na):(:iI.C()"C(.(Tl- + 2UH.-OH
CII...C('ON;r):Cn.COCrH. + C.,H,O,
2

*

- cii :i .(;o.cii a .c().c (i ii s . + NC'IC;H3O;.

See Appendix, p. 309.
I*I<KI>AKA'riONr IOI.
Diphenylmethane, c;(. 11.. c 11._,. C(;I I Cohen, Ilirsl, Trans, C/wm, S(>r., 1895, 67, 826.
60 ;^nns. benzene.
30 ,, benzyl chloride.
1 „ aluminium-mercury couple.
The benzene is placed in a flask attached to an upright condenser.* The aluminium-mercury couple is then added. It is
prepared by pouring a saturated solution of mercuric chloride
on to aluminium foil, which is cut into strips or formed into rolls.
After about a minute, the surface of the aluminium is coated
with a film of metallic mercury. The solution is poured off, the
foil well washed with water, then with alcohol, and finally
with a little benzene. This must be done quickly and the
pieces of couple dropped into the benzene. The benzyl
chloride is added slowly from a tap-funnel inserted through
the top of the condenser. A brisk effervescence occurs, accompanied by a considerable rise of temperature, and fumes of
hydrochloric acid are evolved. When, in the course of an hour,
the benzyl chloride has been added, the flask is heated on the
water-bath for ten to fifteen minutes. The contents of the flask
are. now shaken up with water containing a little caustic soda,
and the benzene solution separated in a tap-funnel. The
aqueous portion is a^ain extracted with benzene, and the whole of
the'benzene solution is dehydrated over calcium chloride. The
benzene is then distilled off, and when the thermometer reaches
100'' the distillation is continued /// vacito. At 80 mm. diphenylmethane boils at 174---176'. This fraction solidifies completely
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on cooling, and is pure diphenylmcthane ; m. p. 25—26°.
Yield, 14 grams.
C,;H,CHXl + CGH(i - QH.CI-LQM, + IIC1.
Properties.—Colourless needles; m. p. 26 27 ' ; b. p. 262.
On boiling with potassium dichromatc and sulphuric acid it is
oxidised to benzophenone, C^H.-CHoCj-H.-, -f Go ~ C(JI l^.CO.C^H^
+ H2O. See Appendix, p. 312.
PREPARATION 102.

Triphenylmethane, CH(C(!Hr,):.
Friedel, Crafts, Compt. rend., 1877, 145° ? E- «™d °- Fischer,
Annalc?7, 1878, 197, 252 ; Biltz, Ber., 1893, 26, 1961.
200 grms. (230 c.c.) benzene.
40 „ (26 c.c) chloroform.
^o „ aluminium chloride.
The benzene and chloroform are mixed together and
dehydrated over calcium chloride overnight before use. The
liquid is then decanted into a retort connected with an upright
condenser,* and the powdered aluminium chloride added in
portions of about 5 grams at a time at intervals of five minutes
and well shaken. On the addition of the chloride the reaction
sets in spontaneously, and the liquid begins to boil with evolution of hydrochloric acid. The aluminium chloride gradually
dissolves, forming a dark-brown liquid. The reaction is completed by boiling for half an hour on the sand-bath. When
cold, the contents of the retort arc poured into an equal volume
of cold water, which decomposes the aluminium compound with
evolution of heat, and the free hydrocarbon dissolves in the
excess of benzene with a reddish-brown colour. The upper layer
of benzene is separated from the aqueous portion, and the former
dehydrated over calcium chloride. The excess of benzene is
distilled off on the water-bath, and the dark-coloured residue
fractionated up to 200°. It is then distilled /// vaato from a
retort without condenser. At first an oil distils, which consists
of impure diphenylmethane. When most of the diphenyl
compound has passed over, the distillation suddenly slackens.
The receiver is now changed, and the retort more strongly
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healed. An orange-coloured oil |)asses over, which crystallises
in the receiver. The distillation is continued until the distillate
no longer solidifies on cooling. A black, resinous mass remains
in the retort. The crude triphenylmethane in the receiver is
reerystallised from hot benzene, with which it forms.a crystalline compound of the formula C,,,I••II,..C,;H(;. This is again
crystallised. By heating the substance on the water-bath it
loses benzene, and the hydrocarbon is finally crystallised from
hot alcohol. Yield, 25 30 grams.
CiU'l;. -I- 3C(;II,. - CH(C(iHr>), + 3HCI.
Properties. Colourless plates : m. p. 92 ; b. p. 360'.
Reactions.- Synthesis of Pararosaniline. Dissolve a
gram of the hydrocarbon in about 5 c.<\ cold fuming nitric acid,
pour into water, iillef, wash, dry on porous plate, and dissolve in
5 e.c. glacial acetic arid. Add a grain of zinc dust on the point
of a knife gradually, and shake up. The colour changes to brown,
and the leuro-base of pararosaniline is formed. It is diluted
with water and precipitated by ammonia. It is then filtered and
dried. On gently warming the dry precipitate with a few drops
of concentrated hydrochloric acid in a porcelain basin and then
diluting with water, a magenta colouration is produced from the
formation of pararosaniline' hydrochloride (E. and O. Fischer).
See Appendix, p. 312,
PkKIW RATION 103.
Benzaldehyde Green (Malachite Green)
(Tetramethyldiaminotriphenyl methane),
C<v C<;H,N(CII,)o
CIIN(CM)Xl
(.). Fischer, Anmilen, 18S3, 217, 250, 262.
50 grins, dimcthyl'miiine. •
20 „ benzaldehyde.
40 ,, zinc chloride (fused and powdered).
A mixture of the above is heated on the water-bath in a.
porcekiin basin until the smell of benzaldehyde has disappeared
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(4 hours). The viscous mass is melted in boiling water, transferred to a round flask (ij litre) and distilled in steam until no
more dimethylaniline passes over. On cooling, the base adheres
to the flask and is washed by decantation. It is recrystallised
from absolute alcohol and is colourless. The yield is nearly
theoretical. This is the leuco-base, and is formed according to
the following equation :
XGH4N(CH3)2
CGH5CHO + 2CGH5N(CH3)2 - CCH5CH<(
+ H 2 O.
X
CGH4N(CH3)2
It is converted into the colouring matter by oxidation. Ten
grams of the base are dissolved by slightly warming with dilute
hydrochloric acid containing exactly 27 grams of hydrogen
chloride (made by diluting cone, hydrochloric acid with twice its
volume of water and then determining the specific gravity or
titrating with standard caustic soda). The liquid is diluted with
800 c.c. water, and 10 grams of a 40 per cent, acetic acid solution
added. The mixture is cooled with a few lumps of ice, and a
thin paste of freshly precipitated lead peroxide containing exactly
7*5 grams PbO2 (estimated by drying a small weighed sample on
the water-bath) is added in the course of five minutes with
frequent shaking. The product is left 5 minutes, and then a
solution of 10 grams sodium sulphate in 50 c.c. water is run in
and the solution filtered from lead sulphate. To the filtrate a solution of 8 grams zinc chloride in a little water is added, and then a
saturated solution of common salt until no more of the dye is
thrown down. It isfiltered,and recrystallised by dissolving in
water and adding salt solution. Yield, 80 per cent, of the theory
of zinc salt.
X6H4N(CH3)2
XfiH5
C6H5CH<;
+O + HC1= (X-C6H4N(CH,)o +H2O.
X
C8H4N(CH3)2
\C6H4:N(Cli3)2Cl
See Appendix^ p. 313.
Naphthalene, C10H8
Naphthalene is obtained from the "middle oil" in the distillation of coal-tar. It crystallises in colourless, glistening plates,
which have a characteristic smell.
Properties.—hi. p. 8o°; b. p. 2180; sp. gr. 1-145 at 40. It
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sublimes readily, and can be distilled in steam. It is soluble in
most of tbe common organic solvents.
Reaction.—Make strong solutions of about equivalent quantities of naphthalene and picric acid in acetic acid, or alcohol, and
pour them together. On cooling, yellow, needle-shaped crystals
of naphthalene picrate separate : C1(JIH-fCGI:L>(NOv,).}OH ; m. p.
I49°PkKPARATION T04.
Phthalio Acid, Q I l / ^

1

^

\

Fricdlandcr, Thccrfarbcnftibrifctition, iv, 164.
15 grins, naphthalene.
120 ex. cone, sulphtiric acid.
7*5 grms. mercuric sulphate.
The mixture of naphthalene, sulphuric acid, and mercuric
sulphate is placed in a retort (300 ex.). The retort is clamped
with the neck sloping upwards, and heated gently over wiregauze with occasional shaking until the liquid surface layer
of naphthalene dissolves.* The retort is now placed in the
ordinary position, with the neck sloping down, to which a condenser tube is attached by means of a roll of asbestos paper, or
a lute of plaster of Paris. The end of the condenser tube is
provided with a receiver containing water (100 c.c), and cooled
in cold water.
The retort is now heated (at first cautiously and then strongly)
over the bare flame, and the contents distilled. The liquid
rapidly darkens in colour. At about 250' oxidation begins, with
evolution of sulphur dioxide, which becomes very vigorous as the
temperature of the liquid rises to the boiling-point. A little
naphthalene first distils, and after a time crystals of phthalic
anhydride appear in the condenser tube, whilst phthalic acid
collects in the receiver. The distillation is continued until the
residue becomes viscid or even dry. The contents of the
receiver, when cold, are filtered and washed, and then dissolved
in caustic soda. Any undissolved naphthalene is removed by
filtration, and the acid reprecipated by hydrochloric acid. The
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acid maybe recrystallised from water or dilute ;il« ohol. Meld,
about 7 grams.
'. \-2Ci >,. l-oS< >., }- io\lj).
0
Properties.—Crystallises in plates with no definite ineliin^point, as the acid passes into the anhydride on heal in;-. Soluble
in alcohol and in hot water, slightly soluble in cold water.
Reactions.—Sublime a little of (he arid in a teM-tiibr or in :i
clock glass .covered with a filter paper and runnel. Pluhulie
anhydride sublimes in long needles, in. j>. u«X .
CO .
C,,H.1(COO1I)2--C,illl
<> i II..O.
CO
Heat about o'2^ gram of ihe anhydride uiih n1^ grain of
resorcinol in a test-tube over a small llame lor a lew niitiuic^
so that the temperature remains at about .i-n>. Cool, dissolve
in dilute caustic soda solution, and poui' imc> water. A given
fluorescence is produced, <\ur to the formation o{ iluore.rcin
(p. 1S7). See A[>pciuiL\\ 314.
J'RKI' AkATKtN l<)v
/^-Na'phthalenesulphonate of Sodium, 1 ' Pl ll ; st >;;\;i
Merz, Weith, AV/;, 1.S70, 3, n^'».
50 grrns. naplit halene.
60 ,, cone, sulphuric n< id.
'J'he mixture is heated in a round llask (.*5o <".<. in the metal,
bath to 160—170 : for four or live hours. The liipiid is then
poured into a basin of water (r litre), which is heated up and
neutralised with chalk or slaked lime in the form of a thirk
cream. The hot liquid is filtered through doth, N<(uc<ved out,
and washed with hot water. Tint lilt rate is evaporated on &
ring-burner until a sample crystallises on cooling. The crystalline mass of the calcium [salt of naphthalene siilphouir arid
is filtered and well pressed. It is redissoK ed in hot water, and
a solution of sodium carbonate added, until the < al< ium is
just precipitated. The liquid is again filtered through doth, or
at the pump, washed and well pressed. The tihrate is evaporated

219
to crystallisation as before. The sodium naphthalene sulphonate
is separated by filtration, and dried in a basin on the water-bath.
The mother-liquor, on evaporation, yields a further quantity of
the salt. Yield, about 60 grains.
2. 2CIOI17S(>.{II+Ca.() -(CjoIUSO.^Ca+IUO
3. (C%1()Il7S().XQi+Na1,C();;-2C1(,II7S();5Na +
>
/ n>/tt'r//rs.--\t\)\"vA[v.(\ crystals; soluble in
ppt'ti'K.v, p. 315.

,
water.

l'RKPA RATION 106.
/*-Naphthol, CIOII7.OM
Kll'T, Amialtii, 1869, 152, 275 ; E. Fischer, Anlcitung s. d.
or£. /'riipt'mtft'.
30 grins, /^-naphthalene sulphonate of sodium.
90 ,, caustic soda.
3 c.c. watei".
The caustic soda and water arc heated in a nickel fir silver
crucible, and stirred with a. thermometer, protected as described
under the preparation of phenol (p. 179). When the temperature
reaches 2X0', the powdered naphthalene sulphonate is added a
little at a time. When all has been added, the temperature is
raised. At about 300' the mas-s froths up and becomes light
yellow in colour, which indicates the commencement of the
reaction. The temperature is maintained at 310°—320' for a
few minutes, and the end of the process is indicated by the
yellow mass becoming thinner and also darker in colour, and
separating into two layers. The stirring is now stopped and
the flame withdrawn. The product, when cold, is dissolved in
H little water, and acidified with a mixture of equal volumes of
concentrated hydrochloric acid and water.*
The naphthol is filtered off when cold, and is recrystalliscd
mm water. Meld, 15 grams.
c:,0II7S()3Na -I- NaOII ~ Clol{7()Na +Na
Properties.— Colourless leaflets ; 111. p. 122'' ; b. p. 2S6J.
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Reactions.—Add to a solution of the naphthol in water a fewdrops of ferric chloride. A green colouration is produced, and
after a time aflocculentprecipitate of dinaphthol, C20H14O2.
See also Reaction 6, p. 163.
/3-Naphthyl methyl ether.—Dissolve 3'6grams/3-naphthol
in I2'5 c.c. 10 per cent, caustic soda solution, add 3 c.c. methyl
sulphate, warm the liquid gently and shake vigorously. In a
short time the naphthyl methyl ether separates as a solid mass.
The product is heated for ten minutes on the water-bath, a little
water is added, and the naphthyl ether filtered and washed with
water. It is crystallised from alcohol and deposits in lustrous
plates ; m. p. 70—720. The yield is theoretical. It may be
used for analysis by ZeiseFs method.
Zeisel's Method.—The method consists in estimating
methoxyl or ethoxyl groups by decomposing the substance with
strong hydriodic acid and eliminating the alkyl group as alky!
iodide. The alkyl iodide is passed through an alcoholic solution
of silver nitrate, which decomposes the alkyl iodide and the
silver iodide is weighed.
R.OCH3+HI =
The apparatus devised by W. H. Perkin, senior, is shown in
Fig. 83 (Proc. Chan. Soc, 1903, 19, 1370).
It consists of a distilling flask (100 c.c.) with a long neck ; llu;
distance between the bulb and side tube is about 20 cms. (8 ins. .
It is provided with an inlet tube which terminates above the
surface of the liquid and is attached at the other end with ;i
carbon dioxide Kipp and wash-bottle containing silver nitrnli:
solution to remove traces of hydrochloric acid or hydrogen sulphide. The side tube of the distilling flask is attached to two
small 100 c.c. Erlenmeyer flasks, provided with double-bored
rubber corks. The first bent tube which is attached to the side
tube of the distilling flask is cut off below the cork, the second
terminates just above the surface of the liquid in the first flask
and dips below the liquid in the second. The third or outlet
tube is bent at right angles and is cut off below the cork.
Thedistillingflaskisheatecl in a basin containingglycerol. T h e
first Erlenmeyer flask is charged with 20 c.c. alcoholic silver
nitrate, an,d the second with 15 c.c. of the same solution which
is prepared by dissolving 2 grams of fused silver nitrate in 5
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^.c. uaterand adding 45 c.c. absolute alcohol. An accurately
\V<-'iri'iec^ i|ll:int^y i°'3 o"ogrann of substance is int rod need in a
s inall weighing tube into the distilling flask, and 15 c.c. of strong
jiyclrioclic acid (acid of sp. gr. 17 for ZeiseTs estimations can be
purchased). When the apparatus has been carefully fixed
together the glycerol bath is heated to 130—140" and a slow
current of carbon dioxide (two bubbles a second) is passed
through the apparatus. The temperature of the glycerol bath
\s slowly raised until the hydriodic acid begins to boil gently. A
i deposit (a compound of silver iodide and nitrate) begins to

form on the surface of the first flask and gradually settles to
the bottom, but usually only a trace appears in the second vessel.
The operation is generally completed in one hour; but before
stopping the process it is advisable to test the vapour passing
through by removing" the flasks and attaching the small bent
U-tube (showYi in the Fig. and containing" a little alcoholic silver
nitrate solution) to the end of the side tube. If in the course of
ten minutes no turbidity appears, the operation may be considered at an end, otherwise it is necessary to connect up the
flask and continue the heating for another twenty minutes.
About 50 c.c. of water are heated to boiling" in a beaker (250
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c.c.) and the contents of both flasks gradually added and well
washed out with hot water. The white p?-ecipitate changes to fhe
yellow iodide and the alcohol is driven off.
When the top liquid is no longer opalescent but clear, the
precipitate is collected in a Gooch crucible and dried and
weighed as described on p. 26.
For volatile substances like anisole this method cannot be employed.
Example.—0*3150 gram naphthyl ether gave 0*468 gram A g l :
31 x 0*468 x 100
235x0-3150 = 3 6 P e r c e n L
Calculated for C10H7OCH;5:CH3O = 19.6 per cent.
0-Naph.thyl Acetate.—Boil gently 5 grams ,3-naphthol and
10 grams acetic anhydride for \ hour with air condenser and
pour the product into water. Crystallise from dilute alcohol ;
m. p. 70^.
A. G-. Perkin's Acetyl method. [P?-oc. Chem. Soc, 1904,
2.0, 171). The method consists in hydrolysing the acetyl
derivative in presence of alcohol and distilling off the ethyl
acetate and then estimating the quantity by hydrolysis.
The apparatus is shown in Fig. 84. It consists of a smaTl
distilling flask (200 c.c.) with bent side-tube which is fitted to a

FIG. 84.
long condenser A tap-funnel is inserted into the neck and the
flask is heated over wire-gauze. About 0-5 gram of naphthyl
acetate is. accurately weighed out of a small sample tube by

NAPIITIIOL
difference a n d a n y d u s t a d h e r i n g t o t h e n e c k of t h e flask w a s h e d
down
with
5 <".<". p u r e com:, s u l p h u r i c a c i d a n d 30
c.c.
p u r e a l c o h o l , w h i c h a r c slowly r u n in w i t h s h a k i n g . A s m a l l
f r a g m e n t of p o r o u s pot is a l s o a d d e d . T w e n t y c.c. h a l f - n o r m a l
a l c o h o l i c p o t a s h ( s e e }). 210) a r e i n t r o d u c e d i n t o t h e r o u n d flask
(200 c.c.) w h i c h s e r v e s a s r e c e i v e r a n d 20 c.c. p u r e a l c o h o l a r e
p o u r e d i n t o t h e t a p - f u n n e l . T h e liquid in t h e flask is slowly d i s t i l l e d
whilst t h e a l c o h o l is d e l i v e r e d d r o p b y d r o p from t h e t a p - f u n n e l
at a b o u t t h e s a m e r a t e a s t h e l i q u i d distils. T h e d i s t i l l a t i o n is
c o n t i n u e d u n t i l a b o u t h a l f t h e b u l k of l i q u i d o r i g i n a l l y p r e s e n t
in t h e flask r e m a i n s . T h i s r e s i d u e s h o u l d b e q u i t e c o l o u r l e s s .
T h e r e c e i v e r is n o w a t t a c h e d t o a reflux c o n d e n s e r a n d b o i l e d
on t h e w a t e r - b a t h for -]> h o u r a n d finally t i t r a t e d with h a l f - n o r m a l
s u l p h u r i c a c i d , using' p h e n o l p h t h a l e i n a s i n d i c a t o r .
T h e m e t h o d d o e s not give g o o d results with a c e t a m i d o c o m p o u n d s like a c e t a n i l i d e , Sec.
Example--0*663
g r a m n a p h t h y l a c e t a t e r e q u i r e d 7*5 c.c.
N / 2 KOI-1.

o _

6

2x0*633
C a l c u l a t e d for C, 0 I l - . O . C O C I - L ; C , H : , O = - 2 3 * i

per cent.

T s c l r u g a e f f ' s H y d r o x y l M e t h o d . - - This method rests
u p o n t h e a c t i o n of h y d r o x y l c o m p o u n d s o n m a g n e s i u m m e t h y l
i o d i d e b y w h i c h m e t h a n e is e v o l v e d .
R.OII + M g / j 1 1 ' * 5 -

R . M g l + CH.,.

T h e a p p a r a t u s is a n o r d i n a r y L u n g e n i t r o m e t e r filled with
m e r c u r y , w h i c h t o g e t h e r with t h e a t t a c h e d K r l c n m e y e r flask
is k e p t a t c o n s t a n t t e m p e r a t u r e b y a flow of w a t e r t h r o u g h
a n o u t e r j a c k e t . T h e t h r e e - w a y c o c k is c o n n e c t e d w i t h t h e
K r l e n m e y e r flask (150 c.c.) b y s t o u t r u b b e r t u b i n g .
A stock
s o l u t i o n of m a g n e s i u m m e t h y l i o d i d e is first p r e p a r e d b y
mixing* t o g e t h e r in a flask c o n n e c t e d w i t h a reflux c o n d e n s e r 100 g r a m s a m y l e t h e r d i s t i l l e d o v e r s o d i u m , 9*6
g r a m s c l e a n m a g n e s i u m r i b b o n a n d 35*5 g r a m s d r y m e t h y l i o d i d e
a n d a few i o d i n e c r y s t a l s . A f t e r t h e first r e a c t i o n is o v e r t h e m i x t u r e is h e a t e d for 1 2 h o u r s on t h e w a t e r - b a t h w i t h c o n d e n s e r t o
e x p e l u n c h a n g e d m e t h y l i o d i d e , a n d p r e s e r v e d in a v a s e l i n e d
s t o p p e r e d vessel. A b o u t o*i-—o* r 5 g r a m /3-napUthol is a c c u r a t e l y
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weighed in a tube which is of such a length that it rests against
the side of the nitrometer flask. About; 10 c.c. of the reagent are
poured into the flask ; the tube containing the substance, which is
dissolved in a little amyl ether, is slipped in ; the flask is attached
to the side tube of the nitrometer and is then cut off from the
nitrometer tube by turning the tap. A little moisture and
oxygen in the flask are absorbed by the reagent and the pressure
falls. After standing for J hour the nitrometer tube is nearly filled
up with mercury, the tap is withdrawn for a moment to readjust
pressure and the tube then completely filled with mercury. The
tap is now turned so as to establish communication between the
flask and nitrometer tube and the mercury reservoir lowered.
The tube containing the solution of the naphthol is inverted
and shaken. Evolution of methane rapidly occurs and in a
short time the volume remains constant. The volume, temperature and pressure are read off and the percentage of hydroxyl
calculated.
Example.—0*120 gram 3-naphthol gave 20 c.c. methane at
N.T.P.
20
..?J[72!LIoo ^lo.6
224O X O'I2O
Calculated for C10H7OH ; OH = irS per cent.
(Tschugaeff, Ber., 1902, 35, 3912 ; Hibbert and Sudborough,
Proc. C/iem. Soc, 1903, 19, 285 ; Zerewitinoff, Ber., 1907, 40,
2023.) See Appendix, p. 315.
PREPARATION 107.

Naphthol Yellow,
Friedlander, Thcerfarbenfabrikaiion, I, 322, II., 215 ; Cain
and Thorpe, The Sy fithetic Dyes tuffs, p. 226.
20 grms. a-naphthol.
80 „ (45 c.c.) cone, sulphuric acid.
4° 3> (3° c-c-) cone, nitric acid (sp. gr. 1*4).
The mixture of a-naphthol and sulphuric acid is heated for
2 hours to 120° and then dissolved in 120 c.c. water. The solu-

ANTHRAQUINONE
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tion is cooled to 20° and stirred mechanically whilst the nitric
acid is run in drop by drop. As the temperature should not
rise above 400 it will be found necessary at the beginning to
cool the vessel in a freezing mixture. After the nitric acid&has
been added the stirring is continued for another h hour and the
product is then left overnight. The naphthol yellow crystallises
out and is filtered and washed with small quantities of a cold,
saturated solution of salt. The precipitate is then dissolved in a
large basin of hot water and potassium carbonate solution added
until the liquid gives an alkaline reaction. On cooling, the
potassium salt separates in small orange needles, and is filtered
and dried on a porous plate. Yield, 20—25
C10H7OH + 3H2SO4 = C10H4(OH)(SO3H)3.
C10H4(OH)(SO,H), + 2HNO 3 = C10H4(OH)(NO,),SO3H
+ 2H2SO4.
2C10H,(OH)(NCX),SOaH + KaCO3 = 2C10H4(OH)(NO,),SO3K
+ CO2 + H2O.
Sec Appendix, p. 315.
PREPARATION 108.

Anthraquinone, CttH4<
Graebc, Liebermann, Amuilen, SpL, 1869, 7, 284.
10 gnus, anthracene (pure).
120 c.c. glacial acetic acid.
20 grms. chromium trioxide dissolved in 15 c.c. water, and
then 75 c.c. glacial acetic acid added.
The anthracene is dissolved in the acetic acid by boiling them
together in a round flask (v>- litre) with upright condenser over
wire-gauze. The solution of chromium trioxide is then dropped
in from a tap-funnel pushed into the top end of the condenser
whilst the liquid is kept boiling. The operation should last about
an hour. The solution becomes a deep green. It is allowed to
cool and poured into water (500 c.c), which precipitates the
anthraquinone in the form of a brown powder. After standing an
hour,it is filtered through a large fluted filter, washed with a little
COHEN'S ADV. P. O. C.
Q
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hot water, then with-warm dilute caustic soda and water again.
Yield, 10—12 grams.
Sublimation.—A portion of the dry substance may be
purified by sublimation. It is placed (2—3 grams) on a large
watch-glass, which is heated on the sand-bath over a very small
flame. The watch-glass is covered with a sheet of filter paper,
which is kept flat by a funnel placed above. After five minutes
or so pale yellow, needle-shaped crystals of anthraquinone will
have sublimed on to the filter paper.
CHv
/CO\
C fi H 4 ( I >C(JH4 + 2CrO3 + 6C2H4O:J = C(iH
>C(;H.{ +
H,O.+ Cr,(CoI I:iCX),,.
Properties.—-Yellow needles: m. p. 277 : ; sublimes at 250 ;
b. p. 382' ; insoluble in water, soluble in acetic acid, less soluble
in benzene and other organic solvents.
Reaction.—Add a little dilute caustic soda to a small quantity
of anthraquinone, and then a little zinc dust. On heating l<»
boiling, an intense red colouration is produced, which disappear^
on shaking. Sodium oxanthranolatc, C(iH.,/ ^ {{ ( Q N : L \ / Q 1 *i<
formed, which oxidises in the air to anthraquinone. See*
Appendix, p. 316.
PREPARATION 109.

Anthraquinone p-monosulphonate of Sodium,

Graebe, Liebermann, Amialcn^ 1871,160, 131 ; A. G. Perkin,
Private communication.
30 grms. anthraquinone.
30 „ fuming sulphuric acid (40 per cent. SO;.).1
The 40 per cent, fuming sulphuric acid is removed from the?
bottle by cautiously melting it in a sand-bath, and it is then
weighed out in a flask (4-litre). The anthraquinone is added,
and the flask attached by a cork to an air-condenser. Th«..«
1
As fuming sulphuric acid is difficult to keep in an ordinary stoppered Uottltwithout absorbing moisture, it is advisable to coat the stopper with a layer ut'
paraffin wax, and a substantial covering of plaster of Paris above thih.
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mixture is heated in a paraffin or metal-bath to 150—1600 for
8 hours. The dark coloured mass is poured 'whilst hot into a
large basin containing about a litre of cold water, and boiled
for an hour. The unattacked anthraquinone, which does not
dissolve, is removed by filtration at the pump. The precipitate
is then replaced in the basin and boiled up again with about
}2 litre of water, filtered and finally washed once or twice with
boiling water. The combined filtrate and washings, which have
a deep brown colour, are evaporated with the addition of 0*2 gram
of potassium chlorate until about -i litre of liquid remains. It
is now nearly neutralised with sodium carbonate solution (about
1 20 grains soda crystals) but not completely, as the sodium s,alt
of the monosulphonic acid is less soluble in presence of acid.
It is therefore convenient to pour out half a test-tube of the
acid liquid, and proceed to neutralise the remainder. The small
quantity of acid liquid is then replaced. The liquid is evaporated on the water-bath until a scum covers the surface, and it
is then left to cool. The sodium salt of the sulphonic acid
crystallises in pale yellow, silky crystals, and is separated at the
pump. After being washed three or four times with a very little
slightly acid water, it is dried on a porous plate. Yield, 20—25
grains. A further quantity of the salt may be obtained by
evaporating the mother-liquor, but it is liable to contain sodium
sulphate.
Qi H AH-H.SO. l -C H H 7 O..SO 3 H4-HA
Properties.—The sodium salt of the sulphonic acid crystallises, when pure, in colourless leaflets, slightly soluble in cold
water, insoluble m alcohol.
PREPA R ATION I IO.
Alizarin, V ' l l \ C O / C ( ) H - \ O H ^
Gracbe, Liebermann, Annalcn^Spl^ 1869, 300; Perkin, 2?^/.
Patent, 1869, No. 1948; A. G. Perkin. Private communication.
20 grms. anthraquinonc monosulphonate of sodium.
90 „ caustic soda.
5 ,, potassium chlorate.
Q2
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The caustic soda is dissolved in about half i t s w e i g h t ° f water,
and is added hot to the anthraquinone s i i l p h o n a t e ^ t sodium,
previously mixed into a paste with the p o t assign"1"1 ^ chlorate
dissolved in about 50 c.c. of water. The n i i x t u r e , v s / l i i o l i forms
a stiff paste, is transferred at once to a small m e t a l p r e s s u r e tube
of steel or phosphor-bronze of the shape a n d d i m e n s i o n s shown
in Fig\ 85.1 T h e m i x t u r e fills it
about two-fhirds f u l l - _ j \ sheet
of asbestos " c a r d b o a r d iis inserted
between t h e b o d y n.n<-l the top
of the vessel, a n d t l i e m e t a l top
is then s c r e w e d firmly o n . The
pressure tut>e is h e a t e d for three
hours in a p a r a f f i n 0 1 - oil-bath,
so that t h e t h e r m o n u j t c r inserted into t l i e i n n e r t u i l j e , which
The thickness of the metal is i cm.
contains a l i t t l e p a r i i F i l n , regisFIG. 85.
ters 190—2000. T h e cliti-k violet
coloured mass, after cooling, is scraped out a n d cli££"<^«ted with
boiling water for an hour. Milk of lime i s a d d e d
u n t i l the
violet calcium alizarate is all precipitated.
T h i s cn.n l 3 e ascertained in a small filtered sample by adding &- little m i l k of lime,
when no violet precipitate should be formed.
T h e p r o c z i pilalc is
filtered at the pump and washed with b o i l i n g w a t e r tintil the
filtrate is no longer red. The red filtrate c o n t a i n s a. l i t t l e monohydroxyanthraquinone, which may be p r e c i p i t a t e d 1>V hydrochloric acid. The calcium alizarate o n t h e
filter
is suspended in a large quantity of hot water., n.racl d e c o m p o s e d hy
adding hydrochloric acid. The alizarin, w h i c l i s e p a n ' L t e s as an
orange, flocculent precipitate, is filtered cold, w a s h e d a l ^ o u t eiglit
times with cold water, and finally dried a n d c r y s t a l l i s e d from
alcohol or preferably cumene. Yield, 10—1 5 g r a m s .
3 : 2 4
-+-611./).
Properties. Orange needles ; m. p. 2 S 9
290° ;
^sublimes
completely at 140° without decomposition ; s o l u b l e 111 alkalis
with a deep purple colour (sodium alizarate). . It i s r e d u c e d to
anthracene on heating with dry zinc dust.
1
The apparatus was made for us by West's Gas Improvement Co., IY1 ilots Plat tiny;,
Manchester.
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Reaction.—Make a small quantity of solution of alizarin in
caustic soda, and pour into a beaker containing a strong solution
of alum. The insoluble aluminium alizarate is precipitated as a
red lake. See Appendix, p. 316.
PREPARATION

HI.

Isatin from Indigo, C,H,<

^C(OH)

Erdinann J, firalct. CJicm., 1841, 24, 11 ; Knop, Jahrcslh
1865, 5S0.
100 [(nns. indigo (in fine powder).
50C.C. cone, nitric acid diluted with 10 c.c. water.
Mix up the indigo into a paste with 300 c.c. of boiling water
in a large basin. Heat to boiling and remove the flame. Then
add the nitric acid to the hot liquid from a tap-funnel at the rate
of a drop or two a second, so that it is all added in the course
of twenty minutes, and stir well all the time. The mass, which
is at first pasty, froths up, and towards the end becomes thinner.
Moil up for about two minutes, as soon as the acid has all been
added, and then pour out about half the liquid into a second
large basin and add a litre of boiling water to each. Boil up
for five minutes, and decant from the floating lumps of tarry
matter through a large fluted filter paper previously moistened
with water. Add another litre of hot water to each basin, boil up,
and filter. Evaporate the combined red coloured filtrates to
about 1 \ litre, and filter again, if necessary, from a further deposit
of tar. On cooling, a quantity of red crystals discoloured with
tar will separate. Filter and concentrate the filtrate. Redissolvc the crystals in the smallest quantity of boiling water,
and let the liquid cool somewhat, so that some of the tarry
matter may separate ; filter and evaporate the filtrate, until
crystals of isatin nearly cover the surface ; then cool and filter
off the red crystalline deposit. A further quantity of crystals
may be obtained by evaporating the mother-liquors, which
must be frequently filtered from tarry deposit. The crystals
obtained in this way may be purified by dissolving them in
caustic potash solution, and adding concentrated hydrochloric
acid to the clear liquid so long as a black precipitate is
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formed. The liquid is then filtered, and the purified i s a t i n
completely thrown down in the filtrate with more acid.
The
substance is then filtered and recrystallised from water. Yield,
about 10 grams.
Properties.—Red monoclinic prisms; m. p. 201°; solu"ble in
hot water and alcohol.
Reacti0)7.—Dissolve a few crystals in concentrated sulpl~*UVK:
acid in the cold and shake up with a little coal-tar benzene A
blue colour due tothiophene is produced. See Appendix', p- 3 r&PREPARATION 112.

CH CH
A C / \ C LHr t
Quinoline,
f ||
j
HC\^.\./CH
CH N
$kvftmp,Afnvats/L, 18S0, 1, 316 ; 1SS1, 2. 141; Konigs, Be?~.^ 1 Sfto,
13, QII.
24 grms. nitrobenzene.
3*8 ,, aniline.
120 „ glycer-ol.
100 „ cone, sulphuric acid.
A large round flask (i-i-—2 litres) is attached to an u p r i g h t
condenser. The mixture of nitrobenzene, aniline, glycerol, rind
sulphuric acid is poured in and heated on the sand-bath until
the reaction sets in (ten to fifteen minutes), i.e. until white v a p o u r s
rise from the liquid. The flask is now raised from the s a n d bath or the burner extinguished, and when the first r e a c t i o n is
over the contents are gently boiled for two to three hours.
The
dark coloured product is diluted with water, and u n c h a n g e d
nitrobenzene driven over with steam. The residue is m a d e
strongly alkaline with caustic soda, and the oily layer (qulnolinc
and aniline) distilled off with steam. In order to remove t h r
aniline present, the distillate is acidified with sulphuric a c i d , rind
sodium- nitrite added, until a sample of the liquid c e a s e s to
give the aniline reaction with sodium hypochlorite. It is t h e n
boiledr whereby the aniline is converted into phenol*
The
H C

QUININE SULPHATE
liquid is again made alkaline with caustic soda, and submitted
to a third distillation with steam. The distillate is extracted
with ether, dehydrated over solid caustic potash, and, after
decanting- and driving off the ether, the residue is distilled.
Yield, 40 grains of a pale yellow oil.
O = C0HrN+4H2O.
Properties.—Colourless liquid; b. p. 237°; sp. gr. rioS at
o ; insoluble in water ; soluble in alcohol and ether.
Reactions.— 1. Dissolve a few drops of quinoline in a little
hydrochloric acid and add platinic chloride. Orange crystals Of
the chloroplatinatc are deposited (C,,H7N)ol-LPlCl(;+H.,O.
2. Add to a solution of quinoline in acid, potassium chromate
.solution ; the dirhmmatc, (C!)((7N):,H2Cro07, is precipitated.
3. Add to 1 c.e. of quinoline 1 c.c. of methyl iodide and
warm. A reaction sets in, and on cooling', the quaternary
ammonium iodide, C,,I I7N.CI 1;,1, crystallises in yellow crystals.
4. To a. few drops of quinoline add a solution of bromine in
chloroform. A crystalline compound, C,,H7N.Br2, is formed.
See Ap/wntiix, p. 318.
PREPARATION T13.

Quinine Sulphate from Cinchona Bark,
IVlleticr, Cavcntou, AJUI. Chun. Phys., 1820, (2), 15, 291.
100 grms. cinchona bark (ground in a coffee mill).
20 „ quicklime.
Slake the quicklime, and mix it into a thin cream with 200 c.c.
water. Pour the liquid into a basin containing" the powdered
bark .in<l stir up the mass well. Dry the mixture thoroughly
on the water-bath, taking care to powder up the lumps that
ball together. When cold place the powder in a flask, pour
over it 200 c.c. chloroform, and let the mixture stand overnight. Kilter through a porcelain funnel and wash with a
further 200 c.c. chloroform. The chloroform solution, which
has now a faint yellow colour, is shaken up well with 50 c.c.
and again with 25 c.c. dilute sulphuric acid, and then with water
until \hc. aqueous solution has no longer a blue fluorescence.
The combined acid and aqueous extracts are carefully neutralised
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with ammonia and the liquid concentrated on the water-bath
until crystals of quinine sulphate begin to form on the surface
The liquid is allowed to cool and filtered. A further quantity of
crystals may be obtained from the mother-liquor by evaporation,
but the product is not so pure. The crystals am purified by
recrystallisation from water. Yield, i to 2 grams, or more,
according to the quality of the bark.
Properties.—The free base, which is precipitated with sodium
carbonate from a solution of its salts, crystallises with 311..O.
The anhydrous base melts at 277° ; soluble in alcohol and ether.
Reactions.— Use a solution of the hydrochloridc prepared by
adding a few drops of hydrochloric acid to the sulphate mixed
with water.
1. Add to a little of the solution a few drops of iodine solution ; a brown amorphous precipitate is formed. This reaction
is given by many of the alkaloids.
2. Add chlorine water and then ammonia in excess. An
emerald green colouration is produced.
3. Add sodium carbonate solution and then shake with <*th< r.
The free base is precipitated and dissolves in the ether. Decani
the ether on to a watch-glass and let it evaporate. Crystals <>!
the base remain.
4. Dissolve in a few drops of acetic acid and ncld a lar.;e
volume of water. A blue fluorescent liquid is obtained. S<*c
Appendix, p. 3 r 9.
PREPARATION 1 [4.

Diazobenzolimide, C(;1I-NT: 1;
V
N
Phenylmethyltriazole carboxylic Acid,
N.C<;H,
/ \
N/
^C.CIL
N
i C.CO0H
Dim roth, Her., 1902, 35, 1,029.
30 grms. phenylhydrazine.
45 c.c. cone, hydrochloric acid (in 400 c.c. water).
24 grms. sodium nitrite (in 50 c.c. water).
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The phenylhydrazine and hydrochloric acid are mixed
together, stirred mechanically and cooled with a few lumps of
ice whilst the nitrite solution is added, until the test with starchiodide paper shows that an excess is present. The hydrochloride dissolves, and diazobcnzolimidc separates out as an
oil.

Part of the water is removed by a syphon and the oil is
extracted with ether ; after removing the ether, the diazobenzolimide is purified by distillation in steam. I\ is again extracted
and separated with ether as before. Yield, about 25 grams.
4 grms. sodium.
6<S c<\ absolute alcohol.
22 grms. aectoacetic ester.
20 „ diazobcnzolimidc
The sodium is dissolved in the alcohol, and to the cold solution a mixture of the aectoacetic ester and diazobenzolimide
is added, and then warmed to boiling with reflux condenser.
As soon as this occurs, the flask is removed and cooled, if the
action becomes too violent. After the reaction is over, the
mixture is heated for an hour on the water-bath with reflux condenser, when the contents of the flask become almost solid. The
mass is dissolved in the smallest quantity of hot water, and the
liquid, if neutral, made strongly alkaline and boiled again for an
hour. About 350 r.c. hot water arc added, and sufficient hydrochloric acid to precipitate the triazolc earboxylic acid. It is
filtered and washed with a little water, and is then nearly pure ;
m. p. 155". Yield, about 27 grams.
NUyiN / 4. r- T
ll/co.CII,
N !
'
CIUCOOColI,,
See Appendix, p. 320.

N.QH,
^ . ~
H |U
N—C.COONa

APPENDIX
NOTES ON THE PREPARATIONS
PkKPARATION I.
Ethyl Potassium Sulphate.- The combination between
alcohol and sulphuric acid is not complete, a condition of
equilibrium bcintf reached before either constituent is <<>mpletely converted. The reaction is known as a n':>rrsil>lr one
and may be represented thus :
c.,i i ..on -i-1 uso.{ zz. air,nso. r {-11,0,
which implies that the alkyl sulphate reacts with water, re
yeneratinjj alcohol and .sulphuric acid. The free alkyl :i< id
sulphates are, as a rule, viscid liquids, which cannot ]w <li .
tilled without yielding the olefine. On boiling with watrr,
the alcohol is regenerated. The salts are used for preparing
various alkyl derivatives, such as mercaptans, thio-ethers and
cyanides.
SO,/||(K-Ilf^ |- KIIS - Col I.VSI r -I- K..SO.J
Kthyl mrrcaptaii.
2S( >., ! [\l"] Ir> -I- IwS ~ (Col I.J..S | 2lwS< >,
Klhyl thio-ctlirr.
So/JJ^ 1 1 - 1 I KCN - CoII:iCN -I K..SO,
Kthyl cyrmi<lr.
Com|)arc the action of sulphuric acid on phenol t'see Prrj>.
PREPARATION 2.

Ethyl Bromide.—The replacement of the hydrogen l>\
halogen (CI, l>r) may be effected by the direct action of the
halogen on the paraffin.
CVIIa + Gl., ^ G«ir0GI + IIC1.
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A simpler method is to replace the alcohol hydroxyl by halogen by the action of hydracid (HC1, HRr, HI),
CJL.,011 + HC1 = CJIgCl + HoO.
Or by that of the phosphorus compound (PCL, PBrn, PI3),
3C.JInOII + PCL = 3C2IT,Cl -i- P(OII)-.
The preparation of ethyl bromide may be taken as an example of the first method, in which the hydracid is liberated by
the reaction,
KBr + II2SO4 = II Br + KIISO4.
A further example is that of isopropyl iodide: see Prep. 31,
p. no, in which the hydriodic acid is obtained by the action of
water on phosphorus iodide,
PL,-h3ir.>O = 3ITI + P(OII),.
The action of MCI is much more sluggish than that of HBr
or III, and in the preparation of ethyl chloride a dehydrating
agent (ZnCL) is usually added to the alcohol, which is kept
boiling whilst the HC1 gas is passed in. In the case of polyhydric alcohols, all the hydroxyl groups cannot be replaced by
Cl by the action of HC1. Glycol gives ethyl en e chlorhydrin and
glycorol yields the<lichlorhydrin (see Prep. 32, p. HI). The use
of IMir.,, PI3 docs not necessitate the previous preparation of
these substances. Amorphous phosphorus is mixed with the
alcohol, and bromine or iodine added as in the preparation oi
methyl iodide (see Prep. 6, p. 68). PClr> or PC1S will always
replace OH by chlorine in all hydroxy-compounds, including
phenols, on which HCl docs not act.
The alkyl halides are utilised in a variety of reactions,
examples of which are given, ethyl iodide being taken as the
type.
r. Aqueous potash or water with metallic oxide (Ag._,O, PbO)
yields the alcohol (see Prep. S7, p.-195),
GJLJ + KOII = C2IISOT[ + KI.
2. Alcoholic potash gives an define,
CJI,I + KOII = CJI t + KI + II..O.
3. Sodium alcoholate gives an ether,
C,II,I + NaOCallr, = CoHaOCJIs + NaL
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4. Alcoholic ammonia forms a mixture of primary, secondary
and tertiary amines,
C,ir,I I NIL. - C,II;-,NII., 1 III
2CjlInI I- NIL, ••-. (<\,II;,)oNril I 2IH
3C.Jl Ir.I "I- Nil!; ~ Cjl;,);; N I ^ I I I .
The tertiary amines unite with the alkyl iodide to form the
quaternary ammonium iodide, which is produced at the same
time as the other products.
(C,n,).{N -1- c.jr,r.-, (LVii^Ni.
5. Potassium cyanide forms alkyl cyanide,
CoIInl -I- KCN - CjIIjiCN I- KI.
6. Potassium hydrosulphide gives the mcrcaptan,
CjIIrjI I- KSH -. CoHaSII -I- KI.
7. Potassium sulphide forms the thio-ether,
2C«II5I -I- IwS - (C,Un),S I 2KI
8. Silver nitrite gives the nitro-paraffm,
CoII,f I- Ai;NO.2~ CJIr)NO., -!- Agl.
9. Silver salts of organic or inorganic acids yield the alkyl
esters,
2CJInr -1-AfeSO.i -- (CJIri)oS(), I- 2Ai;I.
~ cji; ! .eooc ! ii, v -t- A^I.
PREPARATION 3.

Ethyl Ether.—This reaction is of a general character. Iiy
using- a different alcohol in the reservoir from that in the flask,
a mixed ether may be obtained. Thus, ethyl alcohol and aniyl
alcohol may be combined to form ethyl amyl ether,
Coir/jri + iioSo.t =c,ii ri so 4 ir-i-n a o.
Cjirr)irso.i -v c r ) n u on ^cjii>(K\>\[n 1- fioSo.,.
That the sulphuric acid acts in the above manner and not
merely as a dehydrating* agent appears not only from the
formation of mixed ethers, but also from the fact that \\w.
sulphuric acid may be replaced by phosphoric, arsenic and
benzene sulphonic acicls.
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The ethers are also formed by the action of sodium akoholatc
on the alkyl iodide (Williamson),
CJl.,ON;i 1 C.IIj-,1 ^ C.jna.O.C2II5 -1 Nal,
and by this method mixed ethers may also be prepared.
The inertness of the ethers arises probably from the fact
that the whole of the hydrogen present is united to carbon.
Note the action of sodium and PCI- on alcohol and on ether.
The ethers are not decomposed with PCI- except on heating,
when they give the alkyl chlorides,
(C',1I5),() I' PClr, --• 2CoIIr,Cl + POCL
Hydraeids, especially ill, have a similar action —
(Coll,)./) 1 2III - 2C..IIJ -I- 1I,().
Mot, strong sulphuric acid breaks up ether into ethyl sulphuric
acid and water,
(Coll;/)/) I 2IUSO., ~ 2CJII.VSO.JI I I I I.O.
Compare the action of caustic alkalis on ethers, esters and
anhydrides.
,(Uir,
/Cjiir,
ro.cir.,
N
^CO.CII.,
CO.CII.{
Kthyl acetate.
Acetic anhydride.
PKKl'ARATION 4.
Elthylene Bromide. -The formation of olefincs by the
action of cone. II.jSO., and other dehydrating agents on the
alcohols is a very general reaction. Among the higher alcohols
the action of heat alone suffices; celyl alcohol, CI(;1!«,('), gi\'es
cetylene, CIfJ,I l;ll>, on heating. The olefmes are also obtained by
the action of alcoholic potash on the alkyl bromides and
iodides,
CoIIr/Iir -I- KOI I ^ C2ir4 -f- Klk 4-1I,O,
and by the electrolysis of the dibasic salts ; potassium succinate
gives ethylene,

MloU..,
Dielhy! ether.

The oleiines combine with :
(1) Hydrogen in presence of platinum black, or finely divided
nickel (see Prep. 78, p. 181).
CIIo:CII, + IIa = CII:I-CII:J.
Kthvlcnu.
Ethane.
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(2) The hydracids (HC1, HBr, HI), in which case the halogen
attaches itself to the carbon with the least number of hydrogen
atoms,
CII:,.CM:CIIo + III == CII.j.CIII.CH,.
I'ropyk'iie.
Isopopyl iod'de.
(3) The halogens (Cl, Br, I),
CILrCIL + Go = CI I,C1.C1L,C).
Ethylene.
Ethylene chloride.
(4) Cone, sulphuric acid,
.OH
/OCH.,.CiI..
ClIo:CIU+(XS<X
= OoS<
O1I
" X)II
Ethyl hydrogen sulphate.
(.5) Hypochlorous acid,
cn2:Cii« + i i o a = cn 2 oii.ciLCi.
Ethylene chlorhydrin.
Potassium permanganate oxides the olefme, forming in the
first stage the corresponding glycol. liy further oxidation the
molecule is decomposed by the parting of the carbon atoms at
the original double link,
CIIS.CII : CIL + IIoO I- O = CII:{.CII()II.Cn.iOll.
Fropylene.
I'ropyljue glycol.
CII3.CIIOLI.Cli2OII -I- 2O, = CIL,,COOir I- CO, I zllJ).
Acetic acid.
Alkylcne chlorides and bromides with both halogen atom-.
attached to the same carbon are obtained by the action oi
PCI.-, and PBr- on aldehydes and kctoncs.
cu 3 .co.cii a + PCI5 = cir.,.cci.j.cir3 +
/3^-Dictiloropropaae.
PREPARATION 5.

Acetaldehyde.—The formation of aldehyde from alcohol
probably occurs by the addition of oxygen and subsequent
elimination of water,
CH3CIUJII H- O = CII3.CII(OII)., = CIL..CO.I1 I- U.J).
The aldehydes may also be obtained by the reduction of acid
chlorides and of anhydrides in some cases, but the method i>>
rarely adopted. Aldehydes can only be obtained directly from
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the fatty acids by distilling the calcium salt with calcium formate ; but in no case by direct reduction, unless in the form of
lactones,
(CIIs.COO)2Gi 1 (HCOOjXii = 2CI Is.(.;<). II -I 2OiCC)a.
The aldehydes are reaclily reduced to the alcohols. Characteristic'properties of the aldehydes are the formation of aldehyde
ammonias, Schiff's reaction, the reduction of metallic salts and
the production of <ric/<t/s by the action of alcohol in presence of
hydrochloric acid <jas (K. Fischer).
CI1...C0.11 1 2C,II.,OII - c:ii...cii(O('.,iiri)., -»• 11..0.
Acctld.
They also polymerise readily. These reactions should be compared with those of ben/.aldehyde (I'rep. 88, p. 196). There arc
many reactions which are common to both aldehydes ami
ketones,/.**., to all substances which contain a ketone CO L;TOU]X
Such, for example, are : (1) The formation of an additive compound with sodium bisulphite.

(2) The action of I'CL-, which replaces oxygen by chlorine,
^.co 1- K:I;J - e c u -I- 1»()(:!.,.
(3) The formation of a cyanhydrin with hydrocyanic acid,
/CO -I IK.-N-^C-X,^ 1 .
which on hydrolysis yields a hydroxy-acid.
(4) The formation of an oxime with hydroxylaminc (see l^reps.
9, p. 7J, and 89, p. 197).
\CA) ! 1I..NOI1 - \ j : N O I I I II..O.

/

~

/

(5) The formation of a phenylhydrazone with phenylhydrazinc.
NC •} Il2N.NH.CflH0 -^>C:N.NlIC0IIr, + HaO.
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(6) The formation of a semicarbazonc with seinicarbazidc
(sec Prep. 100, p, 212).
X
;CO -I- IIoN.NII.CO.NIlo -• C:\.NU.CUN1I., i I !.,<>.
Jiuth aldehydes and ketones readily undergo co/niaiSiUioji
and a yreat variety of syntheses have been effected in this way
(see Preps. 94, p. 204, and 103, p. 215).
The aldehydes unite with zinc alkyl i Warner i and magnesium alkyl halide ((iri^nard, see p. 200; to form additive compounds, which decompose with water, yielding secondary
alcohols.
O/nClI..
CII.).C().1I I Zn(CII..)., - C11...CH,
Vll,
.OZnCIl..
CII:,.CII/
" i 2ILO - CH^CIIOlLCli.. i ZniOIl). | V\\v
CIi;[
"
I.opn.pyl al. ,.!»,»!."
• OMi'I
CII..CO. II ! Mi»-CII.;I - CiI.,.CII.s
\1I,

1 11..0 . C11...C11011.CI!.. i /.n(oii).. i en,.
"
. . .

Acctaldehyde, in presence of HC1, polymerises, forming
alclol. With zinc chloride the reaction ^oes a step further and
crotoualdehyde is formed,
cir.coii I- CIL..COH .: ciL.cii(um.ciL.C(Hi.
.M.l->1.
cn.;.cii(;ii.c:iio.coii - cn.j.cihcii.coii \ n.,o.
CnnonuliU-'liytk:.
PRKI'ARA'riON 6.
Methyl Iodide.—Read notes on Prep. 2, p. 234.
PRKIWRATION 7.
Amyl Nitrite.-The nitrites of the general formula
k'.O.NO arc isoineric with the nilro-paraffins I\'N()L,. Whereas
the nitrites are hydrolysed with KOI1 like other esters into the
alcohol and the acid,
CjllftONO I KO11 C.JI,O11 I KNO.,,
and are decomposed by reducing agents into the alcohol and
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ammonia (and in some cases hydroxylamine), the primary nitroparaffins are not hydrolysed by potash, but dissolve, forming
the soluble potassium salt, and on reduction give the primary
aminc,
C.H&NO.J 1 3IL ^ C,1I5NII2 -v 2H2O.
Amyl nitrite is used in the preparation of diazo-salts (see Prep.
62, p. 161).
PKKI'ARATION 10.

Acetyl Chloride.- Either PC1:{ or PClf) are almost invariably used in the preparation of acid chlorides. In the case
of I'Cl.-, only a portion of the chlorine of the reagent is utilised
(sec I'rcp. 98, p. 208), POC1;{ being produced in the reaction,
The use of one or other reagent is determined by the nature of
the product. If the latter has a low boiling-point the trichloride
is preferred, if a high boiling-point, the pentachloridc may be
used and the oxychloride expelled by distilling /// vacuo from a
water-bath (see Prep. 16, p. 85). The pcntachloride is more
frequently used m the preparation of aromatic acid chlorides,
but there arc occasions, which experience can only determine,
when the trichloride is preferable.
Phosphorus oxychloride and the sodium salt of the acid can
also be used.
2ClI:,.<:oON;i i POCl:i -2ni.,.COCl -I- NJIPO., -|- NaCl.
Also thionyl chloride, SOC1.,, may often be used with advantage in place of the? chlorides of phosphorus,
CII:i.CO()II+SOCL--CH3.COCl + HCl + SOa.
Acid chlorides react with alcohols and phenols, and in general
with substances containing a "hydroxyl" (OH) group. Acid
anhydrides have a similar behaviour, and both substances may
be used in determining the number of such groups in a
compound. Thus glycerol forms a triacetyl derivative, whilst
glucose yields a pc-ntacetyl compound. l>y hydrolysing the
acetyl derivative with alkali, and then estimating the amount of
alkali neutralised by titration, the number of acetyl groups can
be estimated (see p. 222).
The presence of the "amino" (NTL) group is determined by
a similar reaction.
The synthesis of aromatic kctones may be effected with the
coi 1 ION'S ADV. I\ o. c

'

R
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acid chlorides, using the Friedel-Crafts' reaction (see Prep, ioo,
p. 210), also of aliphatic ketones and tertiary alcohols with zinc
methyl and ethyl, &c. (Butlerow) or magnesium alkyl halide
(Grignard).
/OZ11CH3
(1) CIL.COC1 + Zn(CH3)., = CH3.Cf-Cl
\CII3
/OZnCI-L.
/Cl
CIL.C^-C1
+ HoO = CH.,.CO.CHS + Zn<X
+ CII^
X
CU;!
"*
'Acetone. '
OII
/OZnCH3
/CH3
(2) CIL.COC1 + 2Zn(CH3)., = CH3.C^-CH.{
+ Zn(x
\ciii,
ci
/OZiiCH.
CH3. C^-CM3
+2lI2O = CH3.C(OH)(CH3)s + Zn(Ori)2-l-CIT4
^CHj
Tertiary butyl alcohol.
An additive compound with zinc methyl is formed, in the
first reaction with one molecule, in the second with two molecules, and the product in each case is then decomposed with
water. The reaction with magnesium methyl iodide is
similar.
PREPARATION I I .

Acetic Anhydride.—The anhydrides may be regarded as
oxides of the acid radicals, just as ethers are the oxides of the
alcohol radicals, and, like the ethers, both simple and mixed
anhydrides may be prepared. The latter, however, on distillation decompose, giving a mixture of the simple anhydrides.
C2II,O\O _ c , n , o \ o
c3n0o\o
Anhydrides may also be prepared by the action of POC1:} on
the potassium salt of the acid in presence of excess of the
latter, the reaction occurring in two phases :
2CII:..COOK + POCL. =2CPI:l.COCl + KPO3 +KC1.
CIL.COOK + CJLOC1 = (CjH..O)./) + KC1. '
In addition to the reactions described under the Preparation,
the anhydrides undergo the following changes :
1. With HC1, HBr, and HI they give, on heating, the acid
chloride and free acid,
(CH:1C0)o0 + HC1 = CH3COC1
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2. With Cl they form acid chloride and chlorinated acid,
(C1I3CO)./) I- CL, = CII3COC1 + CHoCI.COOH.
3. With Nil amalgam they arc reduced to aldehydes.
PREPARATION

12.

Acetamide.— The acid amides, or simply amides, correspond to the amines, being ammonia in which hydrogen is
replaced by acid radicals, and, like the amines, exist in the form
of primary secondary and tertiary amides. The following
methods are used for obtaining the amides-, in addition to that
described under tlvj preparation :
1. The action of ammonia on the acid chlorides or anhydrides (see Prep. 98, p. 209).
CII3.CO.Cl I- 2NIL. ^ CII3.CO.NLLj + NH4C1.
CiLj.cl)/ 0 ' 2 N I I 3 = cn:;-CO.NiL, -|- CII3.COONH4.
2. The action of ammonia on the esters (see Prep. 26, p. 102).
Cn:,.COOGjIlrj -l- NIL,. = CIF:I.CON1I2 + CoH,OII.
3. Partial hydrolysis of the cyanides by cone, hydrochloric
or sulphuric acid,
ClIaCN + 11,0 = CIIs.C0NIIa.
The jilkyl amides or substituted ammonias, with both acid
and alkyl radicals, also exist, and are formed by the first two
of the above reactions and by heating the salt of the amine
(see Prep. 54, p. 15 0cii:,.eo.cr-i NII«C 2 II 0 = cn:..co.Niic.2ir5 + nci.
Acetethylamidc.
CII,.COOir.NII.,C(.IIr, = CII3.CONlI.CuH5 + H.,O.
Aniline acetate.
AccUinilide.
With the exception of formamide, which is a viscid liquid, the
majority of these compounds are crystalline solids. The lower
members are soluble in water, and they all dissolve in alcohol
or ether. Many of them distil without decomposition. They
are neutral substances uniting with both mineral acids and
a few of them with caustic alkalis and alkaline alcoholates
to form compounds which are rapidly decomposed by water.
The hydrogen of the amido-group is also replaceable by
R2
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metals, and derivatives of .acetamide of the following formulae
are known :
CH3CONMNa, CH3.CONHAg, (CH3.CO.NII),IIg.
They are converted by nitrous acid into the organic acid,
and in the case of substituted amides into nitrosamides,
CH3C0NH0 + UNO,'
= CHn.CO.OII + N2 + IIoO.
CM;J.CO.NHC(;H5 +iiNO 2 = CH;|.CO.N(NO).C0H5 + HyOAcetanilide.
Nitrosoacetanilide.
With the latter class of substituted amides, PCI.-, forms the
imidochlorides, a reaction which is usually formulated in two
steps,
CH3.CO.NHC,H3 + PClg = CH,.CCU.NIIC,,Hr> + POC1;{.
CIL.CCUNIIQII-j = CH3CCI : NQII5 + 1IC1.
The substituted amides give both imidochloride and the
cyanide with PC15,
CII3.CONH2 + PCI,, = CH 3 .C^j H + rOCL, + IIC1.
CH S .C/'Q 1 " 1 = CMj.CN + IIC1.
PREPARATION 13

Acetonitrile.—The various reactions by which the nit riles
or alkyl cyanides are obtained have already been mentioned
in one or other of the previous notes, but they may be
recapitulated.
1. By the action of KCN on the alkyl iodide or alkyl
potassium sulphate,
C.2H,I + KCN = GjIIgCN + KI.
3+ KCN =

2. By the action of PC15 (as well as P2Or)) on the amide,
CH3.CONIL, + PC15 = CI1.CN + POC1:; + 2IICI.
3. By heating the aldoxime with acetic anhydride,
CH3.CH : NOII + (CI-I3CO)3O = CILCN + 2CII.J.COOH.
They are compounds which arc, for the most part, insoluble*
in water, possess an ethereal smell, have a neutral reaction, and
may be distilled.
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The fact that they are eminently unsaturated compounds is
evidenced by their general behaviour towards a great variety
of reayents.
1. On reduction they i^ivc the primary amine (Mendius),
CI1..CN l 2II0 - CII:,CIloNIIo.
2. With HC1, Mlir, and HI they form imidohalides (Wallach),
CH:1C:N 1 nci - c i u c - 7 ^ 1 1

3. With alcohol and IIC1 they form the hydrochloridc of the
imidoethers, from which caustic alkali liberates the base
(Pinner),
CILCN ! <\.Hr,<MI -I IIC1 -CM
C11;,C y(NHI>l-1I1K ! ! NaOII - c : ! ! . . . ^ ^ 1 ^ -t NaCl I 11./).
These imiiloethers unite with ammonia and amines and form
the amidines,

4. The latter are also formed by the direct action of ammonia
on the cyanide,
Cll.,.CN -1 NIL, ~ ^ M ' - ' N I I . ,

5. I lydroxylaminc unites with the cyanides, forming amiduxinics,
0. With 1 US the thiamides are formed,
CIL.CN I IIoS ~ CII:,.CS.NIIo.
PkKI'A RATION I 4
Methylamine Hydrochloride. This reaction, which
yields the primary amine, is applicable, not only to the aliphatic,
but also to the aromatic amides. Theformationof anthranilic acid
from phthalimide is a process of technical importance. By the
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action of bromine and caustic potash, phthalaminic acid is first
formed, which then yields the amino-acid,
QH/

>NII + HoO = Q H /

XONIIo
Q H X/
" + Br2
coon
.CONHBr
C 0 I l /X
XCOOII
COOII
/NCO
X
COOII

/CONIIBr
= Q H /x
+ HBr.
coon
,NCO
= QH4<
+ IIBr XX)OII
^COOII
/NIL,
XX30H

The primary amines may also be obtained by the following
reactions :
1. Action of alcoholic ammonia on the alkyl iodides and
nitrates,
Qllgl + NII3 = QH8NH2 + HI. (Ilofmann.)
Secondary and tertiary amines are also formed (see p. 156),
QHBONO2 + NIL, = QIT5NII2 + UNO.. (Wallach.)
2. Reduction of the following classes of compounds :
nitro-compounds
cyanides
oximes
phenylhydrazones
QH5NO2 + 3H0 = QHaNHo + 2H2O. (V. Meyer.)
QHgCN + 2IL = C2H,CHoNH2. (Mendius.)
CH3.CH:NOri + 2H2 = CHS.CII.2.NII2 + HaO. (Goldschmidt.)
CH8.CH:N.NHQHS + 2H0 = CM3.CH2.NH2 + QIIfl.NIIo. (Taful.)
3. Hydrolysis of the isocyanides with cone. HC1, which occurs
in two steps :
CoH5NC + HoO = QHBNII.COH
C2H5NH.COH + HoO = QHBNIIa + HCO.OH.
Th'; three classes of aliphatic amines (primary, secondary, and
tertiary) may be distinguished by their behaviour with nitrous
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acid and alkyl iodide. The primary aminc is decomposed with
HNOo, forming the alcohol, and nitrogen is evolved,
C.JIr.NIIo I UNO., ~ CJIr.OII -i- N.j -I- I l.O.
The secondary amine forms the nitrosamine, insoluble in water
((\,H-,).,N1I 1 UNO.,-(CjyoN.NO -i-IIoO.
1 )u:thyliutn>sRimiu:.
The tertiary ami no is unacted on by nitrous acid, but, unlike
the other two, unites with an alkyl iodide and forms the
quaternary ammonium iodide (I Iofmann),
(<\.IIri):,N I- CII,I --- (C,II,),NCTJ;$T.
Trii'tliylimrtliylamnumuim iodide.
The behaviour of nitrous acid with the aromatic amines is
somewhat different (See Preps. 60, p. 157, and 62, p. 161).
The primary amines may also be distinguished from secondary and tertiary amines by the isocyanide reaction (p. 150), which
consists in heating the amine with a ltttle chloroform and alcoholic potash solution. An intolerable odour of isocyanide is
emitted,
Coil,Nil. I- CHCL. -\- 3KOIT ~ CoIIflNC + 3KCI -1 3II0O.
PRKPARATION I 5.
Ethyl Acetate.—Esters maybe obtained by the direct action
of the alcohol on the acid as in the case of methyl oxalatc.
(Prep 2(\ p. 101). A certain quantity of ethyl acetate is also
obtained from ethyl alcohol and acetic acidj'-but the action, which
is a I'evcrsible one, stops when a certain proportion of the constituents have (-oml)ined (p. 234). It is represented thus :
Coirr/)ii 1 c\i,.(:()()ii"^mciii.c:(H)CJiri -i- ir,o,
which signifies that the ester and water react and regenerate
alcohol and acid, whilst the reverse process is in operation. By
removing the water as it is formed by means of sulphuric acid
or by distillation, this condition of equilibrium is disturbed and
the reaction is completed. This docs not, however, explain the
fact, first discovered by Scheele and afterwards investigated by
Fischer and Speier (see Prep. 99, p. 209), that a very limited
quantity of cone, sulphuric or hydrochloric acid will produce

248

PRACTICAL ORGANIC CHEMISTRY

the same result. According to Henry the reaction with HC1
takes place in several steps,
CH,.COOH + CoH,OH = CH:iC(OH)oOCJI,.
CH3.C(OH)2OCoIT5 + I-ICI = CH:1C(OII)C1OC,I-I3 -I H,O.
CH3.C(OH)ClOC2Hr, = CH3.COOC2II5 + HC1.
Other methods for the preparation of esters are by the action of
alcohol on the acid chloride or anhydride (see Reactions, p. 75),
or by boiling up the dry powdered silver salt of the acid with the
alkyl iodide,
CILj.COOAg + GjTIgl = CH3.COOCoIIn + AgL
The esters are, for the most part, colourless liquids or solids of
low m. p., with a fruity smell and insoluble in water. They are
hydrolysed by potash (most readily with alcoholic potash) and
give amides with ammonia,
.CH3.COOC3H5 + NH3 = CH,.CONHo + C2HCOH.
Acetamide.

PREPARATION 16.

Ethyl Acetoacetate. -The explanation of the manner in
which this substance is produced has been given in the account
of the preparation. The result was arrived at, not by the isolation of the intermediate compound formed by the union of
ethyl acetate with sodium ethylate, but by analogy with the
behaviour of benzoic methyl ester with sodium benzylate, which
gave the same additive product as that obtained by combining'
benzoic benzyl ester with sodium methylate, showing that such
combinations could occur,
.ONa
C6H5Cf0CH,
\OCH,.CflH5
Also by the fact that sodium only attacks ethyl acetate in
presence of' ethyl alcohol, although the quantity of the latter
may be very minute. Similar reactions have been effected
with either metallic sodium or sodium ethylate by Claisen,
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W. Wislicenus and others, of which the following examples
must suffice ;
, ( : . , I T n - (V,Ur,CO.CTI.,COOCJTr)
Aivtii: rstrr.
Be>w»j»>ylifr»n/<)i>^sW!T!t -|- CoFT-OII.
IK'()()(\,Ur, I Cll:,.('()()(\,llr,
- lI.CO.ClUCO<)G,IIr,
|M.niii<: estei-.
Acetic esier.
Knnnyl:u:etic ester. " | C.IIr.OII.

Oxalic ester.

I CI I :..H )OC.,IFr,
Aceii,: ester.'

(>xalylaceti<: ester.

"| C,lI<TOLi.

From this it would appear that condensation might always be.
effected between an ester on the one hand and a compound
containing tin* group CI L.CO on the other. This seems very
generally to be the case, and Claisen has succeeded in producing condensation products between esters and ketcmes or
aldehydes containing this group. (See Prep. 100, p. 212.)
The formula for ethyl acetoacetate would imply the properties
of a ketone, a view which is borne out.by its reduction to a
hydroxy-aeid,
Cn:l.riI()Il.(;iI2.COOCJIri,
/3-lIycln>xy)>utync ester.
and by its behaviour with ])henylhydra/.ine and hydroxylamine.
The latter reactions ^i\re rise to the formation of the usual
phenylhydrazono and oximc, whilst a molecule of alcohol is also
removed resulting in a closed chain, in the former case phenylniethylpyrazolone, and in the latter methylisoxazolone beiny
formed,
CII.,.(\(:II...C()
• II " I
N - N.Q.II,
Pheiiylmethylpyrazolono.

cn s .c.cii.,.co
• II " I
N
O
Methylisoxrizolonc.

The "mcthylcnc" j^roup (CH2) standing between two CO
groups, such as occurs in aeetoacetic ester, is characterised by
certain properties, which are shared by all compounds of similar
structure, viz., by their behaviour towards nitrous acid, diazobenzene salts, and metallic sodium or sodium alcoholate.
The first reaction leads to the formation of isonitrosoacetone,
Cll.,.CO.CII...COOG>IIn -!- UNO.,-.r:CM,.CO.CTT:NOn + CO.,
-I- C,H5OH.
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The second yields, in acetic acid solution, formazylderivatives,
CHUCO.CIio.COOCoH- -f- CJ-I-.NXl = CII..COCII:N.Nr-LC4,It
+ CO2-j-CoIIgOHilC
CH3.CO.CH:N.NIIC,;IT5 + CPlHr>N2Cl
- ru en r/ N:N - c « ir . r » 4Acetyl tliplienyl forma/yl.
The third is capable of the utmost variety, since the sodium
:n the sodium compound may be removed by the action of :
1. Iodine, which leads to the formation of acetosuccinic
ester,
CIL.CO.CIINa.COOCoIL,

CH,.CO.CTI.COOCJI5
+ Io = "
|
+ 2NaI.
CH3.CO.CHNa.COOC2IIs
" CIL5.CO.CII.COOCJI.,
Acetosuccinic ester.
2. Alkyl iodide, whereby two atoms of hydrogen may be
successively replaced by the same or different radicals,
CH...co.criNa.cooCoiirJ + CII<I

= cH 3 .co.cri(CiL)Cooc»i r,,
' + Nal.
CrIo.CO.CN£i(CH,).COOCJI5+ CILI =CH.?.CO.C(CH.,).,COOCoI U
' + Nal.
3. Acid chloride, which is of similar character to the foregoing process, but gives rise in some cases to the simultaneous
formation of two isomeric compounds, a fact which at one time
threw considerable doubt on the ketonic character of aceloacetic ester. Thus chloroformic ester and sodium acetoacetic
ester produce the following two derivatives, of which the second
predominates :
CH3. CO. CH(C02C2H5)o.
CH3. C(OCO.2C2Hr,) :CH. CvOoCJ I5.
Acetylmalonic escer.
jS-Carboxethylncetoacetic ester.
The synthetic capabilities of this compound are not yet
exhausted. Acetoacetic ester and its alkyl derivatives undergo
decomposition in two ways, according to whether dilute
alkalis and acids or, on the other hand, strong alkalis are
employed.
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1. With dilute aqueous or alcoholic caustic alkalis, or baryta,
or sulphuric acid, a ketone is formed (ketonic decomposition),
(;ii:..(i().cmiL.cc>ocyin 1 ir.p = C I U C O X T L + c o . + COH5OH.

2. Concentrated alcoholic potash decomposes the ester into
two molecules of acid (acid decomposition),
cn.,.c<).cir.,.cooc,iirl -i- 211./) = CIL.COOII + CII^COOH

+ Coiiaon.'
If the alkyl derivatives of the ester are employed, it is
possible, to effect the synthesis of a series of ketones and
saturated aliphatic acids, according to whether the one or other
reaction is used.
Of the other synthetic processes which have been studied in
connection with this substance, the following maybe mentioned :
1. The monoalkyl derivatives yield with nitrous acid the
isonitroso-dcrivativc, from which the ortho-diketone may be
obtained (v. Pechmama),
i- IINO.,-- CII. { .CO.C:(NOII).CH..

+ 'CoIIDOII + HoO.
,

)

:

,

-i- n a o = CII:!.CO.CO.CU:3 -1- NII 2 OII.

JJiacctyl.
These compounds readily condense, forming derivatives of
quinone,
CIL.C! o i co. cii'i II., i
1

; I
i "! IlCi ITyj.CO.C ! O i.ClLj

CU...C . c o . cir

"1
1•
CII.CO.CII.,
Dimetliyl iiuinone.
2. Aldehyde-ammonias and acetoacetic ester yield pyridine
derivatives (I Iantzsch),
Nil
Nil II I
/ \
CIL.C CCIL.
o ic
II
CJIr.OCO.C II II II 11 jC.CO.OCoIIr,
, C2II,O.CO.C
ci.CO.OGjH
;
O
CM
CII
Dihydrocollidinedicarboxylic ester.
CIL
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3. Orthoformic ester and acetoacetic ester in presence of
acetic anhydride form a hydroxymethylene ester (Claisen),
CH..
CH8
I "
I
CO
CO
I
I
CIL, + HQOOGJLj), = C:CII.OCoHc + 2CoIIr,OH.
I "
I
COOC2II5
COOGjII,
4. The derivatives of acetosuccinic ester are very numerous
the compound lending itself readily to the formation of hcterocydic compounds (pyrrole, furfurane, thiophene, pyridine, &c,
derivatives).
The impartial way in which acetoacetic ester was found to
behave, sometimes playing the part of a hydroxy-compound,
sometimes that of a ketone, has led to much discussion on the
merits of the formulae proposed by Geuther and Frankland,
CIL.C(OH):CIJ.COOC2ir5.
CII3.CO.CIio.COOC2IIB.
Geuther's formula.
Frankland's formula.
From its physical properties and from its close analogy with
compounds which are known in both dcsmot?'Opic forms, there
is now little doubt that the liquid is a mixture of both compounds, the proportion of each being determined by temperature and other conditions. It is a typical example of taufomcrism}
PREPARATIONS 17—18.

Monochloracetic Acid and Monobromacetic Acid.—
The action of chlorine on the aliphatic acids takes place in
presence of sunlight, also on the addition of small quantities of
the " halogen-carriers," iodine, sulphur, and red phosphorus. By
the action of iodine, ICl is formed, which decomposes more readily
than the molecule of chlorine, and hydriodic acid is liberated,
CH3.COOH + ICl = CHoCl.COOH + III.
The hydriodic acid is then decomposed by chlorine, and ICl
regenerated. Phosphorus acts by forming the chloride of
phosphorus from which the acid chloride is produced, which is
more readily attacked by chlorine than the acid. Sulphur
behaves
in a similar fashion, sulphur chloride converting the
1
For a full discussion of the subject of tautomerlsm, see the author's Organic
Chemistry for Advanced Students, E. Arnold, London.
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acid into the acid chloride. Uroinine in presence of phosphorus
forms in the same way, first, the acid bromide, and in the
second stage of the reaction, the bromine substitution product.
The bromine in all cases attaches itself to the a-carbon {i.e.,
next the earboxyl). Where no free hydrogen exists in this
position, as in trimethylacetic acid, no substitution occurs.
Iodine can be introduced by the action of KI on the bromine
derivative,
CIUlr.COOH -I KI - CII.J.COOH + KBr.
Monohalogen derivatives may also be obtained from the
unsaturated acids by the action of the hydracids (HC1, HBr,
Ml). In this case the halogen attaches itself to the carbon
farthest from the carboxyl. Thus acrylic acid gives with HBr
the /3-bromopropionic acid,
CII./.CIl.CO.OII I Iir.r- CIUir.ClUCOOIL
The action of the hydracids, PCI,-, andPlhv,, on the hydroxyacids also yields the halogen derivatives,
riI:..CIl(OII).C<>()II I IIHr. --CII:,.CIlI*r.COOH H- 11./).
(:iI...('II(()II).C()()II I al'Clrj -~ C1L,.CIIC1.COC1 + 2POCI,
•I-2I1C1.
In the latter case the acid chloride must be subsequently
decomposed by water to obtain the acid.
The increase in the number of halogen atoms in the acid
raises the boiling point as well as the strength of the acid as
determined by its dissociation constant K.
u.i».
K.
Arc-lie ;irid
118°0
-ooiS
Monorhlorarctic arid . . . 185
'155
Dirliloraretir arid
190°0
5*14
Trichlonicctic acid . . . . 195 121
Some of the transformations of monohalogen acids are
illustrated by the following equations :
CILCI.COOII t !LO
CILOII.COOII -!• lid.
ciioCi.cnon 1 K(":N - CILCN.COOII-1 KCI

CIIoCl.COOlI I 2N1I., .--• (:1ION1IO.C()OII I NII4CI.
en", c o o n
iC'IL.Hr.C'OOII I Ag., - \ "
+ 2AgBr
CIIo.COOII
-i- KOH ^ CIIo:ClI.COOH + KI + H2O.
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PREPARATIONS 19—20.
Glycocoll.—By the action of primary and secondary amines,
corresponding amino-acids are formed. Chloracetic acid and
methylamine yield sarcosine,
XI
/NHCI-ICH2
+ NH0CH3 = CII2
+ HCl.
^
\:OOII
The amino-acids are further obtained by the reduction
(Zn and HCl) of nitro-, oximino- and cyano-acids, thus :
CHo(NO.,).COOH + 3llo= CHa(NIIo)COOII + 2IT0O,
CH3.C(NOII).COOH + 2II0 = CII3.CM(NH.,).COOII + 1T.,O,
CN.COOII -b 2lla = CHo(NIL).COOH,
and by the action of NH3 on the cyanhydrin of aldehydes and
ketones, or simply of ammonium cyanide. The product is then
hydrolysed with HCl,
/CN
/CN
/COO 11
HCN
/
NH3
/
H.,0
/
ciio.coH -> ciL.cn
->- c1i3.cn
-> cir..cn
The amino-acids are crystalline compounds usually of a sweet
taste and soluble in water. They are neutral compounds, from
which it may be assumed that an inner ammonium salt is
formed—
/NIT3
CH
o\ •
N:oo
By the action of an acid chloride on the amino-acid, the hydrogen of the ammo-group may be replaced by an acid radical.
Hippuric acid has been synthesised in this way.
/Nil,
yNI-I.CO.CflHg
CHo
+ C8H5COC1 = CHa
+ IIC1 .

\coon

^coon

The amino-acids are not acted on by a hot solution of caustic
alkali, but on fusion with caustic soda or potash, yield the
amine and CO.,,
/NHo
CH..CH
= CIL.CII2.NH2 + CO2.
\:OOH

APPENDIX
With nitrous acid the hydroxy-acid is formed,
/NIL
OH
CH2
+ IINOo = CH2
+ No + H2O.
Xx
COOH
^
PREPARATION 21.
Diazoacetic Ester.—The primary amines of the aliphatic
scries differ from those of the aromatic group in the fact that the
former yield no diazo-compounds with nitrous acid. It is otherwise with the amino-esters, the ester group probably furnishing- the acid character (represented by the nucleus in the aromatic
series) necessary to give stability to the compound. It should
be pointed out that the two classes of compounds have not an
identical structure. The formation of diazoacetic ester from
pyruvic ester and hydrazine and subsequent oxidation with mercuric oxide indicates that both nitrogen atoms are attached to
carbon,
C1U
CIU 7NH
>CO + NII0.NH0 ->
>C( I
^
CII3O.CCK
" "
CH..O.CO/
CIU
CILOXCK XN
In addition to the reactions described in the preparation
diazoacetic ester unites with unsaturated acids and forms cyclic
compounds. Fumaric ester, for example, combines in the
following way :—
? < J
tloOlf

+

CH.COOR
RO.OC.HC/V
->ClI-COOR
RO.OCHCL •CH.COOR
RO.CO.CH
I \
+ No.
RO.CO.CH—CM.COOR .
When bisdiazoacetic ester is heated with water or dilute acid
it breaks up into hydrazine and oxalic acid,
N=Nv
COOH
HOOC.CIK
>CH.COOH + 4H0O = 2 |
+ 2NH2.Nlla.
\N=N/
COOH
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PREPARATION 22—23.

Ethylmalonic Acid.—Like acetoacetic ester (see p. 83),
diethylmalonate contains the group CO.CH2.CO. By the
action of sodium or sodium alcoholate, the hydrogen atoms of
the methylene group are successively replaceable by sodium.
The sodium atoms are in turn replaceable by alkyl or acyl
groups. Thus, in the present preparation, ethyl malonic ester
is obtained by the action of ethyl iodide on the monosodium
compound. If this substance be treated with a second molecule of sodium alcoholate and a second molecule of alkyl iodide,
a second radical would be introduced, and a compound formed
of the general formula
J>.C(CO2C2H5),,
in which X and Y denote the same or different radicals.
These compounds yield, on hydrolysis, the free acids, which,
like all acids containing two carboxyl groups attached to the
same carbon atom, lose CO2 on heating. Thus, ethyl malonic
acid yields butyric acid. In this way the synthesis of monobasic acids may be readily effected. Malonic ester, moreover,
may be used in the preparation of cyclic compounds as well as
of tetrabasic and also dibasic acids of the malonic acid series
(Perkin). To give one illustration : malonic ester, and ethylcne
bromide in presence of sodium alcoholate, yield trimethylene
dicarboxylic ester and tetramethylene tetracarboxylic ester. Th e
first reaction takes place in two steps,
CIINa(COOC3H5)2 + CaH4Br3 = CH.,Br.CH.,CII(COOCoII5)2 + NaBr.
CHNa(COOC,H5)o + CHoBrCH., CH(COOCoIL)
= I >C(COOC,H8)o + NaBr + CHoiCOOG.ILJ.,.
CII./
"
" '"
In the second step a second molecule of sodium malonic ester
exchanges its sodium with the substituted malonic ester and a
second molecule of NaBr is then removed.
The formation of the tetracarboxylic ester occurs simultaneously,
2CHNa(COOCoH,)., + C,H4Br.,
= (COOCoH5)XH. CH3. CH,. CH(COOCjH6)2 + 2NaBr
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The free acid derived from the ester by hydrolysis loses two
molecules of CO. on heating, and gives adipic acid,
(coon)xn.Ciin.ciio.cn (cooii).,
~ COOll.CIi;CH,.CH,.ClL,COOH + 2CO2.
Cyanacetic ester has similar properties to malonic ester, inasmuch as the methylcne hydrogen is replaceable by sodium and
thus by aikyl groups.
CN
CN
CN
I
I
I
ai..
-> CHNa
-> CHX
I
I
I
COOC.J rfJ

eooc.i rr>

COOC 2 H 5

PREPARATION 24.
Trichloracetic Acid. -This acid may also be obtained by
direct substitution of acetic acid by chlorine (Dumas) (see Prep.
17, p. $7). The oxidation of the corresponding aldehyde is,
however, the more convenient method. Trichloracetic acid
decomposes with alkalis on heating into carbon dioxide and
chloroform,
ecu c o o 11 = circi 3 H- CO..
The reaction resembles the formation of methane from sodium
acetate when heated with soda-lime.
On reduction with sodium or potassium amalgam, trichloracetic acid is converted into acetic acid (Mclsens),
ca:,.c<x)ii 1- :>iio - CH3.C0011 + 311C1.
Dichloracetic acid may also be obtained from chloral by the
action of potassium cyanide and water,
<:a:,eon 1 iu> 1 KCN ~ c i i c u e o o n -1- KCI -1- IICN.
Whereas mono- and tri-chloracetic acid are solid, dichloracetic
acid is a liquid at the ordinary temperature.
PKKPARATION 25.

Oxalic Acid.—The preparation of oxalic acid by the action
of nitric acid on sugar was introduced by Scheele, and was used
for some time as a technical process. The vanadium pentoxide acts as carrier of oxygen, being alternately reduced to
tetroxkle and re-oxidised. The present commercial method is
to heat sawdust with a mixture of caustic potash and soda on
COHEN'S ADV. 1\ 0. C.
s
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iron plates to 200—2200, and to lixiviate the product with water.
The acid is precipitated as the calcium salt, which is then decomposed with sulphuric acid.
PREPARATION 27.

G-lyoxylic and Grlycollic Acids.—The process of electrolytic reduction has been applied successfully to a large number
of organic compounds, and has not only been found to have
definite practical advantages in many cases over other methods,
but, on account of the ease with which it may be controlled, has
elucidated the various stages in the mechanism of some of the
more complex changes. The reduction of nitro-compounds is
illustrated in Preps. 49 and 50. The reduction of organic acids,
ketones and carbonyl compounds generally has been developed
by Tafel and others, and in these cases it is found advantageous
to use a mercury or lead electrode. An essential feature of the
process is a clean metallic surface at the cathode and the absence
of foreign metallic impurities. The reduction of the carbonyl
group proceeds in three steps :
V
V
>CO + 2II = C(OII) - C(OII)
>co + 21-1 - > c n o n
>CO + 4II = >CH2 + I-L.O.
PREPARATION 28.

Palmitic Acid.—This acid, together with stearicand oleic
acids, in the form of the glycerides, are the chief constituents of
fats. Palmitin (glyceride of palmitic acid) is also found in
certain vegetable oils like palm and olive oil. The acid occurs
also as the cetyl ester in spermaceti and as the myricyl ester
in bees-wax. It may be obtained from oleic acid by fusion
with potash,
CisIIsA + 5° + 5K0H = C1GH..1O2K + 2K2COa +4ILO.
In the analysis of oils and fats, where the quantity of fatty acirl
is the chief object of the determination, it is customary t o
hydrolyse the substance with a standard solution of alcoholic
potash in place of aqueous potash, and to estimate the excess
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of free alkali with standard acid, using phenolphthalein as
indicator. The difference gives the amount of alkali neutralised
by the fatty acid (see p. 210).
PREPARATION 29.

F o r m i c Acid.—In addition to the method described, the
acid is formed in the decomposition of chloral (see p. 9),
chloroform (see Prep. 8, p. 71), by the action of cone. HC1 on
the isocyanides,
C21I5NC + HoO = C2H5NHo + HCO.OH,
by the decomposition of aqueous hydrocyanic acid, which yields
the ammonium salt,
HCN + 2l-IaO = HCOONH4,
and by the oxidation of methyl alcohol with potassium bichromate and sulphuric acid. It is present in the sting of ants and
nettles, and is also occasionally found among the products of
bacterial fermentation of polyhydnc alcohols and carbohydrates.
The commercial method is to act on solid NaOH with CO
under pressure and at a temperature of about ioo° :
CO + NaOH = IICOONa.
The calcium salt is used in the preparation of aldehydes by
heating" it with the calcium salt of a higher aliphatic acid,
(HCOO)Xa + (CIL,COO)oCa = 2CH3CO.II + 2CaCO:;.
The reducing action of formic acid and« formates on metallic
salts may be ascribed to the presence of the aldehyde group
(OH)CH:O in the acid.
PREPARATION 30.

A l l y l Alcohol.—Note the difference produced by the
change in the relative quantities of glycerol and oxalic acid,
and the temperature at which the reaction is brought about.
In the case of formic acid, it is the oxalic acid alone which
undergoes decomposition, and theoretically a small quantity of
glycerol will effect the decomposition of an unlimited amount
of oxalic acid. But at the higher temperature it is the glycerol
which yields the main product. Allyl alcohol being an unS 2
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saturated compound, forms additive compounds with halogens
and halogen acids. With permanganate solution it may be
converted into glycerol,
CH2:CH.CIIoOH + H\,0 + O = CHoOI-LCHOH.CH.pH.
On oxidation with silver oxide it yields the corresponding aldehyde (acrolein) and the acid (acrylic acid).
PREPARATION

31

Isopropyl Iodide.—The replacement of hydroxyl by iodine
in the action of phosphorus and iodine on alcohols has already
been described (see Prep. 6, p. 68), but here the presence of an
excess of hydriodic acid, which is due to the action of water on
the phosphorus iodide,
exerts in addition a reducing action on certain of the hydroxyl
groups. By diminishing the proportion of phosphorus and
iodine to glycerol, the reaction may be interrupted at an earlier
stage, when allyl iodide is formed. This is probably due to the
splitting off of iodine from propenyl tri-iodide,
CIU.CHLCIU = CH2:CH.CI-U + I,
On the other hand a larger proportion of phosphorus and iodine
or cone, hydriodic acid will reduce allyl iodide to propylene,
CIIo-.CM.CILI + lit = ClL2:CII.CiL + L,
The action of hydriodic acid on glycerol is typical of t h e
polyhydric alcohols. Hydriodic acid converts erythritol into
secondary butyl iodide, and mannitol into secondary hexyl
iodide. The normal iodides are never formed.
PREPARATION

32.

Bpichlorhydrin.—It is a noteworthy fact that althoug-h
hydrochloric acid can replace hydroxyl by chlorine in the case
of the monohydric alcohols, the number of hydroxyl groups which
are substituted in the case of polyhydric alcohols is strictly
limited. Like glycerol, ethylene glycol gives a chlorhydrin,
CH0OH.CII0OH -H IIC1 = CH0OH.CH0CI + I-IaO.
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The remaining hydroxyls can always be replaced by chlorine
by the action of PC1-. The chlorhydrins may also be obtained
by the action of IIOCl on the olcfines. It is a general property
of these compounds to form the oxide when heated with caustic
alkalis. Ethylenc chlorhydrin gives cthylene oxide in this way,
CILp.CII.,011 + NnOII = Clio.GIL, + NaCl + ILO.
O
Compounds like ethylene oxide and cpichlorhydrin may be
regarded as inner ethers,
/Clio
x

cir 2
3
Kthylone oxide.
Dimethyl ether.
These oxide:; arc easily decomposed. With water, ethylene oxide
forms glycol; with hydrochloric acid, the chlorhydrin; with hydrocyanic acid, the cyanhydrin. PZpichlorhydrin behaves similarly.
PREPARATION

33.

Succinic Acid.—Tartaric acid, like malic acid, is converted
into succinic acid on reduction with HI, and the relationship of
these three acids is thereby established. The constitution of
succinic. acid itself has been determined by its synthesis from
ethylene (Maxwell Simpson). Ethylene unites with bromine,
forming ethylene bromide, which yields ethylene cyanide with
potassium cyanide. The latter is then hydrolysed.
CII.,
ClU*r
CII.<CN
CHo.COOH
|| " -> I
-> I
-> I
CII,
CIloBr
CTIXN
CHo.COOH
It is an interesting' fact, not yet fully explained, that the
alkyl succinic. acids give anhydrides more readily than succinic
acid, and the greater the number of alkyl groups, the more
readily is the anhydride produced. Thus the anhydride of
tetramethyl succinic acid is so stable that it is not decomposed
by water.
The symmetrical dialkyl succinic acids exist in two forms,
each yielding-a separate'anhydride. From their similarity to
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the anhydrides of hexahydrophthalicacid, they are distinguished
as cis- and trans-compounds (see Notes on Prep. 37, p. 265).
CH,

Clio

CII.CO

HoC

CII.CO

CH.CO

HoC

CII.CO

CH,
Dimethylsuccinic
anhydride.

Hexahydrophthalic
anhydride.
PREPARATION 34.

Ethyl Tartrata—The speculations of Pasteur (i860) on the
cause of the optical activity and hemihedry of tartaric acid and
its salts, and of Wislicenus (1873) on the existence of three
lactic acids, have developed in the hands of Van't tioff and
Le Bel (1874) into the present theory of stereo-chemistry or
atomic space arrangement. Optical activity is found to be invariably associated with the presence in the substance of an
asymmetric carbon atom, i.e. one linked to four different groups.
Now every asymmetric (unsymmetrical) object like a hand or
foot has its fellow ; but the two do not precisely overlap, and
every substance containing an asymmetric carbon atom, round
which the four groups are distributed, not, as usually represented, in one plane, but in space of three dimensions, is
capable of existing in two forms, which correspond to a left and
right hand, or to an object and its reflected image.
This is represented by making the carbon atom the centre ot
a tetrahedron and attaching the four different groups to the

B
four solid angles. T h e two forms will then appear ras in t h e
Fig., in which A B C D represent four different groups. W h e n

A1TKNDIX
using aciual models, it will be found that they cannot be turned
so as to coincide until two of the groups in one model have been
interchanged.
The main difference between two such substances lies in their
action on polarised light, the one turning it to the right (dextrorotatory) and the other to the. left (lacvo-rotatory), when in the
liquid or dissolved state. Although every optically active substance contains at least one asyinmetric carbon atom like amyl
alcohol and malic acid, or two like tartaric acid (the asymmetric
carbon is represented in heavy type),
H
en..
Clio• COO 11
|
1
1
no—c—coon
c n
no - c - i I
1
1
1
no-c—coon
C1LOII
C()( HI
n
nvl alc.hol.
Malic acid.
Tartaric acid.
the converse does not always hold ; for there arc many comj)oiiiuls which possess an asymmetric carbon atom and show no
rotation. The cause of this may be, cither that the substance is
a mixture of equal quantities of the two forms, which by having
opposite rotations neutralise each other's effect as in the case of
racemic acid, which consists of equal quantities of clcxtro- and
laevo-tartaric acid and produces what is termed "external compensation," or the two similar asymmetric carbon atoms exist
within the same molecule; and neutralise each other's effect by
"internal compensation," as in the case of mesotartaric acid.
Kxternal compensation is generally exhibited by artificially
prepared compounds as distinguished from natural products.
Thus, glyceric acid from glycerol is inactive, though it contains
an asymmetric carbon atom,
I
\\~G-~ou ,
I
coon
because it consists of a mixture of dcxtro- and laevo-glyceric
acid in equal quantities, whereas tartaric acid, which occurs in
grapes, malic acid, which is obtained from mountain ash berries,
and also the sugars, tcrpenes, alkaloids, and a number of other
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natural products are all active. One of the great achievements
of Pasteur in this line of research was the separation of inactive
"externally compensated" compounds into their active components or "optical antipodes" or " enantiomorphs." One
method of separation is described in Prep. 35. For details of
other methods a book on stereo-chemistry must be consulted.
On the formation of ethyl tartrate, see notes on Prep. 15, p 247.
Ethyl tartrate may also be obtained by the method described
in Prep. 86, which rather curtails the operation and does not
necessitate the use of more than half the quantity of ethyl
alcohol required by the earlier process.
PREPARATION 35.

Racemic and Mesotartaric Acids.—These two acids
represent two inactive types of compounds containing asymmetric
carbon atoms (see above). Apart from certain well-marked
differences in physical properties they also differ in one
important feature ; racemic acid can be resolved into its optical
enantiomorphs, whereas mesotartaric acid cannot. The latter
belongs to what is termed the inactive indivisible type. If we
examine the structural formula of tartaric acid it will be seen
that it possesses two asymmetric carbon atoms, denoted in the
formula by thick type.
H
I
HO—C—COOH
HO—C—COOH
H
Each asymmetric carbon atom is attached to similar groups.
Let us suppose that each asymmetric carbon with its associated
groups produces a certain rotation in a given direction. We
mayimagine the following combinations of two similarasymmetric
groups. Both produce dextro-rotation, or both produce laevo-rotation. They will represent thedextro and laevoenantiomorphs, and
the mixture of the two will produce inactive racemic acid. Racemic
acid is said to be inactive by external compe?2satio7i. Suppose,
finally, that the two asymmetric groups produce rotation in
opposite directions. They will neutralise one another. The
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resulting compound will be inactive by internal co?npensatio?u
Such a compound cannot be resolved by any process into its
active components. The above compounds may be represented
by the following projection formula?, in which the groups mustbe assumed to occupy three-dimensional space (the asymmetric
carbon atoms being denoted by cross-lines),
on

('OOII
•n

n

-on

n

coon
-on

coon
H-J_O

OH— —II

II— I—OH
coon
coon
COOH
Tarlaric acid.
/. Tartaric add.
Rar.-nuc acid.
Mesotartaric acid.
The con\Ti\sion of active tartaric acid into the inactive forms
is known as nnriuisttlion, and according to Winther is effected
by the intcnhanije of the groups round each asymmetric carbon
atom successively so that part of the active acid is first converted into iut'sotartaric acid, which then passes into the laevo
variety.
PREPARATION 37.

Citraconic and Mesaconic Acid.—The theory of Lc Bel
and Van't IIoff has been extended to unsaturated compounds
like uunaric and maleic and the above two acids, which form
isomrric pairs. These two pairs of acids bear a close resemblance.
It has already been observed in the course of the preparation
that citraconic is readily converted into mesaconic acid. Moreover, they both yield pyrotartarie acid, on reduction, but only one,
citraconic acid, forms an anhydride. Maleic acid in the same
way is easily converted into fumaric acid by bromine, both
maleic and fumaric acid yield succinic acid on reduction, but
only maleic acid forms an anhydride. The explanation is as
follows : in each pair of compounds there exists two carbon
atoms linked to one another by a double bond and each attached
to two different groups. Van't Hoff refers the isomcrism of each
pair to a space arrangement, which may be represented by
supposing two tetrahedra to be joined by a common edge.
As the centre of each tetrahedron is occupied by a carbon atom,
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and the four bonds are directed towards the four corners of
the tetrahedron, this space arrangement will correspond to a
doubly-linked carbon. If the two spare corners of each tetrahedron are now occupied by different groups, it is possible to

produce two forms by transposing one pair of groups. Supposing A and H to represent two different groups, the above forms
will result.
The two pairs of acids will be represented as follows :—
HO-CO

II

I!
'CO-OH
Fumaric acid.

n

CO-OH

H

CO'OH
Maleic acid.

HO-CO

QH3

H
CO-OH
Mesaconic acid.

CH3w

CO-OH

H
CO-OH
Citraconie acid.

I s o m c r i s m in t h i s c a s e is n o t c h a r a c t e r i s e d b y o p t i c a l activity,
a s t h e g r o u p s lie in o n e p l a n e a n d n o s t r u c t u r a l a s y m m e t r y is
p o s s i b l e ; b u t is e x h i b i t e d b y s u c h p h y s i c a l differences as solubility, m e l t i n g - p o i n t , electrical c o n d u c t i v i t y , a n d b y t h e fact t h a t
in t h e c a s e of d i b a s i c a c i d s o n l y o n e of t h e p a i r y i e l d s a n a n h y d r i d e . M a l e i c a n d c i t r a c o n i e a c i d form a n h y d r i d e s , b u t f u m a r i c
a n d m e s a c o n i c a c i d d o not.
I n t h e c a s e of t h e a c i d s w h i c h f o r m
a n h y d r i d e s , t h e c a r b o x y l g r o u p s a r e s u p p o s e d to b e n e a r e r
t o g e t h e r , i.e. o n t h e s a m e s i d e (as) of t h e m o l e c u l e , in t h e o t h e r
c a s e o n o p p o s i t e s i d e s (trans) of t h e m o l e c u l e .
Maleic a n d
citraconie a r e a c i s ; ' a c i d s , fumaric a n d m e s a c o n i c are " t r a n s "
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a c i d s . T h e following t a b l e <jivos t h e v a r i o u s p h y s i c a l p r o p e r tics, solubility, m e l t i n g - p o i n t , a n d d i s s o c i a t i o n c o n s t a n t K o t ' t h e
t w o p a i r s of a c i d s .
!

Malric
.
. . !
Kuiniirir . . . . ;
Citraconic . . .
Mesaconic . .

S.
very soluble
much less solul»le.
very soluhlc.
much less soluble1.

i

M.I'.
130°
sublimes at 200 0
So°
202°

K.

1-17
•093
"34O
•079

PkRPARATION 38.
U r e a . — In a d d i t i o n t o t h e m e t h o d d e s c r i b e d in t h e p r e p a r a tion, u r e a m a y be o b t a i n e d b y t h e o x i d a t i o n of a n h y d r o u s
potassium fcrrocyanide with p o t a s s i u m b i c h r o m a t e ( W i l l i a m s ) ,
or m a n g a n e s e d i o x i d e at a r e d h e a t , o r b y t h e a c t i o n of p e r m a n g a n a t e on a cold s o l u t i o n of p o t a s s i u m c y a n i d e ( V o l h a r d ) .
It h a s b e e n s y n t h e s i s e d b y t h e a c t i o n of a m m o n i a on (1) p h o s g e n e , (.'.) u r e t h a n e , (3) e h l o r o i b r m i c e s t e r , a n d (4) e t h y l c a r b o n a t e .
1.
2.
3.
4.

n>n2
NIL.CO<H\,II:i
C1C()()C,II 5
COlOC.Ib,).

I 4NII.. -••• N I L . C O . N I L
1 Nil..
NIL.CO.NIL
1 3NII.. - N I L , C O . N i l . ,
1 2NII.. •• N I I o . C O . N I I o

I 2NII 4 C1.
+ C,U r > OII.
H- CUIr.011 I N I I 4 C l
-I- 2CoII f ) OII.

a l s o (5} b y t h < i a c t i o n of d i l u t e a c i d on c y a n a m i d c , a n d (6) b y
h e a t i n g ^ u a n i d i n e with d i l u t e s u l p h u r i c a c i d o r b a r y t a .
5.
(1.

C N N I L I II..O -

NII.,CO.NlIo.

N i l :(.:(NIL)o ! II.X) ^ N I I j j . C O . N I L -1- NTTa.

T l i e s y n t h e s i s of u r e a b y W o h l c r in 1828 is u s u a l l y r e g a r d e d
a s a tui:nin^-point in llu^ h i s t o r y of o r g a n i c c h e m i s t r y , w h e n
o r ; ; a n i c c o m p o u n d s c e a s e d to b e m e r e l y p r o d u c t s of a v i t a l f o r c e ,
a s s o c i a t e d with l i v i n g a n i m a l s a n d p l a n t s . T h e y n o w . a s s u m e d
for t h e first t i m e a n i n d e p e n d e n t role a s s u b s t a n c e s c a p a b l e o f
synthesis by o r d i n a r y c h e m i c a l m o a n s .
In p o i n t of fact t h i s i s
not s t r i c t l y t r u e , for S c h e e l e h a d p r e p a r e d o x a l i c a c i d , o n l y
p r e v i o u s l y k n o w n in w o o d s o r r e l a n d o t h e r p l a n t s , f r o m c a n e
s u ^ a r , a n d D n b e r e i n e r h a d o b t a i n e d t h e f o r m i c .acid of a n t s b y
t h e o x i d a t i o n of t a r t a r i e a c i d . T h e f o r m a t i o n of u r e a offers a n
i n t e r e s t i n g e x a m p l e of i n t r a m o l e c u l a r c h a n g e of w h i c h m a n y
cases are now known.
S e e t h e f o r m a t i o n of b e n z i d i n c f r o m
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hydrazobenzene (Prep. 51, p. 148) and aminoazobenzene from
diazoaminobenzene (Prep. 70, p. 172),
PREPARATION 39.

Thiooarbamide.—This is an example of a reversible
reaction, in which either ammonium-thiocyanate or thiourea
when heated yields the same equilibrium mixture. It may bo
shown by melting a little thiourea for a minute, when the
presence of thiocyanate is indicated by the addition of FeCLv
PREPARATION 41.

Alloxan.—The decomposition of uric acid into alloxan and
area renders the constitution of alloxan of value in elucidating"
the structure of uric acid. The constitution is derived from the
following facts : Alloxan is decomposed with caustic soda or
potash into inesoxalic acid and urea, and with hydroxylaminc it
combines to form violuric acid, which points to the presence of
a ketone group (Baeyer). Barbituric acid and nitrous acid
also give violuric acid, and seeing that barbituric acid has
been synthesised from malonic acid and urea by the action of
phosphorus oxychloride (Grimaux), it is unquestionably malonyl
urea. The relationship of these substances must therefore be
represented as follows :
NH- CO
NH—CO
Nil—CO
CO CO
CO C.-NOH
CO CHo
I I
I I
I I "
NH—CO
NH—CO
NH—CO
Alloxan.
Violuric acid.
Barbituric acid.
\ renewed interest attaches to alloxan since E. Fischer's discovery of the new synthesis of uric acid. The steps in the
synthesis are briefly the following. Alloxan and ammonium
sulphite form thionuric acid, which is decomposed by hydrochloric or sulphuric acid into uramil.
Nil—CO
NH—CO
NH—CO
I I
I I /Ho
I
I
CO CO -> CO C<
-> CO CH.NH.,
X
I I
I I
SO,H
I
I
NH—CO
NH—CO
NH—CO
Alloxan.
Thionuric acid.
Uramil.
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Uramil and potassium cyanate unite to form potassium pseudourate,
NII-CO
Nil—CO
1 1
I
I
CO ClINHa + OCNK = CO CH.NH.CO.NHK.
I I
I I
Nil—CO
Nil—CO
Potassium pseudourate.
When free pseudouric acid is heated with 20 per cent, hydrochloric acid it yields uric acid,
NII-CO
Nil—CO
I I
I I
CO CH.NH.CO.NIL, = CO • C—NIL
I I
I
||
>CO + HoO.
Nil—CO
NH-C-NH/
Pseudouric acid.
Uric acid.
Other synthetic methods arc also known for which a book of
reference must be consulted.
PREPARATION 42.
Caffeine.—The close relationship existing between uric acid
and caffeine has long suggested the possibility of converting uric
acid, a comparatively plentiful material, into caffeine, an important
and costly drug, occurring only in small quantities in tea and
coffee. The problem has been solved by E. Fischer, who has
succeeded in synthesising caffeine in a variety of ways. Fischer
found that by using the same series of processes as described
above in the synthesis of uric acid, but substituting dimethylalloxan for alloxan, and methylamine sulphite for ammonium
sulphite, trimethyl uric acid is formed, and is identical with
hydroxycaffeine,
Cri3N CO
I
I
CO C-N(CH3)
I
/C°
CH3N
C—Nil
Trimethyl uric acid (Hydroxycaffeine).
Hydroxycaffeine is converted into caffeine by acting upon it
with a mixture of phosphorus pentachloride and oxychloride.
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T h i s f o r m s c h l o r o c a f f e i n e , w h i c h is t h e n r e d u c e d w i t h

hydriodic

a c i d to caffeine,

C1LN CO
CO C-N(CH,:

CH3N—

-co

CO

N(CK,)
\prr
II ^
CHaN C—N
CH3N C—N
Chlorocaffeine.
Caffeine.
The same result may be obtained in a simpler way by
nethylating uric acid, and converting" it into trimethylurie acid
and then into caffeine ; or by preparing- the mono- and cli-methyl
derivatives of uric acid, reducing these to the corresponding
mono- and di-methylxanthines and introducing additional
methyl groups into the product.
CC1

PREPARATION 44.

Tyrosine, Leucina—It has long been known that mineral
acids and alkalis possess the property of breaking up albuminoid
substances and resolving them into the simpler ami no-acids.
The recent introduction by Fischer of a method of separating
the amino-acids by converting them into volatile esters followed
by fractional distillation in vacuo has led to the recognition of the
wide distribution of such acids as alanine, serine, and phcnylalanine, and to the discovery of two cyclic acids, pyrrol idinecarboxylic acid and hydroxypyrrolidine carboxylic acid. The
following is a list of amino-acids from albuminoid substances
which have been separated by fractional distillation of their
esters under reduced pressure :
Ethyl ester.
Glycocoll
Alanine
Aminoisovaleric acid
Leucine
Aspart.ic acid . . .
Glutamic acid . . .
Phenylalanine . . .

b.p.
5**5
S3-5°
126-5° 0
139 ~ 140

Pressure in mm.
10
10
8
12
11
10
10
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PREPARATION 45.

Grape-sugar.—Although grape-sugar yields neither a bisulphite compound nor gives SchifPs reaction under ordinary
conditions, its properties are for the most part those of an
aldehyde. In addition to its reducing action on copper and
silver salts, and its combination with phenylhydrazine, it forms
an oxime with hydroxylamine and a cyanhydrin with hydrocyanic acid. On reduction it gives the hexahydric alcohol
sorbital, and, on oxidation, the corresponding monobasic acid,
gluconic acid, and the dibasic acid, saccharic acid,
C1L,OII(C11O1I)4COOH.
COOH(CHOH)4COOH.
Gluconic acid.
Saccharic acid.
The presence of five hydroxyl groups in glucose is determined
by the existence of a pentacetyl derivative. These and other
facts, which cannot be discussed in detail, have led to the adoption of the present formula. The discovery of the optical
antipode of grape-sugar (which is dextro-rotatory) has determined the present name of dextro-glucose to distinguish it from
laevo-glucose, which is laevo-rotatory. For the synthesis of
these two sugars and the other mono-saccharoses, a text-book
must be consulted.
The other common sugars, which reduce alkaline copper
sulphate, arc fructose (laevulose), galactose, maltose and milksugar, the two latter being disaccharoses. They are most
readily identified by the microscopic appearance and meltingpoint of their phenylosazoncs. Cane-sugar is readily distinguished from the majority of the common sugars by its
indifference towards alkaline copper sulphate, until previously
boiled with a few drops of dilute sulphuric acid. It is then
inverted and gives the reactions for glucose and fructose.
PRKPARATION 46.

Bromobenzene. -The replacement of hydrogen by the
halogens Cl and Br, in the nucleus of aromatic hydrocarbons, is
assisted by the presence of a " halogen carrier," the action of
which has been referred to in the Note on the preparations of
chlor- and brom-acetic acids, p. 252. Iodine, iron, iron and
alujninium chlorides and bromides, the aluminium-mercury
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couple, and pyridine all behave in this way. The action of
iodine has already been explained on p. 252. Iron and its salts
are supposed to act by alternately passing from the ferrous to
the ferric state, the ferric salt delivering up its halogen in the
nascent state,
2FeBr2 + Br2 = 2FeBr3.
FeBr3 = FeBr2 + Br.
The action of aluminium and its compounds is not fully understood. Pyridine probably acts by the intermediate formation of
the perbromide, as explained.
Unless a large excess of the hydrocarbon is present, the
action of the halogen will effect the substitution of a second
atom of hyrogen. By increasing the proportion of halogen,
all the hydrogen may be ultimately replaced by chlorine or
bromine. The second halogen atom enters the ortho- and parapositions, never the meta. Another kind of compound is
obtained if the halogen is allowed to act in presence of sunlight. In the case of benzene, the additive compounds, benzene
hexachloride and hexabromide, are then formed. They are very
unstable compounds, and readily give off hydrochloric and
hydrobromic acid. If boiled with alcoholic potash they are decomposed, forming trichloro- and tribromo-benzene,
c 6 n 6 a 6 + 3K011 = QH3CI3 + 3KC1 + 311,0.
If chlorine and bromine are allowed to act upon an aromatic
hydrocarbon like toluene, which has a side-chain, substitution
may occur in the nucleus or the side-chain, according to the
conditions. Generally speaking, in the cold and in presence of
a "halogen carrier," nuclear substitution occurs, but at a high
temperature the halogen passes into the side-chain (see Prep.
36, p. 194).
The halogen derivatives of the aromatic hydrocarbons, like
those of the aliphatic series, are colourless liquids or solids,
denser than water, and possessing an agreeable smell, unless
the side-chain is substituted. The latter substances can often
be distinguished by their irritating action on the eyes and mucous
membrane of the nose (see Prep. 86, p. 194).
The halogen in the aromatic nucleus is much more firmly
fixed than in the case of the aliphatic compounds, e.g. bromobenzene is quite unaffected by most of the reagents which .act
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upon ethyl bromide. The presence of w//r<?-groups, however,
disturbs this stability, and the halogen in a substance like
dinitrochlorobenzene is readily replaced by hydroxyl with
potash, or by N I-L with ammonia. When the halogen is in the
side-chain, the substance behaves like an aliphatic compound.
PREPARATION

47.

Ethyl Benzene.—" Kitties reaction," so-called from its
discoverer, is analogous to the synthetical method employed by
Wurtz for the preparation of the aliphatic hydrocarbons, as in
the formation of butane from ethyl bromide,
2(\,IIsHr I 2N11 = Qli,,, -l- 2NaIJr.
In the case of the aromatic hydrocarbons, a second sidechain may be introduced from a' dibromo-derivativc either
simultaneously with the first, or subsequently by a repetition of
the process. Doth dibromobenzene and monobromotolucnc
may be converted into xylenc.
(\.\liVn\, -I- 2CII..I ! 4NJ1 ... (;.n.j(CII3)a -I- 2NaHr -I- 2N11L
('a[I,[;i(:iI., -I- CII:,r I 2N:i : ~- CV,H.i(CM.,)a -I- N:il -|- NaBn
The action also takes place between aromatic hydrocarbons
substituted either in the nucleus or side-chain. Hromobenzcnc
yields diphenyl, whereas benzyl bromide yields clibenzyl,
2(;(jIIaI5r I- 2Na ••-; C,,Ilri.CytB -I- 2NaBr.
2C{]\\>,CUJ>>v I- 2N:i ~- C(iI In.CI t3.Clla.CtsI r5 -I- 2NaBr.
This reaction does not, however, occur with the same readiness
in all cases, nor does it always yield exclusively the anticipated
product. Para-bromotoluene and sodium tfive tolyl phenyl
methanes and dibenzyi as well as ditolyl (Weiler). Again, /;broniololuene j^ives a ^ood yield of/-xylene, the ortho-compound
reacts sluggishly, whilst the meta-derivative gives no xylenc.
Occasionally the action is vigorous, and has to be moderated by
dilution with an indifferent solvent. At other times it is sluggish
and has to be promoted by raising the temperature. Often the
addition of a little ethyl acetate will start the decomposition.
For the synthesis of ;;omc of the aromatic hydrocarbons, it is
preferable to use the Friodel-Crafts' reaction (see Prep. 102,
]). 214).
COHEN'S ADV. P.O. C.
T
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PREPARATION 48

Nitrobenzene.—The formation of nitro-compounds, by the
action of strong nitric acid on the hydrocarbon, is a distinctive
property of aromatic compounds, although recent researches
have shown that dilute nitric acid under pressure will convert
some of the paraffins, especially the tertiary hydrocarbons, into
mono- and di-nitro-derivatives. The production of nitro-compounds is usually effected by strong or fuming nitric acid, or
solid potassium nitrate, in presence of cone, sulphuric acid.
Where the action is vigorous, as in the case of the phenols, it
is necessary to use moderately dilute acid. The number of
hydrogen atoms replaceable by the nitro-group(NO2) is limited.
In benzene the first nitro-group is introduced with great ease,
the second less readily, and the third with some difficulty. The
position taken up by the nitro-groups may be briefly stated as
follows : When a negative group (nitro, carboxyl, cyanogen,
aldehyde) is already present, the nitro-group enters the metaposition to the first group. In the presence of other groups
(alkyl, hydroxyl, halogen, amino), the nitro-group attaches itself
to both ortho- and para-positions. Benzoic acid and benzaldehyde give, on nitration, mainly meta-compounds, whereas
toluene, phenol, and aniline form simultaneously ortho- and
para-derivatives.
Nitro-compounds have often a yellow or red colour, are with
difficulty or not at all volatile, possess a much higher boilingpoint than the corresponding halogen derivatives, and are
denser than water, and insoluble in that liquid.
PREPARATIONS 49—51.

Azoxybenzene, Azobenzene, Hydrazobenzene.—
Nitro-compounds yield a series of reduction products accordingto
the nature of the reducing agent. Alkaline reducing agents :
sodium methylate, zinc dust and caustic soda, stannous chloride
and caustic soda, produce azoxy, azo- and hydrazo-compounds.
C6H5NO2
C6H5NV
QH5N
QH5NII
I/O
||
I
C6H5NO2
CGHr,N/
QH,N
QHSNH
Nitrobenzene. Azoxybenzene.
Azobenzene. Hydrazobenzene.
The sodium methylate acts as a reducing agent by taking up
oxygen and forming sodium formate.
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in the preparations, the nitrobenzene is converted by successive steps into cizoxy-, azo- and hydrazo-benzene ; but, by
suitably modifying the conditions, the intermediate steps may
be omitted. Thus, nitrobenzene may be converted with alcoholic
caustic soda and zinc dust directly into hydrazobenzene.
If the reduction of nitrobenzene takes place in neutral
solution with zinc dust and water in presence of a little calcium
or ammonium chloride, or with aluminium-mercury couple and
water, /3-phenylhydroxylamine is formed (see Prep. 52, p. 148).
CalI5NO2 + 2ll2 = C6H5NIIOH + HoO.
Reduction in acid solution produces an amine (see Prep. 53,
p. 149). The mechanism of the change, although giving rise to
such different products when carried out in alkaline, neutral, or
acid solution, is not essentially different in the three cases. The
first reduction product is nitrosobenzene, C0H-NO, followed by
that of #-phenylhydroxylamine. In alkaline, solution the two
compounds unite with elimination of water to form azoxybenzene,
which may undergo further reduction in a normal fashion giving
rise to azo- and hydrazo-benzene. In acid solution, on the
other hand, p.henylhydroxylamine does not combine with nitrosobenzene and can then undergo further reduction. The reduction
of nitrobenzene in alkaline and neutral solution is also effected,
as already described, by electrolysing the liquid in contact with
the negative electrode. If the process is conducted in presence
of concentrated sulphuric acid /-aminophenol is obtained
(Gattermann). The latter is produced by intramolecular change
from phcnylhydroxylamine, which is first formed,
= OHC6H4NHo.
Azobenzene, though not a colouring matter, may be regarded
as the mother substance of the large family of azo-colours,
which are, however, prepared by a totally distinct method, viz.,
by the action of a diazo-salt on a phenol or base (see Prep. 62,
p. 163). The intramolecular change from hydrazobenzene to
benzidine is one of great technical importance. The change
occurs by the transfer of the link between the two nitrogen
atoms to the two carbon atoms in the ^ w i i
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If one of the nuclei of hydrazobenzene is already substituted
in the ^znz-position, the reaction may give rise todiphenylamine
derivatives, which are known as ortho- or para-semidines
(Jacobson),
/Nil—NII<
^
x /

N—Nil—{

NIL

_/

Para-semidine.

Ortho-semidine.

Benzidine and its homologues are used in the manufacture of
valuable azo-colours, cougo-rcd^ bcnsopurpiirin, &c. (seep. 291).

PREPARATION

52.

P h e n y l h y d r o x y l a m i n e . — T h e necessity for conducting
the reduction of nitrobenzene in neutral solution has b e e n
explained in the previous note. In addition to the reagent
named in the preparation, the aluminium-mercury couple in
presence of water or ammonium sulphide in alcoholic solution
may be also used. T h e conversion of nitrobenzene i n t o
^-aminophenol on electrolysis in acid solution will also b e
evident from the fact that phenylhydroxylamine readily u n d e r goes isomeric change. Phenylhydroxylamine reacts with
nitrous acid, forming a nitroso-derivative,

o = CfiHsN(NO)OII + IL,O.
It also condenses with aldehydes irf the following way :
C6H5NHOII + C6tIDCHO = CJI5N—CII.C(5II5.
O
Nitrosobenzene, which shares the general character of nitrosocompounds in giving rise to a green vapour or solution, is
readily reduced to phenylhydroxylamine and aniline.
It
condenses with amino-compounds, yielding azo- or diazoderivatives.
CGHgNO + H 2 N.C«H n = C«1I5N = N.C (i ir n + IL,O.
C 6 H 5 NO + H 2 N.OH = C6U5N = N.OH + H 2 O.
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PREPARATION 53.

Aniline.—The reduction of a nitro-compound in an acid
solution is a very general method for preparing primary amines.
For laboratory purposes it is customary to use tin and hydrochloric or a solution of stannous chloride crystals (SnCl., + 2H.,O)
in cone, hydrochloric acid or zinc dust and acetic acid. The
manufacture of aniline on the industrial scale is effected by
means of iron borings and hydrochloric acid ; but of the latter
only a fraction of the theoretical quantity, required by the
equation Fe -f 2HCI = FeCL, -f H2, is employed. The main
reaction is probably represented by the following equation,
CyisNO2 + 2Fe + 4PI0O = C6H5NII2 + Fe.2(OH)rt.
When the base is volatile in steam, as in the present case,
the simplest method of separation is to add an excess of alkali
and to distil in steam. Otherwise the base maybe separated
by shaking out with ether, or the tin may be precipitated in the
warm solution by H2S and the filtrate evaporated to dryness.
If the compound contains more than one nitro-group, the
reduction is carried out with one of the above reducing agents
in the manner described, but if it is necessary to reduce only
one of the nitro-groups, it is effected by the action of H2S in
presence of ammonia (see Prep. 58, p. 154). Another method,
which may also be used for determining the number of
nitro-groups, is to prepare an alcoholic solution of the nitrocompound, and to add an alcoholic solution of the calculated
quantity of stannous chloride. In this way the reduction of the
groups may be carried out in succession and estimated.
The aromatic amines are colourless liquids or solids, which
may be distilled without decomposition. Although they form
salts with acids, they are much weaker bases than the aliphatic
amines owing to the negative character of the phenyl group.
The salts have an acid reaction to litmus, whilst the free bases
are neutral. The neutralisation of an aromatic base by acid is
usually determined by the use of methyl violet, magenta, or
congo-red paper. The first is turned green, the second colourless, and the third blue by free acid.
Aromatic amines, containing the ammo-group in the sidechain, have the basic character and properties of aliphatic
arm'nes.
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PREPARATIONS 54—55.

Acetanilide, Bromacetanilide.--Primary and secondary bases form -acetyl derivatives with acetic acid, acetyl
chloride, or acetic anhydride (see Reactions, pp. 76, 77)Tertiary bases are unacted on in this way. As the acetyl
derivatives are much less volatile than the criginal bases, the
method is frequently used for separating a tertiary base from
mixtures containing the other two (see Prep. 59, p, 156). The
anilides are very stable compounds ; they can be distilled, as a
rule, without decomposition, and may be directly brominatcd,
chlorinated and nitrated. In these reactions, either the orthoor para- or both derivatives are formed. The remaining
hydrogen atom of the amino-group may be replaced by (1) a
second acid radical, by the action of acetic anhydride, (2)
sodium, by the action of the metal, (3) a nitroso-group, with
nitrous acid, and (4) chlorine or bromine, by the action of hypochlorous or hypobromous acid.
QjH5N(CO.CH..)2
Diacetanilide.
C,jH5NNa. CO. CLL
Sodium acetanilide.
C6H5N(NO)CO.CH:> Nitrosoacetanilide.
Q5PI5NCl.CO.CH3 ' Acetchloranilide.
The mechanism of the change effected in producing substitution products by halogens appears to occur in two steps, the first
being the addition of a molecule of halogen, probably to the
nitrogen, the second being an isomeric change accompanied (if
water is present) by the elimination of halogen acid.
Cells. NIL CJLO + Br.2 = C(iHr)NH.C2H.<O
Br Br
C0H5NHBr.2.CJLO = CGII4BrNII.C.2M:>O.IIBr.
All the anilides are hydrolysed by strong mineral acids or
alkalis and the acid radical removed (see also Beckmann's
reaction, Prep. 100, p. 212).
Formanilideis Ktmitomeric compound, i.e., it reacts as though
it possessed the alternative formula:,
C6HSN:CI-I(OH)
C0H5NH.CO.H,
for it yields two isomeric ethers, the one, by the action of
methyl iodide on the silver salt, and the other by the action of
methyl iodide on the sodium compound (Comstock). Acet-
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anilide is known in pharmacy as antifebrin, and is used as an
antipyretic.
PREPARATIONS 57—58.

ni-Dinitrobenzene. In the Notes on Prep. 48, p. 274,
it is mentioned that the second nitro-group enters the metaposition to the first. This is usually the case where two
arid groups are successively introduced into the hydrocarbon.
Thus, bcn/.enedisulphonic acid, obtained by heating" benzene
sulphonic acid (see Prep. 74, p. 177) with fuming sulphuric acid,
is a meta-eompound.
m-Nitraiiiline.—The reduction product of w-dinitrobenzene is naturally ///-nitranilinc. The o- and /-nitranilines can
be obtained by acting upon aniline or, preferably, acetanilide,
with fuming nitric acid.
Whereas t lu^ first nitro-group of a tri- or di-nitro derivatives is
rapidly and completely reduced by ammonium sulphide, the
second is very slowly attacked. The rate of change appears to
he determined mainly by the acidic nature of the molecule as a
whole, the halogens and carboxyl playing a similar?'^ to that of
the nitro-group. In all these cases hydroxylamine compounds
an: produced as intermediate products.
PREPARATION 59.

Dimethylaniline.- It is a well-known *fact that the alkyl
halides convert the primary amines into secondary and tertiary
bases (Ilofmann). The formation of dimethylaniline is probably due to the action of CH;{C1, which is formed, as an
intermediate product, by the action of hydrochloric acid on the
methyl alcohol. There is always a small quantity of monomcthylanirme, C(.HfiNI 1CM:J, produced at the same time. The
three bases cannot well be separated by fractional distillation,
as their boiling points lie too near together,
0
Aniline
1S0
.
2
Methyhmiline
I9 °Dimethyl-aniline
192°.
It is for this reason that the action of acetic anhydride is
utilised, which only unites with the primary and secondary base.
Dimethylaniline is a weak base, which, like aniline, is neutral
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to litmus, but gives no stable salts. It is used in the preparation of malachite green (benzaldehyde green) by heatingtogether dimethylaniline, benzaldehyde, and solid zinc chloride.
The product (leuco-malachite green) is then oxidised with lead
peroxide and hydrochloric acid (see p. 216),
HC./ ° a. ;
i^O
II |C,;H4N(CH3)2
II |C0II4N(CH,)2

->

I
Leuco-malachite green.

-> IIOC^CoH4N(CH,),
\CGH4N(CH,)2
Base of malachite green.
The latter, in presence of the hydrochloric acid, is converted
into the hydrochloride,
/CQH,.

/Coll,

HOCe-CeH'4N(CH,)o f HC1 = C^C(iH4N(CH,)2
+ II..O.
\Q } H 4 N(CH;).3
^CGH4:N(CIT3)OC1
Hydrochloride of
malachite green.
Dimethylaniline is also used for the preparation of tetramethyldiaminobenzophenone(Michler's compound), which forms
the basis of many colouring matters, and is obtained by acting
upon dimethylaniline with phosgene (see p. 314),
COCLj + 2C6H5N(CH,)o = OC<f 8
'*' + 2HCI.
X
C6H4N(CHn)2
Michler's compound.
PREPARATION 60.

Nitrosodimethylaniline.—It is a peculiarity of the
tertiary aromatic amines, which distinguish them from the
corresponding aliphatic compounds, that they are capable of
reacting with nitrous acid. Here the nitroso-group replaces
hydrogen in the para-position to the dimethylamino-group.
The substances, thus formed, are bases, and form salts with
acids, which dissolve in water with a yellow colour. The solubility of the hydrochloride of the nitroso-bases in water
distinguish them from the nitrosamines of the secondary bases?
which are insoluble.
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Nitrosodimethylaniline is readily oxidised to nitrodimethyli niline.
It is an interesting fad that the nitrosamines of the
^ t M o n d a r y bases uiKk'i^o molecular change when acted on
vs'ith alcoholic hydrochloric acid. The nitroso-^roup is thereby
t r a n s f e r r e d to tin* para-position in the nucleus (O. Fischer),

:

i:iJ, ~ N( ).(:„!
The para-nitroso derivatives of both secondary and tertiary
r i m i n c s are decomposed with caustic soda into nitrosophcnol
f i n d alkylninine.
The formation of mcthylene blue may be explained as
f o l l o w s : By the action of ammonium sulphide on nitrosoi liincthylanirme, the nitroso^roup is reduced to an amino«j;roiip. Two molecules of /-aminodimcthylaniline then combine
w i t h the elimination of ammonia to form a diphenylaniine
< lerivative,
(CM l,)..X(',;! 1 4 ' N11., M i l l N ( V,I I.,N(CI I..)..
(( f ii : ,)yi\(;.ir,.Nii.c B n,N(Cii : ,) fl .
The sulphur of the hydrogen sulphide then enters the mole<-ule under the oxidising inlluence of the ferric chloride, forming
;i thiodiphenylaminc (lerivative,
<('ii,}..Nc l .n. l
II
nt>

II
N
s

()
U
(; ; ii. t .N(CH.,)..(.:i
I!

II

(>
-(Cn,), ) NC,II,.N:C (; II,:N((T[. t ),CI.

1}K WAR.ATI ON 6r.
Thiocarbanilide,
Thiocarbimide,
TriphenylguaniidillO.dino
Whcn'jis
Whereas carbon bisulphide reacts with
wilh aromatic aminoamir.,
nocompounds yielding a thiocarbanilide, with primary aliphatic
amines the reaction takes a different course and thiocarbamatcs
a r e produced,
SIl.NIL.(\,II

•282

PRACTICAL ORGANIC CHEMISTKY

The product can, however, be converted into the mustard oil
by treatment with a metallic salt which removes hydrogen
sulphide.
/SII.NHo.CoII5
SC(
' " = II«S + NI
Among" the reactions appended to this preparation, the formation of phenylcarbimide from phenyl mustard oil is described.
It should be noted that phenyl carbimide, like the thiocarbimide,
unites with ammonia, amines, and more especially with alcohols
and phenols. The bases yield urea derivatives ; the alcohols
and phenols form urethanes.
C«H5N:CO + NH;} = CBHSNI-I.CO.NH3 Phenyl urea.
C,.HaN:CO + NIIXH3 = QPIjjNFI.CO.NHCHa Methyl pheny! urea.
CJI5N:CO + CJI5OH = C(;Hr,NII.CO.OC2H5 Phenyl urethanc
C«ri5N:CO + CfiHsOH = CflIIaNIT.CO.OC6H5 Phenyl carbamic
phenyl ester.
The latter two reactions are frequently used for detecting
the presence of a hydroxyl group (Goldschmidt).
PREPARATION 62.

Diazobenzene Sulphate.—Whereas nitrous acid immediately decomposes the primary aliphatic amines with evolution
of nitrogen,
CH0NH0 + HNOo = CIL.OII + N2 -I- II2O,
no nitrogen is evolved if nitrous acid is allowed to act upon a
salt of a primary aromatic amine in the cold. The solution then
contains a diazo-salt, which is readily soluble in water. It may
already have been observed that in the salts of diazobenzene, the radical, diazobenzene, CfiHf,N2, plays the part of ammonium, NH4, in the ammonium salts. Diazobenzene chloride,
nitrate, sulphate, &c, correspond to ammonium chloride, nitrate,
and sulphate.
CGH5No.Cl
NH4.C1.
CflII5N2.NO3
NH4.NOS.
CGH,N2. SOJT
NH4. SO4H.
The hydrate of diazobenzene, CGH5N2.OH, which would be
analogous to NH4OH, is also known as an unstable oil. Con-
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siderations of this kind haw su^ested the alternative
formula,
CVHr-.N N
' I
X
in \vhi<'h X stands for the acid radical (Blomstrand). The
nitrogen which combines with the acid radical is thereby quinquivalent, «'ls 'm Inc ammonium salts. On the other hand, dia/oben/.ene hydrate lonns two isomeric ])otassium salts, one of
which is obtained by adding caustic potash to diazobenzene
chloride. This compound is unstable, and unites in the ordinary way with phenols to form hydroxyazobenzene derivatives
('see Reaction 6, p. 1031. The second one, which is obtained by
heatin;.;' the first to 130' with caustic potash, is very stable, and
does not combine directly with phenols (Sehraubeand Schmidt).
Other derivatives of diazoben/enc exist in two forms, such as
the cyanide and sulphite. The difference has been explained
in two ways. According to one theory, the two potassium compounds represent two different spare configurations similar to
that of citraennir and mesaeonie acid (see p. 266) and the
oximes i'see p. 301), and are distinguished by the terms ' syn'
and L anti ' i'l lant/srh).
<Y»II.'
CrII,N
' i!
' II
K<>.N
N.OK
Syii-lfii/fiti- <li.t/'.t.iic -if p.itziv.ittm. Anti-lx-ii/eiif du/utntr of potassium.
The second theory ascribes the difference' to structural
arrangement, and the compounds are termed diazo- and isodia/.o compounds • llaniber^er).
(it;Il.iN:\nK.
('„! InNK.NO.
r.fii.'rin- tli.i/t.t.itr 'if pi.i.is .imn.
r.i'ii/t-iic is(xH:t/oiatf nf ])f)tnssium.
Ii i', now generally admitted that the dia/.o-salts of the
•.tion:;er acids, which ha\'e only out! representative, are most
satisfactorily represented by the u diazonium," or Ulomstrand
formula, and (he salts arc known as diazoniuin salts.
A few of the numerous changes which the diazoniuin salts
undergo are illustrated in the series of reactions which follow
the preparation, and are amoni; the most important in organic
rheinjstry. Some of these reactions are carried out on a larger
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scale in Preps. 63—69. It will there be noticed that it is
unnecessary, as a rule, to isolate the diazonium salt, but that
the substance is prepared in solution, and is decomposed by
the specific reagent.
With few exceptions, all aromatic compounds which contain
a nuclear amino-group may be diazotised. At the same time
there are notable differences in the ease with which the process
is effected.
PREPARATION 63.

Toluene from Toluidine.—It is often desirable to obtain
the hydrocarbon from the base. The process of diazotisation
offers the only convenient method. The diazonium salt may be
reduced by alcohol (Reaction 1, p. 162) or, as in the present instance, by sodium stannite. Less direct methods are the conversion of the diazonium compound into (1) the hydrazine (see
p. 174), (2) the acid and distillation with lime (p. 200), (3) the
halogen derivative and reduction with sodium amalgam, or,
finally (4) the phenol and distillation with zinc dust.
PREPARATION 64.

/-CresoL—This reaction resembles that of nitrous acid on
an aliphatic primary amine ; but the liquid requires to be
warmed.
PREPARATIONS 65—66.

p-Chlorotoluene, p-Bromotoluene.—The action of cuprous chloride, bromide, and cyanide on diazonium chlorides was
discovered
by Sandmeyer, and is known as ' Sandmeyer's reaction.5
Cftrr,N.,.Cl = CJL.Cl + No.
C0ir3No.Br = C0II5Br + N.,
CBlI3No.CN = CflIInCN + No.
Some of the cuprous chloride compounds of the diazonium
salts have been isolated and analysed, and correspond to the
formula CGHr)N2Cl.Cu2Cl2 (Hantzsch). The formation of a
crystalline copper compound is rendered very evident in the
present preparation. A modification of Sandmeyer's reaction
is the introduction of precipitated metallic copper in place of
the cuprous salt (Gattermann).
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The preparation of potassium iodide-starch paper is made
by clipping strips of tiller paper into a. thin solution of starch
paste to which ;i little potassium iodide has been added, and
drying the paper.
Tin: oxidation of a side-chain by means of permanganate
solution is one which is commonly employed where the acid is
required. The monohalo^en derivatives are readily oxidised in
this way, but greater difficulty is experienced if two halogen
atoms or other acid groups are present. The dichlorotoluenes,
for example, are only slowly attacked.
PRKIWRATION 67.
Ioclosotoluene. The most interesting of the compounds
beloni;in^ to this ijmup, which were carefully investigated by
V. Meyer, is the substance prepared by shaking a mixture of
iodosobenzene and iodoxyben/.ene (obtained by the oxidation of
the iodoso-compound) with moist silver oxide. Diphenyliodonium o\idc is thus produced, which in basic properties
resembles ammonium hydrate,
< (il i.,K > i <VU()-.! I A^nil - (C'.jllf.jjl.oil I- AgIO3.
With hydriodic at id it. forms the iodide, (C(iI I.-)ol.I.
I'KKl'AKATION ()<).
Diazoaminobonzene. Diav.oamino-eompounds are also
formed by the action of dia/.onium salts on primary and
secondary amines of both the aliphatic and aromatic series.
The method jjiwn in the preparation must then be modified.
The dia/.onium salt is first prepared, and the amine stirred in
with the addition of sodium acetate. The sodium combines
with the mineral acid, liberating the weaker acetic acid, which
thereby assists the separation of the dia/.oamino-eompound.
Compounds of the following Ibnnuliu have been prepared in
this way.
("t;I I ,\';.\.( ',.,11 ,.< 'I I« Diazubenzcne-suninololuene
('(111,N:N. NI!('.,11,., Diuztibcn/.cnc-cthylaminc.
(\t\ I:iN:N.N(i:i i..)o I)i:ize)l)cnzcnc-(limcthylaininc,
(',;! I;>N:N.N( \\ \Ul
Dia/ubL'nzcne-pii

2$6
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The last compound has been utilised for the preparation of
fluorobenzene, and its congeners by the action of cone hydrofluoric acid,
QII3N:N.Csri10 + 2HF = CCHSF + Na + C5II10NH.HF.
Diazoaminobenzene undergoes the following reactions : —
1. The hydrogen of the imino-group may be replaced by acid
and alkyl radicals. In the latter case the sodium compound is
treated with an alkyl iodide.
2. Phenyl carbimide forms a urea derivative,
Curi3N:N.NIiCBH5 + C0H5N.CO = QH^N.NQI-Ir,
Vo.
C6II3NI-K
3. With strong hydrochloric acid, decomposition into diazonium salt and amine takes place,
C8HSN:N.NIIC6H3 + IIC1 = C61I5N.,C1 + CGII5NIL,
If nitrous acid is added, the second molecule of base is also
converted into diazobenzene chloride. In presence of cuprous
chloride, chlorobenzene is formed.
4- On boiling with water, diazoaminobenzene decomposes
into phenol and base,
C6H3N:N.NH.CoH5 + 11,0 = CCI-I3OH + C6II5NH3 + No.
5. On reduction, it splits up into phenylhydrazine and aniline,
QH5N:N.NHC6H5 + 2H3 = C6H5NH.NH2 + C6H5NHo.
PREPARATION 70.

Aminoazobenzene.—The conversion of diazoaminobenzene into aminoazobenzene resembles the formation of benzidine
from hydrazobenzene (see p. 148). The diazo-nitrogen seizes
on the carbon of the nucleus in the para-position to the aminogroup,
N:N 'Nil/
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If the para-position is already occupied, the nitrogen takes
the ortho-position to the amino-^roup,

NIL
but the reaction only takes place readily where the para-position is
free. The manner in which the change is brought about has not
been satisfactorily explained, although from the fact that/5-diazoaininotoluene yields, on warming with aniline hydrochloridc,
/y-toluene a/.oaminohenzene and /Moluidine,
c:n,'

' \
ni:t;

.N:N.NII/

\cir,

/

\

/

/N-N\

x

+ (

•

;Niio-I c n , (

\
^NH.,,

it would appear as if the hydrochloride of the base were the
chief factor in the decomposition, and that the change was
rather infer- than /////^-molecular. Aminoazoben/ene, under
the name of tuiiliiicyellow, has been used as a colouring matter.
Its chief technical application at present is in the manufacture
of a (lass of dark blue colours, known as induli/it's. ( hi reduction with tin and hydrochloric acid, il decomposes into two
mole< ules of base, aniline and />-phenylenediamine, a reaction
which is shared by most of the azo-eonipounds (see p. 176),
<.:,;IIftN:N.<Y>ll.iNllo ... (',.! IftNIIo -I NILCttU.1NHa.

PKKPARATION 71.

Phony lhydrazino, Phenylmethylpy raz olone. — The
use of phenylhydia/iiut or, in some cases />-bmmo- or /Miitrophenylhydrax.iiK', as a reagent for the detection of aldehydes and
ketones, has been illustrated in the reactions on p. 70.
One of its most important technical uses is in the preparation of antipyrine, in which the product, obtained by the action
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of phenylhydrazine on ethyl acetoacetate, is acted upon with
methyl iodide. The two reactions are represented as follows :—
CH...CO.CHn.COOCoH6 CIL..C—CHo.CO
II

I

+ H2O + CJHJJOH.

N
N.C«H5
Phenylmethylpyrazolone.
CH8.G=CH.CO
+CH3I=
I
I
+HI
I
CIL, N
N. C6H5
N. C6II5
N
P h, l d i h l l 6 5
Phenyldimethylpyrazolone
'(antipyrine).
The variety of syntheses into which phenylhydrazine enters
cannot be described here; but reference must be made to the
text-book.
It should be noted that the action of phenylhydrazine on
the ketone group, and of diazobenzene salts on the niethylene
group situated between two CO groups, are analogous to that
of hydroxylamine and nitrous acid upon these two groups, of
which the following are examples :—
COOCJlg
I
^ + NH0.NHQII5 = C:N.NII.C6HB -1- H2O
^
"
I
COOCH5
CO
COOQjHfl
I
CO.OC2HB
C
+ NHoOH
Mesoxalic
COOG>H5
NH0.NH.QH5

+ C1N:N.C6H4 =
COOCoHs *
1
Clio
1
COOCoH5 VA
+ O:NOH
Succinic
ester.

C:N.NII.C6II5 + HCL
1
COOCJI5

COOCHg
!
C:NOH + HoO
1
COOCjHg
Phenylhydrazine has been used in the synthesis of indole
derivatives. The hydrazones of aldehydes and ketones contain-
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ing a methyl g;roup are decomposed on heating with zinc chloride,
indoles being formed with elimination of ammonia. (E. Fischer.)
cir,
cir3
I '
I
,NII—C
!l
C,jHaNir.N:C = C Il/X
'I + NIL
I
CII
CII;.
Acetune-phenylhydra/.one.
Methyl iudole.
PREPARATION 72.

Sulphanilic Acid.—The acid characters of this substance,
which is both base and acid, are more prominently developed
than the basic character. Nevertheless it reacts with nitrous
acid like a primary amine, and forms a diazonium salt, which
has the following constitution (see Prep. 62, p. 161) :—
/N : N
x

so.,o
Dia/.oben/.ene sulphonic acid.
The formation of suphanilic acid is probably preceded by the
sulphonation of the amino-group,
CBHSNII.SO3II.
A compound of this character has been obtained which
decomposes with acids into 0- and ^-aminosulphonic acid by
a process of intramolecular change (Bamberger). The fact o£
the para-compound being exclusively formed at the higher
temperature may account for the production of this substance
in the present preparation.
PREPARATION 66.

Methyl Orange.--The first point to notice in this reaction
is that the diazonium salt forms no diazoamino-compound with
the dimethylaniline, but at once produces an azo-compound.
This is always the case with tertiary amines, some secondary
amines like diphenylamine and the phenols. The reaction may
be regarded as typical of the formation of all azo-colouring
matters. At least two substances are requisite in this process ;
on the one hand an aromatic compound containing an aminogroup in the nucleus, and, on the other, a base or phenol
COHEN'S ADV. P. O. C
U
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The first is diazotised and combined or coupled with the second.
The coupling takes place, in the case of amines, in a faintly
acid or neutral solution, in the case of phenols, in an alkaline
solution (see Reaction 6, p. 163). In all cases the diazogroup
seizes upon the carbon in the para-position to the amino- or
hydroxyl group of the coupled nucleus. When the para-position
is already appropriated, the ortho-position serves as a link, but
no coupling' ever occurs in the meta-position. The sulphonic
acid derivatives of the base or phenol are frequently preferable
to the unsubstituted compound. The dyes formed have in
consequence of the presence of the SO^H group an acid character,
which renders them capable of forming soluble sodium salts,
and adapts them better for dyeing purposes. When an azo-compound is formed by coupling- the diazo-compound with a primary
amine, the new product is capable of being diazotised and
coupled a second time. Thus a tetrazo-compound is formed
containing a double diazo-group -N:N-. Aminoazobenzene,
when diazotised, forms diazo-azobenzene with nitrous acid, which,
like a simple diazo-compound, reacts with the phenols,
C6H5N:N.Q.II4NILHC1 + UNO., = CG1I5N:N.CGH4N,.C1 -I- 2II./).
C(5II5N:N.C6II4N.,C1 + C0II,ONii
= C6II5N:N.CfiII4N:N.C6H4OII -I- NaCl.
If aminoazobenzene is sulphonated with fuming sulphuric acid,
and the product again diazotised and coupled with /3-naphthol,
HicbricJi scarlet is formed,
C«H/

°

/SO,II

Biebrich scarlet.
If in the last phase the different sulphonic acids of /3-naphthol
are employed, various shades of red, known as Crocezus, are produced. Thus it appears that the colour deepens from orange to
red with the introduction of a second azo-group.
This is not the only method of forming tetrazo-compounds.
Each amino-group of a diamine may be diazotised and coupled.
Benzidine and its homologues, which have been utilised in this
way, have a special value for the cotton dyer, as the shades produced are not only very brilliant, but, unlike the majority of

2gi

colouring matters, are substantive colours, i.e., possess the property of attaching themselves Lo the cotton fibre without the aid
of a mordant. CCH^O nu/s and hciiijopurpurins are combinations of benzidine and its homolo-ues with the sulphonic acids
of naphthol and naphthylainine. The following is the constitution oi (un.Lio red, the simplest of these compounds, which is
used in the form of its sodium sail :-•\:N.( •„,!!,

I

MI.,

!
•Nil.,

Attention should be drawn to the fact tliat azobenzenc,
although a. brightly coloured substance, is without dyeing properties, />., it is not a colouring matter, whereas aminoazobenzeue and methyl orange are true dyes. They all three contain
the a/o-^rou]) ( N:N \ called l)y Witt a c/iromofihore, united
to two aromatic nuclei ; but in the case of aminoazobenzene
and mrthyl orange, one of these nuclei contains a basic yroup,
NIL, or NU'H;.).,. It will also have been observed that the
combination^ with phenols likewise result in the production of
colouring matters. It. would appear, therefore, as if there were
at leaM two essentials to a dye, a fundamental or mother substance like a/.obenzene, termed a cliromo^cnic compound, and
an ainino- or hydroxyl ^roup, called an auxocliromc. The same
tiling has been observed in the case of other colouring' matters
(see Note on I'rep. 103, p. 313).
Most of the azo-colours split at the double link, on reduction
with stannous chloride and hydrochloric acid, forming two
molecules of base. Methyl orange yields sulphanilic acid and
dimethyl /-phenylenediainine,
S(J..II.CViI|N:N.C',;lliN(c:il.i)o I 2II.,
' ^ SO,I Lc:(jil,NLl,

H
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PREPARATION 74.

Potassium Benzenesulphonate.—The formation of sulphonic acids by the action of sulphuric, acid, &c, on the aromatic
hydrocarbon is a special property of aromatic hydrocarbons,
although, in a few cases, paraffins have been found to react in a
similar manner. The process is called " sulphonation." In
place of cone, sulphuric acid, fuming sulphuric acid,-i.e.,an acid
containing varying" proportions of sulphur trioxide (see Prep. 109,
p. 226), and, occasionally, chlorosulphonic acid, CISOoOH, are
used. In the two latter cases sulphones are sometimes formed
as a by-product,
2C6H6 + SO, = (C(JH5).2SO., + H,O.
2QH(; + C1SO3OH = (CGII5).2SOo + HC1 4- H,0.
The sulphonic acids are also obtained by the oxidation of
thiophenols, a reaction which, at the same time, indicates their
constitution,
QH5SH + 0;>= C8H5SO3II.
The majority of aromatic sulphonic acids are very soluble in
water, and are difficult to obtain in the crystalline form. On
the other hand, the sodium or potassium salts generally crystallise well, and it is customary to prepare them by pouring the
sulphonic acid directly after sulphonation into a strong solution
of sodium or potassium chloride (Gattermann).
The sulphonic acids decompose on heating into the hydrocarbon and S03. This reaction is greatly facilitated by heating
with cone, hydrochloric acid to 150—1800 (Jacobsen), or by
passing superheated steam into the sulphonic acid mixed
with moderately strong sulphuric acid (Armstrong).
This method is sometimes used for separating hydrocarbons,
one of which is more easily sulphonated than another. The
sulphonic acid is separated from the unchanged hydrocarbon,
and the hydrocarbon is then regenerated from the sulphonic
acid.
The salts of the sulphonic acids undergo the following reactions :—
r. By fusion with caustic alkalis, phenols are prepared (see
Preps. 106 and 219),
C8H5SO;,Na + NaOH = C«H50H + Na2SO3.
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2. l>y distillation with potassium cyanide, the nitriles are
obtained,
(V,I1,SO.,K I KCN - (V,Hr,CN -I• KaSO8.
:;. l>y fusion with sodium formate, the sulphonic group is
replaced by earboxyl,
ri;Il;iS();iNa •!• HCOONa - C(il I.-.COONa -1- NaIISO3.
4 l>y the action of phosphorus pentaehloride the sulphonic
chloride is obtained,
C,;llr,S()aK I Vi\ - ('..llj-SOXl + l'OCl., + KG.
PKKPAKATION 75.

Benzenesulphonic Chloride.—The sulphonic chlorides
differ from the carboxylie chlorides in bein&" very slowly decomposed by water. They react, however, in an analogous fashion
with alcohols, phenols, and amines in presence of caustic soda.
The behaviour of primary, secondary, and tertiary amines
has been su^ested as a basis of separation of these three classes
of compounds. The primary amines usually form compounds
with the sulphonic chloride, which dissolve in caustic soda ; the
derivatives of the secondary amine arc insoluble, whereas the
tertiary amines do not react with the sulphonic chloride (Hinsbcru). The method cannot always be employed.
On reduction of the sulphonic chloride with zinc dust and
water, the zinc salt of the sulphinic acid is formed,
2('(ilIaS().,ri -I- 2/n ~- (C(;IIr)SO.J)2Zn + ZnCl2.
The acid is separated from the zinc salt by boiling with
sodium carbonate, filtering from zinc carbonate, and decomposing the soluble sodium salt with sulphuric acid, which precipitates the sulphinic acid.
The sulphinic acids are unstable compounds. They are readily
oxidised to sulphonic acids ; on fusion with alkalis they are converted into the hydrocarbon and alkaline sulphite,
C(;Ilr,.SOoNa + NaOII ^ NsL,SOa + C:CITIS.
on reduction they form thiophenols,
r.n. so.!i 1 2IL -,- ClKSIl H 2II0O.
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PREPARATION 76.

Phenol.—Fusion of the alkali salt of the sulphonic acid
with caustic soda or potash is a common method for preparing
phenols (see Prep. 106, p. 219). Phenols correspond in constitution to the tertiary alcohols of the aliphatic series, but dififer
in their more negative character. The phenols dissolve in
caustic alkalis, forming alkaline phenates, which are, however,
decomposed by carbon dioxide. In this way a phenol may be
separated from an acid. The solution in caustic soda is saturated with carbon dioxide, and the phenol is then extracted
with ether or filtered off. The entrance of nitro-groups into
the nucleus converts phenols into strong acids (see Preps. 79
and 80).
The various reactions which the phenols undergo are illustrated in Preps. 79—84.
The technical method for obtaining phenol is by shaking out
with caustic soda the " middle oil" of the coal-tar distillate, after
some of the naphthalene has crystallised out. The phenol dissolves in the alkali, and is then removed from insoluble oils.
The alkaline liquid is acidified, the phenol separated, distilled,
and finally purified by freezing.
PREPARATION 77.

Anisole.—The preparation of anisole from phenol is analogous to Williamson's synthesis of the ethers (see p. 236), but the
ethers of phenol cannot be obtained by the action of the alcohol
on the phenol in presence of sulphuric acid. This reaction can,
however, be effected in the case of the naphthbls (see p. 316).
Another method of replacing hydrogen by methyl, in addition
to the use of alkyl halide and alkyl sulphate, is by the action of
diazomethane on the phenol :
N
\
C«H3OII + || ;>CHo==C0lIrJOCH, + No.
The methyl group in anisole can be split off, and the phenol
regenerated by heating with HC1 or HI,
C«H3OCHS + HI - CILJ 4- C,,ITSOII.
The latter reaction has been made the basis of a quantitative
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method for determining the number of methoxyl groups (OCH.,)
present in a compound iZcisel, sec p. 220).
PRKPA RATION 7S.
Hexahydrophenol. —rriic method of S.ibaticr and Senderens for the reduction of organic compounds is very generally
applicable. It consists in passing the vapour of the organic
compound mixed with • hydrogen over finely divided metals,
especially nickel, as in the example given. Aldehydes and
ketoncs are. reduced to alcohol*, olefincs to paraffins, and, in
the aromatic series, hydrogen is taken up in the nucleus and
hydrocydic compounds result. The hydrocarbons form cyclopnraflins ; the phenols, cyclic alcohols ; the bases, cyclic
amines, &v.
PREPARATION 79.
o- and p-Nitrophanol. The action of nitric acid on
phenol is much more energetic than it is in the ease of
benzene. To obtain the. mono-derivatives, the acid has, in
consequence, to be diluted.
The entrance of the nitro-group renders the phenol more
strongly acid, so that the. nitrophenols, unlike the phenols, form
stable salts with alkaline carbonates. It should be noted that
the nitrogroup enters the ortho- and para-position, but not the
meta-position lo the Oil group, according to the general rule
explained on p. 274. Moreover, the ortho-compound is more
volatile than the para-compound. Compare o- and />-hydroxybenzaldehyde (Prep. 83, p. 1 88).
PREPARATION

80.

Picric Acid. The presence of three nitro-groups converts
the phenol into a strong acid. Pieryl chloride, which is formed
by the action of PC1:, on the acid, behaves like an acid chloride,
is decomposed by water and alkalis and forms picramide or
trinitranilinc with ammonia,
<Vl-..(N().,);.('! I Nlls ™ (:HIL(NO.j)3NIIo -I- HCl.
Note that the three nitro-groups occupy meta-positions in
regard to one another; orlho- or para-positions in reference
to t^ie hvdmxyl group.
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PREPARATIONS 8I—82.

P h e n o l p h t h a l e i n . — T h e action of phthalic anhydride on
phenol takes place in two ways. W h e n equal molecules of the
substance react in presence of cone, sulphuric acid, hydroxyanthraquinone is formed (Baeyer),
QH.-.OII = Q,H 4 <

>CflI-T.,OII + N.,O.

It is by a similar process that alizarin has been synthesised
with the object of ascertaining its constitution (see Notes on
Prep. 110, p. 316). W h e n two molecules of phenol and one molecule of phthalic anhydride are heated tog-ether with cone, sulphuric acid, then phenolphthalein is formed (Baeyer).
Its
constitution has been determined by its synthesis from phthalyl
chloride and benzene by means of the " Friedel-Crafts 3 reaction"
(see Notes on Prep. 100, p. 309), Phthalyl chloride and benzene
yield in presence of A1C13 phthalophenone,
I
C;CU

niC,}IIr>
II:C«IIB

Cflll,
/^Cjll,

>

CO

CO

Phthalophenone.
Phthalophenone is then converted successively into dinitro-,
diamino-, and, finally, by the action of nitrous acid, into dihydroxyphthalophenone or phenolphthalein,
c<

c5iiri
•JU- / O
-)^
CO
Phthalophenone.

c<C6H4N0.2
^CflII4NO2
CGTI4\/°
CO
Dinitrophthalophenone.

c<c(Jir4Nii.J

>•

c(.n4\/°
co
Diaminophtlialophenone.

c c«ir4on
^c«n4on
->. CflH4<Q>0
CO
Phenolphthalein.
An important group of colouring matters, known as the
" rhodamines," is obtained from phthalic anhydride and maminophenol and its derivatives. They have a constitution similar
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to that of fluorescein. The simplest of these 'compounds is
represented by the following formula : —
CV.H...NI I.,

Co

l'RKl'A RATION! 83.
Salicylaldehyde, p-Hydroxybenzaldehyde.—"Reimer's
reaction" for the preparation of hydroxyaldehydes from phenols
is applicable to a very large number of monohydric and-polyhydric phenols. The substitution of two 11 atoms by two aldehyde groups sometimes occurs, as in the case of resorcinol. An
analogous reaction is that of caustic potash and carbon tetra*
chloride on phenol, which yields chiefly /-hydroxybemoic acid,
OH
C'JI.UH ! CCU I S K < > 11 ~ CV.H.i''
-I- 4KCI -!• 3lI.,O.
^COOl
PRKI'ARATION (S4.
Salicylic Acid.- The reaction was discovered by Kolbe,
and is known as tl Kolbe's synthesis." It will have been observed that it takes place in two steps. Sodium phenylearbonate
is Jirst formed, which then undergoes intramolecular change
•with the production of sodium salicylate (Schmidt). The technical process is carried out in autoclaves, in which carbon
dioxide is passed into the sodium phenate under pressure at
120 130'. It is a curious fact that the use of potassium phenate
yields, especially at a high temperature (220'), almost exclusively
the /-hydroxybenzoate of potassium.
The above reaction may be applied in the case of other
phenols.
PkKPAKATinN 85.
Quinone and Quinol. Quinone, which was originally
obtained by the oxidation of quinic acid (the acid associated
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with quinine in cinchona bark), is now prepared from aniline.
The aniline, in process of oxidation to quinone, appears to pass
through the following intermediate stages,

The aniline is first oxidised to phenylammonium oxide, which
changes into phenylhydroxylamine. T h e latter also undergoes intramolecular change, being converted into /-aminophenol, which is finally oxidised to quinone (Bambcrger).
It may also be obtained 'by the.oxidation of para-clerivatives of
aniline, such as /-phenylenediamine, sulphanilic acid, p.
aminophenol, &c. Other amino-compounds and phenols yield
corresponding quinones, and it can even be prepared from an
amino-compound or phenol, if an alkyl g-roup occupies the paraposition, as in the case of mesidine, which loses a methyl group
and yields w-xyloquinone. Quinone is sometimes regarded as a
superoxide (Graebe), sometimes as a para-cliketone (Kittig).
rC)

C
lie/

O Vril

HOf'

^CII

c
V :()
Siiperoxide formula.
7")iketoiic ronuuhi.
The facts in favour of the first are that quinone, like a peroxide,
has a strong oxidising action, that on reduction it yields, not a
glycol, but a dihydroxybenzene ; moreover, with PCI.- instead
of a tetra-chloro-derivative, a dichloroben/.cnc is formed. In
favour of the ketone structure is the formation of a mono- and
di-oxime (Goldschmidt),
CO
nc;/ en
'I
YiC) yCAl
C.-NOH

C:N()H
irc/i|
\IC\
C:K(
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I'henylhydrazones ;\re not -formed, .as phcnymyclfazine acts as a
reducing a^ent and produces quinoi.^
The constitulion of quinhydron^, tfep intermediate pr
formed by ihe reduction of quinoneN^ <&"Lda*iqtt.•^'cpir
represented by the formula,
/)
C(OII)
ACU
nc,x /en
X) C(OII).
For the formal ion of dimcthylquinone, see p. 251.
c:,n/
\

11C

PKKPARATION

86.

Benzyl Chloride. -The action of chlorine on boiling
toluene is quite distinct from the action which occurs in the
rold or in presence of a u halogen carrier " (sec pp. 252, 271).
In the present instance substitution takes place in the sidechain. It is a curious fact, however, that chlorine produced by
electrolysis in presence of boiling toluene mainly enters the
nucleus.
1 »y prolonged action all three hydrogen atoms of the side-chain
may be replaced, and the following compounds obtained: —
<Y,Il;/'lU:i Benzyl Chloride.
(',;! !•,('! I (X lienziil Chloride.
* 'i;l 1.-/ 't'l;» Hen/otrirhloride.
I lydrocarbons containing the halogen in the side-chain may
be L'(eneraily, though not invariably distinguished, by their
irritating a<*lion on the eyes and mucous membrane of the nose,
from those in which the halogen is present in the nucleus.
Moreover, the halogen in the side-chain is much more readily
substituted or removed than when it occurs in the nucleus. In
this respect the above compounds resemble the members of the
aliphatic series (alkyl and alkylene halides). Benzyl chloride is
decomposed by water, ammonia, and potassium cyanide, forming
benzyl alcohol, ben/yl cyanide, and benzylamine.
ei;lI,CII.,C) ! JJ..O - C,,IIr,CII.,OTI -I- IIC1.
IU:nzyl alcohol.
(V([I,Cn.,Cl I KCN - C,;IIr)CII2CN -I- KC1.
J'ii'ii/yl cyanide.
C n CH..(<l I 2NII CrtHnClLNlIo I NU C1.
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It is also much more easily oxidised than toluene to benzoic
acid,
QUgCIIoCl -I- Oo = C6II,COOII + HC1.
Benzal chloride and benzotrichloride are also decomposed by
water, the former in presence of calcium carbonate, and the
latter at a high temperature, yielding, in the one case, benzaldehyde, and in the other, benzoic acid,
lo + 11,0 - QilljiCOII + 2IIC1.
Pjenzaldfhytle.
C(iU5CCl, -I- 2lI.,0 = CiliaCO.OII + 3IICI.
Benzoic acid.
PREPARATION S7.

Benzyl alcohol may be also obtained by the action of caustic
potash on benzalclehyde (see Reaction 4, p. 197). This reaction
is specially characteristic of cyclic-compounds containing an
aldehyde-group in the nucleus, although some of the higher
aliphatic aldehydes behave in a similar fashion (Cannizzaro),
2CGH5COII + KOII - C0H5CH,OII + Q,IISCOOK.
Benzyl alcohol. Potassium benzoate.
Benzyl alcohol has the properties of an aliphatic alcohol, and
not those of a phenol. On oxidation, it gives benzaldehyde
and benzoic acid, and it forms benzyl esters with acids or acid
chlorides,
C0MriCO.OCHo.C0IIs.
Benzyl ben/oate.
PREPARATION 88.

Benzaldehyde.—The aldehydes of the aromatic series
may also be obtained by the oxidation of a methyl side-chain
with chromium oxychloride. The solid brown product,
C(}H,,CH3(Cr0:jCl2)2, formed by adding Cr02Cl2 to toluene,
dissolved in carbon bisulphide, is decomposed with water, and
benzaldehyde separates out (Etard). Other methods for preparing aromatic aldehydes are (1) the Friedel-Crafts reaction, in
which a mixture of carbon monoxide and hydrogen chloride are
passed into the hydrocarbon in presence of aluminium chloride
and a little cuprous chloride,
/Cir..
QH5.CH3 + 11C1.C0 = c y i / X •' + HCI ;
CHO

APPENDIX

3OI

(2) also by passing a mixture of hydrogen cyanide and hydrogen
chloride into a phenol ether in presence of AIC13,
/OCIL
C6II5OCII3 + HCN.IICI - Q I I /
" + IIC1.
The product is then hydrolysed with hydrochloric acid
(Gattermann),
/OCII,
y /

+ HOO

C;,,II/

X

CII:NII
"
\CIIO
(3) Grignard's reaction can also be used for preparing aromatic
aldehydes (p. 308).
The numerous reactions which benzaldehyde undergoes are
described in this preparation, and in some of the subsequent
ones (see Preps. 93-97).
On reduction, benzaldehyde yields, in addition to benzyl
alcohol, a pinacone known as hydroboizobi,
QIlaCOH
CyraCIIOH
+ N3 =
I
QII5COH
C6II3CIIOII
Hydrobenzoin.
PREPARATION 89.

a- and 0-Benzaldoximes.—The existence of two isomeric
benzaldoximes was first observed by Beckmann in 1889, who
explained their relation by a difference in structure.
C6H5CH:NOH
QH5CH.NH
\/
O
a-Benzaldoxime.
/3-Benzaldoxime.
In the following year Hantzsch and Werner published their
theory, by which the greater number of isomeric oximes both of
aldehydes and ketones have found a satisfactory explanation.
These compounds were not structurally but stereo-isomeric, the
relation being similar to that which exists between fumaric, maleic
or mesaconic and citraconic acids (p. 265), or again between the
two diazotates of potassium (p. 283), and which may be
represented as follows :
CflH6.C.H
QH,CH
HO.N
N.OH
a-Benzaldoxime.
jS-Benzaldoxime.
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It will be easily understood from these formula why the /3-compound should yield benzonitrile with acetic anhydride whilst the acompound does not. The proximity of hydrogen and hydroxyl in
the former case facilitates the formation and elimination of water.
In this way the configuration of most of the aldoximes may be
ascertained.
PREPARATION 90.

Benzoic Acid.—The oxidation of the side-chains in aromatic
hydrocarbons is a matter of considerable interest, as illustrating
the difference of stability of the side-chain and nucleus, and also
the influence which the relative positions of the side-chains,
where more than one is present, exert in presence of oxidising
agents.
The oxidation of the side-chain of an aromatic hydrocarbon,
when more than one is present, takes place in successive steps.
Thus, mesitylene is converted into the following compounds o n
oxidation ;
. QIL(CIL)2CO.On Mesilylenic acid.
Mesitylene, C6H3(ClIa)3 —>• C0H3CH3(CO.OI I)o Uvitic acid.
X

C«Iia(CO.OH):.

Trimesic acid.

The reagents usually employed are (1) chromic acid 01*
potassium bichromate and sulphuric acid, (2) dilute nitric acid
and (3) potassium permanganate in alkaline or neutral solution.
The action of these upon the side-chain, when more than one
side-chain is present, depends upon their relative position.
Thus, for example, potassium bichromate and sulphuric acid
either does not act, or completely destroys the compound when
the side-chains occupy the ortho-position (Fittig), whereas t h e
para- and meta-compounds yield the corresponding carboxylic
acids. This is true also of substituted hydrocarbons with o n e
side-chain ; thus with nitric acid m- and /-nitrotoluene give
m- and ^-nitrobenzoic acid, whilst the ortho-compound is either
unattacked or destroyed. If, however, the substituent is a
halogen and the oxidising agent nitric acid, the meta-compound
is least, and the para-compound most acted on. Dilute nitric
acid or alkaline permanganate are most serviceable for oxidising
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s i d e - c h a i n s w h e r e o n l y o n e s i d e - c h a i n is to b e c o n v e r t e d into
c a r b o x y l o n a c c o u n t of t h e i r less e n e r g e t i c a c t i o n .
T h e o x i d a t i o n of a h a l o g e n - s u b s t i t u t e d s i d e - c h a i n b y t h e u s u a l
o x i d i s i n g a g e n t s is m u c h m o r e r e a d i l y a c c o m p l i s h e d t h a n t h a t
of a s i m p l e a l k y l g r o u p . A s i m i l a r c a s e is t h a t of n a p h t h a l e n e
t e t r a c h l o r i d e , C ^ H ^ C l ^ w h i c h , t h o u g h a n a d d i t i v e c o m p o u n d , is
m u c h m o r e r e a d i l y c o n v e r t e d into p h t h a l i c a c i d t h a n n a p h t h a l e n e
itself.
PRKPARATION 91.
m-Nitro-, m-Amino-, m-Hydroxy-benzoic Acids.—
T h i s s e r i e s of c o m p o u n d s m e r e l y f u r n i s h e s a n e x e r c i s e in t h e
p r o c e s s e s p r e v i o u s l y d e s c r i b e d a n d i l l u s t r a t e s t h e a p p l i c a t i o n of
t h e s a m e r e a c t i o n s in t h e c a s e of a s u b s t i t u t e d b e n z e n e d e r i v a t i v e
c o n t a i n i n g a n i t r o - g r o u p . I t a l s o i l l u s t r a t e s t h e m a n n e r in w h i c h
m e t a - c o m p o u n d s of b e n z o i c a c i d m a y b e i n d i r e c t l y p r e p a r e d
w h e r e a d i r e c t m e t h o d is i n a p p l i c a b l e .

PREPARATION

93.

B e n z o i n . - A s a s m a l l q u a n t i t y of p o t a s s i u m c y a n i d e is
c a p a b l e of c o n v e r t i n g a l a r g e q u a n t i t y of b e n z a l d e h y d e i n t o
b e n z o i n , t h e a c t i o n of t h e c y a n i d e h a s b e e n e x p l a i n e d a s follows :
T h e p o t a s s i u m c y a n i d e first r e a c t s w i t h t h e a l d e h y d e a n d
forms a cyanhydrin, which t h e n c o n d e n s e s with a n o t h e r molecule
of a l d e h y d e , h y d r o g e n c y a n i d e b e i n g
finally
eliminated
(Lap worth),
/OH
/OH
C(iII5CH<
+ QlIgCHO = CUH5.C^
CH(OH)CBH5.
X
\CN
CN
= QH5.CO.CH(OH).C6H5 + HCN.
T h e s a m e reaction occurs with other aromatic aldehydes
( a n i s a l d e h y d e , c u m i n o l , furfurol, & c ) .
B e n z o i n yields h y d r o b e i i z o i n o n r e d u c t i o n w i t h s o d i u m
a m a l g a m , a n d desoxybenzoin, C(iHr>CO.CH2.C(iH5, when reduced
with z i n c a n d h y d r o c h l o r i c a c i d .
T h e latter, which contains the group CO.CH2.C(!H-, behaves
like m a l o n i c ester, t h e h y d r o g e n of t h e m e t h y l e n e g r o u p beingreplaceable by sodium, a n d hence by alkyl groups.
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PREPARATION 94.

Cinnamic Acid.—The reaction, which takes place when an
aldehyde (aliphatic or aromatic) acts on the sodium salt of an
aliphatic acid in presence of the anhydride, is known as
" Perkin's reaction," and has a very wide application. According to the result of Fittig's researches on the properties of the
unsaturated acids described below, the reaction occurs in two
steps. The aldehyde forms first an additive compound with
the acid, the aldehyde carbon attaching itself to the a-carbon
(i.e., next the carboxyl) of the acid. A saturated hydroxy-acid is
formed, which is stable, if the a-carbon is attached to only one
atom of hydrogen, as in the case of isobutyric acid,
CII3
CII3N
I
C(5H5CHO h
>CH.COOH = C8II5CH(OII).C.COOII.
CII./
I
CII,
If, as in acetic and propionic acids, the group CH2 is present
in the a-position, water is simultaneously split off, and an
unsaturated acid results,
CH3
CuIIaCIIO + CH,.CH.,COOH = C6H5CH:C.COOH + 11,0.
a-Methylcinnamic acid.
That tt-methylcinnamic acid is formed and not phenylisocrotonic acid according to the equation,
C6IIHCH0 + CH0.CH0.COOH = C6H,CH:CH.CH.2.COOH + II./J,
Phenylisocrotonic acid.
follows from Fittig's researches, and depends upon the marked
difference exhibited by the two principal groups of unsaturated
acids, viz., the a/3 acids, which have the double link between
the first and second carbon from the carboxyl, and /3y acids, in
which the double link lies between the second and third
carbons. Methylcinnamic acid belongs to the first group,
whereas phenylcrotonic acid belongs to the second group.
It may be noted in passing that this reaction bears a.close
resemblance to that studied by Claisen, which occurs in
presence of caustic soda solution between aldehydes or ketones
on the one hand, and compounds containing the

APPENDIX
CHo.CO. Benzaldehyde and acetone combine under thebe
conditions to form benzylidene- and dibenzylidene-acetone:
C6H5COH + CH3.CO.CH3= C6H5CH:CH.CO.CH3.
Benzylidene acetone.
2CflH5COH + CH3.CO.CH3 = C6H5CH:CH.CO.CH:CH.C6H3.
Dibenzylidene acetone.
All the unsaturated acids have the' following properties incommon.
They form additive compounds with nascent
hydrogen, halogen acids, and the halogens. On oxidation with
alkaline permanganate in the cold, they take up two hydroxyi
groups to form a dihydroxy-derivative, and, on further oxidation,
ultimately divide at the double link. Cinnamic acid may be
taken by way of illustration. On reduction it forms phenylpropionic acid, with hydrobromic acid, /3-bromophenylpropionic
acid (the bromine attaching itself to the /3-carbon, see p. 253),
with bromine a/3-dibromophenylpropionic acid, on oxidation with
permanganate, phenylglyceric acid and then benzaldehyde and
benzoic acid,
CBU3CH:CH.CO.OIi + H2
= C6H5CH2.CH2.CO.OH.
Phenylpropionic acid.
C,,II6CH:CH.CO.OH + HBr
= CfiH6CHBr. CHo.CO. OIL
Phenyl /3-bromopropionic acid.
C6HSCH:CH.CO.OH + Br.2
= C6H5CHBr.CHBr.CO.OH.
Phenyl ajS-dibromopropionic acid.
C,jH6CH:CH.CO.OH + H2O + O = C6H5CHOH.CHOH.CO.OH.
Phenylglyceric acid.
CBII5Cir:CH.CO.OH + 2O3
= CflH3COH + 2CO2 + H2O.
Benzaldehyde.
The chief difference between the two groups of a/3 and (3y
unsaturated acids lies in the behaviour of the additive compounds
which they form with hydrobromic acid and bromine.
In the case of the a/3 acids, the hydrobromide of the acid, on
boiling with water, yields the corresponding /3 hydroxy-acid,
and, on boiling with alkalis, a mixture of the original acid and
the unsaturated hydrocarbon, formed by the elimination of
carbon dioxide and hydrobromic acid,
1. C,H.CHBr.CIIo.COOH + H2O-C8HBCHOH.CH2.COOH + HBr.
' l
~
/3-Oxyphenyl-propionic acid.
2. C,IIrCHBr.CH.,COOH + NaOH = CBH8CH:CH.COOH + NaBr
3. COHEN'
CVILCIIBr.CII.,.COOII
^0 °'' S ADV. P."~O- C. +NaOH = C riCinnamic
Styreiie.
ClI:CIIacid.
+ COx -1-KaBr
+H
ll.fi.
O.
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The hydrobromides of (By unsaturated acids like /3-phenylcrotonic acid behave quite differently. On boiling with water,
lactones are formed, i.e., inner anhydrides of oxy-acids,
CGH5CHBr.ClI.2.CHo.COOII - CGII5CU.CH2.CII2 + HBr.
O
O
Phenylbutyrolaetone.
The readiest method for distinguishing a /3y-acid, especially
of the aliphatic series, is to heat the acid with a mixture of
equal volumes of. cone, sulphuric acid and water to about 140'.
The lactone is formed if a £y-acid is present, whereas an «/3-acid
remains unchanged. By diluting, neutralising with sodium
carbonate, and extracting with ether, the lactone is separated,
the a/3-acid remaining in solution.
An interesting relation exists between the two groups of acids.
It has been found that, on heating /3y-acids with caustic soda
solution, a shifting of the double link on the a/3-position takes
place,
QH5CH:CH.CHo.COOH =• C8HSCH2.CH:CH.COOH.
y j3 a
£ a
PREPARATION 95.

Hydrocinnamic Acid.—The preparation illustrates the use
of sodium amalgam as a reducing agent. It should be noted
that hydrocinnamic acid may be also obtained from malonic
ester by acting upon the sodium compound with benzyl chloride,
then hydrolysing and removing carbon dioxide,
QH5CH2CI + NaCH(COOC,H,).> -> C(!II,CfI.,CH(COOCoM5).,
-> C6H5CHo.CH(COOH)o + CGH5CH2.CH2COOH. "
PREPARATION 96.

Mandelic Acid.—The reaction furnishes a simple and
general method for obtaining hydroxy-acids from aldehydes or
ketones by the aid of the cyanhydrin. The formation of the
cyanhydrin may be effected in the manner described or by the
action of hydrochloric acid on a mixture of the aldehyde or
ketone with potassium cyanide, or, as in the case of the sugars,
by the use of liquid hydrocyanic acid and a little ammonia.

APPENDIX
Mandclic acid was originally derived from bitter almonds, and
can be obtained by the action of baryta on amygdalin, the
glucosidc of bitter almonds, which breaks up into glucose and
mandelic acid. Mandelic acid contains an asymmetric carbon
atom, and is capable, therefore, of being resolved into optical
enantiomorphs (p. 262). This has been effected by fractional
.crystallisation of the cinchonine salt, from a solution of which
the dextro-rotatory component first separates. Another method,
known as the biochemical method, is to cultivate certain low
organisms in a solution of a salt of the acid when one of the
components is destroyed or assimilated. Thus ordinary green
mould {ftoiiciIlium) assimilates and removes the la:vo component,
leaving' a dextro-rotatory solution. These two methods, together
with the separation of the enantiomorphous crystalline forms
described on p. 123, comprise the three classical methods devised
by Pasteur for resolving inactive substances into their active
components. Mandelic acid may also be resolved by partial
hydrolysis of its esters by the ferment "lipase'"3 (Dakin) ai d
also by the partial esterification of the acid with an active alcohol
such as menthol (Marckwald).
PREPARATION 97.

Phenylmethylcarbinol.—The method of Grignard, of
which this preparation serves as an illustration, has received a
very wide application. The following is a brief and incomplete
list of these reactions, in which the organic radical (R) represents
within certain wide limits both an alkyl and aryl group :
Hydrocarbons. The magnesium compound is decomposed
by water,
RMgl + IIoO = R.H + Mgl(OIl).
Alcohols may be obtained from aldehydes, ketones, esters,
acid chlorides, and anhydrides,
R
1 \ ^OMgl
R x ,011
R XR
R'
R
,<)
/OMirl
/OMgl
Oil
R.Cf
+ RMgI->R.C("
OC>Tl5^R.C^-R
-»R.C-R
X
XR
SR
\OCII 5
^
x2
R

"
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Aldehydes can be prepared from dimethylformamide,
HCO.NRR -r RMgI->HCR(OMgI)NRR->RCHO + IN
and from formic and orthoformic ester,
HCO.OCoH5 + RMgI->RCHO + MgI.OC2H5.
Ketones may be obtained from cyanogen, cyanides, o r
,NMgI
RCN + RMgl -> R.C^
•> R.CO.R + NH3 + 3M g (OII)I.
Acids are produced by passing carbon dioxide into t l i e ether
solution of the magnesium alkyl compound,
.OMgl
,,OH
RMgl -f C0.2 -> R.C/
-> R.Q.
+ Mgl(OlJ).
In addition to the above, Grignard's reagent has b e e n utilised
in preparing defines, ethers, ketonic esters, hydroxy-acids,
quinols, amides, hydroxylamines, &c., for details of wliicli books
of reference must be consulted.1
PREPARATION 98.

Benzoyl Chloride.—The formation of esters by t"he action
of benzoyl chloride or other acid chloride on an alcohol o r phenol
in presence of caustic soda is known as the " Schotten- B a u m a n n
reaction." The reaction may also be employed in tlie preparation of derivatives of the aromatic amines containing- zui acid
radical, like benzanilide, CCH5NH.CO.C0H3,
= C(JII3CO.NHC6H6+ N a C l + IIaO.
PREPARATION 99.

Ethyl Benzoate.—The method of Fischer and. S p e i e r for
the preparation of esters, by boiling together the acid, with the
alcohol containing about 3 per cent, of either hydrocliloric acid
1
Schmidt, Ahrens' Vorirdge^ 1905, 10, 68.
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or cone, sulphuric acid, can be adopted in the majority of cases
with good results, and has many advantages over the old
method of passing hydrochloric acid gas into a mixture of the
alcohol and acid until saturated. Read Notes on Prep. 15,
p. 247.
PREPARATION 100.

Acetophenone.—The " Friedel-Crafts' reaction," of which
this preparation is a type, consists in the use of anhydrous
aluminium chloride for effecting combination between an
aromatic hydrocarbon or its derivative on the one hand, and a
halogen {C\ or Br) compound on the other. The reaction is
always accompanied by the evolution of hydrochloric or hydrobromic acid, and the product is a compound with AICI3, which
decomposes and yields the new substance on the addition of
water. This reaction has been utilised, as in the present case,
(r) for the preparation of ketones, in which an acid chloride
(aliphatic or aromatic) is employed,
CJT6 -I- Cl.CO.CII3 = Q5H5.CO.CIL -f ITCL
Acetophenone.
CJIfl + Cl.CO.CfiTT3 = C,,H,{.CO.CflHfi + IIC1.
Iienzophenone.
If a substituted aromatic hydrocarbon is used, the ketone
group then enters the para-position, or, if this is occupied, the
ortho-position. Substituted aromatic acid chlorides may also
be used, and if the acid is dibasic and has two carboxyl chloride
groups, two molecules of the aromatic hydrocarbon may be
attached. If phosgene is used with two molecules of benzene,
benzophenone is obtained,
2CGHG + CloCO = CaH5.CO.C6Hs + 2HCI.
Benzophenone.
(2) This reaction may be modified by decreasing the proportion of the hydrocarbon, and an acid chloride is then formed,
cyitJ -1- cicoci = c 8 n s .coci + n o .
Bcnzoyl chloride.
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(3) With an aromatic hydrocarbon and a halogen derivative
of an aliphatic hydrocarbon or aromatic hydrocarbon substituted in the side-chain, new hydrocarbons may be built up (see
Prep. 102, p. 214),
CtiIIt; f- CoIIrJSr = C,.IIs.CoH, + IIBr.
Kthylbenzene.
C8Ha + CICTLXY.II, - Ct;Ifn.CIL2.C,TIn + MCI.
Diphenylniethane.
3CfiHG + CMCI3 = CII(C(!II,)., -I- 3UCL
Triphenyl methane.
Anthracene has been synthesised from tetrabromethane and
benzene by this method,
i Br ! CII ; Kr !
.ClU
CrII4: Ho I ! : IIo:C(;II4 = CtiIT4; I v.C(iM4 + 4HHr.
; "Br I CII Iir "j
CPK
Anthracene.
(4) Amides may be prepared by the use of chloroformamide,
C0H6 -I- CICONHo = CGHvCO.NIf.2 + ITC1.
The chloroformamide is obtained by passing HC1 gas over
heated cyanuric acid (Gattermann),
IIOCN + IIC1 = Cl.CONIIo.
(5) Hydroxyaldehydes have been obtained indirectly by the
use of the crystalline compound HCl.HCN (which hydrochloric
acid forms with hydrocyanic acid) acting upon a phenol ether,
/OCH.j
CaH,0CH, + HCl.HCN = CGH4<N
CH:NH.
The aldime is subsequently hydrolysed with dilute sulphuric
acid (Gattermann),
,0CH«
C6H4<X
"' + NH,.
"'"'+ T-IoO = CGH4<
C:NH
"
^COH
In addition to the Friedel-Crafts' reaction, the aromatic
ketones may be obtained by distilling the calcium salt of the

APPENDIX
aromatic acid or a mixture of the salts of an aromatic and
aliphatic acid. The reaction is precisely analogous to the
process used for the preparation of aliphatic ketones,
2C0H5COOca' = CGIIr,CO.CcHa + CaCO.,
Benzophenone.
C8HaCOOca' + ClI3COOca' - C6II5.CO.CH:. + CaCO..
Aeetophenone.
They possess the usual properties of ketones of the aliphatic
series (see p. 69), which are illustrated by the various reactions
described at the end of this preparation..
A special interest attaches to the oximes of those ketones
which contain two different radicals linked to the CO
group. Many of these substances exist in two isomeric
forms, which are readily converted into one another. Phenyltolylketoxime exists in two forms and benzildioxime in three
forms, which cannot be explained by structural differences
of constitution. They must therefore represent different
space configurations of a type analogous to that of citraconic and mesaconic acid (Hantzsch, see p. 265). They
are distinguished by the terms " syn " and " anti," corresponding
to " cis " and " trans " among the unsaturated acids. " Anti"
signifies away from the group, the name of which follows ;
"syn" signifies the position near that group (see pp. 283 and
3°0»
cflna.c.ccii4.cri3
Ccii5.ccji4.c1i3
HO.N
N.OH
.9j/;z-Phenyltolylketoxime.
y!«^z-PhenyUolylketoxime.
Benzil forms three dioximes which are distinguished tjy the
names " syn," "anti," and "amphi."
ci{i rr,c. c.C 0 H 5

c(;n5. c

c.C 6 H 5

COH3. C

c. C 0 H 5

HO.NN.OH
HO.N HO.N
N.OH HO.N
anti.
amphi.
syn.
The action of PCI- on these substances, known as Beckmann's
reaction, is of great importance in distinguishing the different
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forms of ketoximes. The two isomeric phenyltolylketoximes
yield two different amides,
QH5. C. CBH4. CI Io
II
->
IION

C«H0. C. QH4CH:{
OC. C6H4CII3
II
->
I
C1.N
QH5HN
Toluic anilide.
QHfl. C. C(,H4CT I, C«IIfi. C. C,.II4. CH, C0H,CO
II
->
||
->"
I
NOH
N.Cl
NIICCTI4CTTS
Renxoio toluido.
Toluic anilide, on hydrolysis, forms toluic acid and aniline,
whereas benzoic toluide yields benzoic acid and toluidine. It
follows therefore that, in the original compound, the first contains the hydroxyl nearer the phenyl group and the second
nearer the tolyl group.
For further details on the stereoisomerism of nitrogen compounds, the text-book must be consulted.
PREPARATION IOI.

Diphenylmethane.—This reaction is analogous to that of
aluminium chloride on a mixture of benzene and benzyl chloride
referred to in the notes on Prep, TOO, p. 310. The reaction is
also effected by the use of zinc dust or finely-divided copper
(Zincke).
PREPARATION 102.

Triphenylmethane.--This is another example of the
Friedel-Crafts'" reaction, which has already been referred to
in the notes on Prep. 100, p. 309.
Thfc synthesis of pararosaniline from triphenylmethane is one
which has gone far to solve the problem of the constitution of
the important class of triphenylmethane colouring matters.
Rosaniline or magenta was originally obtained by oxidising
with arsenic acid a mixture of aniline with o- and fttoluidine. The product was then lixiviated and treated with
common salt, which converted the arsenate into the hydrochloride of rosaniline. Pararosaniline was prepared in a similar
way from a mixture of aniline and /-toluidine. The series
u
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of reactions by which triphenylmethane is converted into pararosaniline may be represented as follows —
:
/C(5Hr>
/CtiII4N0.2
/C«H4NH2
/C6H4NHa
, 5
Q4
6 4 ;
fl4
Trin r t P henyl
Triphenylmethane. ;;ieth^ e * Paraleucaniline. Pararo^niline
I>y the action of hydrochloric acid on the base, the hydrochloride of pararosaniline is formed, which is the soluble'
colouring- matter,
lO.C(QIT4NTT2)n + IICl = C(CT
;t T4NHoVC
( l + H2O.
The constitution of the hydrochloride is doubtful ; but the
so-called qitinonoid structure, by which the substance is represented as a derivative of quinone, is generally accepted,
C(C,H4XH,),
C
we/ \cu
IIC^ 'CIl
ii
NIT. TIG.
T^vavosanilhie hydrochloride.
The formation of rosaniline from a mixture of aniline, 0- and
/-toluidine is represented by assuming that the methyl-group
of /-toluidine acts as the link which connects the nuclei of
aniline and ^-toluidine.
IIC,Q
; ;III14NIT
112CjIIjNITa + 3O = IIO-C^-C
C,,H
filI4NII22 4- 2H0O
III II
Rosaniline base.
PREPARATION 103.

Benzaldehyde Green.—The formation of malachite
grejen (benzaldehyde green) by the action of benzaldehyde

314

PRACTICAL ORGANIC CHEMISTRY

upon dimethylaniline in presence of zinc chloride, and subsequent oxidation of the product, may be interpreted on similiar
lines, and has already been referred to. (See notes on Prep. 59, p.
279).
HCy"H:; CGH4N(CH3)2
/CBH5
,-O
I
"> HC'-C«H4N(CH8)2
• y HjC,iH4N(CII3)2
\C(JH4N(C1L).2
"'"••-. •
Leukobase of
malachite green.
/C G II,
X:8llfl
HC^-Q5II4N(CII,V+ O = IIO.C-CftIT4N(CIL).,
\ciiNcii;)

Q I,I 4N(( C I r;)
Q

Base of malachite
green.
The preparation of " crystal violet" from Michler's compound
and dimethylaniline in presence of POC13 may be explained in a
similar fashion,
/Cr,II4N(CIL)2
o r /C(;II4N(CIL>)o
u
^\C«lI4N(CH.>)o = IIO.C^-CGH4N(CII..).,
+ HC0H4N(CiL)2
\c«H4N(Cll3fe
Ease of crystal
violet.
The constitution of thehydrochlorides of malachite green and
crystal violet will appear as follows :—
r/C,H4N(CIT,)2
Y C,U4N(CM,)2
C
/ \
CII
lie/
\
IIC

N(CI-I3)2
Cl
Malachite green.

IICl!

CII

N(CH3)2
Cl
Crystal violet.
PREPARATION 104,

Phthalic Acid. In the formation of phthallc acid by the
oxidation of naphthalene with sulphuric acid, the mercuric -sul~
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phate acts ns a catalyst. The latter reagent has been used successfully in oilier oxidising processes, although the manner of its
action is noi yet explained. The formation of phthalie acid from
naphthalene represents the. initial stage in the manufacture of
artificial indigo from coal-tar. The subsequent processes consist
in converting the acid into the anhydride by sublimation, the
anhydride into phthalimide by the action of ammonia gas, and the
phthalimide into anthranilic acid by the action of sodium hypobi'omite (ilofmann's reaction, see p. 80).
Co
CO.
/CONlIIir
C,,ll,
O -- C..II.,
Nil -> C.-Uf
->
co
Co
H'ooii
Nil.,
V
CO()II.
The anthranilic acid is then converted into indigo by
<ombining it with chloracetie acid and fusing the product with
caustic alkali, which gives indoxyl and finally indigo by oxidation,
/NIIC11.,COOII
.Nil.
1I CICIL.COOII
CICIIo.Ci
(VI,"
'
~CC\\/
c:o< HI

"

•••coon

NIIC ' i u c o o n

,NI1;
>•

c.jii/

< "<K>n
)
-Nil,

.Nil
/

>ciio
•••('()•'
In«l.».\yl.

c
'CO '

PUKPA RATIONS 105 an(^ I0^*
Naphthalenesulphonate of Sodium. /3-NaphthoL—
The formation of the sulphonic acid of naphthalene and the
corresponding phenol by fusion with caustic soda is analogous
to that of benzene sulphonic acid and phenol (see Prep. 74,
p. 177, and 76, p. 179. It should be noted that naphthalene
forms two series of mono-derivatives distinguished as a and (i
compounds. By the action of sulphuric acid on naphthalene,
both a Jind (i sulphonic acids are formed. At a lower temperature (100 ) the product consists mainly of the a compound ; at a
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higher temperature (170°) of the /3 compound. /3-Naphthol and
its derivatives are used for the preparation of azo-colours (see
Reaction 6, p. 163), and for thatof/3-naphthylamine. The latter
is obtained by the action of ammonia under pressure on 0naphthol,
C10H7OH 4- NH3 = C10H7NH2 + H2O.
This reaction is resorted to for the reason that naphthalene
forms only the a-nitro-compound with nitric acid. The method,
similar to that used for preparing" aniline from nitrobenzene,
cannot, therefore, be employed for the production of #-naphthylamine. a-NaphthoI is mainly used for the manufacture of
yellow and orange colours (Martius and naphthol yellow) by
the action of nitric acid, and are similar in constitution to picric
acid (see Prep. 107).
The naphthols differ from the phenols of the benzene series
in forming ethers after the manner of aliphatic alcohols, viz., by
the action of sulphuric acid on a mixture of the naphthol and the
alcohol, which the other phenols do not,
Q0H7OH + CH3OH = C10H7OCH3 -I- l i p
Naphthyl methyl ether.
PREPARATION 108.

Anthraquinone.—The constitution of anthraquinone is
derived from various syntheses, such as the action of zinc dust
on a mixture of phthaiyl chloride and benzene, or by heating*
benzoyl benzoic acid with l\fia,
,COCl
/C(\
Q I I /x
+ Call,, = CflII4<
>CJI4 -1- 2IICI
coci
XXK
/CO.CflH
Q i i x/
coon
Unlike benzoquinone, it is not reduced by sulphur dioxide
(see Prep. 85, p. 193). Heated with HI or zinc dust it is converted into anthracene.
PREPARATION HO.

Alizarin.—The first synthesis of alizarin is due to Graebe
and Liebermann (1868). The present method was discovered
simultaneously by these chemists and by Perkin. By the action
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of fuming sulphuric acid on anlhraquinone, the main product is
0-anthraquinone monosulpbonic acid.
,SO3H,

By fusion of the sodium salt with caustic soda and potassium
chlorate, the hydroxyl groups enter the a and (3 position. The
constitution of alizarin is therefore
CO 0 I £
/ \ /
\ / \ Oil
c o

q

Alizarin.
The constitution has been determined by its synthesis from
phthalic anhydride and catechol in presence of concentrated
sulphuricXXX
acid (Baeyer),
OH
C B Il
O + QH
= QH.
OH 2
OH

Other colouring matters have been obtained by the oxidation of
alizarin (purpurin), and by fusion of the disulphonic acids of
anthraquinone with caustic soda (anthrapurpurin and flavopurpurin). It is an interesting fact that, among the numerous diand poly-hydroxyanthraquinones, only those which have the two
hydroxyls in the aft position are colouring matters (Liebermann
and Kostanecki),
011
on
c o

Purpurin.

on
-CO-

Anthrapurpurin.
on
[OH

110
\ / \ c o /
Khivupurpurin

3i$

PRACTICAL ORGANIC CHEMISTRY
PREPARATION H I .

Isatin.—The formation of isatin from indigo may be
represented as follows :—
XXX
i /COv
/CO
C«Il/
>C = C(
>QII4 = 2QH4<
V*).
() : O
Pscudo-isatin.
Indigo.
This compound represents the unstable pseudo- or lactamform, and passes into the stable or lactim-form (Baeyer),
C(iHlx

CO,
>C(OH). .

Isatin (stable form).
There exists, however, some uncertainty as to which formula
represents the stable form. Derivatives of both forms are
known, and the compound offers an example of Uuitoincrism
(see Notes on Preps. 16, p. 252), or, as it has been also termed,
pscudomcrisitu
The constitution of isatin has been determined by its synthesis
from ^-nitrophenylglyoxylic acid,
/CO.COOH
/CO.COOH
/CO,
QiH^
-> QH4<T
-> Q,H4<( >C(OII),
which passes on reduction into the amino-compound, the latter
forming the anhydride or isatin (Claisen).

PREPARATION 112.

Quinoline.—The formation of quinoline by "Sksaup's
reaction" may be explained as follows: The sulphuric acid
converts the glycerol into acrolein, which then combines with
the aniline to form acrolein-aniline. The latter on oxidation
with nitrobenzene yields quinoline.
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CH.J(.)H.CIIOII.CII.,Oir = CII.,:C1I.COII + 2IIX)
Acrolcin.
~~
U,NM, i (K:il.CIl:ClIo = C8IlsN:CII.Cir:CII:i+ 1I2O
Acroleiu aniline.
o i
11:(:"

..

..
.

<:H

NX \

N

+

1I..O.

\ / X / '

X
'

N

Quinolinc.
The reaction is a very general one, and most of the primary
aromatic amines and their derivatives can be converted into
quinolinc derivatives, provided that one ortho-position to the
amino-group is free. 0-Aminophenol, for example, yields
tf-hydroxyquinolinc in the same way,

un - (7-Aminophcnol.

on. N
0-Hydroxyquinoline.
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Q u i n i n e Sulphate.—Quinine belongs to the group of
" vegetable bases" or alkaloids. These substances are widely
distributee1 among different orders of plants, and are usually
colourless, odourless, and crystalline solids. A few, however,
are liquids (conine and nicotine), and possess an unpleasant
smell. There is no general method by which the alkaloids can
be isolated from the plants in which they are found. They
usually exist in combination with acids, such as malic, lactic,
and other common vegetable acids. Frequently the acid present
is peculiar to the plant in which it occurs. Quinine and the
other cinchona alkaloids are found in combination with quinic
acid, morphine with meconic acid, aconitine with aconitic
arid, &c. A common method for separating the alkaloid is to
add an alkali. If the base is volatile in steam, like conine, it
is distilled with water ; if, as generally happens, the substance
is r*>n-volatile, it is extracted by means of a suitable volatile
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solvent, such as ether, chloroform, alcohol, amyl alcohol, &c.
The solvent is then distilled off, and the alkaloid, which remains,
is either crystallised or converted into a crystalline salt.
The alkaloids are strong bases, which turn red litmus blue, and
are very slightly soluble in water. They form soluble salts and
double salts with platinic and auric chlorides. The principal
general reagents for the alkaloids are :
1. A solution of iodine in potassium iodide, which forms a
reddish-brown precipitate of the periodides.
2. A solution of phosphomolybdic acid in nitric acid, which
gives yellow precipitates of different shades.
3. A solution of potassium mercuric iodide, which forms white
or yellowish-white precipitates.
The constitution of quinine is not yet elucidated. Its relationship to quinoline has long been known, since it gives this
substance on distillation with caustic potash (Gerhardt).
PREPARATION 114.

Phenylmethyltriazole Carboxylic Acid.—The mother
substance of this compound is a triazole, viz., pyrro-a/^-diazole,
which is one of four isomeric compounds :
NH
NH
NH
NH
I

N/\,CH

I

1

1IC -—-CH
CII
'N
N LN
'
Pyrro-aa'-diaicole. Pyrro-aj3-diazolePyrro-a/3'-dia^ole. Pyrro-/3j3'-cliazule.
Pyrro-n/3-diazole was first obtained by the oxidation of azimidotoluene, which in turn was prepared by the action of nitrous
acid on 6>-toluylenediamine,
Nil
HOOC.C
Azimidotoluene.

HO.OC\/~
Azimidobenzoic acid.
IIC

:N

HOOC.CTriazoleclicarboxylic acid

APPENDIX
It is a colourless oil, b. p. 286', with the properties of a weak
secondary base, dissolving in acids, and forming easily hydrolysable salts.
The reaction described in this preparation is of a general
character, and furnishes a useful method for preparing members
of thrs series of heterocyclic compounds. Diazobenzolimide
condenses in a similar fashion with ketones (acetophenone) and
dibasic esters (malonic ester) as well as with ketonic esters, as in
the present case. These substances possess the usual properties of
cyclic compounds ; carboxyl may be removed as CCX, and alkyl
side-chains oxidised to carboxyl ; they may be sulphonated and
nitrated, and the nitro-group reduced to an amino-group ; the
phenyl group attached to the nitrogen may also be removed by
oxidation. Thus, phenylmethyltriazole carboxylic acid loses
COo on heating, and on oxidation the methyl group becomes
carboxyl and can also be removed in the same way. The
resulting product is phenyl triazole. The properties of the
individual triazoles are influenced, like other cyclic compounds,
by the groups attached to the nucleus, and to some extent also by
the basic character of the mother substance.
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1 This apparatus can also be used as reflux condenser or for collecting evolved gas
if the side piece is furnished with a delivery tube dipping under water or mCVeUry.

APPENDIX
purpose is shown in Fig. 87, which is merely a small and narrow,
graduated cylinder holding 10 c.c.1 The solubility of a portion
of the liquid is an indication of the presence of a
mixture. Furthermore, the specific gravity of the in- u..
soluble portion (its floating or sinking in the water) i^ff
will be roughly indicated and should be noted.
A Solid.—If the substance is a solid, examine a
few particles on a slide under the microscope, or,
better still, recrystallise a little if possible and notice
if the crystals appear similar in shape. If it is a
mixture, try to separate the constituents by making a
few trials with different solvents, water, alcohol, ether,
benzene, petroleum spirit, ethyl acetate, acetic acid, etc.
If it appears homogeneous, determine the meltingpoint, the sharpness of which will be a further confirmation. If it turns out to be a mixture, it must
be further treated in the manner described under
" mixtures" (p. 343).
The Action of Heat.—We will assume in the first KIG. S7.
place that the substance is homogeneous and consists
of a single individual. Heat a portion on platinum foil and
notice if it volatilises, chars, or burns with a clear, luminous,
non-luminous (aliphatic), or smoky (aromatic) flame. Determine
the nature of the residue, if any? when the carbon has burnt
away.
Metal or metallic oxide or carbonate may indicate the presence
of an organic acid, phenate, or double salt of a base.
Sulphate^ sulphite, or sulphide may indicate a sulphate,
sulphonate, mercaptan, or bisulphite compound of an aldehyde
or ketone.
Cyanide may indicate a cyanide or ferrocyanide, etc.
Heat a little of the substance in a small, hard-glass tube and
observe whether the substance melts, chars, explodes, sublimes,
or volatilises ; whether an inflammable gas, water, etc., is evolved ;
also notice the smell.
Carbohydrates, polyhydric alcohols, higher organic acids (e.g.>
stearic), dibasic and hydroxy-acicls (c.g.t tartaric), certain amides
(e.g., oxamide), alkaloids, and azo and other organic colours char
1
Both pieces of apparatus (Figs. 86 and 87) can be obtained from Mr. O. Baum*
bach, %, Lime Grove, Oxford Street, Manchester.
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and give off water or (if nitrogen is present) ammonia or basic
constituents. But a great number of common organic compounds are volatile without decomposition.
The Elements.—Test for nitrogen,1 sulphur, and halogens. If
none of these are found, carbon and hydrogen are present and, if
the substance has given off water or is soluble in water, it may
be assumed that oxygen is present as well. The action of sodium
on the substance, if liquid, or on its solution in benzene orligroin,
if solid, should be tried in the apparatus, Fig. 86, and the gas
evolved ' tested for hydrogen, which if present, may indicate
hydroxyl, ketone, or ester groups.
The presence of nitrogen may indicate an ammonium sat/,
organic base {a/nine or alkaloid), amino-acid, amide, cyanide,
\socyanide, oxinic, nitroso- or nitro-compound, azo-compound, etc.
The presence of sulphur may indicate a sulphate of an organic
base, alkyI sulphate, sulphite, sulphide, mercaptan, sulphonic acid,
bisulphite compound of aldehyde or ketone.
The presence of a halogen may indicate a haloid salt of a
base, alky-l, alkylenc, or aryl halide, acid halide, haloid derivative
of an aldehyde or acid. Some substances, like mustard oils,
auiino-sulphonic acids and thioamides, contain both nitrogen
and sulphur.
Solubility.—Try if the substance dissolves in hot or cold
water. Apart from the salts of organic bases and acids, many of
which are very soluble in water, the solubility of simple organic
substances is generally determined by the presence of the OH
group (including CO.OH and SO2.OH groups) and to some
extent by the NHo group. The greater the proportion of OH
groups to carbon, the greater, as a rule, is the solubility in water.
The lower alcohols, methyl, ethyl and propyl alcohols, are
miscible with water; normal butyl and zsobutyl alcohols (fermentation) dissolve in about io parts of water at the ordinary temperature ; amyl alcohol (fermentation) in about 40 parts of water. The
first two may be separated from solution by the addition of solid
potassium carbonate. The addition of common salt is sufficient to
1
It is sometimes difficult to detect nitrogen by the sodium test. The result should
not be regarded as conclusive, especially if the substance is volatile, unless it has
been dropped in small quantities at a time into the melted metal, which should be
heated in a hard-glass tube clamped in a retort-stand. Special care must be used with
nitre-compounds, which may explode and shatter the tube.

APPKiYDIX
separate the last three (propyl, butyl, and amyl). The polyhytlr'u alc()h<>ls,<4lycol, ^lycerol, and niunnitol, nncl aiso substances
like the sugars an- extremely soluble, for the proportion of OH
groups to carbon is hi^h. Ordinary phenol requires for solution
15 parts of water, whereas the di- and tri-hydrie phenols readily
dissolve. The same applies to acids. The lower monobasic
aliphatic acids (formic, arctic, propionic, and normal butyric)
arc easily soluble in water, whereas /.^butyric requires 3 parts
and valeric about 30 parts of water. The last three separate
from water on tin- addition of salt. The dibasic and hydroxyac'uls, where the proportion of carbon is small (succinic, tartaric,
ami citric, arc naturally more* soluble than the monobasic
acids having the same number of carbon atoms.
The majority of aromatic acids arc not very soluble in water
at the ordinary temperature, for the proportion of carbon to
carboxy! is Iiii»Ii ; the hydroxy- and polybasie and also ammoacid-, are more soluble than the unsubstituted monobasic acids
nn\ if substituted, where the substituents are halogens or nitro•..•roups, which diminish, as a rule, the solubility). One thousand
partsof water dissolve about 2J, parts of benzoic, 2:J- parts of
•-..ilicyHc, x parts of phthalic, and 159 parts of mandelic acid.
A< id-, sin h a--. y,:\\\'u' and tannic acids are readily soluble in water.
The siilphonir acids anil also many of their salts are very
soluble.
The lower aliphatic amines and amides are soluble in water,
but not the higher members, nor the simple aromatic amines ;
but some dtamines, ammo-phenols and amino-acids arc moderately soluble. Many of these soluble compounds may be
e\tiacted with ether after sallin^-out (adding common salt to
saturation 1. If the substance is soluble in water,'it maybe one
of the above-named compounds, or a lower aldehyde or ketone,
or a bisulphite compound of these substances, or the salt of a
base or arid.
The following is a list of the more soluble organic compounds
their boiling-points, melting-points and solubilities, which are
rouf.hlv indicated by the letters .v. (soluble in cold water) Ji.s.
'\uiuble in hot water*.
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SOLUBLE

LIQUIDS

AND

SOLIDS.

Soluble.

Meltingpoint.

Alcohols—
.Methyl (p. 67)
Ethyl (p. 49;.
n-Propyl . .

66
78
97
117
108

M-Butyl
Allyl (p. 109)
. Benzyl (p. 195)
Glycol
Glycerol(p. 106) . . . .
Aldehydes—
Formaldehyde
Acetaldehydc (p. 64) . .
,,
ammonia .
Chloral
Chloral hydrate (p. 99) .
Butyl chloral hydrate .
Acrolein
Kefones—
Acetone (p. 69)
Methyl ethyl ketone
Bisulphite compounds of aldehydes and ketones
4 c ids— m
Formic (p. 106) .
Acetic (p. 74) . .
Fropionic . . • .
>i-Butyric (p. 98) .
Chloracetic {p. S7)
Uichloracetic
Trichloracetic (p. 99)
Bromacetic (p. 89)
Aminoacetic (Glycocoll) (p. 90) .
Aminocaproic (Leucine) (p. 133)
Acrylic
.
Glycollic (p. 102)
Lactic
Glyoxylic acid (p. 102)
Pyruvic (p. 124)
Oxalic (p. 100) (anhydrous). . .
Malonic (p. 97)
Kthyl malonic
Succinic (p. 113)
Malic (p. 112)
Tartaric (p. 114)
Citric (p. 124)
Citraconic (p. 125)
Benzoic (p. 302)
<y-Chlorobenzoic
tJ-Ilromobeuznic

Boiling- |
point, j

97
207

decomp.
—
57
78

—
96
97
decomp.
5a

—
decomp.

56
Sr
—

—
—
—
—
62

100
T19
140
163
155
1S6

5*
50
2-^6
66
10
80

'95
208
—
—
i
r4o
decomp. ;

—
qS
132

der.omp.
165
j
__
1
decomp.

1 So
100
169
T
54
So
122
137

j forms |
I a n h y d . I.
decomp.
,,
,,
anhyd.
—
- •
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SOLUBLE LIQUIDS AND SOLIDS {continued).
i Solul
Acids—
fl-Hydroxybenzoic (Salicylic) (p.

point.

Boiliug]joint.
anhyd.

»-Aniinol)ciizoic (Anthvanilic)

200
210

j

174
1S7
/ - „ (p. 170)
Oallic . .•
Tannio
Mandelic(p. 205)
Henzilic (p. 203)
Cinnamic (p. 004)
Hydrocinnam'u: (p. 204)
Phthalic(p. 217)
Benzene sulphonic (p. 177)
a-Naphthalene sulphonic
/3„
(p. 218)
/3-Naphthol 6. sulphonic
,,
6.8. disulphonic (1
,,
3#^"
^
Sulphanilic (p. 175)
Alkyl acid sulphates (p. 50)
Sulphonal
Phenols—
Phenol (p. 179) . . . .
Catechol
..'..-...
Resorcinol
Quinol (p. 193) . . . .
Orcinol (cryst.) . . . .
„
(anhyd.). . • •
Pyrogallol ;
Phlovoglucinol
^-Aminophenol (p. 146)
a-Naphthol
P„
(P- 219) • •
C \irboJiydrctte—
Crlucose (p. 135)
(ialactose
l.aevulose
Cane-sugar
Lactose
Maltose
Dextrin
Starch
Amygdalin
Arbutin
Helicin
Salicin

7 O2
n o

'
•

'
!
-. . |

s.
,.
,.
h.<
j
,,
j
,,

179
deconip.
11 £
150
47
213

anhyd

51
9°
160
1250

h.s.
s.
h.s.

decomp.
126

1 ii
169
50
107
132
217
184
95
122
146
163
Q5
205

h s

--

200
1S7
175
201

076
subl.
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SOLUBLE LIQUIDS AND SOLIDS {continued).

r
Soluble.

Bases—
M e t h y l a m i n e ( p . So)
. . . .
Dimethylamine
Trimethylamine
Kthylamine
JJiethylaniine
Urethane
Benzylamine
<7-lJhenylenedIaniine
. . . .
'",,
( p . i5">)
/'.
„
(P- ' 7 3 )
/ - A i n i n o p h e n o l ( p . T-JQ) . . .
Caffeine (p.

Meltingpoint.

Boilingpoint.

52
—
TO2

i!io
iS _.)

19

57
h.s.

H7

131)

Amides
and
Cyanides—
Formamide
A c e t a m i d e ( p . 77)
U r e a ( p . T26)
T h i o u r e a ( p . 12S)
Succininiide

s.

h.'s.
s.

h.s.
Kormanilicle
A c e t a n i l i d e (p. 151)
A c e t o n i l r i l e ( p . 79)
Sa//s

T h e

a
§

above preliminary investigation
of investigation,

I. S I N G L E

the

_

112

will d e t e r m i n e

following

rough

low

molecular

the

further

plan may

serve

W A T E R

.—

with

litmus.

If the

liquid

If t h e

salt

liquid

are

hydrolysed

the

acid

is n o t

a

a n d

in
a

phenol

(if

seen from the

an

alcohol,

a

metal

already

has

liquid

an

alkaline

or

simple

above

table,
or

been

is

ketonc

or

ghtcoside.

dissolved)

and

test

probably

present.

found,

metallic

is a l k a l i n e ,

a

it m a y

cyanide, both

T h e separation
matter.

O x y g e n . —

aldehyde

carbohydrate
not

If t h e

solution.
very

a n d

i s a c i d , a f r e e aa'd\s

present.

of

as

be

aad,fthmo1,

solution

is n e u t r a l

is p r o b a b l y

alkaline

It m a y

I N

H y d r o g e n

substances,

weight,
a

S O L U B L E

C a r b o n ,

small.

Acids.—Make

salt

but

S U B S T A N C E
o n l y

n u m b e r of such

comparatively
of

46

—

guide.

C o n t a i n s

T h e

decomp.

anhydrides
a n d chlorides
dissolve g r a d u a l l y
on w a r m i n g a n d yield t h e acid.

course

1.

132
172
T2f3
123

of b a s e s a n d a c i d s .

Arid

as

„

. . . .

192
P22

S2

)}

a n d

If t h e a c i d

of

be

identification
is a n

the

which
of

aromatic
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or an aliphatic acid of high molecular weight, in short, any acid
which either does not appear in the table or is marked as only
soluble in hot water, a few drops of cone, hydrochloric acid will
usually precipitate it, and it may then be filtered, or removed
with ether, and its melting-point determined. If no precipitate is
formed, but the solution turns brown on the addition of an alkali,
tannic or gallic acid may be present. If the acid is volatile
and has a distinctive smell (formic, acetic, butyric, etc.), the
solution should] be acidified with sulphuric acid and distilled.
The distillate will contain the free acid, which will probably
have a distinctive smell. Individual tests may then be directly
applied, but it is preferable to neutralise the distillate with
caustic soda and evaporate to dryness on the water-bath, so
as to obtain the sodium salt before testing. The free acid may
be soluble and non-volatile, like oxalic, tartaric, succinic, citric,
etc., and then special tests must be applied (see tests for these
acids).
Phenols.—If it is a free phenol, ether will extract it from its
aqueous solution. If it is present in alkaline solution, the solution
should first be saturated with carbon dioxide, (N.B.—The alkaline
solutions of catechol, quinol and pyrogallol darken rapidly in
the air.) The following tests should then be applied.
Ferric chloride reaction.—Dissolve a drop of the free phenol
in water and add a drop of neutral ferric chloride. A green
(catechol), blue (orcinol, pyrogallol) or purple (phenol,
resorcinol) colouration is produced, which is often destroyed by
acid or alkali. Quinol is oxidised to quinone, and turns brown
(p. 193). The naphthols give precipitates of dinaphthol (p. 220).
Schotten-Baumann reaction (p. 209).—This may be applied to
the pure phenol in order to obtain thebenzoyl derivative, and the
melting-point determined, or the acetyl derivative may be prepared by boiling for a minute with acetic anhydride with the
same object.
The action of bromine water (p. 180), Liebermann's nitrosoreaction (p. 180) and the phenolphthalein reaction (p. 186), using
cone, sulphuric acid or zinc chloride, may also be applied.
AteoJiols.—It may be a liquid alcohol (methyl, ethyl,
propyl, etc., glycerol, benzyl) or a solution of it in water. In the
former case its boiling-point will have already been determined.
Ittnay be further identified (1) by converting it into the benzoic
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ester by the Schotten-Baumann reaction, and determining the
boiling-point or melting-point ; (2) by oxidation with excess of
bichromate mixture (10 grams of KXr2O7 in 100 c.c. dilute
sulphuric acid, 1 : 3 by volume). The alcohols are boiled for some
time with reflux condenser, and the product distilled, neutralised
with alkali and evaporated on the water-bath and the sodium
salts tested. Glycerol will be identified by its viscid character
and reactions (p. 106). If the alcohol is in aqueous solution, it
should first be fractionated and potassium carbonate added to
the distillate, when the alcohol will separate. Glycerol or glycol
in aqueous solution may be separated by evaporation on the
water-bath.
Aldehydes and Ketones are detected in the first instance
by: (1) Shaking with a cold saturated solution of sodium
bisulphite (see Reaction 2, p. 67). (2) Adding to the aqueous
solution j^-bromo- or /-nitro-phenylhydrazine acetate solution
(see Reaction 2, p. 70).
The aldehyde may be distinguished from the ketone by its
reducing action on alkaline copper sulphate, ammonia-silver
nitrate and by SchifPs test (see Reactions, p. 67).
Cci7'boJiydrates will char on heating, and give off water and emit
a smell of burnt sugar. The substance is tested with alkaline
copper sulphate, ammonia-silver nitrate, phenylhydrazine acetate
or Molisch's test (seep. 136). Cane-sugar will not respond to
these reactions until it has been boiled for a few minutes with a
few drops of dilute sulphuric acid and inverted (see Prep, and
Notes). Special tests may then be applied to identify the
particular sugar. A few glucosides are soluble in water, and give
the sugar reactions after boiling with dilute acid.
2. Contains Nitrogen.—First test the original solid or
liquid by heating in a hard-glass tube with soda-lime (p. 2), and
notice if the smell is that of ammonia (ammonia salt, amide or
cyanide), an amine (amine or amino-acid) or a pyridine base
(alkaloid).
Dissolve the substance in water, add caustic soda solution and
warm.
Ammonium o?~ amine sa/fs, if present, emit the smell of
ammonia or amine ; if the salt of an insoluble organic base is
present (amine, alkaloid)^ it may be precipitated as a liquid or
solid. Salts of aliphatic bases and bases such as benzylamjne
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and pipenclme are neutral ; salts of aromatic bases (aminogroup in t l i e nucleus) are acid. A soluble organic base (lower
amine, benzylamine, pyridine) will be detected by its smell. Most
aromatic a m i no-compounds and alkaloids are insoluble in water.
Some a r o m a t i c diamines and aminophenols are moderately
soluble. '-The nature of the amine, whether primary, secondary,
or tertiary, should then be investigated as described under § U.
s of both the aliphatic and aromatic series will also
come u n d e r tli is head. Substances like glycocoll, alanine, etc., are
very soluble in water, giving neutral solutions, and may be
identified "toy means of the copper salt (see p. 91). Amino-acids
of the a l i p h a t i c series also evolve nitrogen when treated with
sodium n i t r i t e and hydrochloric acid, and give off amines when
heated w i t h soda-lime. Amino-acids of the aromatic series
may be cliazotised and coupled with phenols, like aromatic
amines ( s e e p. 151).
Amides- cuid Cyanides.—Many amides and a few cyanides are
soluble iii water. They are decomposed by hot concentrated
aqueous o r alcoholic caustic soda solutions, by concentrated
hydrochloric acid or sulphuric acid (equal vols. of acid and water)
on long reflux boiling. In the first case, ammonia is evolved ; in
the latter two case's, salts of ammonia are formed, which yield
ammonia on heating with excess of caustic soda. Anilides
behave si milarly, but aniline in place of ammonia is liberated and
must be l o o k e d for. Some amides are difficult to hydrolyse with
any of t l i e s e reagents. In such cases, gently heating with
a mixture of one volume of cone, sulphuric acid and two
volumes of ethyl alcohol will yield the ester of the acid and
ammonium sulphate. The ester can then be separated by
adding a little water and extracting with ether, and can be hydrolysecl a n d t h e organic acid identified (see p. 333), whilst the
aqueous solution, after driving off dissolved ether, will give the
smell of junmonia on warming with excess of alkali.
3. C o n t a i n s Halogen.—It may be a halogen acid {e.g.,
chlo race tic acid) or its salt, or the hydrochloride of a base or
amitw-iii'/d^ or a substituted aldehyde (chloral, butyl chloral),
if it is a f\Q& halogen acid, the solution will have an acid reaction,
and the solution will remain clear on adding caustic soda. If it
isf the hydrochloride of a base, it will give a precipitate with
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AgNOo, and the addition of caustic soda will cause the base to
separate (if insoluble) as solid or liquid, or, if the base is volatile,
will produce a strong ammoniacal smell. The further examination
of the base is the same as that described under § I, 2. Acid
chlorides are usually insoluble in water, but rapidly decompose,
and may pass into solution as the free acid, giving at the same
time free hydrochloric acid.
4. Contains Sulphur.—It may be the sulphate of a base,
in which case the solution will give a precipitate with barium
chloride, and the process of examination is that described under
§ I, 2. Heat with dilute hydrochloric acid. The bisulphite
compound of an aldehyde or ketone will be decomposed and
sulphur dioxide evolved. An alkyl acid sulphate will also be
decomposed, and free sulphuric acid will be found in solution
(see Reaction, p. 54). Distil with dilute sulphuric acid, and
test the distillate for volatile aldehyde or ketone. /.-Bromo- and
/-nitro-phenylhydrazine are useful reagents (see § I, 1). An
acid ester of sulphuric or sulphurous acid will also be decomposed
by dilute sulphuric acicl, and the distillate may be tested for an
alcohol. If it is an aromatic sulphonic acid, it may be distilled
in steam with the addition of cone, sulphuric acid, when
the hydrocarbon will distil (p. 292), or fused with caustic potash,
when the phenol will be obtained (p. 179). Thiourea will also
appear under this head, and should be looked for. Heat a little
of the substance to the melting-point for a minute, and test for
thiocyanate with KCl and FeClv
§ 'il. SINGLE SUBSTANCES, INSOLUBLE OR
SLIGHTLYSOLUBLE IN HOT OR COLD WATER.—This
category includes the majority of organic compounds.
1. Contains only Carbon and Hydrogen, or Carbon,
Hydrogen, and Oxygen.
Liquids.—It may be a hydrocarbon (paraffin,olefine,arornatic)
higher alcohol (e.g., amyl alcohol), aldehyde {e.g., benzaldehyde
ketone (e.g., acetophenone) acid (e.g., valeric acid), ether, este
fthenol (e.g., carvacrol) phenol ether (e.g., anisole).
Hydrocarbons.—The action of sodium when testing for the
elements wrll already have indicated the hydrocarbon by its
inertness. The immediate decolourisation of bromine water will
identify it as an unsaturated hydrocarbon. A paraffin may be
distinguished from an aromatic hydrocarbon by treating trie
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liquid with a mixture of concentrated sulphuric and nitric acids,
(p. 142). The product is then poured into water. If the product
sinks as a yellow liquid or solid it is probably a nitro-compound
and the original hydrocarbon is aromatic. If it floats unchanged
on the surface of the water, it is probably a paraffin. An
aromatic hydrocarbon also dissolves in fuming sulphuric acid on
warming and shaking and does not separate on pouring the
solution into water. A paraffin is unacted on and separates on
the surface. There is also a marked difference in the smell of
the two classes of hydrocarbons.
Higher Alcohols and Phenol.—T\\z substance will react
with metallic sodium yielding hydrogen, with phosphorus
pc-nlachloride giving HC1. It can be identified by its
boiling point and by the b.p. or m.p. of the benzene ester (p. 208).
In the case of a phenol it will possess a phenolic smell and may
give a distinctive colour reaction with FeCl3 (p. 180).
Aldehydes and Kclones.— The usual tests are applied
(l>. V^).
shids.—Tho number of liquid, insoluble acids is very limited
and is confined to the aliphatic series. They possess distinctive
b.p.'s and smells and dissolve readily in a solution of sodium
carbonate.
Kihers and Phenol Ethers have usually a pleasant odour
and if the methyl or ethyl ether is present are decomposed on
heating with strong hydriodic acid. The evolved gas passed into
alcoholic silver nitrate will give a precipitate as in Zeisel's method
(p. 220).
Esters possess a fruity smell and usually distil without
decomposition. Boil with reflux for 5 minutes on the water-bath
a few c.c. of the liquid with 3 to 4 volumes of a ten percent, solution of caustic potash in methyl alcohol and pour into water.
Notice if the liquid dissolves and has lost the odour of the ester.
An ester will be completely hydrolysecl, and if the alcohol is
soluble in water a clear solution will be obtained. If the alcohol is volatile and the solution neutralised with sulphuric acid
and evaporated on the water-bath, the alkali salt of the organic
acid mixed with potassium sulphate will be left and the acid
may be"investigated as described under §1. If it is required to
ascertain the nature of the alcohol in the ester, hydrolysis must
T}$ effected with a strong aqueous solution of caustic potash

334

PRACTICAL ORGANIC CHKMISTRY

(r KO-H^HoO). T h e n distil the liquid, usin# a thermometer.
Tlic alcohol, if volatile, will pass into the receiver, whilst the
acid remains as the potassium salt in the vessel. T h e boilingpoint will #ive some indication of the former. T h e distillate
should be fractionated and dehydrated with solid potassium
carbonate. Its boiling-point and that of the benzoic ester is
then determined.
Glyccrides. — If the substance is a liquid fat or oil (/./•. nonvolatile, which decomposes on heating, turning brown and
evolving the smell of acrolein) then the hydrolysis is effected
with methyl-alcoholic potash as described. After hydrolysis, the
alcohol is driven off on the water-bath, the residue dissolved in
water, and the organic acid set free with hydrochloric acid. The
acid if solid is like red, if liquid extracted with ether, or if soluble
and volatile (butyric acid) distilled and the remaining liquid
neutralised and evaporated to dryncss. T h e ^lycerol is then
extracted with alcohol and the alcoholic solution evaporated on
the water-bath. T h e tests for jjlycerol may then be applied
(p. 106). T h e following is a table of common insoluble liquids
with their boiling-points and specific gravities.
Where the
temperature is not indicated the specific gravity has been determined at o".
ORGANIC LIQUIDS, IN'SOUMJLK IN W'ATKK.

(Containing C ami 11 or C, II, and ().)
JJ.»ilinKpoint.

^llex-unc U W , , l in I'.tml, IV.ml- J
cl!m
«.|>ptane
» l^ltior, »ncl l^nai.
//-Octane J
\
Petroleum (lump oil)
/-Amylem?
•
Benzene (p. 136)
Toluene (p. 163)
Kthyl benzene (p. 141)
rt-Xylene
;;/- ,,
/; „
Cumene (Isopropyl ben/ene)
Pseiulocumoiu;
Mesityl.MK-

'7' "
•7, ,;•;
Amti.

•H07

'••I
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LinuiD.s,

I N S O L U B L E

I N

W A T E R

{continued).-

Boiling- '

Hydrocarbons (continned)—
Cyiuoue
Turpentine oil (Pinene)
l.«:nion oil (Liiuonenc) .
/-Amyl (p. 69)
Oclyl
I analol . . . .
IV-n/yl (p. 195)
Aldehydes—
Paralduhyde (p. 67) . .
Ciiral
lien/aldehyde (p. 196) . .
Cumhuildehyde . . . .
Anisaldehyd*.- . . . .
Cinnuinic aldehyde- . . .
Salicylaldehyde (p. J3S) .
l\ clones—
Methyl nonyl ketone
Acetopheuone (p. 210) (in.p. -JO).
Ouvone
Acids/-Valeric
Caproic
nhydi 'ides—
Acetic (p. 7r>) •
Phenols—
Pliouol (p. 179) (m.p. 43")
o-Crusol
(in.p. 3ic')
/. ;; (p. 164). . • • •
Ciuaiacol (m.p. 30 )
Cavvacrol
Kugenol
Isocugenol
Ethers and Phenol lit hen—
Ethyl ether (p. 59) . . .
Amyl ,
Methylal
Acetal
Anisole (p. 181)
Phenetole
Anethole
Safrole
lisievs—
Methyl formate .
„ acetate

v;

0*85:?

5

^ « s | { . r n f

O'8l2

oS^o
o'86S

190

19S
206

1't>43

1
7 24

179
«37
248
247
196
-5
'J02

224

176
•205

0*990

0*897
1'O45

C983
1 "122
J-O49
1*122

0*829
1*032
o'953

0*947
0-945

13s
182
191
202

"070
•037
•O33
t'033

205

L*I2

236
24S

^9S5

202

260

I'O9
i-o8

35
176

o"7i3
o'Soo

42
104

0*850
0831

154

0-988
o*973
1 "022
1-114

172
232
232

32

57

0*900
0*904

17
15
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ORGANIC LIQUIDS, INSOLUBLE IN WATER {continued).

Boilingpoint.
Eaters (con tin ut-rl) —
Methyl propionate . . . .
butyrate
/-valerate
succinatc . . . .
tartrate
benzoate
salicylate . . . .
Ethyl formate
acetate (p. 81) . . .
acetoacetate (p. Sj) .
propionate
butyrate
/-valerate
oxalate
nialonate (p. 96) . . .
succinate
tartrate (p. 115) . .
benzoate (p. 209) . .
.salicylate
w-Propyl formate
u- ,, acetate . .
,, propionate .
,, butyrate . .
,, benzoate
//-Butyl formate . . .

"'937
0*896
0*879

117
198
280
199
2-.'4
54
77
1S1

O'CJOO

99
0-896
o-88q

45
1S6

0-866
1 -080
1-076

decoinp.

1-072
1-047
1-184
O'QlS
o-8So*8S5
0-901
0*893
1*031

107
98

0*910
0*500
o-866

n-

acetate
, ...
propionate
butyrate . . . .
/-valerate . . . .
nyl formate
/-Am;
acetate
propionate . . .
butyrate . . . .
/-valerate . . . .
benzoate . . . .
salicylate . . . .
Glyceryl triacetate . . .
,, trioleate . . . .
Phenyl acetate
Benzyl acetate
,, benzoate (in.p. 20°)
Solids.—It

may

n a p h t h a l e n e ) higher

be
alcohol

157
169
123
130
160
17S
190
26 c
270
=53
decoinp.
195
200
3=3

a

hydrocarbon
(e.g.,

cetyl

(c.g.^
quinone

(e.g.,

and

phenone,

(higher

fatty,

phenol

(e.g.,

acid

paraffin
aldehyde

ketone

camphor)

0-91
1-093
1'O57
1-114

alcohol);

^-hydroxybenzaldehyde)
a r o m a t i c a c i d ) ester

7

0*873
o*88o
0*856
0-887
0-882
0*870
1*004

(of glycerol, p h e n o l s

e.g.,

palmitic

or aromatic

wax,
(e.g.,
benzo-

acid

or

alcohols)

thymol),

T h e p r o c e s s of i n v e s t i g a t i o n is s i m i l a r t o t h a t d e s c r i b e d in t h e
preceding

section.

APPENDIX
Acids.—A free acid may be at once identified by its solubility
in a solution of sodium carbonate and by being reprecipitated
by concentrated hydrochloric acid. If a metal has been discovered in the preliminary examination, a careful examination
must be made for an organic acid. As the substance is insoluble
in water the metal will probably not be an alkali metal. Boil
the substance with sodium carbonate solution. The sodium
salt of the acid passes into solution and the metallic carbonate
is precipitated. Filter ; boil the filtrate with a slight excess of
nitric acid, add excess of ammonia and boil until neutral, tests
may then be applied in order to identify one of the common
acids and the m.p. determined ; but beyond this it is impossible
to carry the investigation in a limited time.
INSOLUBLE SOLIDS.

(Containing C and H, or C, H, and O.)
MeltingMeltingpoint.
point, i
llydroca rbons—
A cids—{continued)
1
Paraffin wax
45—60
Anisic
1S4
Naphthalene(p.(p.225)
216).. ..
80
<?-Toluic
'. 102
Anthracene
Phenanthrene
99
/>• ,, (p. 170) . . . . 117190 '
Stilbene
125
Phenyl acetic
70
<?-Phthalic
(p. 217) • . .
A Icohols—
vi- „ (isophthalic . subl. 1
Cetyl Alcohol
50
p- ,, (terephthalic)
Menthol
4°
(p. 171)
A nkydrides—
A Idehydes—
4Benzoic
Si
V-iniilin
Phthalic(p. 21S). . . . 128
37
Phenols—
Kclones—
<?-Cresol
Renzophenone
4S
•6
Benzil (p. 202)
£ „ (p. 164) . . . .
95
44
; Benzoin (p. 203) . . .
137
a-Naphthol
95
Camphor
B- „ (p. 219) . .
12'J
Quinoues—•
Esters—
Benzoquinone (p. 192) . 116
Methyl oxalate (p. 101) . 54
o-Naphthaquihone . . . 125
Cetyl palmitate (Sper115—120
maceti)
decomp.
Myricyl palmitate (Bees 53
Anthraquinone (p. 225) .
wax)
Phenanthraquinone . . 205
Glyceryl 'tripalmitate 62—65
Acids—
(Palmitin) (p. 104) . 62
Palmitic (p. 104) . . . .
62
Glyceryl tristearate
: Stearic
69
(Stearin)
71
Kenzoie (p. 199) . . . .
Phenyl benzoate . . . .
69
oHydroxybenzoic (p. 190) T55 1
,, salicylate . . . 43
rS in.,
(p. 201) 200
Benzyl benzoate . ~ . .
21
** /•
»
• • • 210
,, salicylate . . . .
—
COHEN'S ADV. P. O. C.
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2. Contains Nitrogen.
Organic base.—If it is a base or amine, amino-phenol or
amino-acid, it will probably dissolve in dilute hydrochloric acid
and yield a chloroplatinate with platinic chloride. Some
aromatic bases like diphenylamine are not very soluble in dilute
acids. Amino-phenols and acids may be extracted with ether
from an acid solution to which ammonia has been added till
faintly acid and then sodium acetate. Many amines and
amino-phenols give quinones on oxidation with potassium
bichromate and sulphuric acid having a characteristic smell
(p. 192). Many of the common alkaloids when dissolved in
hydrochloric acid (avoid excess) give a brown amorphous
precipitate with iodine solution and respond to other ^cneml
reactions for the alkaloids (see p. 320). To identify the
individual alkaloid, special tests must be applied.
Primary, secondary, and tertiary amines may be distinguished
as follows : To a solution of the base in dilute hydrochloric acid
add a few drops of sodium nitrite solution. In the case of
primary aliphatic amines, a rapid evolution of nitrogen will at
once occur; a primary aromatic amine at first gives a. clear
solution of the diazonimn-salt, which evolves nitrogen and turns
darker on warming". The effervescence, due to the liberation of
nitrous fumes, is easily distinguished from that; of nitrogen,
which goes on uninterruptedly, even when the liquid is removed
from the flame.
After the solution of the diazonium salt has been decomposed
by warming, the phenol which has been produced may be
extracted with ether, the ether evaporated, and the phenol
identified by special tests. A solution of the diazonium sail,
when poured into a solution of /S-naphthol in caustic soda, will
usually give a red azo-colour. The original amine, if liquid, may
sometimes be identified by warming with a little acelyl chloride
and converting it into the solid acctyl derivative, whicji is
recrystallised and the melting-point determined (sec Reaction 3,
P . 76).
In the case of a secondary base, the above treatment with
hydrochloric acid and sodium nitrite will give an insoluble
nitrosamine (liquid or solid), which is frequently yellow. It may
be separated by ether and, after removing the ether, tested l»y
Liebermann's nitroso-reaction (see Reaction 3, p. 159). Nitrous
.acid has no action on tertiary aliphatic amines, but forms nitroso-
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bases with tertiary aromatic amines (see p. 157), which dissolve
in water in presence of hydrochloric acid, with which they form
soluble hydrochlorides. Tertiary amines also combine with
methyl iodide on warming (see Reaction, p. 157), but not with
acctyl chloride. Primary amines give the carbamine reaction
(p. 150), and unite with carbon bisulphide (p. 159).
Oximes.—It should be remembered that oximes act as bases
as well as acids, and dissolve in both caustic alkalis and acids.
On reduction in acid solution (with tin or zinc) they yield
amines.
Cyanides and Amides are hydrolysed by caustic potash
(aqueous or, better, alcoholic), cone, hydrochloric or sulphuric
acid as mentioned previously under § I, 2. It should be mentioned
that some amides are attacked only with difficulty, and must then
be treated as described under § I, 2.
Nitro-compounds are frequently yellow or orange in
colour. Heated with stannous chloride in cone. HCl or zinc
dust and glacial acetic acid they dissolve and remain in solution
on the addition of water. The base which is thus formed maybe
separated by adding an excess of caustic soda'until the metallic
oxide dissolves and then shaking out with ether. When the
ether is removed, the base remains. If liquid, the base should
be converted into the acetyl derivative by warming with acetyl
chloride for a few minutes and pouring into water. The free
base or solid acetyl derivative, as the case may be, should be
recrystallised and the melting-point determined. It can also be
diazotised and coupled with /3-naphthol.
Alky I NUnites are hydrolysed like other esters, and yield
alcohol and nitric acid (p. 82).
Nilro-phenols and Nitro-acids dissolve in caustic alkalis
as a rule with a deep yellow or orange colour. On reduction with stannous chloride or zinc dust, as described
above, they yield the amino-derivatives. In the case of the
ammo-phenol, the solution is made alkaline with caustic soda,
saturated with CO2, salt added and extracted with ether. In
the case of the amino-acici, the method used is that described
under Prep, 91 (p. 201).
Aso- and Azoxy-compounds. Both classes of compounds
r»re usually highly coloured and are rapidly decolorised by
\v3nning with a solution of stannous chloride and hydrochloric
acid, forming amino-cotnpounds (see Reactions, pp. 17 3>
z2
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INSOI.UULK SUHSTANCKS.

(Containing C, II, and N or (\ II, (), anil N.)
Melting- Boilingpoint. ! point. > .
'lastw (primary)
Aniline (p. 1 .}<>)
f>-Nitraniliiie •
;/.„
(p.
/i,
(l>r.-Chloianiliiur .

.•ilinff

point.
.•I

7'
11.1

fitinoft/tt/io/s—

:
1

/-Aniin<)plu:ni)l
,()\

1

o-Mclhylamino'-

(p.;

p h c n o l ( M tHi i l )
/'-MothylaiMiiio-

'•17

. |

p h r i i « i l ( ( ) r t i 1) .
. • - . { - n i a n u n o p l i c u.i :
(Amidol) . . - •

Iv

k

(p. i;..') .

Cytui/tvt/rins

".;
;

(lt

;
|

7

•Mil

and

lIcn'/aKu'iiytUr . v a n h y d r i i i C p . -j. >o) . •
Art-toxiinr
(p. 7') i
a-l>rn/aldu\iiui
«)7)
. . .
/3-r»cn/aldo\inu!
(p-i

:

i-.-.|-r,-('Mtui(liiu- . I
/•Ily(lnixy;uiilinc(/-i
h l l )
I

y

|i
(H

Ai:«-toph<:iU)iK!0\iino 1

a-NajihthylamiiM' . ]
ft„
•i
Ucn/idiix- (p. i.}!•'.) . :

c
,<»
'«•••
r.11

(p.

'.'.XX)

( 'YnitUcx

.

Swei.inainidr

(p. i\-,)

.. • , •

!

IMicnyl /•Hiapht'hyl- i

('(in'UK: •
i /iitsrx (irrltary)
! I Minrthylanilinc
:

#

.

cyanicU-

.

ryanidr
(p.

;?.;
:..|

,li:«.M.I|>.

.
. •
(p.

it>.')

.

deuiiiip.

( p . ••..«,)

Salicylaniidr

.

laf,

(p.i
. '

i.|.'

Acctanilichr
{ p . I -",I >
M.ihylan-tanilidt:
,

.

i c .:
\,,:>.

I

<..A,:«:t,,l.,lui«l.:

i
|

/ ,.
- • • i
Diphcnylurca
m ._ . |
T r i p h c n y l nviitnicllut;;

i -•>;
-\;i

i
I

( p . i<*>) . - •
a-Actrtnaphlhalidc

.4.5

(p.
._ .
[

Oninoliuc (p. •.!.;«.) .
Autipyrinr . . . .
T h e alUU.id-, . . .

.

llydnil.cn/.amidt:

r.h)
l)H-lhylaniliiu>

.

IMirnyl

I'.crn/ajMMl.r

Mcthylanilinc . . •
lifn/ylaiiilinc . . . i
I )iplu:iiylaiiiin<-> . .
iMcihyldiphcuyl-

.

/»-T..lyl

( )\ainidi*

(p. "«7.!>'. • • • :
/ - I )unrthyl|>licnyl.•nriliaininr
(p.
•77)
I'h.-tiylhydra/nti' (p.

.

and

.

.|

• |
.

....

.•7 un'uo-m
it/x
11 i n p u r U : a c i d . .
U r n : ac:id . . . .

.

1M7
'd"coin|).

Anlhrauilu; acid

.

\.\.\

.

• Nihv'CtwifiouHifs
!
Nitn»UMi/«MH:(p.if.O

(P-

!
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INSOLUBLE SUBSTANCES {continued).

Melting- BoilingMelting- Boilingpoint. point.
point. point.
Nitroso-covipounds—
Nitro-compounds (continued).
^5-Nitrosodimethy]Trinitvobenzene . . 122
—
aniline (p. 157) . 35
tf-Nitrotoluene . —
.
223
/-Nitrosodiethylin- ,,
. • 54 230
aniline
S4
238
Nitroso-£-naphthol
T-2-4-Dinitrotoluene 7r
a-Nitronaphthalene 61
—
fl-Nitracetanilide7S.
—
/„ (P. T53) 207
— A Iky I Nitrites and
Nitrates—
j Hiiro-phenols, AideKthyl nitrite . . . —
ifi
j hydes a \u\ A cids—
,, nitrate . . .
86
<?-Nitrophenol(p. 1S3) 45
—
Ainyl nitrite (p. 69) —
95
;//,,
. . 96
—
,, nitrate . . . — H7
/ - _ ,, (p. 183) T14
—
Trinitvophenol (p.
185)
T?2
—
Nitroanisolc . . . —
— Aco- and Azoxy-cow;y/-NitrobtMizaldepounds—
hyde
S3
—
Azoxybenzene (p.
<?-Nitrobenzoic acid T4S
—
T4-0
—
1H1 Azobenzene
(p. 145) 63
—
(p. 200),,
I4T
Hydrazobenzenefp.
—
/-Nitrobenzene acid 2ng
T"146)
1 -2-4- Dinitrobenzoie
Diazoaminohenzi-ne
acid
179
—
(p. 171)
98
r-^-S-Dinitrobenzoic
Aniinoazobenzene
arid
2O5
; (P. 17a)
T27
3. Contains Halogen.—Halogen compounds may be alky/,
alkylcnt\ aryl or acid halidesox halogen acids (e.g., ethyl bromide,
ethylene bromide, bromobenzene, benzoyl chloride, or chlorobenzoic acid).
Alkyi, Alkylenc and Aryl Halides are usually liquids or
solids specifically heavier than water and with a sweet penetratingsmell, or if aromatic compounds substituted in the side-chain,
they have a sharp penetrating smell and attack the eyes. They
are for the most part colourless, but the bromine and iodine
compounds usually acquire a brown colour on standing. Iodo
form is naturally yellow. In the case of alkyl and alkylene
halides and aromatic compounds substituted in the side-chain,
alcoholic silver nitrate will, on warming, yield silver halide.
Strong methyl-alcoholic potash will, with the same compounds,
produce defines and acetylenes (p. 64). The experiment should
be tried with the apparatus Fig. 86, and the gas collected
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and tested.
A r o m a t i c c o m p o u n d s s u b s t i t u t e d in t h e n u c l e u s
a r e not, as a rule, a c t e d on by t h e s e r e a g e n t s u n l e s s n i t r o - ^ r o u p s
a r e a l s o p r e s e n t ; m a n y of t h e s e r e a c t w i t h m a g n e s i u m in
p r e s e n c e of d r y e t h e r ( p . 206).
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air. They are decomposed by water more or less rapidly,
and give the corresponding acid and hydrochloric acid, which
may be tested for. They are also acted on rapidly by strong
ammonia, and give the amide, the melting-point of which may
be ascertained (p. 209).
/itifogYn Aa\k and Esfcrs.—Most of the insoluble halogen
acids belong to the aromatic series, and have a distinctive
nielthu;-point. For further confirmation, they m a y b e converted
into the acid chloride and amide. Insoluble esters containing
halogens may belong to both series, and the acid and alcohol
must then be separated and separately investigated.
4. T h e following among the more common organic substances
contain sulphur or sulphur and nitrogen in addition to carbon,
hydrogen and oxygen.
INSOI.UHLK SlTHSTANCKR.
(fuMlainini; ( \ 11, :m<l S or (\ II, (), S, and N.)
1 KUII 1.

V-uljilinl.ru/oii- a. id Mr

Melting- Boilingpoint. point.

point.
riiiocya>utii's—
Allyl iliioi-yanatt? .
I'hrnyl
(p. 160) . . . .

22?

Thioatnhies—
V'ulpliauilii- a< itt (p.
Tliiuearbauilidr (p.
/i N;tpl«lli\l.uiniir
K arid
(', ,,
\lrtlivl •
Kihyl

amide (p. 170)
Iicn/HirsulphonaiiiHeir (p. 170) • .

T 5,1

-

TIO

-

M i x t u r a f l . A preliminary investigation carried out as
described on p. y?.2 will determine roughly if the substance is a
mixture. Uefore proceeding to identify the substances present,
it is essential that they should first be separated. This may be
a luna and difficult operation, but the following methods may
lead to the desired result.
If the :.ub- tan.v cannot be satisfactorily separated byfractional
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distillation (if a liquid) or by crystallisation (if a solid), shake
with caustic soda solution. This will dissolve the acid or phenol,
and the insoluble constituent may be removed mechanically or,
if volatile, by distillation in steam, by extraction with ether or, if
solid, by filtration.
Acid and Phenol, if present together, may be separated by
adding sodium bicarbonate in excess and extracting with ether,
or by dissolving in caustic soda solution, saturating with carbon
dioxide and then extracting with ether. The ether extracts the
phenol, which is insoluble in sodium carbonate, leaving the acid.
Ester and Hydrocarbon may be separated by hydrolysis, which
decomposes the ester, but not the hydrocarbon.
Paraffi?i and Aromatic Hydrocarbon may be separated by the
action of fuming sulphuric acid, which forms the sulphonic acid
with the aromatic hydrocarbon. The product is poured into
water. The sulphonic acid dissolves readily in water, whereas
the paraffin is insoluble.
A mine or Base may be separated from the majority of
insoluble organic substances by shaking it with dilute hydrochloric acid, with which it forms the soluble hydrochloride.
Aldehyde or Ketone may be separated from the other
constituents by shaking the liquid, which should be free from
water, with a saturated solution of sodium bisulphite, and decanting or filtering the liquid residue. If the liquid is soluble
in water, like ethyl alcohol, it may precipitate the bisulphite of
sodium. This is prevented by adding a little ether before
introducing the bisulphite into the liquid.
In separating two liquids in a test-tube, for example, an
ethereal from an aqueous solution, either the ether may be
decanted or it may be desirable to withdraw the lower aqueous
layer. This is done by sucking the liquid into a small .pipette
furnished with a mouth-piece of rubber tubing, which may be
nipped when the requisite quantity is removed. The pipette is
then withdrawn, keeping the rubber tube tightly closed, and the
liquid transferred to another test-tube. It is often advisable to
adopt this method previous to decanting the top layer, which
is much more effectively separated from a small than from a
large quantity of the aqueous layer.
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I.—TABLE OF THE ATOMIC WEIGHTS OF THE ELEMENTS.

O = 16.
Element.
Aluminium
Antimony . .
Argon
Arsenic .
Barium . . . .
Beryllium . . .
Bismuth .
Boron
Bromine . . . .
Cadmium . . .
Caesium . . . .
Calcium . . . .
Carbon . . .
Cerium . . . .
Chlorine . . .
Chromium . . .
Cobalt
Copper
Fluorine . . . ,
(.rail hi in . . . .
Ciermanium . .
Cold
Helium . . . ,
Hydrogen . . ,
Indium . . .
iodine . . . .
Iridium . . .
Iron
Lanthanum .
Lead . . . .
Krypton . . .
Lithium . . .
Magnesium
Manganese . .
Mercury . . .
Molybdenum .

Ic. , i I Atomic I ;
; Symbol. | Weighi. :
Al.
Sb.
Ar.
As.
Ba.
Be.
Bi.
K.
Br.
Cd.
Cs.
Ca.

C.
Ce.
Cl.
Cr.
Co.
Cu.

F.
(r.

lie.

Au.
He.

H.
1."
Ir.
Fe.
La.
Ph.
Kr.
Li.
Mg.
Mn.
Hg.
Mo.

Element.

Neon . . .
Nickel . .
Niobium
Nitrogen
Osmium . .
Oxygen . .
9*i
j
Palladium .
208
Phosphorus
II
:
Platinum . .
79-96
Potassium .
11 2 '4
1
Radium . .
*33
i
Rhodium .
40*1
Rubidium .
Ruthenium .
140*25
Scandium .
35'45
Selenium
52*1 ''
Silicon . . .
59
.
Silver . . .
Sodium . .
X
970 i1 Strontium
Sulphur . .
72 '5
Tantalum
197'•'
Tellurium ,
4*0
1 "ooS : Thallium .
...
| Thorium .
Tin . . .
126-97
Titanium .
193
Tungsten
55'9
Uranium
138*9
Vanadium
206*9 :
Xenon . .
8i"8
Ytterbium
7"°3
Yttrium .
24*36
Zinc . . .
55
Zirconium
200
27*1 ;

12O'2 1

39'9 '
75
137*4

96

Symbol.
Ne.
Ni.
Nb.
N.
Os.
O.
Pel.
P.
Pt.
K.
Ra.
Rh.
Rb.
Ru.
Sc.
Si.
Na.
sV.
s.
Ta.
Te.
Tl.
Th.
Sn.
'n.
w.
IT.
V.
X.
Yb.
V.
Zn.
Zr.

58-7
94
14*01
IQt
16
io6'5
31
194-8
225
103
85-5
101*7
44*1
79'2
28*4
107-93
23*05
S7'6
1S1
127*6
204*1

48-1
1S4
238*5
J P
173
89
90*6
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VAPOUR TENSION OF WATER FROM 5° TO 200.

*I
*2
"3
•4
"5
•6
"7
•8
'9
6-o
*i
*2
•3
•4
*5
•6
"7
*3
•9
7-0
*i
*2
'3
"4
'5
•6
'7
'3
'9
8-o
•1
"2
'3
'4
*5
•6
'7
'8
*9

t

6-507
•552
"597
•643
•689
736
•782
-829
•876
•924
-971
7*020
•068
•117
•166
•215
•265
•314
•365
"415
•466
•517
•568
'620
•672
725
'777
'830
'823
'937
•991
8-045
'IOO
'r55
•210
•266
•321
•3 7 3
'434
-491

9-0
*i
•0
•3
•4
"5
•6
•7
•s
'9
IO"O
*i
*2
•3
"4
"5
•6
•7
*9
Il'O
'1
*2
*3
*4
'5
•6
*7
•3
'9
I2'O
*I
*2
'3
•4
•5
•6
"7
•8
*9

Tension.

8-548
U
'6o6
•664
•781
"840
•899
'959
9-019
•079
•140
•262
"3 2 4
•386
'449
•512
'575
•639
•703
•767
•S32
•962
TO'O23
•095
•161
•oog
'296
"364
"432
"5OT
"57°
'(}39
•709
•7S0
•S50
•921
'993
11*065

t

Tension.

13-0
"i
*2
•3
'4
•5
•6
'7
"8
"9
14-0
•1
*2

11'137
•2 t o

*3
"4
'5
•6
"7
•8
'9
15-0
*i
•2
*3

Tension.

•573
'670
'43o
'505
•5^0
•655
'73*
•8o 7
•884
•96a
12-038

•950
15 "044
•139
'-34
"33°
•427
'524
"621
•719

•IT6

T94

16*017
•117

'593
•674
'755
•S37
•920

•g

*2/S

IQ*O

•319
•421

•3
•4

*5
•6
7
•8
vd

_.o

Tension.

T6'O
*I

'2
"3
"4
'5
•6
•8
'9

••0S6
•T70
•254
'339
'424

•6
7
'9

2O'O
•596
•6S3
•77o
•858
•946

•124
•214
•304

•523
•626
'73°
'-34
'939
17-044

•363
'47i
'579
'797
•Q07
iS'otS
•129
•241
"353
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VAPOUR TENSION OF CAUSTIC POTASH SOLUTIONS FROM TO0—200.

•IOKOII.

ii.oM.jO.
rv
7'5<>
?,""'•'
Jj'go
9 •••••.»
9^49
10-as
1

n*a-«
i'(>7
1 "S4
I'yl
••"<HJ
•{•41
;\) •',
•1' > rl

40KOH.

QKOH

IOOHOO.

1I0H0O."

0 'so
6-7a
6 y
'. §
7 "4 7
7-67
7 "9:?
8-19

5-62
5'Si
ti'Ol
6*46
6'6T

q'li
9-62
9-S5
O*-J6
O'SQ
u *g >,
1 'i-9
1 -65
11 '9:4
12*40l
1•'"' !">,'

1
!

6-86
7*og
7 '30
7-88
7-96
8-3?
8'53
8-S8
9-17
9'47
978
TO'09
10-75
10*91
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II.—TABLE OF SPECIFIC GRAVITY A\D PERCENTAGE OF SULPHURIC ACID

IN AQUEOUS SOLUTION. (Kolbe.)

S/>. g-r. at is" compared witJt ivaier nt o° = T.
Degrees
P.eaume.

Sp. gr.
</ = 15/0.

TOO parts by
weight contain
-H0SO4.

i
2
3
4r
t
6
7
8
9
IO
ii
12
13
*4
15
16
17
x8
JQ
2O
:>r
222
.'
2
4
2=5
'Jb
27
2S
29
30
3*
33

i '007
i'oi 4
I 'O22
r "O2q
•O37
1 '045
•052
r'ooo
1*067
1 *O75

1'9
2'S
3'^
4'S
s*y
6-3
7*3
S-8
cj-S
io'S
11
'9
T3
14T

t '09 r
I'lOO
1' 1 oS
r "i 16
1'i 25
r
"»U4
1-142
1 • j 52
l'iO2
fiyt
i-i8o
1-190
[ 2' OO
r"210
"22t>
[
'-?3J
•241
*C?T2

•263
'274
•2S5
1-297

i6--.>
U'3
ly'ti
2O'8
22"t
2
33
?
4'5
25*8
27*1
2S-4
29-6
3O"9
32-2
33'4
34*7
S^
37'4
-;S S

1

Degrees
l"ienumc.
34
S5
36
37
30
39
40r
4
42
43
44
45
46
• 47
4S
49
50
5r
5'-'
53
54
55
5<>
57
5S
59
60
fir
62
63
64
6^
66

Sp. gr.
^=15/0.
'30S
"320•33^
'345
'357
•370
•383
'397
"410
'424
•438
'453
•46S
•483 "4QS
*5H
'53^
'54«
•563
•580
"597
•6;S
'^34
•652
"671
"6qr
-711
•732
'753
'774
'796
*8t
"842

100 parts by
weight contain
H0SO4.
40-2
4i-6
43
44'4
45-6
46-9
42'3
49-2
51#3
5_.-f>
54 "L>
55*4
5fi"9
5*3'.{
59'^
6r
62-5
64
65*5
f>7
68-6
70
7r6
73*2
74'7
76-4
7ST
79'9
Hr7
84-1
36-5
S97
TOO

1
:

M r:::;::x:::?Kttj:c r e c c e - c c c ;

HXO;;:

•sp- grTit 15 .
I Percentage
HXO:

r.

£:"

C

>

ION

Sp. gr.
at 15-.

bg

Percentage
HNO3r~
• - Z- b-,-<•-^3«,• m
• • • • • •CTi^j
• • vj• •m• D• c• •- •- ';!ofSp.i at i
S
Ctot;Si
'JI N) M 5 o]ooHoouvjuo-.:;
\Q -'n t; o; -. co-'n ~J
"
Percentage
HXO3. i

I
a

II 5. B
111,

j J - J -: J _ c
•
c
In * U; " «i •« C ^ "^4 ~ ' •. -£• •£• u; f — ~
Cn ^-vl KC 0 - s: u"+. -Ji « C - '- ^ vi C

Sp. ?r.

!
:

Percentage !
HCI. " ,
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Sp. gr.
-. o c.-^- <t 0 03 C\-&- t; s- o 0 O o: C2vj c\

'-,- ^ • J • i OJ w U3 to t: c f •• t; •; t; :; « O.^ ± 1. ro M ovo oc^ ^ . ^ - ' - : ; - O O

i

rZ <
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c Z
j .3 <

of K Q H >

~ 'i 3 x Zz Er.£ JT 13 Ln'c'c 3.-'ui
4-" O*

Percentage j
HC1.
;

•-: i ; : : - : c « :±£ -It

Percentage .

s. ~
in- u.* u.* a." o.* -^ v * *: *.• -u ^ - ^ - . ; •.: { S P - § r »-J C-.'Ji ^ to 1- vO CG^» ~-"ji •_•- t: - C C-3--J '
at IT"
Percentage
of K O H . i

S

P - Srat i5\

1 CT< ^\ O 3>'JI 01 In Ui J> 'JI

0- ti — C O O3^< C\'J1 4~

Percentage
of K O H .

Sp. gr.
at is".

j

£ 1 ; t " 3 ' 3 '-ii^j '•&£ ^J
4." ::"'ji oicf-c oovj*^"

I Percentage
;
HCI.
!

rZ q
5; jj.

cc C - :;-•-* ~ ofN~H
.;:

i Percentage
of XaOH.

Sp. «r.
« ,o » •-^^,3 I Percentage
o~ «2 -- -wC-^tn
of XH-j.

o- w u: •„;•„:'.,• -• r r: -J «: t; ,; •; « :; u - j Percentage
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Percentage ; ^
ONV, co ' ofXH:;r ! w

^^^MWM^^_

0-

MW^o.

fi

Sp. gr.
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0* \c 'd 0 0 vo" vo 0* \d
tn Ifl 71 •«• * ^ U w 'J

Percentage '
of

N a O H .

I!

vo \O ^c cc^ vi j

Sp. gr.
j Percentage
I ofNH-.T

J>:

N
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0

Sp. gr.
at 153.

o

I

^ ^ a

^ O> O\ CN'Ji 'Ji 'Vt Oi Ln

Percentage <
of NaOH. :

a
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z

I N D E X
Acetaldehyde, 64
Acotauiidts 77
Arctanilidf 1-1
AiX'tir 'icid' 74
AcciiJ anhydride, 76
Vcvtie etlu'V i-'i
Aretmom.bromamide, 80
A.x-t. ,;ux-tic ester, 8 ,
•\ivton • (' >
•
AccionitVilc, 79
Acctophcno ic, aro
A h ^ i

u-Uenzaldoxime, 197
jS-Benzaldoxime, 197
enzannde 209
Benzene, 136, 162
Benzene ethyl sulphonate, 179
Benzene phenyl sulphonate, x79
Benzene sulphonamide, 179
Benzene sulphonanilide, 179
Benzene su phonic acid, 177
Benzene sulphomc chloride, 178
IWuUne, 148
Benzihc acul, 003

Alluxautiu, 120
Allyl alcohol, HX,

Benzyl chloride, 194
Bisdiazoacetic acid, 96
Bitter almond oil, 190
Riuret, 127
Boiling-point method, 37
determination of, 58

A i nlh\\"iceTic"Sl,"y«»'

Bromacetic acid, 89

Aldehyde-ammonia, (
Alizarin, w.7

Amy iil.c.liol, hy
A»ifL"1u«t "
Atlisolcr* iKT
AuM'lutt/ thirrniomclor, 59
Anthraquiiume, 2-.;5
Anthracjumotu: j8-nionosxilphonate ot
Anufebrui, iS«
Appendix, aj4
A/ohcnzcne, 145
Azoxybcnzene, 143
ft
lh'ckmann froezing-poinl apparatus, 33
boiling-point apparatus, 38
thermometer, 34
Heckmann's reaction, axu
lienzalaniline, 197
Hen/aldehyde, 196
ljenxahlehyde green, sir,
COHKN'S ADV. 1». O. C.

butyric acid. 99
C
Caffeine
ni
;
Carbamide 126
Carbamine'reaction, 71
Carbolic acid, 179
Carbon, qualitative analysis 1
Carbon, quantitative analysis 4
Car/us' method, 22, 28
Chatttiway's reaction, 174
Chloracetic acid, 87
Chloral, 99
Chloral hydrade, 99
Chlorhydrin, m
/-Chlorobenzoic acid, 166
Chloroform, 70
/-Chlorotoluene, 165
Cinnarnic acid, 204
Citracomc acid, 125
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Citric acid, 124
Claisenflask,85
Claiseris reaction, 212
Combustion furnace, 4
Combustion, 4
carbon and hydrogen, 4
nitrogen compounds, 13
substances containing halogens and
sulphur, 13
substances containing nitrogen, 12
volatile and hygroscopic substances,
11
Correction for boiling-point, 59
Creatine, 132
/5-Cresol, 164
Cryoscopic method, 32
Crystallisation, 52
Cuprous chloride, 166
Cyclohexanol, 181
Depressimeter, 37
Determination of boiling-point, 58
freezing-point, 33
melting-point, 72
rotatory power, 116
specific gravity, 56
Dextrose, 135
Diazoacetic ester," 94
Diazoaminobenzene, 171
Diazobenzene perbromide, 162
Diazobenzene sulphate, 161
Diazobenzolimide, 232
Dichlorhydrin, 112
Diethyl malonate, g6
Diethyl tartrate, 115
Dihydroxysuccinic acid, 114
Dimethylaniline, 156
Dimethyl oxalate, JOI
Dimethyl /-phenylenediamine, 177
Dinaphthol, 220
7/z-Dinitrobenzene, 154
Diphenylhydrazine, 146
Diphenylmethane, 213
Diphenylthiourea, 159
Distillation in steam, 107
in vacuo, 84, 94
Drying apparatus, 4
Ebullioscopic method, 37
Electrolytic reduction, oxalic acid, 102
nitrobenzene, 144, 145
Eosin, 187
Epichlorhydrin, in
Estimation of carbon and hydrogen, 4
halogens, 22
nitrogen, 13
sulphur, 28
Ether, 59
commercial, 61
Ethyl acetate, 8r
Ethyl acetoacetate, 83

Ethyl alcohol, 49
Ethyl benzene, 141
Ethyl benzoate, 209
Ethyl bromide, 54
Ethylene bromide, 62
Ethyl ether, 59
Ethyl malonate, 96
Ethyl malonic acid, 97
Ethyl potassium sulphate, 50
Ethyl tartrate, 115
rotation of, 120
Eykman depressimeter, 37
Filter-pump, 44
Filtration through cloth, 131
under reduced pressure, 43
withflutedfilter, 53
Fischer's ester method, 133
Fluorescein, 187
Fluted filter, 53
Formic acid, 106
Fractional distillation, 136
Fractionating columns, 137
Freezing-point method, 32
Fried el-Crafts reaction, 210
Furnace, combustion, 4
tube, 23-.
Fusel oil, 69
G
Gattermann's furnace, 24
diazo-reaction, 167
Gelatine, hydrolysis of, 93
Glucose, 135
Glycerjc acid, ior
Glycerin, 106
Glycerol, 106
Glycine, 90
Glycocoll, 90
ester hydrochloride, 92
Glycollic acid, 102
Glyoxylic acid, 102
Grape-sugar, 135
H
Halogens, qualitative determination, 3
quantitative ,,
32
Heating under pressure, 78
Hexahydrophenol, I8T
Helianthin, 151
Hempel fractionating column, 137
Hqfmanris bottles. 30
Hot-water funnel, 53
Hydrazobenzene, 146
Hydriodic acid, 113
Hydrobenzamide, 396
Hydrobromic acid, 140
Hydrochloric acid gas, 93
Hydrocinnamic acid, 204
Hydrogen, qualitative determination, t
quantitative
},

INDEX
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Hydrolysis of ethyl acetate, 82
N
I lydioquiuotn-, Jfij
o-Hydroxybeu/aldehyde, r8S
Naphthalene, 216
/
„
x3i
Naphthalene picrate, 217
Hydroxybeuzene, IJQ
Naphthalene sulphonate of'sodium, 21S
<;• Hydro xyben/oic acid, io<>
.
/3-Naphthol, 219
in,,
,, 200
Naphthol yellow, 224
Hydroxyl method (Tsc/iugat-j?), 223 /i-Naphthyl acetate, 222
Hypuoue, -JiOj
/^-Naphthyl methyl ether, 220
/-Nitracetanilide, 153
I
///-Nitraniline, 154
/-Nitranilme, 153
lodoben/ene,
163
T
Nitric acid (fuming), 22
.odoform reaction, 50
Nitrobenzene, T42
Iodosotolueue, 1 tig
w-Nitrobenzoic
acid, 200
/-lodotolueue, xh8
Nitrogen, qualitative estimation, 2
Isattn, 2.*)
quantitative
estimation, 13
Isopropyl iodide, rii>
Nitrophenol, 183
Nitrosobenzene, 146
/-Nitrosodimethylaniline, 157
.Mitrosophenol, 159
Kjt'ldiikPs method, 20
I.
Organic analysis, 1
Laurent'a pulariiuercr, Tif">
Oxalic acid, 100
I,<uicine, \\\
Ox amide, 102
IJebermanns nitroso reaction, 159
Oxanthranolate of sodium, 226
M
Malachite j.;reen. -w,
Malic acid, u-/
Malonir t-stcrr. »*
Melting-point determination, 72
Mcsaconu: arid, I-A$
Mesotartaric acid, \-*-.\
»\letho.\yl m«th«»d (/c'/.vt1/), y.c>
Methyl a( etatr-, ih
Methyl alchol, 67
NIethyl alcoholic, potash, $7
Methylamine hydntchloridc;, Ho
Methylated '.pint, purification of, 4'5
Methyl cyanide, 70
Mcthyloiteatuim <%tretonitrik;, 9a
Methyl iodide, nH
Methyl oraii^i*, 17*1
Methyl oxalate, mi
NIethyl phctiate, i!3i
Methyl potassium sulphate, 5"
Molecular riit;ai«ui, 119
Molecular wrijjht
vapour ileii-.ity, 29
boilinK-Voint/jV
oruatuV arids, 4?
AMisch's react ion, t \ii
Moiu>l.»roma«.etji: acid, fio

Palmitic acid, 104
Halm oil, 104
Paraldehyde, 67
Pararosaniline, 21s
Perkins acetyl method 222
Parkin's pyknometer, 57
Phenol, 179
Phenolphthalein, 186
I 'henylacetamidcj 151
Phenylacrylic acid, 204
Phenyl bromide, 140
///-Phenylenediainine, 155
/•Phenyjenediann'ne, 173
Phenyl isocyanate, 160
Phenylhydrazjne, 173
Phenylhydroxylamine, T48
Phenyl mustard oil, 160
Phenyl -methyl carbinol, 206
Phenyl methyl ether, 181
Phenyl methyl ketone, 210
Phenyl methyl pyrazolone, 175 .
Phenyl methyl triazolecarboxylic acid,.
Phcnylpropionic acid, 204
Phenylthiocarbimide, 160
Phenylthiourethane, 160
Phosphorus, (lualitative analysis, 3
Phthalie acid, $ij
Picric acid, 1LI5 Pir'ia $?* Srfiijf's method, 27
Polaritneter, 116
Potash apparatus, 4
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Potassium benzene sulphonate, 177
Potassium ethyl sulphate, 50
Potassium methyl sulphate, 50
Preparations, general remarks, 47
Pressure tube, glass, 24, 78
furnace, 24
metal, 227
Purification of ether, 60
methylated spirit, 4 3
Pyknometer, 57
Pyruvic acid, 124
Quantitative estimation cf carbon and
hydrogen, 4
halogens, 22
nitrogen, 13
sulphur, 28
uinine sulphate 231
•Qui
uinol, 193
Qui
uinoline, 230
Qui
Quinone, 102
Qi
Quinoneoxime, 159
Racemic acid, '122-.
resolution of, -123
"Ring-burner, 108
Rotation of ethyl tartrate, 120
tartaric acid, 120
Salicylaldehyde, 188
Salicylic acid, 190
Satidtneycrs reaction, 165, 167
Saponification of ethyl acetate, 82
palm oil, 104
Schiff's azotometer, 14
reaction, 67
Sckotten-Baumann's reaction, 209
Sealed tube furnace, 23
Sealed tubes, 24
.Sodium bisulphite, 67
knife, 61
press, 61 _
Specific gravity determination, 56
Specific rotation, 1-19 ,
Spirits of wine, purification of, 49
Sprengefs pyknometjfejr, 57
Succinic acid, 113 j
Sulphanilic acid, 175 >*
Sulphur, estimation ,of, 28

Tartaric acid, 114
Terephthalic acid, 171
Tetrabromocresol, 165
Thiocarbamide, 128
Thiocarbanjlamide, 159
Thiocarbanilide, 159
Thiourea, 128
/-Tolyl bromide, 167
/-Tolyl chloride, 165
/-Tolyl cyanide, 169
Tolyliodochloride, 169
Toluene from toluidine, 163
/-Toluic acid, 170
Tribromophenol, 180
Trichloracetic acid, 99
Trimethylxanthine, 131
Trinitrophenol, 185
Triphenylguanidine, 160
Triphenylmethane, 2T4
Tsclnigacff's hydroxyl methqd, 223
'Tube furnace, 23
Tyrosine, 133
U
Ulhnann's reaction, 180
Ufte', 126
Uric, acid, 128
\fecuum-desiccator, 45
Vacuum distillation, 84, 94
Vapour density method, 29
Victor-Meyer Apparatus, 29
Vtg7-enxs fractionating column, 137
W
Water-jet aspirator, 44
W a t e r turbine, 91

young and Thomas fractionating column
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