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P R E F A C E T O T H E FIRST E D I T I O N

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 in-
struction, 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 experi-
mental 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 Polari-
meter, Dr. T. S. Patterson, who has been kind enough to look
•over the proofs, and Mr. H. D. Dakin, who has given me sub-
stantial assistance in the practical work of revision.

J. B. COHEN.
THE YORKSHIRE COLLEGE,

October; 1900.
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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 examina-
tions.

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 sub-
ject, 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 pre-
parations, 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 fre-
quently 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 there-
fore 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 re-
action 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 test-
tube. 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 hydro-
chloric 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 (brom-
acetanilide 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 nitro-
prusside. 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
B 2
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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 up-
rights, 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
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 three-
way-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 sul-
phuric 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

M̂ 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

FIG. 2.
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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 con-
nected 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 three-
way 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.) fromas

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 thick-
ness 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 hygro-
scopic, 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 advan-
tage 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 trans-
ferred 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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FIG. 8.

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, pro-
duce an effective air-tight stopper to the
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 appear-
ance 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.
The boat is kept in a desiccator

on a flat cork or support made of glass rod when not in use.
Preparat ion of the Tube.—Before starting the com-

bustion it is necessary to clean and dry the combustion tube.
This is effected by heating the whole length of the tube con-
taining the copper oxide and spiral gradually to a dull red heat,
and passing through it a slow stream of dry oxygen from the

FIG. 9.
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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 ex-
tinguished. 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 appa-
ratus 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 com-
bustion 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 advan-
tage, 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 gas-
holder. 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
way 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 ha 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
no 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
the 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
made -from a square piece of asbestos board, with a slit in it
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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 synchro-
nously 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 rooxi-
dised. Here again an increased current of oxygen will has ten
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
44 x w

2 X b X IOO
18 x «/

per cent, of carbon.

= per cent, of hydrogen.

Example.—0*1510 gram of oxalic acid gave 0*1055 gram of
CO2 and 0*068 gram of H2O.

joo =

044x0-1510
ax.£o68xjoo = 5-00 pe r cent, of hydrogen.

I8XO-I5IO X &

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 mois-
ture 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 Sub-
stances.—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 sub-
stance, 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 feu-
inches 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 ab-
sorbed 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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KlG. J->.

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.

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 quan-
tity 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 reser-
voir. When the tube is filled with potash solution there should

Fit;.

be sufficient mercury at the bottom to seal off the potash solu-
tion 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 ^Ti^ blow-pipe flame, so that the end of the com-
bustion 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^e3.tirig it in a current of carbon dioxide. It is
sufficient to wlnis"^ 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 iron-
monger 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 Combus t ion 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,
The flasks are c l osed with corks and allowed to cool. The back
end of the combus t ion 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 two- th i rds 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 di-
oxide 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 com-
menced. 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 pro-
cess 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 com-
bustion 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. Read 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 may 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 also filled with 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 sub-
stance, a further layer of coarse copper oxide, and finally the

F.NE COARSE
COARSE CUO COO CUO MAGNESITE

15CM. >\

ASBESTOS
PLUG

F I G . 17.

c o p p e r s p i r a l . T h e c o n t e n t s o f t h e t u b e a r e a r r a n g e d a s s h o w n

i n F i g . 17.

T h e m a g n e s i t e ( M g C 0 3 ) , w h i c h e v o l v e s c a r b o n d i o x i d e o n

h e a t i n g , t a k e s t h e p l a c e o f t h e s o d i u m b i c a r b o n a t e i n t h e

p r e v i o u s m e t h o d . T h e a i r i s d i s p l a c e d a t t h e b e g i n n i n g b y

h e a t i n g t h e m a g n e s i t e n e a r t h e c l o s e d e n d of t h e t u b e . T h e

m a g n e s i t e i s a g a i n h e a t e d t o w a r d s t h e e n d o f t h e c o m b u s t i o n t o

s w e e p o u t t h e l a s t t r a c e s o f n i t r o g e n . T h e d i s a d v a n t a g e s o f

t h e m e t h o d a r e t h a t t h e m a g n e s i t e r e q u i r e s t o b e h e a t e d m u c h

m o r e s t r o n g l y t h a n t h e s o d i u m b i c a r b o n a t e b e f o r e i t e v o l v e s

c a r b o n d i o x i d e , a n d t h e l e n g t h o f t h e l a y e r o f c o p p e r o x i d e i s

c u r t a i l e d .

K j e l d a h l ' s M e t h o d . — T h e o r g a n i c c o m p o u n d is h e a t e d

s t r o n g l y w i t h s u l p h u r i c a c i d > w h i c h o x i d i s e s t h e o r g a n i c m a t t e r

a n d c o n v e r t s t h e n i t r o g e n i n t o a m m o n i u m s u l p h a t e . T h e

a m m o n i a i s t h e n e s t i m a t e d v o l u m e t r i c a l l y b y d i s t i l l i n g w i t h

c a u s t i c s o d a a n d c o l l e c t i n g t h e g a s i n s t a n d a r d a c i d . A b o u t

o*5 g r a m o f s u b s t a n c e i s a c c u r a t e l y w e i g h e d a n d i n t r o d u c e d i n t o

a r o u n d J e n a f l a s k ( 5 0 0 c . c ) , t o g e t h e r w i t h 15 c . c . o f p u r e c o n -
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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 com-
plete (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 re-
tain any alkali which may spirt
upwards), the latter being con-
nected with a condenser. The
end of the condenser just dips
below the surface of 25 c.c. of
a half-normal solution of hydro-
chloric or sulphuric acid, con-
tained in a flask or beaker. A
tap-funnel with a bent leg, con-
taining 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 granu-
lated zinc are introduced into
the flask to prevent bumping.
After the apparatus has been
fitted together the caustic soda tlG> l8'
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 :—

25 _ i r 3 = 7 7 . 77x0-007x100 = IO.46 p e r cent_
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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 at-
one 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 per-
fectly clear. It should also be tested for the presence of sul-
phuric 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 re-
volving 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. The
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. The
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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in to t h e o u t e r j a c k e t a n d t h e v a p o u r s a r e c o n d e n s e d b y 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 to t he ou t l e t t ube .

T h e c r u c i b l e is p l a c e d w i t h i n a n d

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 f rom b e l o w

into t h e i n n e r vesse l a n d a c o r r e s p o n d i n g

out le t in t h e l id . A n i l i n e , b . p . 182°,

m a y b e u s e d in t he o u t e r j a c k e t in t h e

p r e s e n t c a s e . 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 fil ler f lask a n d

the 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 hen h e a t e d

in t h e a i r - b a t h unt i l t h e w e i g h t is con-

s tan t (i, h o u r ) a n d w e i g h e d . T h e re-

sult is c a l c u l a t e d in p e r c e n t a g e of

h a l o g e n .

hixainplc. B r o m a c e t a n i l i d e g a v e t h e

fol lowing 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 .

VlC. U6.

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

per c e n t .

A n o t h e r M e t h o d ( P i r i a a n d S c h i f F ) . — T h e r e a r e s o m e

s u b s t a n c e s w h i c h a r e i n c o m p l e t e l y d e c o m p o s e d wi th fuming

nitr ic 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 resu 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 fol lowing m e t h o d

m a y b e 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 in to a v e r y smal 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 wi th 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 qu ick-

l ime (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 of s o d i u m c a r b o n a t e a n d l ime. 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 wi th a sma l l b l o w - p i p e f lame, 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 ho t . T h e c o n t e n t s a r e t h e n

a l lowed t o coo l , a n d d i s s o l v e d in a l a r g e exces s of d i l u t e n i t r ic

ac id . T h e s u b s t a n c e m u s t b e a d d e d s lowly a n d t h e a c i d k e p t

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 s i lver n i t r a t e a n d

e s t i m a t e d i n t h e u s u a l 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 sul-
phuric 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 the-
same 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
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one atom of hydrogen. Consequently^ the observed density
must be multiplied by two in ordeiSvt6* olstain—the moler-H ĉr
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 decom-
position, is known as the
air displaccmc?it method
of Victor Meyer. It con-
sists in rapidly vaporising
a known weight of a sub-
stance at a constant tem-
perature at least 40—500

above its boiling-point in
a special form of appar-
atus, which admits of the
displaced air being col-
lected and measured. The
volume occupied by a
given weight of the sub-
stance under known con-
ditions is thus ascertained
and from these data the
density is calculated. The
following apparatus is re-
quired :—

1. A Victor Meyer Ap-
paratus 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 well-
fitting 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 in-

serted 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 displace-
ment 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 extin-
guish 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 i i° and 752 mm. / = 10
mm. at I I ° .

36-3 x (752 - 10) x 273 x 0*00009 = 0 . 6

760 x 284 °

_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 con-
stant 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 be-
tween 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 zig-
zag flow, and the temperature
is equalised. The bulb of
the displacement apparatus is
clamped in the interior cylinder,
and a thermometer is fixed be-
side it.

The vapour density of freshly
distilled aniline, b.p. 182°, may
be determined, the temperature
of the air-bath being adjusted

to about 2400. 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.

FIG. 29.

A = 45-87.
Calculated for CGH7N ; A 46-5

T h e C r y o s c o p i c or F r e e z i n g - p o i n t M e t h o d ( B a o u l t ) .
—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 deter-
mined 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 :—

m.p.0°
5'3
5'4

17
40

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

Water...
Nitrobenzene ...
Benzene
Acetic acid
Phenol
/-Toluidine

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 appar-
atus 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. 7̂6.

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
e x p l a n a t i o n . A s t h e
method involves merely
an accurate determination
of small differences of
temperature, it is not re-
quisite to know the exact
position on the thermo-
meter scale. The Beck-
mann thermometer regis-
ters 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.

F r e e z i n g - p o i n t D e -
t 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 Beck-
mann thermometer has subsided to the top of the scale. Sup-
posing, 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 thermo-
meter 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 thermo-
meter is cooled to 8°, and the excess detached as described above
The zero should now coincide approximately with that of ice-
cold water. If the thermometer is to be adjusted to any other
temperature it is placed in water and warmed to that tempera-
ture -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 occa-
sionally with a pencil. Now stir briskly for a moment As soon

D 2
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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.
0*0985
0-0729
O-II93

97

,,

0*403
0305
0-486

126
123
126

126 ]
123*2 VI25-3
126-8 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 trans-
ferring 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 freezing-
point. 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 ascer-
tained. 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 depres-
sion 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 ther-
mometer, and the weighed quantity of substance
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.

FIG. 31.
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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 bubble^
vent sup
irregular
the side l i i V b a

condenser
to c o n d c n ^ ^ ^ ^ ^
pours g i v e n off c lp
the boiling"-

A Urjng

mann
inserted t l i r o u g ^ t h e
mouth o f t h e tube.
This t h e r m o m e t e r is
similar in <^onstrUction
to that u s e d for freez.
ing-point c|ete;t*rnma-
tions, but 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 cke t , which
contains the same
liquid as t l i e "boiling-
tube and i s also pro-
vided witH £i condenser.
This j a c k i e t prevents

FIG. 32. radiation f r o m trie boil-
ing-tube. It i s pro-

vided 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 freezing-
point 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 boil-
ing-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 :—'•

Ether
Acetone ...
Chloroform
Vlethyl alcohol ..
Ethyl acetate

The molecular

| b-P-
• ' 35°
- 56°
. : 6l°
. : 66°
• * 77°
weight i

1

k.
21 *i i Ethyl alcohol
17"i i Benzene ...
36-6
SS

Water
Acetic acid

26-8 Aniline
s determined from the
yr _. 100 kw

bp.
78°
79°

100°
1180

1840

formula

k.
ii'5
26-1
5*2

25'3
32-2

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 :—

Me a 7i.

128-3

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.

I
2
3
4

w
0 1866
0-1893
0-1860
01901

IV
21-313

,,

Calculated for C,

d
0-185
0-185
0-185
0-180

nH*; M -

M.
126-6
128 3
126-0
132-4

128.
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Example—Ten c.c. of benzene were used and two pellets of
naphthalene were added.

0*2072
0*2072

8 7 4
3 7 4

Mea

1 2 9 - 3
0*483 131-1
0 - 4 8 5 1 2 7 6

D y n a m i c a l M e t h o d . — A t h i r d , s o m e w h a t d i f f e r e n t a n d

l e s s a c c u r a t e , m e t h o d f o r d e t e r m i n i n g t h e b o i l i n g - p o i n t i s o n e

d e v i s e d b y S a k u r a i a n d

m o d i f i e d b y L a n d s -

b e r g e r a n d l a t e r b y

W a l k e r a n d L u m s d e n .

T h e a p p a r a t u s o f

W a l k e r a n d L u m s d e n

i s s h o w n i n F i g . 3 4 ,

a n d c o n s i s t s o f t h r e e

v e s s e l s , a b o i l i n g f l a s k ,

A , a t u b e , B, g r a d u a t e d ,

i n c . c . a n d a n o u t e r

j a c k e t o f g l a s s , c . T h e

b o i l i n g f l a s k i s p r o -

v i d e d w i t h a s a f e t y

t u b e , D , a n d a b e n t

t u b e , E , w h i c h i s c o n -

n e c t e d w i t h a n o t h e r

b e n t t u b e , F , p a s s i n g

t h r o u g h a c o r k t o t h e

b o t t o m o f t h e g r a d u -

a t e d t u b e , B. A t h e r -

m o m e t e r g r a d u a t e d i n

t e n t h s i s i n s e r t e d

t h r o u g h a s e c o n d h o l e

i n t h e s a m e c o r k . T h e r e i s a s m a l l h o l e a t G i n t h e g r a d u a t e d

t u b e b e l o w t h e c o r k t h r o u g h w h i c h t h e v a p o u r o f t h e b o i l i n g l i q u i d

e s c a p e s i n t o t h e o u t s i d e j a c k e t , a n d i s c o n d e n s e d b y a c o n d e n s e r

n o t s h o w n i n t h e d i a g r a m . T h e o u t e r j a c k e t , c , i s a t t a c h e d b y a

c o r k s u r r o u n d i n g B . A s m a l l q u a n t i t y o f s o l v e n t ( 5 — 1 0 c . c . ) i s i n -

t r o d u c e d i n t o t h e t u b e B a n d a l a r g e r q u a n t i t y o f t h e s a m e s o l v e n t

i n t o t h e b o i l i n g f l a s k , A. T h e v a p o u r f r o m A p a s s e s i n t o B a n d

r a i s e s i t t o t h e b o i l i n g - p o i n t , w h i c h i s r e a d off. T h e e x c e s s

o f l i q u i d w h i c h h a s c o n d e n s e d i s p o u r e d o u t . T h e w e i g h e d .

F I G . 33.
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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 determina-
tions may be car-
ried 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 boil-
ing in the flask, A,
by introducing frag-
ments of porous pot,
and (2) to conduct
the boiling at such
a rate that the drops
fall slowly and re-
gularly from the

FIG. 34. condenser. The in-
accuracies 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.
I I o'Siog grm. (urea) 17"5 c.c. (alcohol) 1-04

0*52
Calculated for CON2H4; M=6o.

Jl/. Mean.
69 1 67
65 i °7

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 boiling-
point, 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
filter flask by means of rubber tubing. The object of inserting
a vessel- between the pump and the filter flask is to prevent



44 PRACTICAL ORGANIC CHEMISTRY

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

a disc of filter paper.

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
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 use-
ful forms of vacuum-
desiccator, two of
which are represented
in Fig. 37.

The ground rims
are greased with vase-
line or a mixture of
bees-wax and vaseline,
and the air is exhausted
by attaching the tube
of the water-pump to
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 desic-
cator. 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.

FIG. 35.
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FIG. 36.

FIG. 37.
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If W îs 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 deduct-
ing 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 chloroplati-
nates 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 com-
pound, and consequently that of the base.

Dissolve about 1 gram of an organic base (brucine, strych-
nine, 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-desic-
cator. 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 = 594-2. M. W. of the salt.
0-2303 ^

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 test-
tubes, 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. Page.
Filtration ... ... ... ... ... 53
Filtration under reduced pressure ... ... 43
Crystallisation ... ... ... ... 52
Fractional crystallisation• ... 122
Sublimation ... ... ... ... ... 226
Determination of melting-point ... ... 72

Liquids.
Dehydration... 56
Determination of boiling-point ... ... 58
Distillation under reduced pressure ... 84
Distillation in steam ... ... ... 107
Fractional distillation " ... 136
Determination of specific gravity 56

Liquids and Solids.
Heating under pressure 24, 78
Determination of rotatory power 116
Mechanical stirring 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
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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 institu-
tions on application to the Inland Revenue Board.

Methylated spirit contains, in addition to ethyl and methyl
alcohols, water, fusel-oil, acetalde-
hyde, 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 hold-
ing a thermometer. The distil-
lation is stopped when most of the
spirit has distilled and the ther-
mometer indicates 8o°. A further
purification may be effected by
adding a little powdered perman-
ganate of potash and by a second
distillation, but this is rarely ne-
cessary. The same method of
purification may be applied to
over-proof spirit, which will hence-
forth be called spirit as distinguished from the purified product
or absolute alcohol.

FIG. 38.

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.
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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 sul-
phuric 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 sul-
phate 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 potas-
sium 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, re-
moved on the end of a glass rod, crystallises at once on cooling.

E 2
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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 recrystal-
lised. The success of many operations in practical organic
chemistry depends upon skill in crystallisation. The first essen-
tial 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, benz-
ene (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 em-
ployed 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 tempera-
ture, 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 in-
flammable solvent is used : the substance is placed in a round
flask attached to an upright condenser and heated on the water-
bath. The form of apparatus is that already described (see Fig.

1 If methylated spirit is used it must be purified according to the method describedon p. 48
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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
pape 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),
'This makes three creases with the hollows on the same side,

filter is now turned over and each section folded down the

FIG. 42.
centre 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.

Before filtering an 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
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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 quan-
tity 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 bro-
mide 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 dehydrat-
ing 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 can-
not'of course be used for dehydrating or-
ganic acids, nor can calcium chloride be
employed in conjunction with alcohols or
organic bases, with which it combines. In
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 ther-
mometer is inserted into the neck of
the flask with the bulb just below the

FIG. 44. side tube. The flask is attached to a con-
denser and heated gently on the water-

bath, 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
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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 de-
livery 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 quan-
tities 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 hori-
zontal 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 fol-
lowing result:—

Weight of tube empty 6*242 grams
+ ethyl bromide at o° . . 9-472 „
+ water at o° 8*417 „

% 2 2 3 2 .A °%0-999873 x
A" 2*175 =, r 4 8 5 .

Determination of the Boiling-point.—A correct deter-
mination 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 following-
formula 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
C2H6SO4H + C2H5OH

C9H5SO4H + H.,O.
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 purifi-
cation 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 thê  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 delivery-
tube 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 three-
necked 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 standing-
in 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 soda-
lime 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 the flask, 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 con-
denser (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 pre-
cipitated 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, 54-

100 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 and

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.
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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 consider-
able 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 colour-
less crystals of aldehyde-ammonia,
CH3.CH.OH.NH2. The apparatus
for preparing the dry ammonia is
shown in Fig. 52. The flask contain-
ing 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
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 de-
hydrated 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.

FIG. 52.
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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 aldehydes
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 pre-
cipitate 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



68 PRACTICAL ORGANIC CHEMISTRY

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 con-
denser. 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 dis-
tillate 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.
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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 polar-
isation 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 penetrating

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 crystal-
line 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 /-bromophenyl-
hydrazine 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 con-
denser and receiver. The flask is placed upon a large sand-
bath. 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.
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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 hydroxyl-
amine 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 + 2H2O

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 con-
venient 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 intro-
duced should occupy a length of about 2—3 mm. when tightly



Mi-;i;n\(;-puiNT DKTKRMINATION 73

[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. In-
stead «>f claiupiuj; the flask to a retort stand, it can be fixed in a
small bra »s tiipod, shown in Kî . 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 boiling-
point (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 wood-
spirit and acetone. The crude calcium acetate, which has a
dark colour, is then distilled with the requisite quantity of con-
centrated 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 tap-
funnel.* When the phosphorus chloride has been added, the
water in the water-bath is warmed to 40—50", until the evolu-
tion 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
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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.

mains

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":"'
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 thenno-
meter, USIĴM fur a < ondenser a straight, wide tube. (See Kî . 55.)
A considerable quantity of ammonia, water, and acetic acid
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distils, and when the temperature passes 1800 the distillate sol-
idifies, 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 procur-
able, 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 re-
cognised 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,, oily-
looking 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
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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 dis-
tilling 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
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times its weight of a mixture of 2 vols. water and 3 vols. con-
centrated 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. 244-

PREPARATION 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 in-
serted, 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 tem-
perature 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 (TL.-CONHBr 4- KI*r + IL<>
•\i' «.««uiilr. A«ftiii«»ui>ltitini;tnu<lf.

(il ,(()NHlir {KOII 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 in-
tlannnable 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,
ntJ-

50 i ,c. cone, sulphuric acid.
ô 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 con-
centrated 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.M'iiwK.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. ('. 0
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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 con-
tains the ester, and also acetic acid, alcohol, ether, and
sulphurous acid, is shaken in a separating funnel with a strong-
solution 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 thermo-
meter 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 sul-
phuric 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
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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 dehy-

G 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 colour-
less 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 ace to -
acetate, and splitting off alcohol, which reacts with fresh metallic
sodium. The sodium salt on acidifying passes into the t au to -
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 potash,
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 ace ta te
to a few drops of the ester, a bluish-green crystalline precipitate
of copper acetoacetic ester, (CcH9O3)2Cu3 is formed. S e e
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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second dis t i l l ing flask, wh ich is t i gh t ly a t t a c h e d to t h e e n d of
t h e na r row c o n d e n s e r t ube , f igured at ti a n d c o n n e c t e d b y t h e
s ide l imb by m e a n s of p u m p - t u b i n g to a water - je t a s p i r a t o r a n d

auĵ 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'

1 O<)

• 45
59

T h e chief i n c o n v e n i e n c e wh ich a t t e n d s d i s t i l l a t ion imuwito is

t h e b u m p i n g of the l iquid in the. d is t i l l ing i lask. T h i s m a y b e

m o d e r a t e d or r e m o v e d b y v a r i o u s d e v i c e s , s u c h a s t h e i n t r o d u c -

t ion of porous pot, c a p i l l a r y j j lass t u b e s , &<•., o r by d r i v i n g a

rap id 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. F o r t h i s

p u r p o s e a Claisen flask (Kij4#. 57), m a y be u sed with a d v a n t a g e .

A t u b e is d r a w n out in to a fine cap i l l a ry a n d is o p e n a t b o t h

ends , t h e wide end b e i n ^ a t t a c h e d to a sho r t p i ece of r u b b e r

t u b i n g a n d screw-cl ip . 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 second neck, which is attached to the condenser. T h e

l d b h i l ^
in the second neck, wnicii is attacneu to tne condenser,
stream of air-bubbles is regulated by the clip. Instead o f

FIG.

long manometer shown in Fig. 56, a more compact, and, 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. T r i e
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. T h e

FIG. 60. FIG. 61.
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 pro-
cess repeated. Fig. 60 needs little explanation. There arc two
or more receivers on one stem. I»y rotating the stem the dis-
tillate 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 pres-
sures, 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 con-
denser 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 stone-
ware 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 sul-
phuric 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 sul-
phur 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 col-
lected 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. I t
causes blisters on the skin. See Appendix, p. 252.
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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.
IO5 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 con-
taining 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
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'$\

FIG. 63.
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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 to
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 distilla-
tion 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). C H 2 \ c Q 0 H

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 eva-
porated, 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 pre-
cipitate 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.OC9H-

Klages, Ber., 1903, 36, 1506, Hantzsch and Silberrad, £er.9
1900, 33, 70-

250 c.c. formaldehyde solution (40 per cent.).
90 grams ammonium chloride (powdered).

I IO „ potassium cyanide (in 200 c.c. water).
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 com-
pletely 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 tempera-
ture 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 tap-
funnel is inserted. The flask is filled one-third full of con-
centrated 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 sul-
phuric 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 advis-
able to run in the acid rather more
quickly at the beginning- than is neces-
sary 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. con-

centrated 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 the 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 hydro-
chloride crystallises in colourless needles (m. p. 1440) and is
filtered and washed with a little alcohol. Yield 10—15 grams.

P R E P A R A T I O N 21.

C H < J ]
D i a z o a c e t i c E s t e r , | ^N

COOC2H5

Curtius, / . prakt. Chem., 1888, 38, 401 ; Silberrad, Trans.
Chem. Soc, 1902, 81, 600.

25 grams glycocoll ester hydrocMoride (in 50 c.c. of water).
18 ,, sodium nitrite in fine powder.
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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 con-
centrated 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 IiVc60,H6 + 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 bis-
diazoacetate 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 con-
denser. 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 solu-
tion 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
25 » (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, com-
pletely 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 brine-
bath (water saturated with common salt) On the addition of

COHEN'S ADV. I', u. C. JI



98 PRACTICAL ORGANIC CHEMISTRY

water to the residue an almost colourless oil separates out. T h e
oil is removed by extraction with ether, dehydrated over ca lc ium
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 + C2H5OH
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 sme 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 s trong"
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 ma lon ic :
acid is extracted by shaking with ether. After evapora t ing
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 crys ta l l i ses
on cooling. Yield about 5 grams.

C2H5CH(CO.OC2H5)2 + 2KOH = CoH5CH(COoK)o + 2C2H0OII
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 ên 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, 135-
25 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
Oxalic Acid, | +2HoO

CO.OH
Scheele (1776), Naumann, Moeser, Lindenbaum, / . firafcf-

Chem. 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.
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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 pre-
cipitate 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.>nil4-2KMn0iH-

l I S O C O 8 H ( K S O M S O "3 l I 2 S 4 i oCO 2 + H a ( H K : i S . l ^ 2 n 4 .
3. Heat two or three grains of the crystals with about 5 c.c. con-

centrated 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 walcr-
bath, 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 for
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 t l ie
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 white

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; 1905
II, 1699.

20 grms. oxalic acid (in fi-ne powder).
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 bary 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 theoreti-
cally 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 solu-
tion 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 solu-
tion 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 phenylhydrazine

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 combine
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 19
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. T l i t t
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 ransparent
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 sepa ra t ed ,
into a retort (250 c.c). It must be distilled in vacuo. T h e
neck of the retort is fixed into a small filtering tube, which s e rvc - 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 air-
tight. 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 col-
lects 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,
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.

FIG. 67.

CH2.O.CO.Cir>H31

CH.O.COCr>H3L +
I
CI-L,O.CO.CirjH31

Pafmitin.

3KOH 3CWH31COOK + QH6(OH)3

Potassium palmitatc. Glycerol.

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 palmi-
tate, 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 main-
tained 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 trans-
ferred 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 car-
bonate 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 tha 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 rinJ4'-
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. V ie ld
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 wide 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 fo rm
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 su lph ide ; 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 re -
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 solut ion 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 distil-
late 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 re-
action, 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 distil-
late 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. PI, + 3H2O = 3HI + H,PO3.
2. CH.OH CHJ

I I
CHOH + 3HI = CHI + 3H2O
CHoOH CHJ

Propenyl triiodide.
3. CHJ CH3

I - !
CHI +2HI = CHI 4-2L,
I !
CH2I CH3

Isopropyl iodide.
Propenyl triiodide is probably formed as an intermediate pro-

duct, 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.

CHX1.CH.CH2
Bpichlorhydrin, " \ 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. Epichlor-
hydrin 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 fractionat-
ing 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.
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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 amor-
phous 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 phos-
phorus, cut in small pieces, are.
then added. The phosphorus
must be cut under water,
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 tap-
funnel. 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 tar-
taric acid with caustic soda, and make the following tests : —

2. Add calcium chloride and stir with a glass rod. A crystal-
line 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 cal-
cium 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 colora-
tion 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



n6 PRACTICAL ORGANIC CIIEMISTRV

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 ba tn 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 chlor ide
or the more volatile bromide. The latter gives-a brighter fhitiu1,
but the basket requires replenishing more frequently. T h e
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 t l i ick-
ness 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 po in 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 ha 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 ec t ion
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 nicol 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 luminat ion
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 he 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' wi 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 ob-
tained. 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 conse-
quently 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 defined
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. polarimeter-
tube 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 observa-
tion must be noted, and the density determined either «it t l i i t t
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

(

[a]}; = 6-66°

By extrapolation.

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 t l i<*
solution if the concentration is known. The 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 ' l i e t

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" dis-
solved 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 <:.<;. Deter-
mine 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. Cal-
culate the specific rotation of the tartaric. acid, usinj; the lirst
formula. Plot the results on squared paper, making the ordi-
nates specific rotation and the abscissae concentration.

Kxamftlc :—

Aunlr.ifKiHatii.lJ. I Sim:. Rot. 'emp.

IO°
10"
10"

a nccntration.

40
20
IO

,.,„«„, , ,r,, , . , .

2OO nun.

»

6"
3" 59'

-1- 7'5"
-I <)•<>(>"
•i 10-91"

T h e following t ab le s h o w s t h e inf luences of t e i n p c r a l u n - on

the specific rotat ion of a n a q u e o u s so lu t ion 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 acid in roo c.c.

Temp.

10"
20"
40°
6o°
So"

100°

<>f tnlH

K
 2 S ;

4" \fi'
S" " S '
()fi 2S'
7" 21 '
S" $()'

S|H-« ilir K..t;uiiiii.

•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 diffi-
culties of filtration which the solution of the silica by the act ion
of the alkali on the glass entails. The liquid, after boiling, is
carefully neutralised with cone, hydrochloric acid (it is adv i s -
able to remove a little of the solution beforehand in case of
overshooting the mark) and an excess of calcium chloride so lu-
tion is added to the hot liquid. The mixture is left overniK^11'
and the calcium salts filtered off at the pump, washed wi th
water, and well pressed.

The calcium salts are well dried on the water-bath, or a frac-
tion of the whole weight of the moist salts is taken and dri«.•<!,
and the total dry weight estimated. The substance is then sus -
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*n-
trated 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.
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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 dis-
solved 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 tempera-
ture.

When the solution is just cold the crystals, previously re-
moved, 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 hemi-
hedral 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 f irst
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 mrty
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 + C02

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 mo-
derately soluble in ether ; m. p. ioo°. The anhydrous acid melts
at 153-154°-

Reactions.— 1. Meat a little of the acid and notice the irri-
tating 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 porce-
lain 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 anhy-
drous acid is -rapidly distilled in portions of 100 grams, from a
retort (250 c.c.) with bent neck (sec Fig. 19, p. 22), fitted to a con-
denser, 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 col-
lected 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 acid
in ether (4 parts citraconic acid require about 5 parts of anhy-
drous 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 of
bromine are added from time to time until no further precipita-
tion 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 I 2 7

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 occa-
sionally 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 water-
bath, and the residue poured out into a beaker to crystallise.
Yield about 15 grams.

1. 4KCN + Pb/Xt = 4CONK + 3Pb
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 sul-
phate 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 re-
mains 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 l i t t le 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 dis-
solves 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 cal-
cium. The uric acid is then dissolved out with hot caustic soda
and the clear alkaline solution precipitated with acid.
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Properties.—Uric acid forms microscopic crystals of a charac-
teristic 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 cold̂

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 in +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 so lu t i on is
evaporated to dryness on the water-bath in a porcelain "bas in .
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.
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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 solu-
tion 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 chloro-
form 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( - +H2O

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 l i t re
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. T h e
filtrate is heated to boiling to coagulate the albumin, a n d , on
cooling, filtered. Basic acetate of lead is carefully added, jus t
sufficient to precipitate the soluble albumin. The l iqu id is
again filtered through a fluted filter, and the lead removed wi th
hydrogen sulphide, which is passed into the warm licjuid.
The filtrate from the sulphide of lead is concentrated to n. th in
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 le
spirit. They are recrystallised from a little hot water, w i t h the
addition of animal charcoal. Yield about 1 gram. The fUt ra le
from the creatine contains hypoxanthine and sarcolactic stcid,
but the small quantity of these two constituents render t l ieni
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" wi th
alkalis, it decomposes into urea and sarcosine,

/N(CH3),CH.,.COOH
HN:C/

KH(CH3).CR,C0bNa.
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PREPARATION 44.

Tyrosine, (OH).C0H4.CH.,.CH(NH.,).COOH
c i v

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 con-
ccnlnitecl 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 tempera-
ture, 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 de-
canted. 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,
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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 de-
position 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 + ILO - C ( ,H,,A. + Q.n,aoc.
(';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 precipi-
tated.

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 Ŝ, 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 riseŝ  and the higher boiling liquid distils.

It is otherwise when a liquid consists of a mixture of sub-
Stances 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 con-
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 con-
densation. This passes off by the condenser and is collected
in the receiver. The apparatus (Fig. 76, E) can be made out
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 con-
striction. 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 i ts
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 the
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,
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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 heated ,
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 soda,
solution contained in a separating funnel and shaken. Suffi-
cient 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. I t
is redistilled and collected at 150—i6oc. Yield 60 grams.

CflHc + Br2 = C0H5Br + HBr.

The pyridine acts as "halogen carrier/3 probably by forming-
the 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 -
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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 be-
comes 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 re-
action 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.

QH5Br + 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 '4-

120 „ (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 l ic j tui l .
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. The 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 iqu id 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 th 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
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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 re-
crystallised, 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.



PRACTICAL ORGANIC CHEMISTRY

Azoxybenzene from Nitrobenzene by Electro-
lysis.—Nitrobenzene can be conveniently converted intoazoxy-
benzene 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 un-
changed 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.CGH-
Mitscherlich, 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 azoben-
zene, 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 perfor-
ated 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 solu-
tion, and the alcohol are poured into the flask and the stirrer set
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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 with-
drawn with a pipette
and filtered. The stir-
ring is continued for
another \ hour. A litre
of cold water is added
which precipitates the
hydrazobenzene. The
mixture of hydrazoben-
zene and zinc residues
is filtered at the pump
and washed free from l ' lu 7̂ -
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 crystal-
lises 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 dis-
solved. 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 tem-
perature 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°. Colour-
less 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 Feh-

1 in̂ -'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 phenylhydmxyl-
amincin 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 phenylhydroxyl-

amine 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 bi-
chromate solution in order to see if the smell is that of nitro-
benzene 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 al l
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 ascer-
tained by the absence of any smell of . nitrobenzene. The
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 now
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 potas-
sium 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 r t t
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 soon
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 bleacli-
ing 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 con-
centrated 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 air-
condenser, 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 quan-
tity 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 in to 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 i ts
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 wri ter .
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).
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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 tap-
funnel 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 ortho-
compound 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 hydro-
chloride 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. CGH4

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, and
the mass becomes somewhat deeper in colour. When the nitro-
benzene 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 semi-
solid, 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 pump
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. CCH4<^°* \

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,
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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 con-
centrated ammonia added. The ///-nitraniline is precipitated,
filtered when cold, and purified by recrystallisation from
boiling water. The filtrate from the nitraniline may be concen-
trated 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
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double-filter. The clear filtrate is concentrated on the water-
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 con-
centrating 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 solu-
tion. 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 funne 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 twice :


