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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



PRACTICAL ORGANIC CHEMISTRY

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.



QUANTITATIVE ESTIMATION

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



DETERMINATION OF MOLECULAR WEIGHT 31

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.



MOLECULAR WEIGHT OF ORGANIC BASES 47

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
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caustic potash on the water-bath, and then distilling. It is
freed from water by standing for twenty-four hours in a flask
one-third filled with freshly-burnt quicklime, and re-distilling
from the water-bath, using a thermometer.

Properties.—Colourless liquid ; b. p. 66—67°; sp. gr. 0796
at 200.

PREPARATION 6.

Methyl Iodide (Iodomethane), CH3I

Dumas and Peligot, A?mak?h 1835, 15, 20.

18 grins, methyl alcohol.
5 „ red phosphorus

50 „ iodine

Attach a flask (250 c.c.) to an upright condenser, and bring
into it the methyl alcohol and red phosphorus. Add the iodine
gradually by detaching the flask for a moment from the 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


