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PREFACE TO THE FIRST EDITION

THE present volume is an enlarged edition of that published
in 1887, and has been completely rewritten. The preparations
have all Dbeen 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 heen
mage at the end of the appendix Lo 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 inaterials 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 YOrksIIRE COLLEGE,
Ortober, 1900.



PREFACE TO THE SECOND. EDITION

IN the former editiou 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 clhemistry as an exanmiination sub-
ject, namely, its resistance to compression into a compact
and convenient examination form.

The old and drastic inethod 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 still 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 their note-books, evidence of skill and originality, as, for
vii
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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 Lave
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.

Juely, 1908.
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ORGANIC ANALYSIS

Qualitative Examination.

Carbon and Hydrogen.—Carbon compounds are fre-
quently inflammable, and when heated on platinum foil take
fire or char and burn away. A safer test is to heat the sulistance
with some easily reducible metallic oxide, the oxygen of which
forms carbon dioxide with the carbon present. Take a piece of
soft glass tube ahout 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
peni at the sane time into the form FiG. 1.
shown in Fig. 1. 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 dorm a free channel above the mixture. Suspend it by a

COHEN’S ADV. P. O. C. B
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2

copper wire (o the ring of a retort stand, al}d let ﬂ‘]e open end
dip into lime or baryta water. Heat the mixture gently with a
small flame. The gas which bubbles through the 'hme water
turns it milky. Moisture will also appear on the sides of the
tube, which, provided that the copper oxide has heen thoroughly
dried beforeltand, indicates the presence of hydrogen i the
compound. Gases, or volatile ‘subs‘tances’ llkg cther and
alcohol, cannot, of course, be examined in this way ; 1)1'1t
an apparatus must be arranged so that the gas or vapour is
made (o pass over a layer of red hot copper oxide and then
through the lime water.

Nitrogen,—Many organic nitrogen qompounds .when
strongly heated with soda-lime give off their nitrogen mn the
form of ammonia. Grind up a fragment of cheese or a few
crystals of urea with § to 6 times its weight of soda-lime, ponr
the mixture into a small test-tube (preferably of hard glass)and
cover it with an equally thick layer of soda-lime. Heat stronyly,
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 m the mitro- and
azoxy-compounds, armnonia 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 potassiun or sodiumn cyanide
is formed. The subsequent test is the same as for cyinides.
Pour about 10 cc. of distilled water into a small beaker.
Place a fragment of the substance in a snall test-tube along
with a piece of metallic potassium or sodinm the size of
a coffee bean, and heat them at first gently until the re-
action subsides, and then strongly until the glass is necurly
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 nto a test-
tube. Add to the clear solution a few drops of ferrous
sulphate solution, and a drop of ferric chloride, loil up for
a minute, cool under the tap, and acidify with dilute hydro-
chloric acid. A precipitate of Prussian blue indicates the
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presence of nitrogen. If the liquid has a blue colour, let it
stanFl 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 netal must be
used to prevent the formation of sulphocyanide.

.The Halogens.—Many halogen compounds impart a green
fflf{ge to the outer zone of the non-Iuminous 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 down
alittle and then dust on some halogen compound (brom-
acetanilide will serve this purpose, see Prep. 3, p. 152). Now
heat again, A bright green flame, accompanted 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. Heat 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
I'resent), indicates a halogen. Ifa cyanide is present, boil with
nitvic 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 smnall piece of
potassium in a test-tube until the bottoin of the tube is red hot,
and place it in a small heaker of water as described in the test
for nmitrogen (p. 2).  Filter the liquid and add a few drops of
sodinm nitroprusside solution.

Phosphorus.—The presence of phosphorus is ascertained

B 2
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by heatiny 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 grlitative examination, but the substance
and the products of combustion, viz.,, carbon dioxide and water,
are weighed. The following apparatus is required.

1. An Evlenmeyer or other formn of Combustion Furnace.—
The usual length is 8o—9o cn. (31-35 in.), and itis 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 ly 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 witlh soda-lime, and the second
with pumice soaked in concentrated

FiG. 2. 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 hmbs of the sulphuric acid U-tubes are joined by a three-

way-tap fornting 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 passipg” through the Fic. 3.

d Ngedoparatus,  The

L)"tube is.-connectgd - with the combustion tube by a short

p ce of rubber tuping and a short glass tube, which passes

rough a rubber cork fixed in the end of the combustion tule.

The rubber‘ tibing carries a screw-clip. The open ends of
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the soda-lime U-tubes are closed with rubber corks through
which pass bent glass tubes. One of these glass tub:as 1s Cogn_
nected by rubber tubing to an oxygen gas-holder or to a
cylinder of compressed oxygen, which must be furnished \\'ili'l
an automatic regulating valve, and the other glass tulie is
attached to a gas-holder containing air. By turning the three-
w:;.)y tap, either oxygen or air may be supplied to the combustion
tube. '

3. 4 Combustion Tube of Hard Glass—1It should be about 1 3
mm. inside diameter, and the walls not more than I'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
as follows. Push in a loose asbestos plug about 5 cm. (2 in.) from

FiG. 3.

one end. This end, to which the calcium chloride tube and potash
apparatus are subsequently attached, may be called the frons es?.
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 I3 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 comnbustion 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 Calciim Chloride Tube.—1t is insertedthrough a
rubber cork and fixed in the front end of the combustion tube
when thé 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 filled
with granulated calcium chloride or soda-lime, with a plug of
cotton wool at each end. The bulbs of the apparatus are filled
Hem,

——Cu0.. PO A

5% spiraL BOAT. <--
o ]
ASBESTOS. ASBESTOS,

Fic. s

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.

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 Tubber and glass rod, which are not removed, except when
the apparatus is in use. As the potash apparatus has 16 be
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refilled after every two combustions, it is advisable to k.
stock of solution in a bottle fitted with an ordinary cork.

6. A Calcium Chloride \)- Tube.—The form of calcium chloride
tube is shown in Fig. 8. It is fitted with sieved calcium
chloride to within 23 cm. (1 in.) of the
side pieces, and then with coarser pieces
to within 4 cm. (} 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 plecé 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.

Preparation 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

eep a little
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- i . A$ soon as a glowing chip is ignited at
gas-holder oc;‘:;grii:rmdsture, which at first collects there, has
the frontrzréi -the gas jets are turned down and finally ex-
glgggiizd ’ The oxygen is t'hen stopped, and the straight

leium chloride tube inserted into the open end of the tube. '
Ca:greliminal’y Operations.—Grmd up a little pure oxalic
acid, and carefully weigh out 0°I5 to 02 gram (not more) in the
boat. Weigh also the calcium chloride t_ube and po’tash appa-
ratus without stoppers or other accessories. The side tube of
the calcium chloride tube, wh;ch‘ carnies the bulb, is a@tached
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 shoul.d 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 ch.nglng to’the. glass, a
matter of frequent occurrence unless this precaution is taken.
The cork should be kept exclusively for the comhustion. 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 linb of the ealcium chloride tube by a well-fitting piece
of rubber tubing about 3 cm. (1% 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 tlie 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 ot 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 i7 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 wp the
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clip at the back of the combustion ~13/<a \‘micaut' i
» . 10usly removipg-
the stopper from the potash apparat s e

el W 3

way tap from its socket for a moment. \?‘l&l" G & :O‘k't&b

The Combustion.—Turnon the oxygen ang. adjust the }qte
of flow through the apparatus by means of the scre\\»-clip‘so
tl}at "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
and also 2 or 3 burners under the spiral behind the boat, but
not within 5 cm. (2 in.) of the boat. Turn up the gas slowly to
{1v0id cracking the tube and in a minute or two, when the tube
15 thoroughly warmed, close the tiles over the lighted burners
and lLeat to a dull ved heat. A vivid red heat during the
combustion is not only unnecessary, but undesirable, as the
¢lass is apt to soften and be distorted and even to blow out and

FiG. 10,

lbeccome perforated. A combustion tupe carefully handled
should last indefinitely. When the copper oxide is red hot,
turn on the burners very gradually from the spiral towards the
Iroat, but do not close thie two pairs of tiles over the boat until
the comlustion is nearly terminated and the burmers 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 5cm. (1% to 2 in.) from the
furnace, must be kept sufficiently hot to prevent moisture
permanently condensing there ; but it must never be allowed to
becone so hot that there is any risk of the cork being burnt,
and it should always be possible to place the finger and thumb
#Lound the part of the tube where thecork is inserted. A screen
‘made 4rom -a square piece of asbestos board, with a slit in it
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rer the tube at the end of the furnace, may be usecy

slipped o

with advantage. . o .
The speed of the bubbles 1s the best indication of the progresg

of the combustion. If the rate incrons.cs so that the bubble o
passing through the last bulb canot .v:ml}' be (‘tltlll}(:(l, A DM Gy
or burners must be lowered ar c-.\'t.m;,rmshcd 111:|}1 the speacy
slackens. After a time, when the air has 1)(-(-1'1 displaced nngy
carbon dioxide largely fills the tube, the gas 1s nealy all 2]y
sorbed in the first potash hulb. When this occurs, tle currery g
of oxygen may be icreased until the lml’)l)lvs appear synclipe,
nously in the bulbs, when the currcn.t 15 agam checked, g
some copper oxide has Dbeen reduced i the first stages of thhea
process, the bubbles in the potash apparams uity entirely cciusea
for a time, but will reappear when the copper has heen reoxi -
dised. Here again an increased cnrrent of oxygen \\'iu Liastesxy
the process. The comlwustion is complete when w glowing clijy,
held at the end of the potash apparatus is rekindled.  All (e
moisture must by now have been driven aver info the caleinyyy
chloride tube. If this is not the case, warns the ead of the Uil
cautiously with a small flame, or iy means of a hot tile heley
near the tule  The time required to complete the combustieyr
is about one-half to three-quarters of i liowr from the time thy ey
front of the tube is red hot, but »more volatile substances, whic ¥y
must be heated more cautiowsly, will natnrally take longer.

The combustion being camplete, graditally turn down, aml iyqy
a few minutes extinguish, the burners. Whilst the farnace cool s
the oxygen is replaced by a slaw current of air,  “To do this thes
oxygen supply is stopped and the threc-wiuy tap is tnrnect
through 18¢° so as to connect the tulie with the wr vescrvoiy-,
the tap of which is then opened and the stream of air vegnlatecl
by-the screw clip.

Let the air pass through for 20 minutes wldlst the furnace is
cooling down. Then remove and stopper the potash «pparatuiass
and the calcium chloride tube, and after allowing thent to stivzaed
by the balance case for half-an-hour, weigh.

The results are calculated in percentages of curbon ancl
hydrogen as follows :

w is the weight of substance taken.
a is the increase in weight of the potash apparatus,
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4 is the increase in weight of the calcium chloride tube.

12 X @ X 100
44 X w
2X b X 100
18 x w

= per cent. of carbon.
= per cent. of hydrogen.

Example.—o0150 gram of oxalic acid gave 01055 gram of
CO, and 0068 gram of H,0.
12X01055 X (00 1905 per cent. of carbon.
44X 01510
2 X 0°068 X 100
18x01510

= 5°00 per cent. of hydrogen.

Calculated for C,HgO;: C = 19'04 per cent.; H = 476 per
cent.

As a mle, 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 o2 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 hoat like a solid ; if it is hygroscopic the hoat
must be enclosed and weighed in a stoppered tube. If it is a
volatile liquid a glass bulb or tube, chavm out into a neck as
shown in Fig. 11, must be used. The _
bulb is first \velghed and the liquid &= Soa— z
is introduced by warming the bulb &
gently to expand the air and then Fig w.
inverting the open neck under the
liquid. The operation may require repeating. Thetube 1s 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 .Unlil to\\-:n"cls
the close of the combustion. In the case of a 111;,-.I11y \'()lfll)l(z
compound like ether, a combustion tube 1s used, which projects
at least 15 cm. (6 in.) heyond the Dack of th(_: furn:u‘(:. I'le
bulb containing the substance 1s then 1}1;19(:(1 Just outside the
furnace, and then the spiral in contact }vnh 1t A small Liunsen
flame is placed under the end of the spral away from the 1\‘1.11)-
stance, the heat from which is sufficient to completely valatilise
the substance at a convenient speed.

The Combustion of Organic Substances containing
Nitrogen. —The following modification must be introduced
cases where the organic substances contain mitrogen. As the
nitrogen may be liberated in the form of once or other of s
oxides, which are liable to hie absorbed @ the potash ipparains,
a source of error is introduced, which may be eliminated in the
following way. A spiral of metallic copper is bronght nto the
front end of the coinbustion tube, which, when red hiot, reduces
the oxides of nitrogen. The free nitrogen then passes throvgh
unabsorbed. About 13 to 15 cm. (5 to 6 in.) of vuarse
copper oxide is removed from the front end of the tohe, sud
afler inserting an asbestos plug, the space left by the oxide is
filled with a roll of copper gauze 13 to 13 v (5§ to G )
long. The copper spiral must have a clean wetallic surfove,
which is easily produced in the following way. Tike a Lnge
test-tube or boiling tulie, an inch or so longer than the spial,
and push down to the bottom a small pad ol asbestos. Powr in
about § c.c. of pure methyl alcohol.

Have a cork at hand which fits loosely inta tle month ol e
test-tube. Wrap the tube round with a dvster.  1lold the cop
per spiral with the crucilile tongs in a kurge hlow-pipe ke il
it i$ red hot throughout and slide it quickly into the test-tohe,
The methyl alcohol reduces the film of oxide on the copper and
is at the same time oxidised to formaldehyde, the vapors 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. e
spiral, which has now a liight surface, is withdrawn, and (he
excess of alcohol removed by shaking it. 1t must now I
thoroughly dried. Place the spiral in a bard glass tube a few
inches longer than the spiral and fitted at cach end witl 2 cork,
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nto which short, narrow glass tulies are inserted. Attach one
:nd of the tube to an apparatus for evolving carbon dioxide,
vhich is thoroughly dried by passing it through concentrated
sulphuric acid.  When the air is expelled from the tube, heat it
rently until the alcohol is removed. Then let the tube cool
while the gas is passing through. The spiral is then removed
and placed in the front of the combustion tube. The combustion
s carried out in the manner already described, but a current of
Ay is substituted for oxygen until all the hydrogen has been
axpelled, Z.c., until water ceases to condense in the front of the
;ulle. The burners under the metallic copper are then gradually
2xtinquished, and the spiral allowed to cool whilst the curent
of 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
>peration is completed by turning on the air as previously
1_scribed.

A convenient substance to use for analysis is acetanilide, see
Preparation 54, p. I51,

Combustion of Organic Compounds containing
Halogens and Sulphur,-—When the halogens or sulphur
are present in an organic compound, they are liable to be ah-
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 mmst be taken in using lead chromate, that the
temperature of the furnace is no¢ too high, as otherwise the
chromate fuses to the glass, and the combustion tube then
=racks 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 carlion dioxide) and measured.

The following apparatus is required :—

L. A combustion furnace of the ordinary form.
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2. A short furmur of simple construetion, such as vsed in
Turner’s method for estimating carbon in steel (g, 1250 1y
shovld carry am ran troagh abom
30 cm. (12 m.) lony, bxed at sneh
a hepht that it i e heated by
an ordinary lnnsen barmer.

3. A eombuxtion tufe, which may
he rather longer than that nsel
in the estimation of ciorbon and

FiG 1e hydrogen.
&4 2 3hort hard glasx finle, 23
28 cm. (10—11 in.) long, and closed @t ane end.

5. A bent tube with w buld, Dlown m the centre s shawn at
w, Fig. 13 This is attached by mhber corks to the ends ot the
long and short combustion tubes.

6. A grndunted Schiff’s Azofomcter, 19, 13-\ small quan-
tity of mercury.is first poured :nto the bottom af the abe suas
to fill it 4—s5 nun. above the lower side lnmb. A salubiowon of
potash (1KOH : 3H.0) is then ponred into the glass reservair,
which 1s attached to the upper straight side himb by @ mbher
tuhe. DBy rasing the reservoir md opening the tap the b s
filled, and remains so on closing the tap and Towering the reser-
voir.  When the tube is filled with potash solntion theve sheall

Fuz g

hle sufficient mercury at the Lottom to seal ofC (he potash saly
t]({)n from the hient limb, which conncets witl the combustiom
tube.

7- Two flasks, 200 c.c. amd 300 re—The necks are slightly
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constricted in ¢y, blow-pipe flame, so that the end of the com-
bustion tube s};,5s in as far as the constriction (Fig. 14). The
flasks are fittey <x71th good corks.

8. 4 spira; o) copper gause 15 cm. (6 in.) long, which is
reduced in me}ay1 alcohol as described on p. 12, The spiral
should be reqy,ced just before use when the tube is filled
and ready. [y js unnecessary to remove all the alcohol from
the spiral by \ e ating it in a current of carbon dioxide. It is
sufficient to w},isl it sharply through the air
and shake off ¢}y e excess of liquid.

9. Asufficiesp 4 gyecantily of coarse copper oxide
to fill the comly 1 stion tube two-thirds full and a
further quantity, of fine copper oxide to occupy
10—13cm. (4— g in)of the tube.

10. Two sl pllow tin disies, 10—13 cm
(4—>51n.) in dj oy eter for roasting copper oxide.
These dishes an be obtained from the iron-
monger In different sizes and are useful in the
laboratory for 5 -~rariety of purposes, such as for
oil, metal or g5 1 A -~baths. =

11. 4 Squar-e of copper gauze of moderate FiG. 4.
mesh of the area  of the tin dish. It is turned
up at the edg es and is used for sifting the coarse fiom the
fine copper oxicle after each combustion,

12, Pure so Zzzemn bicarbonate, NaHCO,, in powder free from
ammonia. _

Filling th e <Combustion Tube.—A plug of asbestos is
first pushed i;n fr-om one end far enough to leave room for the
copper spital, ~» 11 1ch should lie well within the furnace. This end
of the tube is su I>sequently attached to the azotometer and may
be called the /- 222 end. The coarse copper oxide is heated over
a Bunsen burrner in one of the shallow tin dishes and the fine
oxide in another. Afler about a quarter to half an hour the
burners are extinguished and the oxides whilst still warm are
introduced into their respective flasks with drawn-out necks,
Theflasksare closed with corks and allowed to cool. The back
end of the coxra I ustion tube is now pushed horizontally into the
neck of the csarse oxide flask and the oxide poured on to the
plug by tilting the flask and tube. The tube is filled with oxide
about two-thirds of its length. Into the flask containing the
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fine oxide about 02 gram of powderel sulistance (scetanilide
miey be conveniently used, see Prep. 54, D. 151) is weighed
oat by diffevence from a sample tule, which shonld contain the
approximate quantity. The subsiance is then well mixed witlr
:he oxide by shaking the flask.  The contents of the flask arc
carefully poured into the tube above the coarse oxide m the
manner descrilied and the flask is rinsed ont with coarse axide,
which is likewise poured into the tube until it is filled to the
full length of the furnace. A loose plug of ashestos is pusbed
in to keep the materials in position and the tube is tapped
horizontally on the bencl in order to fornt 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 mosture
at the front end of the tube. The short closed mbe is
well packed with powdered sodium bicarbonate and tapped
lhorizontally so as to forin a good channel above the whole
length of the substance. It is laid inthe small furnace, which
is also tilted forwards to drain off the water which is formed.
The bicarbonate and the comlustion tulies are connected by the
bulb tube already described. The copper spiral is now reduved
and pushed into the front of the tuhe up to the pluy and fawlly
the azotometer is attached hy its hent tuhe. The arrongeounent
of the tubes and their contents are shown in Iigs. 13 and 15.
The Combustion.—The tap of the azotometer is opencd
and the reservoir lowered so as to empty as far as possible the

NaHCOy
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lg)r;i?lrtxaéid Ct:btg. Tlhe Joint_s of the apparatus being well secured,
en?i . t)he tLLll l;Zusv}éhhe.’ihng the bicarbonate necar the closed
by tles miany (:;1 1 eaac }gl,r(;?ccilebuxler, a.rclld concentrate the heat
v tile . rapid stream of carbon di-
l()).L\llndlz ;s ;t] 211;; evo?ved. _ When it begips to slacken, push ti]c
_— Strear; 'i‘hm 50 in order to maintain a continuous and
. e 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 vow 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 Dbe tested. The current is allowed to
slow down a little, and the graduated tube of the azotoneter is
then filled with potash solution by raising the reservoir and
closing the tap. On gradually lowering the reservoir, a few
hubliles will pass up the graduated tube.

Ry the time they reach the top of the tuhe, the size of the
buhlles 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 bicarhonate 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 possille. The
current of carhion ‘dioxide 1s allowed to slacken, hut it must not
le completely stopped. The front portion of the comlmstion
tube will by this time have reached a dull red heat. A few
more burners are now lighted ou 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 descrilied
under the estimation of carbon and hydrogen. The conibustion
is regulated by the speed of the luhhles passing up the
azotometer tulie, which should enalle themto lLe readily
counted. The burners being all lighted and the tube red hot
throughout, the tiles above the substancc are closed. The
current of gas will shortly slacken. The residual nitrogen is
then expelled from the tube Ly moving on the flame beneatls
thie bicarbonate and causing a fresh strean 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 comyiletely 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 Dbubbles are completely ahsorbed. Remove the

COHEN’S ADV. P. 0.C. c
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azotomneter by slipping out the cork fromn the f}'Ont of the com-
bustion tuhe, and hang a thermometer b.e51de it Do not,
however, stop the flow of carbon dioxide un‘tll the.tube is nearly
cold. 1n this way, the copper spiral remams quite bright and
may be used for a second deternination 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 off the
volume, and at the same time note the temiperature aid the

barometnc pressure.
The percentage of nitrogen may be calculated as follows : —

o is the observed volume of nitrogen.
£ is the height of the barometer In mm.

/1s the temperature. .
£ is the vapour tension of the potash solution, which may be

taken 0 be equal to that of water without serious error.

The volume corrected to o° and 760 min. will be given by
the following expression :—
ux273x(B-f)

(273+12) 760
As the weight of 1 c.c. of nitrogen at 0 and 760 mm 1s 6°00126
gram, the percentage weight of nitrogen will be given by the
expression
vX273x (B—~f) ,, 000126X% 100
(273+1) 760 w ’

where 2 is the weight of substance taken.

Example—0206 gram of acetanilide gave 188 c.c. of moist
N at 17° and 756 mm. [ fat 17°=145 min.]

188 x 273X (756 — 14'5) X 0’126 — s
(2734+17) X 760 X 0206 1056 per cent.
Calculated for CHyON ; N=10"37 per cent.

Tastead 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 waler. The vapour tersion is practically #¢Z.  Or, again,
the nitrogen may be transferred to a graduated tube standing over
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water, which gives a resutt free fron. any error arising from incorrect
vapohr tension. The wannee of transferring the gas is shown in
Fig. 16. The stem of a wide finnel is cut off and atached by rybber
to the topof the azotometer. This is then filled with water and the
peojecting end of the azotometer is also filled with water. A gradnated
tube is now bronght over the end, and by opening the tap and raising

the reservoir the gas passes into the thbe. The end is now closed with
the thwinb and transferred to a cylindec of water.

The tube is held Ly a collar of paper, whilst the level is adjusted
and the volnme and {emperntare hoted.

Before commencing a second determination, the contents. of
the combustion tube are emptied on to the wire-ganze 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 liefore to their respective
flagsks. 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 azotomcter, unless
the stronger solution is used.

Estimation of Nitrogen, Secomd Method. —Another method
which dispenses witl 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 i place by a plug of
asbestos and the tube is filled successively with 5 cm. (2 in.} of
coarse copper oxide, then fine copper oxide mixed with the suli-
stance, a further layer of coarse copper oxide, and finally the
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copper spival. The contents of the tube are arranged as shown
in Fig. 17.

The maguesite (MgCO,), which evolves carbon dioxide on
heating, takes the place of the sodiam bicarbonate in the
previous method. The air is displaced at the beghwing by
heating the magnesite near the closed end of the tube. The
magnesite is again heated towards thie end of the combustion to
sweep out the last traces of nitrogen. The disadvantages of
the method are that the magnesite requires to be heated much
more strongly than the sodium bicarbonate before it evolves
carbon dioxide, and the length of the layer of copper oxide is
curtailed.

Kjeldahl's Method.—The organic compound is heated
strongly with sulphuric acid, which oxidises the organic matter
and converts the nitrogen into amnmonium sulphate. The
ainmonia is then estimated volumetrically by distilling with
caustic soda and collecting the gas m standard acid. About
0'; gram of substance 1s accurately weighed and introduced into
a round Jena flask (500 c.c.), together with 15 c.c. of pure con-
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centrated sulphuric acid and avout Io grams of anhydrous
potassium sulphate. The object of the latter is to promote
oxidation by raising the hoiling-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 (3—1 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, 1t is furnished
with a double-bored rubbev cork, through one hole of which a
bulb adapter is inserted (to re-
tain any alkali which inay 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
solution is run in slowly and
the flask shaken. The liquid is then boiled briskly until
no more ammonia is evolved (4—3F hour). This should
be ascertained by testing a drop of the distillatz with ved
litmus paper. If the operation is complete, the liquid is
titrated with half-normal ‘sodium carbonate solution, using
metkyl orange as indicator.

Example—o'5151 gram acetanilide required 17°3 c.c. V)2
sodium carbonate :—

25-17'3=77.

7'7 X 0°607 X 100

T = 10°46 per cent.
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The Halogens (Carivs). —The method of Carius, which is
usually employed, consists in oxidising the substance with fuming
pitric acid under pressure in presence of silver nitrate. The
silver hzlide which is formed is then separated by filtration and

weighed.
f he followi ing apparatus is required :—

A pieve of thick-walled soft fubing about 45—48 cm.
\18—)91’11.) long, and 12—13 mm. inside diameter, the walls
beiny at least 23—3 mm. thick. Tubes of hard potash glass are
also used, in which case the thickness of the walls inay be rather
less. The tule is carefully sealed at one end so that there
is no thickening of the glass at any point into a bloh. If a
Dblob is formed, it may be removed by heating it and blowing

Fig. 19,

gently into the tube and vepeating 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. 4 narvow 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 (156 c.c.),
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
dropjied in to prevent bumping. The acid is distilled with a
moderate flame until about 70 c.c. havé 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 pex-
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 ahove.  1f pare, it is kept in a stoppered bottle. If it
contains chlorine, it must he redistilled over a few crystals of
silver nitrate.  Fuming nitric acid has a sp. gr. of about 1°§ at
15°, boils at about 9o", and contains about 9o per cent, of
HNO, Acid of this strength can be purchased.

4. A Twbe Furnace—Various forms of furnace are used.
Those which are heated on the principle of the Lothar Meyer
hot-air furnace hiy a number of pin-hole gas jets are easily
regulated, and can be raised to a high temperature. The
Gattermaim furnace, shown in the diagram (Fig. 20), is a very
convenient form,
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Filling and Sealing the Tube.—Ly means of a tltist'l‘c
funnel «itha long stem, about § c.c. of funing n1t1:(c acid are first
itroduced, and the funnel carefully withdvawn $0 as

i not to wet the side of the tubq. About 0'5 gram silver
nitrate in crystals is drppped m, and finally the n‘arrow
weighing-tube containing 0'2—6°3 gram of St]l}btallce
is slipped to the bottom of the tube (see Fig. 2).
Bromacetanilide (see Prep. 55, p. 152) may be‘ used
for this estimation. The open .eud of tlu? tulie 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 g}-adually heated by re-
H volving it for several minutes in the smoky flaue of

the blow-pipe. The tuhe is now ‘gmspcd abont the
middle with the left hand, and inclined at an angle of

PG o about 45°. The llast is turned on slowly,' and the end
of the tube heated and revolved until the g:lass begins to §uftcu,
The end of a glass rod, about 1 3 cm. (5 1n.) long, held.m the
right hand, is heated at the same time. The glass rod is then

used to press the edges of the glass tube together, as shown m
Fig. 23  The subsequent operation depends upon whother
soft or hard glass is to be manipulated. If sof glass is used,
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the blow-pipe flaine is made as hot as possible, hut reduced
in length to about §to 10 cin. (310 41n.). It is directed at a
point about 2 to 3 cm. (I 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
appavent mside diameter of the tube is reduced to about 3 mm.
(4 ), the tube is quickly removed from the flame, and a
capillary end formed by very slowly drawing out the thickened
part of the tube (¥i1g.24). When the capillary has so far cooled
as to become rigid, it is sealed off. The tube will now have the

F1G. as.

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, hut drawn out at once into
a wide capillary, about 1} cm. long. By directing the flame
Lelow 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 lhy revolving it in the flame and then
scaled off. Haxd glass is much more easily manipulated in the
oxy-voal 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 opien 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. Thetemperature, indicated
by a thermometer fixed in the top of the furnace, is carefully
regulated. It is advisable to commence the operation in the
moming. The temperature is gradually raised from 150° to 200
during four hours, and then to 230° for a further four hours. The
gas is then extinguished, and the tabe allowed to cool until the
following morning.

Opening the Sealed Tube.—The tube is drawn a Iittle
way out of the iron casing, so that the capillary end projects
3or 4 cn.  The tip is then warmed caatiously in the Bunsen
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, 02z 7o
account st the tube be removed from the furnace before rhis
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 cin. below the capillary. The end of a ylass
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 tlie 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 liroken
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 mixtiwe 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 ait with a cork catter of suitable dimensions
to fit the bottom of the crucible, which is dried with the cruicible
m a Victor Meyer air-bath (Fig. 26) heated to 140—150° 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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o the outer jicket mud the vapours arc condensed by an
pprivht condenser or tulie which is attached to the outlet tule,
The crncible is  placed within and x
covered with a metal hd. There 15 a
small aperture to admit an- from below
mto the inner vessel and a corresponding
ontlet in the lid.  Aniline, b.p. 1827
vy be used i the outer jocket in the
present case. The Gooelh erueble is
weighed and Atred to a Nlter flask and
the silver halide ltered and washed at
the puap. T'be erneible is ‘then heated
in the atr-bath \mil the weiht 18 con-
stat (4 hour) ad weighed. The re-
sult s calenlated  m o percentage of
lulogen.

L gle. - Bromacetanilide gave the
Tollowing result -

0131 gram gave 07134 gram Ag B
0134 % 8o x «n
188 x 0 (51

Cideulated for ColLBrNO 5 Br=3738
per cent.

Another Method (Piria and Schiff).—There are some
snbstances which are incompletely  decomposed with faming
nitrie acid ander the conditions desceribed ahove, and the results
ave consequently too low.  In such cases the following method
may he employele The substice is weigbed into a very small
platinum crucible, which is then filled np with a mixture of
anhydraus sodiunn carbonate (¢ paiiy and pure powdered quick-
lime (4 to § parts). The crucible is then inverted in a larger
arncilile, the space between the twa heing filled with the same
mixture of sodim ciarbonate and lime.  The large crucible is
now heated, first with a small Dlow-pipe flime, and then
more strongly untl the mass is red hot. The contents are then
allowed to cool, and dissalved 1y o lage excess of dilute nitric
acid. The substance must he added slowly and the acid kept
caol. “The halogen is then jnecipitated with silver nitrate and
estimated in the usual way.

=2 37°51 per cent.

P a0,
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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-
phuricadd is then precipitated and weighed as barium sulphate.
The same quantities of acid and substance (diphenylthiourea
may be used ; see Prep. 61, p. 139) 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 Lieaker, and filtered, if necessary, from fragments of glass,
The filter paper is then well washed with hot water and the
filirate 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 precipitate sulisides. 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 :—

02518 gram gave 02638 gram BaSO,.
02638 X 32 X 100

233 X02518
Calculaied for CXUHmN_S ; S=14'05.

=14"39 per cent.

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

W,

wy -
m which W, and W), are the weights of equal volumes of
substance and 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

A=
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one atom of hydrogen. Consequg\tly the observed density
aust be mnultiplied by two in orde oL”\ta)}hthc_rm]_eocﬂa/r
weight compared with one atom of hydrdyen. GALOR =

Vapour Densﬂ;y Method (Vlctor Meyer) ~=This
method, which is generally employed for substances which
volatilise without decom-
position, is known as the
atr displecemcnt 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—50°
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 Aﬁ
parafus as shown n
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 Dbe pressed easily and
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 intraduced
into a small stoppered glass bottle }{nown as a Hofmann Dbottle
‘see Fig. 28). The dry bottle \\’1t11. thc‘ 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 hottle reweighed. It should hold about
o'1 gram of substance.

3. A narvow graduated fube holding 5o c.c. and
divided into tenths of a c.c.

4. A large crystallising disk which serves as a gns

trough.

5. A long and wide cylinder \nwhich the graduated
tube can be submerged in water.

6. A Bunsen burner with chimaucy.

The apparatus is set up as shown m 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
bull. 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 Hofimann 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 tulie is filled with water and
inverted under the water in the crystallising dish and clamped
there until required- The bumner protected from draughts by
the chimney is lighted under the outer jacket and the displace-
ment apparatus left open at the top. To avoid nconvenience
arising from the steam, a split cork, into which abent glass tnhe
is inserted, is pushed loosely into the open end of the jacket.

Whilst the water is boiling steadily and nat too violently, the
substance is weighed. Chloroform, lup. 61° 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 watcr.
Before introducing the bottle and liquid, the apparatus must
be tested to ascertain if the temperature is constant. As
arule } hour’s boiling suffices. Push in the rullier cork and
note if within the next minute or two any bubbles escape. If
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not, slip the graduated tube over the end of the side tube, and
carefully remove the rubber cork so that no water enters the
stem throngh the capillary. Remove the stopper of the
Hofmann bottle before dropping it in, and at once wsh in the
cork. Very shortly a streamy 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 3 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, # the temperature, B the barometric
pressure, and f the vapour tension of water at #°, then the
corrected volume is given hy the formula

v X (B-f) %273

T760 % (273+1)

This multiplied by 0°00009, the weight of 1 c.c. of hydrogen,

gives the weight of hydrogen occupying the same volume as
the vaporised substance, from which the density A=MK’S is
"
obtained.
Example.—The following result was obtained with ether :
01146 gram of ether gave 36'3 c.c. at 11° and 752 min. /= 10
mm. at 11°

363 X (752 — 10) X 273 X 0°00009 _ 600306,
760 x 284
o114 _ o,
0°00306 374
Calculated for C,H,(0: 4 = 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. 140°,
aniline, b.p. 182° ethyl benzoate, b.p. 211°, amyl benzoate, b.j1.
260°, diphenylamine, b.p. 310° &c. A Lothar Meyer air-bath
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(Fig. 29) is, hoswever, ;nuch more convenient for obtaining con-
stant temperaturés up to 600> It consists of three concentric
metal cylinders, the outer one beinyg coated with non-conducting
matevial. They are so arranged that the heated air from z
movable ring burner passes be-
tween the two outer cylinders
(shown in section in the Fig),
and descends to the hottom 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
clamnped in the interior cylinder,
and a thermometer is fixed be-
side it

The vapour density of freshly
distilled aniline, b.p. 182° may
Lie determined, the temperature
of the air-hath heing adjusted
to about 240°. The adjustment is made by raising or lowering
the flame, or by altering the position of the movable ving
burner.

Example.—o1229 of aniline gave 31 c.c. at 7°5° and 750 nun.

A = 45°87.
Calculated for C;H,;N ; A = 4675

The Cryoscopic or Freezing-point Method (Raoult).
—This method depends upon the fact, first demonstrated by
Raoult, and afterwards confirmed on tkeoretical grounds by
van’t Hoff, that the original freezing-point of a given quantity
of liquid is lowered the same nuinber 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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bt]
respectively, of four different substances, the molecular weights
of these substances will be in the raticof 1:2: 3: 4. In orde:
to convert these ratios into true molecular weights, the numbers
must be nmwltiplied 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.!

If w 1s the weight of substance and J# the weight of solvent,
/Z the depression of the freezing-point, and £ the coefficient for
the solvent determined for the standard conditions, ze., for the
weight of substance, which produces 1° depression in 100 grams
of solvent, the molecular weight 47 is given by the following
expression :—

solvent to be lowered 1° by dissolving 1, 2, 3 and 4 grams

1/ = 100 2.
M=

The values of £ for some of the cominon solvents with their
melting-points are given in the following table :—

| m. p- A
Water... . } o 185
Nilrohenzene ... ©53 70'0
Benzene ! 54 500
Acetic acid | 17 39°0
Phenol... T 40 | 720
2-Toluidine | 425 51°0

It should be remtembered that nitrobenzene, phenol, and acetie 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

Y Lide van't Hoff, Ztschr, phys, Che,, L. p. 48t ; Osiwald, Outlites of Geneval
Chenistry, chap. vi. p. 139 ; ). Walker, [néroduction to Plysical Cheruistry, chapc
xviil p. 176.

COHEN’S ADV. P, 0.C. b
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furnished with a side tube, for introducing the substance, but itis
not necessary. lt is provided with a stirrer. A Beckmann
thermometer completes the apparatus.  This is fixed through a
cork so that the hulb
nearly touches the bottom
of the tube, a wide slit
being cut in the side of
the cork for moving the
stirrer, The Beckmann
thermometer is of special
construction and requires
explanation. As the
inethod mvolves 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 thermoneter regis-
ters 6 degrees, which are
divided into hundredths.
The little glass reservoir
at the top (e, Fig. 30)
serves the purpose of
adjusting the mercury
column to different parts
of the thermometer scale
by adding or removing
mercury from the bull,
Freezing-point De-
termination. — In the
example to be described,
Fic. 0. pure lLienzene (see p. 136)
is used as the solvent.
Carzfully dry the inmer 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 liulb 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 lienzere 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 mevcury detached by gently
tapping the head of the thermometer withoutremoving the bulb
from the water. T'he temperature on the ordinary thermometer
is noted and is again read off when the mnercury 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
hieen determined and equivalent to 2° and the freezing-point of
Lienzene to be about 4°, the thermometer degrees may in thiscase
be made to coincide with the Beckinann degrees, which will bring
the thread of mercury well up the scale.  The bulb of the thermo-
meter will therefore vequire 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 dawn to the oxifice 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 hulb. When sufficient mercury has been added the thermo-
meter 1s 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 @ water and warmed to that tempera-
ture + the number of degrees on the scale above that point
+ 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 fora moment. As soon

D2
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as crystals of the solvent begin to separate the inercury thread
will shoot up. Keep stirring occasionally and tapping the
thermometer, and read off the maximum point reached by means
of alens. 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 replaceit in the apparatus.
Repeat the experiment, cooling the solvent not niore than o-2°
below its freezing-point before stirrmg. Make two or three
determinations 1n this way. The results skould not differ by
more than o'01°. Fuse some naphthalene in a basin and break
it up to small lumps or mould into pellets (p. 39). Weigh a
piece of about 0'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 Dbefore.
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 lienzene will be approximately
the mean of the first and final weighings.

Example.—Using the sane solvent and adding successively
three lots of substance (naphthalene), the following results were
obtained :—

w, w. a. A Mean.
1 ) 00985 97 0403 ) 126 }
2 00729 . 0308 1232 (1253
3 0°1193 ” 0486 126°8

Calculated for C,jHg; 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 Beckmanm type but divided into twentieths of degrees.
Phenol, m.p. 425% 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 § 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 0°5° to 1° below the point previously ascer-
tained. It is now shaken until crystallisation sets
in, and then occasionally until the maximun 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 flaine 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. Thethermometeris replaced, and any phenol which
may have run out is wiped off from the outside of the vessel, which
is then ve-weighed. The freezing-point is determined as before.

The FEbullioscopic or Boiling-point Method
(Raoult).—The boiling-point of a liquid is found to lie 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 7aised the same nunber of degrees by dissolving in
it the same number of molecules of different substances, or, in
other words, such weights of these substances as represent the
ratio of their molecular weights. These facts were first clearly
demonstrated by Raoult.

Statical Method.—The most convenient form of apparatus
for determining molecular weight by this method is Beckmann’s
boiling-point apparatus shown in Fig, 32.
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. .. ' of wh .
It consists of a boiling-(ube, through the botton? 1N’lch a

stout platinum wire is sealed, which is intended
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Fic. 32.

vided with two windows of mica.

vort QQI'\duct
external 1¢ to the
liquid ancl
bles al “"  Doint.
Above th¢ is a
layer, 3
de>ep, of L1855 agngg
The ohj¢ ' othe
beads is t© Dreay up
the bubbles 14 sq pre-
vent supcr 12 cating ong
irregular Loilng’ To
the side 111320 2 peq
condenser 9 2tacpeq
to condense the va-
pours give !t off uring
the boiling- A Beck.
mann thet1310Mege. o
inserted through ¢,
mouth of  the e
This thet1110MEter g
similar in  COUStruction
to that usccl for freez-
ing-point determin,.
tions, but 1t has a
smaller 1)1111}. The
hoiling-tul><: 15 placed
in the coxtrad  cavity
of a hollow glass or
porcelain jarcket, which
contains the  same
liquid as the boiling-
tabe and 15 also pro-
vided witly v condenser.
This jackcet prevents
radiation framthe boil-
ing-tube. It is pro-

The jacket is «luimped ona

gauze ring supported on a square tray of asbestos plirced 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 lurners 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 loiling-tube. Two asbestos chimneys
arc fixed upright at the diagonal corners of the tray to carry
off heated air and two burners are placed below theother two
corners. The hoiling-point of the solvent is first ascertained.
For this purpose lLenzene may be nsed. 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 hulb must be placed in water warmed gradually
6°—7° alove the boiling-point of benzene, and the bead then
detached as already explained in the description of the freezing-
point method.

The boiling-tuhe is carefully dried and weighed with the
heads.  Sufficient lienzere is ponred in to cover the bulb of the
thermometer, which is pushed down a little way into the beads,
The condenserisattached to the side limb. A layer of 1—2 cm.
of lenzene is poured into the outer jacket, and the condenser
fixed in position. The same water supply may be made to
traverse botly condensers.  The two burners under the tray are
lighted and the temyperature regulated so that the benzene in the
onter 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  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, 7.e., does not vary more than o'o1°.  As
the atmospheric pressure may produce considerable variations in
the veading, it is inportant to observe the barometer occasionally
uring the expieriment, and to make a correction, which is about
0'043” for every I mm. below 760.

The temperature being constant, a pellet (0'I—o2 gram) of
fused naphthalene is carefully weighed and dropped into the boil-
ing-tube through the condenser withoat interrupiting ¢he boiling.
These pellets are conveniently made in a small bullet-mould.

T'he boiling-point will rise and after a few minutes will remain
stationawy.  The tenperature is noted. A second and third
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determination may be made Dby 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 100 grams of solvent 1°, 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 :—

[ bp. | & bp | A
Ether ... 35 | 211 Ethylaleohol ...| 78 1175
Acelone ... .. §6° | 17°1{ Benzeme .. .| 79°|261
Chloroform oo 6I° | 366 | Water ... o] 100° | 52
Methyl alcohol ... 66° l 88 | Acetic acid . 8 1253
Ethyl acetale ... 77° | 26-8 ( Aniline ... .| 184° | 3272

The molecular weight is determined from the formula
M = oo hw
aw

in which w is the weight of substance, W that of the solvent,
d the rise of boiling-point, and £ the coefficient.

Ezxample—Using the same solvent and adding successively
four pellets of naphthalene, the following results were
obtained :—

w w. d M. Mean.
I 01866 21°313 | 01185 126°6
2 01893 ’e 0185 128 3 ]»128'
3 01860 ' 0183 126°0 J 3
4 | orgo ) o180 132°4

Calculated for C\yHy: M = 128,

A simpler and more convenient form of Beckmann apparatus,
requiring much less solvent and giving equally accarate results,
isshownin Fig. 33. It consists of a boiling-tube furnished with
two side pieces, one of which is stoppered and serves to
introduce the substance and the other acts as a condenser. The
boiling-tube stands on an asbestos pad and is surrounded by
two short concentric glass cylinders surmounted by a mica plate.
The other parts of the apparatus are similar to those in the older
form and the process is conducted in the same way.



DETERMINATION OF MOLECULAR WEIGHT 41

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

. . a. a7 Meap,
02072 1 874 \ 0483 Brr o)
2 | 02072 874 0485 1276 § 12973

Dynamical Method.—-A third, somewhat different and
less‘ accurate, method for determining the boiling-point is one
devised by Sakurai and
modified by TLands-
berger and later Dby
Walker and Lumsden.
The  apparatus of
Walker and Lumsden
is shown in Fig. 3i4
and consists of three
vessels, a boiling flask,
A, a tulie, B, graduated,
in c.c. and an outer
jacket of glass, c. The
boiling flask is pro-
vided with a safety
tube, D, and a Dbent
tube, ¥, which is con-
nected with another
bent tube, F, passing
through a cork to the
bottom of the gradu-
ated tube, B. A ther-
mometer graduated in
tenths is  inserted
through a second hole
in the same cork. Theve is a small hole at G in the graduated
tube below the cotk througli which the vapour of the boiling liquid
escapes into the outside jacket, and is condensed by a condenser
not shown in the diagram. The outer jacket, C, is attached by a
cork surounding B, A small quantity of solvent (5—16 c.c.) is in-
troduced into the tube Band a larger quantity of the same solvent
into the boiling flask, o. The vapour from A passes into B and
raises it to the boiling-point, which is read off The excess
of liquid which has condensed is poured out. The weighed

Fuw 35
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substance is introduced and the boiling continued. When
a steady temperature is reached, the new boiling-point s
determined ; the tube is immediately discounected from th.e
flask, the flame removed, and the volume of the solvent 1s

read off as accurately as possible. By repeating the process,
several determma-

tions may be car-
ried out with the
same solvent and
the same materal.
The weighing of
fresh solvent for
each estimation of
new portions of
substance 1s also
avoided. Themnmn
precautions to be
taken are (I) to
ensure steady boil-
ing 1n the flask, A,
by introducing frag-
ments of porous pot,
and (2) to conduct
the boiling at such
arate that the drops
fall slowly and re-
gularly from the
condenser. Thein-
accuracies of the
method arise from constant change of concentration throughout
the operation and from impuvity in the solvent, thie boiling-point
of which will have a tendency to rise as the distillation proceeds.

Examples.—
. Volwme of sofuent.t a. M. Menn.
I l 0°8109 grut. (urea) | 17°5 c.c. («lcohol) 1 1'04° | 691 G
2 o089, 31 os2 | 65§ V7
. Calculated for CON,H, ; M=6o.

1 The constants for liquids a¢ the boiling-point (== constant divided by the specilic
gravily of the solvew at the boiling-poiwt) are as follows :—
Alcohol ... ... 560 Acetone ... .. 22770
Ether .. .. 303 Chloroform ... 260
Waler ... . 540 Benzene. ... ... 32'80

Fia. 34.
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Although the Dboiling-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 bemg 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, Z¢. 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 shght 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 ntrate solution (3—4 grams AgNO.). 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 rulilier tubing well wired at both ends. The
joint is wrapped round with cloth or leather wired on to the
vubber. The side tube of the aspirator is connected by puwnzp
tubing to an empty filter flask or liottle by means of a glass tap.
A second glass tube or side piece is put in connection with the
filter flask by weans of ruliber tubing.  The olject of inserting
a vessel. between the pump and the filter flask is to prevent
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water rumning back when the aspirator is stopped. DBefore

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
ressure. ) ‘ )

d Use a porcelain funnel and filter flask, dlfferent sizes of wh].ch

are shown in Fig. 36. The bottom of the funnel is covered with

a disc of filter paper.  After filtering, wash three or four times
with a little cold water,

press the precipitate
well down and let it
drain. Remove the
precipitate and spread
it on a piece of porous
plate, and place it in
a  vacuum-desiccator
over sulphuric acid.
There are several 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 theairis 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 he
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 0’3 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.
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If W is the weight of salt, @ the weight of silver, and # the
basicity of the acid, the molecular weight of the silver salt 1s
delerminedfrom the following formula :—
Wx 1037

i .

16

The molecular weight of the acid is then obtained by deduct-
ing # atoms of silver and adding # atoms of hydrogen.
E: rample—o3652 grm. silver benzoate gave 01720 grm.
silver.
EO,S_X_PEES_Z - 108 + 1 =1222
0’1720

Calculated for C;HO,; M = 122

Molecular Weight of Organic Bases

Determination by means of the Platinum Salt.—
The organic bases form, like ammonia, crystalline chlovoplati-
nates with platinic chloride of the general formula B.H,,PtCl,
By estimating the amount of platinum present in the salt, it is
possible to calculate the molecular weight of the platinun: com-
pound, and consequently that of the base.

Dissolve about 1 gram of an organic base (brucine, strych-
nine, quinine, &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 aniling, it must be washed with strong hydrocliloric 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 waslt 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 o5 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
malter is completely bumt away. Cool the crucible in the desice
ca.or and weigh.
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The molecular weight of the salt is calculated from the weight
w of the platinum, and ¥ of the salt, according to the formula
(the atomic weight of platinum being 195) :—

W x 195
—

To determine from this the weight of the base, it is necessary
to deduct from the nrolecular weight of the salt that of H,PtCly,
and as two molecules of the base are contained in the salt,
the result is halved.

Example—o7o10 grm. of aniline chloroplatinate,

(CeH;NH,),H,P(Cl,,
gave 0°2303 grm. platinum.
0'70¢0 X 195
02303

S_Q‘E_:io.gg = 92°I5.

= 594'2. M. W. of the salt.

Calculated for CgH;N ; 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 he made in a test-tulie with a
small quantity of the substance. This is especially necessary in
crystallisation where the ¢uantity and character of the solventare
unknown. A vast amount of time and material is thereby spved.
A small stock of clean and dry test-tubes (5 x § and smaller sizes)
shonld always he 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 hiench, is indispensable.

Select vessels of a size appropriate to the quantities dealt
with. Neveruse 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
descrilied 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 bench. 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 asferisk occurs, it signifies that the operation must
be conducted in the fume cupboard.

Whilst the preparation isin 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 reduce(l pre:*Surc ... 43
Crystallisation e 52
Fractional crystallisarton- ... e 122
Sublimation ... . .. 226
Determination of meltmg pomt A £

Liquids.
Dehydration... . .. 56
Deterrination of boiling- polnt e .. 58
Distillation under redaced pressure . 84
Distillation in steam ... ... 107
Fractional distillation = ... .. 136
Deteymination of specific gravity ... ... 56

Liguids 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 absalute alcohol as a solvent
after undergoing a process of puriﬁcat-ion 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 Ze., 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 houx, 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 86° A further
purification may be effected by
adding a little powdered permnan-
ganate of potash and by a second
distillation, lut this is rarely ne-
cessary. The same method of
purification may be applied to
over-proof spirit, which will hence-
forth be called spi7if as distinguished from the purified product
or absolute alcohol.

Ethyl Alcohol, C,H; 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 o'5 per cent. of
water.

Properties—DPure ethyl alcohol boils at 78'3° and has a
sp. gr. of 0793 at 15°. It mixes with water in all proportions

COHEN’S ADV. P.O.C. E
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Reaction—A delicate test for ethyl alcohol is the zodoforimn
reaction. Pour a few drops of alcohol into a test-tube and add
about § c.c. of a solution of iodine in potassium iodide, alxq then
dilute caustic soda solution until the iodine colour vanishes.
Shake up and warm very gently to about 60°. If no turbidity
or: precipitate appears at once, set the test-tube aside for a
time. Yellow crystals of iodoform will ultimately dcposit, which
have a peculiar odour, and a charactevistic star .sllqpc \\r'h'cn
viewed under the microscope. The same reaction 3s given with

FiG. 39.

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

PREPARATION 1.
Potassium Ethyl Sulphate, C,H;0.50.,0K
Dabit Ann. Chin. Phys. 1800, (1) 34, 300 ; Claesson, /. prakt.
Chem. 1879 (2) 19, 246.
70 grms. (87 c.c.) ahsolute alcohol.!
50 , (27 cc.) conc sulphuric acid.
The alcohol is poured into a round flask (§ litre) and the
sulphuric acid is slowly added and well mixed by shaking. A
L For the preparatiou of melhyl potassium sulphate the same quawity of wethy!

alcohol is used ; i olher respécts the two processes are idewlical. Tle yield &=
45—50 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 \\_/ater-bath and heated for 2—3 hours.  The product
now contains in addition to ethyl hydrogen sulplate, free sul-
phuric acid and unchanged alcoliol.  The liquid on cooling is
poured into 4 litre of cold water in a large basin and well stirred.
[t 1s 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

calcium salt. The nixture 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
Lefore 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 spirit.!

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 i1s 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' 1 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 inay 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
1s present to prevent the substance separating at a temperature
at which itis still liquid. The interval of temperature may be
incveased after the solution has reached the ordinary tempera-
ture, by cooling it in a freezing mmtu:e when some of the
solid will be dep051ted

In the present instance spirit or methylated spirit (purified)
will be found an efficient solvent for potassinm ethyl sulphate.
The following is the mode of procedure when a volatile or in-
flammable solvent is used : the substance is placed in a vound
flask attached to an upright condenser and heated on the water-
bath. The form of apparatus is that already described (see Fig.

f ;}nethylated spirit is used it must be purified according to the method described
en p, 4
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4©-) Smnall quantities of spirit are added and kept boiling until
a solution is obtained. A small quantity of impurity may remain
wndissolved. The hot solution is at once decanted or filtered

FiG. 41.

through a fluted filier (Fig. 41) or hot water funnel (Fig. 42)
i to a beaker and allowed to cool.

A fluted filter is made by first folding a large circular filter
paperin the ordinary way. It is then half opened out and the
tvvo quadrants folded towards the middle line (see a, Fig. 41),
“I s makes three creases with the hollows on the saine side.
“T he filter is now turned over and each section folded down the

FiG. 42.

centre so that the hollows of the four new creases alternate
with the ridges of the three others as shown at 4 The papexr
when opened now appears like ¢.  The (wo rectangular flutings
inadicated 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 stent of which is cut off short as shown at 4.

A hozwwaler funnel is shown in Fig. 42. It conmsists of a
jacketed metal funnel, with a projecting metal tube. The vessel
is partly filled with water which is hoiled by placing a small
burner under the end of the tube. The glass funnel is placec
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 oveér the
arystals 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 :

. G011 + H,80, = GII,SOH + H,0
Ethyl hydrogeu sulphate.

2C,H,SO,IT + CaCO; = (C,11,80,),Ca + H,0 + CO,

Calcium eshy! sulphate.

3 (C,H;S0).Ca + K.CO; = 2GH SO K + CaCO,.
= - Dotassiunt ethyl sulphate.

!J

Properties.  Colourless, foliated crystals ; easily soluble in
water and dilute alcohol, less soluble in absolute alcohol.

Reactions. 1. Dissolvea little of the recrystallised saltin 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 solation 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 Appendiz, p. 234).

PREPARATION 2.
Ethyl Bromide (Monobromethane), Co,H,Br.

De Vrij, Jalresber., 1857, 441,

00 grms. potassium bromide.
100 ,, (54 c.c.) conc. sulphuric acid,
60 , (75 c.c)..absolute alcohol,
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e — —

Fit up the. apparatus as shown in Fig. 43.  The distilling
fask should have a capacity of not less than 1 litre, and is
attached toa long condenser. An adapter is fixed to the ex.d 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 fived 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

e, 43.

drops of colourless liquid, distils and collects at the bottom of
the receiver. Ifthe liquid threatens to froth over, the flask must
be raised from the sand-hath 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
(38-39%, 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 qthyl
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 2
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 canbe readily remov ed fromliquids
by adding a solid lLiygroscopic substance which does not act
chemically upon the liquid. The common
dehydrating agents are calcium chloride,
potassium  carbonate, sodium sulphate
(anhydrous), quickline, &c. Alkalis can-
not of couwrse be used for dehydrating ox-
ganic acids, nor can calcium chloride be
employed in conjunction with alcohols or
organic bases, with which it combines. In
the present instance 1t 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 lelow the
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
asecond). The temperature is noted and the portion boiling at
35—43° collected in a separate flask. This consists of ethyl
bromide which may contain a little ether. Yield 75—80 grams.

C,H.OH + H,50, = C,H,. H.SO, + H,0.

Alcohol. Eihyl hydrogeu sulphate.
C,H,H.SO, + KBr = C,H,Br + KHSO,,
Etilyl bromide.

Properties—Colourless liquid ; b. p. 38:8°; sp. gr. 147 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. 43).

The bottle is thoroughly cleaned and dried by warming and
aspirating air through it, after which it is allowed to cool ancl
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 tohalf an
hour, until the contents have a temnperature of 0°,
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 somne of the liquid has to be
removed, a thin roll of filter paper may be
inserted which will absorb it. The Dbottle 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 ¢° the mneniscus
adjusted and the Dottle weighed, the sane
process being repeated as that just described.
The following expression will give the specific gravity of the
liquid at o° compared with water at 0°:—

F6G. ¢5.

Wy — W,
Wy — W

A=

Where w, = weight of empty bottle,
Ty = » bottle.and water at o°
7y = ’ bottle and liquid at o°;

or, if compared with water at 4° the above number must be
multiplied by the density at 6° = 0'999873.

A very delicate and useful piece of apparatus, which is
readily made with the lhlow-pipe, is Perkins’ modification of
Sprengel’s pyknometer.! It is especially adapted for small quan-
tities of liquid and for the more volatile ones. The apparatus
(Fig. 46) consists of a {J-tube to hold from 2 to 1o c.c., drawn
out at each end into a fine capillary. The one capillary liinb, 4, is
bent outwards and is furnished with a sinall bulb ; the other, &,
is bent at a right angle with the first. On the lunb «, between
the bulb and the top of the U-tube a mark is etched. The

1 Trans. Chent. Soc. 1884, 48, 421,
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tube is dried and weighed, and the liquid drawn in .through the
limb 4, until it half fills the small bulb on the.hmb a. The
apparatus is cooled in ice and water, anFl the meniscus adJustefl
to the mark on « by tilting the tube until the' lunb 4 has a hori-
zontal position, To the end of this limh a piece of ‘ﬁ.lter paper
is applied, until the liquid sinks to the desired position in the

Fic 46.

limb a. The U-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 tubeempty . . . . . . . .. 6'242 grams
+ ethyl bromide at o® . ., 9472,
+ waterato®. . , . , . 8417,

o 3230
A= =0999873 x 2297 = 1-48¢.
¥ 99907 3 >175 495

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, Z.¢.,"one that has heen calibrated, and the 6° and 1007
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
fucther 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'000154.

Where T = apparent temperature in degrees.

temperature of a second thermometer, the bulb
of which is placed at half the length N ahove
the vessel.

lengtly of the mercury column in degrees from
above the vessel to T.

0'000154 = apparent expansion of mercury in glass.

N

This correction may be avoided by using short (Anschiitz)
thermometers, in which the mercury thread is entirely immersed
in the vapour. A rougli correction for points above Ioc® may
be made hy determining the boiling points of pure organic
substances, such as naphthalene, 2166°, &c.

PREPARATION 3.
Ether (Diethyl Ether, Diethyl Oxide), (C,H;),0O

V. Cordus (1544) ; Jowran. Pharm., 1815, 1, 975 Williamson,
Phil. Mug. 830, (3) 37, 350.

150 grms. (80 c.c.) conc. sulphuric acid.
85 ,, (110c.c.) absolute alcohol.

A distilling flask (3 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 distiiling 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—145° When
about twice the quantity of alcohol contained in the original
ntixture 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

¥iG. 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
samme 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 distiling 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 vetains 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 35°

C,H;0H + H,S0, = C,H,SO,H + H,0.
C,H;SO,H + C,H,0H = C,H,.0.C,H, + H,S0,.

Droperties.—Colourless, mobile liquid 5 b.p. 35°; sp. gr. 07720
at 15°; hurns with a lwininous flame ; not miscilile 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
Appendiz, p. 236.

Commerclal Ether is nade from methylated spirit and
contains alcohol, water, and other impurities, and for many

IMue 43,

reactions requires to be purified. The following method of punifi-
cation may be employed. The ether is di§tilled over a lltt}e
coarsely powdered caustic potash, then placed in contact with solid
calcium chlotide for several hours, and finally decanted and
treated with metallic sodium. It is convenient to use a soc%ium
knife (Fig. 48) or press (Fig. 49) for preparing the sodium.
In the former the metal can be cut into very thin slices, ar}d
in the latterit is pressed into fine wire through a circular steel die,
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It must be remembered that ether is highly inflaminable, and
also exceedingly volatile, and great care ‘shquld be taken that
no flame is in the neighbourhood of the liquid. It must on no
account be distilled over the bare flamne, but always froni the
water-bath, and then with a long well-cooled cgndenser. The
distillation of large quantities should be avotded as far as
possible. In such cases it is convenient to employ a distilling
flask of moderate size (250 c.c.), and toadd, 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 distdlation.

PREPARATION 4.
Ethylene Bromide. CH,Br. CH,Br.

Balard, Ann. Chim. Phys. 1826 (2), 32, 375 ; Erlenmeyer.
Bunte, Annalen, 1873, 168, 64.

25 grmis, (30 c.c.) absolute alcohol.

150 , (80 c.c.) conc. sulphurtc 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.) conc, sulpluric
acid.

Fitup an apparatus as shown in Fig. 50, It consists of a
round flask (2 litres), which is furnished with a doulile-borecl
cork. A tap-funnel is inserted through one hole and a delivery
tube through the other, hy which it is connected with two
wash-bottles with safety tubes. A useful forms of wash-bottle is
that shown’in Fig. 50 and in section at . 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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ff)]‘nl 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
150 grams of sulphuric acid is run into the large flask containing
a thlc dry sand and heated with a small flame on the sand-bath
until a steady stream of gas is evolved. When this occurs the
nuxture 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,
wlnch, however, cannot altogether be avoided. A considerable
quantty of sulphur dioxide which is evolved with the ethylene

is removed by the caustic soda in the wash-bottles. If the
water surraunding 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 brommine and reduce it to hydrobromic acid. If the
pressure in the apparatus causes a back rush of bubbles
thirough 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 hoth 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, scparated from the aqueous layer and dehydrated
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over small picces of calcium chloride. 1t 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)- H,0=C,H,
C,H,+Br,=C,H Br,

Progertics.—Colourless lignid, which solidifies, at o° 10 a
crystallive mass and melts at ¢° ; b.p. 131°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 chloride! 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 (C,H,Cu,H,0) is pre-
cipitated from the cuprous chloride solution,

C,H,Br,+2KOH =C,H, + 2KBr+2H,0.
Acetyleue.
See Appendix, p. 237.
PREPARATION 3.

Acetaldehyde, CH,.CO.H

Liebig, Annalen, 1833, 14, 133 ; Staedeler, /. prakt. Chen.,
1859, (1) 76, 54.

100 grms. potassium bichromate
420 c.c. water,

A mixture of 100 grms. (125 cc.) absolute alcohol
and 140 grms. (75 c.c.) conc. sulphuric acid.

100 c.c. methylated ether, whiclk has leen left to
stand over solid caustic potash for a few hours, and
then distilled off from the water-bath.

A round flask (14 litre) is provided with a double-hored cork.

L Auvnoniucal cuprons chloride is made as follows : Boil wp copper oxide and
metallic copper with conc. hydrochloric acid for a short time until the liquid
is nearly colowrless, and pour the liquid into water. The white cuprous chloride s
washed once or twice by decantation and dissolved in a strong solution of ammoniua

chllor}de. When required a little ammonia is added sufficient to give a clear blye
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
sl.mul(l lLie tight, as a small leak will considerably diminish the
yicld, The potassium bichromate in small pieces and the
420 cc of water are placed in the flask and gently warmed.
I'he flame is then vemoved, and the mixture of alcohol and

FiG. su

sulphuric acid, which may be used warm, is slowly added from
the tap-funnel. The flask is occasionally shaken. A consider-
able vise 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 hy remnoving the cork from the flask and noticing
if the smell of aldehyde is still perceptible. The distillate isnow
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 mto 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,

CH,CH.OH.NH, The apparatus
for preparing the dry ammonia is
shown in Fig. 52, The flask contain-
Ing strong ammonia solution 1s 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 descrilied 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 1} parts of concentrated sulphuric acid and 2 parts of water,
the receiver lieing well cooled in ice. The temperature of the
water-bath is gradually raised until the water hegins to hoil,
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 30°. Tbe anhydrous
aldehyde is kept in a well-stoppered lottle.

3CH;(OH) + K,Cr0; + 4H,80, = 3C,H,0 + K80, +
Cry(S0y)y + 7H,0
C,H,0 + NH, = CH,CH.OH.NH,
2CHyCH.OH.NH, + H,50, = 2CH,.CO.H + (NH,),S0,
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Properties—Colourless liquid with a distinctive smell ; b.p.
2:°; sp. gr. 0'807 at 6°; 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 I c.c. of aldehyde, and
place it in a beaker of hot water. A mirror of metallic silver is
deposited. Ag,0 + C,H,0 = Ag, + C,H,0, (acetic acid).

2. To 1 cc. of aldehyde add 2-3 times its volume of a cold
saturated solution of sodium bisulphite and shake up. The
additive compound, CH,CH.OH.SO;Na, 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 I c.c.
of aldehyde. The mixture becomes hot in consequence of the
aldehyde undergoing polymerisation to paraldehyde (C,H,0),
b.p. 124° which separates as an oil on adding water. See
Appendizx, p. 238.

Methyl Alcohol, CH,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.—Colonrless liquid ; b. p. 66—67%; sp. gr. 0796
at 20°

PREPARATION 6.
Methyl Iodide (Iodomnethane), CH,I
Dumas and Peligot, Ana/en, 1835, 15, 20.

18 grms. methyl alcohol.
5 , red phosphorus
s¢ , 1odine

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 fron 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 1s 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
'samne fashion.

5CHOH + P+ 51 = 5G] + HPO, + H,0.

Properties.—Colourless, highly vefractive liquid; b. . 457 ;
sp. gr. 227 at 15°

Reaction.—Shake a few drops of methyl iodide with an
alcoholic solutios 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 Appendiz, p. 240.
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Amyl Aleohol, C;H,,.0H.

Commeercial amyl alcohol is contained m 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-
1sation to the left (see p. 116).

Properties.—Colourless, highly refractive liquid with a burning
taste and penetrating smell ; b. p. 131—132° sp. gr., 08113 at
19° ; dissolves in 39 parts of water at 16°5°. '

PREPARATION 7.
Amyl Nitrite, C,H,,0.NO.
Balard ; Guthrie, Quart. J. C. S., 1858, 11, 245 ; Rennard,
Jakresd., 1874, p. 352-
30 gims. (37 c.c.) amyl alcohol.

30, sodium nitrite (finely powdered).
18 ,, (10c.c.) conc. 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
conc. sulphuric acid is added drop by drop from a funnel with
constant shaking, Towards the end of the process a. more
vigorous reaction 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 amnyl nitrite
is then separated from water, dehydrated over calciun chloride
and distilled. The lignid boiling at 95—100° is collected
separately. Yield, 30—35 grams. :

Cy,H,;0H +NaNO,+H,50,=C,H,;0.NO+NaHSO, + H,0.

Propertics.—Yellow-green liquid with a peculiar penetrating
and sweet smell, which, on inhaling, causes a rush of blood to
the head ; b. p. 96°; sp. gr. 0'902. See Appendix, p. 240.

Acetone (Dimethyl ketone), CH; CO.CH;

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, C;HONaHSO;, 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 liqnid with a pleasant colour; b. p.
56°3° 5 sp. gr. 0792 at 15°; soluble in water.

Reactions.—1. Acetone gives the fodoform reaction like ethyl
alcohol (p. 50). 2. Dissolve a few crystals of p-bromophenyl-
hydrazine or p-nitrophenylhydrazine i a few dvops of glacial
acetic acid, dilute with about I 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), CHCl,.

Liebig, Pogg. Ann., 1831, 23, 444 ; Dumas, Ann. Chim. Phys.,
1834, 56, 115.

200 grms. bleaching powder (fresh).
Soo 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. Thedistillate 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. :

1. CH,CO.CH,+ 3Cl,=CH,.CO.CCl,+ 3HCL

2. 2CH;.CO.CCly+ Ca(OH), =(CH;.CO00),Ca+2CHCl,

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—62°; sp. gr. 1'498 at 15°; 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 Iittle
alcohol to the commercial prodnct, which arrests the change.
Pure chloroforin is ncutral 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. CHCl;4+4KOH=3KCl+HCO.0K+2H,0.

2. Bring into a test-tube two drops of chloroform, one drop of
aniline and 1 c.c. of alcoholic potash and warm 2z ke fume
cupboard. Note the intolerahle smell of phenyl carbamine
(carhamine reaction), CHCl+CeH NH,+3KOH=CH,NC+
3KCl+3H,0. Wash out the contents of the test-tube in the
fame cupboaxd. '

PREPARATION 9.
CH,

|
Acetoxime, C':NOH

CH,
V. Meyer, Fanin, Ber., 1882, 15, 1324.
5 grms. hydroxylamine hydrochloride n 10 c.c. water
3 , caustic soda in 10 c.c. water
6 , (76 cc.)pure acetone.
Add the acetone to the mixture of the liydroxylamine

hydrochloride and caustic soda in a small ﬂask.. The _ﬂasl-: is
then corked and left for twenty-four hours, during which the
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crystalline oxime separates. The presenceof any free hydvoxyl-
amine & then tested in a few drops of the liquid with Fehling’s
solution, or by merely adding a drop or two of copper sulphate,
then a sufficient quantity of caustic soda to produce a clear blue
solution and warming. An orange-red precipitate of cuprons
oxide indicates uncombined hydroxylamine., If no frec
hydroxylamine is present, the liquid is shaken up with an equal
volume of ether, in which the acetoxime dissolves. The
ethereal solution is separated and the process repeated twice
with fresh ether. The united ethereal extract is filtered, if
necessary, through a dry filter into a distilling flask. The
greater part of the ether is distilled off on the water-bath, The
remaining liquid is poured into a glass basin and the rest of the
ether left to evaporate in the air, the last traces being removed
by heating for a few minutes on the water-bath, The acetoxime
separates out on cooling in colourless needles. It is dried on
a porous plate and recrystallised from a little petroleum spirit
m. p. 61—62.° Yield 4—5 grams.
CH,.CO.CH, + NH,0H.HCl + NaOH
=CH,.C:NOH.CH; + NaCl + 2H,0

Properties—Colourless needles ; m. p. 60°

Reaction.—Boll a small quantity for a few minutes with dilute
hydrochloric acid, and test with Fehling’s solution. The oxine
is decomposed into acetone and hydroxylamine,

CH, C(NOH).CH,+ H,0=CH, CO.CH,+ NH,OH.

Melting-point Determination.—For this purposc the
following apparatus is used (Fig. 53). A small sainple of finely
powdered substance, which has been carefully dried, is introduced
into a capillary tube of about I mm. inside diameter sealed at
one end. The tube is made from soft thin-walled glass tubing,
about 15 mm. diameter, by rotating it in the blow-pipe flame until
the glass softens, and then quickly drawing it out. The long
capillary is then broken into lengths of about 7 cm. (2% in.) by
scratching across with a writing diamond, and each short tube
is sealed at one end. To introduce the substance, it is con-
venient to scoop up the finely powdered material off a watch
glass with the open end. By tapping the closed end on
the bench, the powder is shaken down. The quantity intro-
duced should occupy a length of about 2—3 mm. when tightly
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pavked. The mbe is attnched to a thenmometer (preferdily with
dvery smalllmlb tso that the substanee is level with the Tmib. The
attachment may Le made by a narrow mbber ring or by shimply
moistening the side of the capillary with the thenuometer bolh,
which has heen dippedd in the lignid in the hath, and then
pressing 1 against the thermoareter stewa. The thepbometer
pireses thronglr i cork inserted into o romnd  flask with a long
neck, the bully of whiclis three-gquarters Allal with concentiated
sulphusic i, glyaeroly or castor oil. The flask is clamped o a

[NVEREEN

retort st and s heated very pradnally by asmall flame, In-
stesal al chanping the thask o a retort stimd, it can be lixed inoa
small brave, tipod, shown e Fig, 53, which fits on to an ordinary
Labaratory tijond :and from whieh it can he reneoved when not
requivedd Wlnaea certain temperatnre is repehed the substinee,
if pure, neels saddenly within - one or two degrees. When
apprasechinge the melling-poing, it is desirable to remove the
tame or tim it very low so that the rise of temperature 1s very
pradual. 1N ke Tguelietion s pratiacted, 0 s an indieation
it (e substmee 1s not pure,  Thewelting -point, obtidned 1n
this way, to Lie apiite aecuwate, umst be corrected for tha

) U ppatatues sthed ub-daehy anc b puty butes U izow Mo, . Waaknuea, Miysics
Lepatheul, The Batveesity, Leals, plice ze nd, postige i luded.
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temperature of the thread of mercury outside the liquid, the
same formula being used as in the correction for the boiling-
point (see p. 58). When the acid becomes discoloured, a crystal
of potassium nitrate will remove the colour on warming.

Acetic Acid, CH,;CO.OH.

Commercial acetic acid is manufactured from pyroligneous
acid obtained in the destructive distillation of wood. The latter
is neutralised with lime, and separated by distillation from wood-
spirit and acetone. The crude calcium acetate, which has a
dark colour, is then distilled with the requisite quantity of con-
centrated hydrochloric acid.  Anhydrous or glacial acetic acid
is obtained by distilling fused sodium acetate with concentrated
sulphuric acid,

Properties.—Colourless liquid with pungent smell; b. p.
11¢° ; m. p. 16'7°; sp. gr. 1'055 at 15° It should not decolorise
a solution of permanganate.  The vapour of the boiling acid is
inflammable.

Reactions—Add a few drops of alcohol to the same quantity
of agetic acid, and an equal volume of concentrated sulphunc
acid. Warm gently and notice the fruity smell of ethyl acetate.
Neutralise a few drops of acetic acid by adding excess of
ammonia and boiling until neutral. Let cool and add a drop
of ferric chloride. The red colour of ferric acetate is produced.
On boiling, basic ferric acetate is precipitated,

Heat a very small quantity of potassium acetate with an equal
bulk of arsenious oxide. The disagreeable and poisoious vapour
of cacodyl oxide is evolved.

4CH3COOK + As,0;=As,(CH,),0 + 2CO, + 2K,CO,.

PREPARATION Io.
Acetyl Chloride, CH,.CO.CL

Gerhardt, Ann. Chim. Plys., 1853, (3) 37, 285; Béchamp
Compt. rend., 1855, 40, 944, and 1856, 42, 224.
so grms. glacial acetic acid.
40 ,, phosphorus trichloride.

Fit up the apparatus shown in Fig. 54. It consists of a distilling
flask (250 c.c.), which is attached to a condenser. A small
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filter llask serves as recever, the side mhe heing attached
to a valennn chlovide tube. The distilling vessel is provided
with a cork, thrangh which a tap-funnel is inserted.  The fask
15 vaoled movold water in the water-bath (autlined in €y, 54),
wlvlst the phosphorns trichloride is slowly ran in from the tap-
funnel*  When the phosphoras chlorvide has heen added, the
water e the water-bath 1s warmed to Jo--507 until the evolu-
ton af hydrachlorie acid gas, which at first is very rapid, begins
to abate.  The water-bath is then heated o boiling until

[

mdhig fther distils, The distillate s nowv rodistilled as
hefore, bt with a thermometer, mud the distillate colleeted
al alie boiling point of acetyl ehloride (53 56').  Yield 45
pra.

3CILCOOI 120l 3G, COCT ¢ POy t3 11

Progertivy. Calonrless Tepiid with a pmngent smell 5 1t finnes
mocantaer with oistair 3 o po 3575 spe g I'tog at 20
ey trony. 10 Add a few drops of acelyl eliloride to about
3 e of water ina test-tabe. The acetyl chloride sinks to tha
Dotinm of the test mbe, Int on shoking rapidly dissolves, and
Ll s evolved, The aceryl ehloride is converted into aeetic acic
aued hvelrochdorie acid.

ClLCOCL F1L,0 ClLCO.all ¢ 11CL

2. 'To aboat 1 e of ethyl aleolol i a test-tbe, add ¥ e,
of acetyl ¢hloride drop by drop, cooling under the tap. Then
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add about I c.c. of a solution of common salt, Ethyl acetate,
recognised by its fragrant smell, separates out on the surface of
the liquid.

CH,COCl + C,H;0H = CH;CO.0C,H, + HCL

3. Add two drops of acetyl chloride to a drop of aniline. A
vigorous action occurs, and a solid separates. Thisis agetalll}lfle,
and may be obtained in larger crystals by dissolving in boiling
water and cooling slowly.

CH,COCl + CgH;NH, = CgH;NH.CO.CH; + HCL
See Appendiz, p. 241.

PREPARATION II.

Acetic Anhydride (Diacetyl Oxide), SH+EO 0,

CH,.CO,/~
Gerhavdt, Ann. Chim. Plys., 1853, (3) 37, 311.

55 grms. sodium acetate (fused).
40 ,, acetyl chloride,

A retort (250 c.c.) is attached to a short condenser and
receiver, which is furnished, as in the previous preparation, with
a calcium chloride tube. The tubulus of the retort is closed hy
a cork, through which a tap-funnel is fixed, " The fused sodinm
acetate is prepared by fusing crystallised sodium acctate,
(CH;COONa + 3H,0). The sodium acetate (100 grams) is
placed in a shallow tin and heated over a Bunsen lumer.
It first melts in the water of crystallisation, after which it
becomes solid, and finally melts again as the tempetature riscs.
When completely melted it is allowed to cool, powdered, and
introduced into the retort. The acetyl chlorde is gradually
added through the tap-funnel, the retort being cooled in water.*
When the acetyl chloride has been added, the contents of the
retort are well stirred by means of a thick glass rod pushed
through the tubulus. The retort is now closed by an ordinary
cork or stopper, and heated over a small flame, which should
be moved about to prevent the retort cracking. When nothing
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frther distils, the retort is allowed to cool somewhat, and the
di-illie ponred hack il rvedistilled. Finally it s distlled
row a distillngg Gask with a (hermometer, and collected at
1 v Yield go grams.

ClL.COUT 4 CHLCO0NL - (Cll, COWRO 4+ Nadl,

Prefecticy Colorless liquid with an vitating siell 5 b, .
M ospepr toS g

Reaticas  Repeat the three  experbnents deseribed under
aceiyl ebloride. The vesnlt is the same in cach case 5 but us
the acele mihydride reacts less readily than acetyl ehloride, the
mixtare requires o he warmed.

LG el OTILO 2CTLCOOTL
K4
2 (LD 0 LGILOTL ClLCO0.00 L+ ClLCOOLL,
S0

3 GICOT 0 RGN CUNILCO.CIL 4 CHLCOOTL
oy

In Reaction 2, combinntion 1s not complete, evenr on boiling,
aul a litde dilnte caustie soda naist he added o decompose the
vpchpngedacetie anhydiide, In Reaction 3, the prodaet rinains
ligid il water 15 added, when it hecomes solid, md an
heating diealves, See sl ppendiv, pooagn

PREPARATON 12,
Acetainide, Cll.CONIL,.
Holan, Hezsy 1882, 15, o8y,
Lo grigs, annnominiy aeetate
Acetmnide may be o obtained by simpdy  distilling - solid
anunonium acetate fom a disilling Nask provitled with a thermo-

meter, using for 1 condewser astaighl, wide tabe, (See Pig, 55.)
A vonsilerable ¢untity of gmmeain, water, and acotic acid
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distils, and when the temperature passes 180° the distillate sol-
idifies, and consists mainly of acetamide. The yield is, however,
small. A better result is obtained by first heating the ammonium

Fec. ss

acetate in sealed tubes. The ammonium acetate, if not procur-
able, may be prepared by adding to 70 grms. glacial acetic acid,
warmed in a basin on the water-bath, about 8o grms. powdered
ammonium carbonate until the acid is neutralised, which is re-
cognised by diluting a sample with a little water, and testing
with litmus,

Heating under Pressure.—Two tubes are made from the
usual thick-walled tubing by sealing one end (see p. 24). These
are gently warmed, and the melted acetate poured in until they
are about half full. They are thensealedin the manner described
on p. 24. The tubes are then placed in a tube furnace (p. 23)
and gradually heated to 200°, at which temperature they are
maintained for s—6hours. Without removing the tubes from the
furnace they are allowed to cool, and the capillary end opened by
holding a Bunsen bumner to the tip until fused, when the pressure
within perforates the glass. If a deep file scratch is then made
aboutan inch below the sealed end and the end of a red-hot glass
rod held against the scratch, a deep crack is produced and the end
easily removed.  After heating, the tubes contain a clear, oily-
looking liquid, which consists of an aqueous solution of acetamide,
together with some unchanged acetate. The contents are poured
mto a distilling flask and distilled with a straight tube as
condenser, and the portion boiling above 180° collected in a
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small beaker. This distillate, on standing, almost completely
solidifies to a colourless crystalline mass. It is freed from
mother-liquor by spreading on a porous plate, and purified by a
second distillation. The acetamide has then a nearly constant
boiling-point. Yield, about 40 grams,

CH,.CO.ONH, = CH,CONH, + H,0.

Properties.—Colourless, rhomnbohedral crystals, having a
peculiar sinell of mice. This is due to impurity, which may be
removed by recvystallising from benzene ; m.p. 82°; b.p. 222°;
easily soluble in water and alcoliol.

LReaction.—1. Boll a small quantity of acetamide with caustic
soda solution. Aminonia is evolved, and sodium acetate 1s found
in solution, CH;CONH, + NaOH = CH;CO.ONa + NH,
See Appendix, p. 243

PREPARATION 13
Acetonitrile (Methyl cyanidej, CH,CN.
Dumas, Malaguti and Leblanc, dnnalern, 1843, 64, 332

10 grms. acetamide
15 , phosphorus pentoxide.

The phosphorus pentoxide is introduced into a small dis~
tilling flask (200 c.c.) attached to a short condenser. As the
pentoxide absorbs moisture rapidly and becomes sticky, it is
convenient to push the neck of the distilling flask through a
cork which fits the phosphorus pentoxide bottle, and then to
shake in the oxide until the requived weight is obtained. The
powdered acetamide is immediately introduced and shaken up,
and the mixture distilled over a sinall flame, which is constantly
moved about. Add to the distillate about half its volume
of water, and then solid potassium carbonate, until no more
dissolves. The upper layer of liquid, which consists of methyl
cyanide, is separated and distilled over a little fresh phosphorus
pentoxide with thermometer. Yield, about § grams,

CH,.CO.NH, — H,;0 = CH,CN.

Properties.—Colourless liquid with peculiar smell ; b. p. 82°%
Reaction.—Boil a few grams of the acetonitrile with three
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times its weight of a mixture of 2 VOISI water and 3'}'015. con-
centrated sulphuric acid for an hour w1t.h a long upngllxt .tube
or air-condenser. Distil a few c.c. of liquid, and test the distillate
for acetic acid, 2GH,CN + H,S50, + 4H,0 = 2CH,.COOH +
(NH),SO, See Appendiz, p. 244.

PREPARATION I4.
Methylamine Hydrochloride, CH,.NH,.HClL

Wurtz, Comzpt. rend., 1848, 28, 223 ; Hofmann, Ber., 1882, 14,
2725, and Ber., 1883, 15, 407 and 762.
20 grnis. acetamide
54, (18 c.c.) liromine
s6 , caustic potash.

The dry acetamide and bromine are mixed in a flask (§ litre),
and whilst the mixture is cooled in water, 1 10 per cent.
solution of caustic potash (alout 20 grams KOH)is added,
until the dark brown liquid changes to a deep yellow colour.
The solution, which now contains potassium Dbromide and
acetmonobromamide, is slowly added from a tap-funnel in-
serted, together with a thenmometer, into the neck of a distlling
flask (1 litre). The flask contains a concentrated solution of
caustic potash (56 grams in 100 c.c. of water), heated o Go—70°%
Heat is evolved, and care must be taken that the rise of temn-
perature does not greatly exceed the above limits. The reaction
goes on quietly, and the yellow solution is gradually decolourised.
The mixture is then digested for a short time at the above
temperature until the yellow colour completely disappears. A
few bits of broken pot are now introdaced into the flask, which
is closed with an ordinary cork, and the ligunid distilled over
wire-gauze. The vapours of methylamine and ammonia, which
are cooled, are passed by means of a bent adapter, attached to
the end of the condenser, into dilute hydrochloric acid contained
in the receiver. Care must be taken that the adapter does not
dip too far into the acid, or liquid may pe sucked lack into the
condenser and distilling flask. When the distillate is no longer
alkaline, and consequently all the methylamine has been driven
over, the hydrochloric acid solution is evaporated to dryness on
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she water bath, ad the rolomrless erystalline residne extracted
repeatedly with amall quantities of abselnte aleolol, wlhich
dissedves ont the methylaaine salt from the anumeoninm chlaride.
From the hot aleolwlic: solation folusted crystils separate ont
on t‘lnali]]:.:.

CILCONTL b Br, - KO CHLCONTBr 4 RBe + 11,0
APENRTIA BN Avrtusambeuguilye,
CHLOONILBr - KOT] ClLN:CO - KBr 4+ 11,0
Methyli-enyvicide
CHE NGO U 2KOTL = CLL NI, 4+ KGO,
Mty Lniuse,

Dreperties. Large delignescent tablets, which melt at 22
and salilime abovy thal temperatnre, with slight decomposition.
The Dase 15 hleratrd oit winming with eanstie soda, as an -
tammable pas withe strong: anunoniacal smells  Sce Appendiy,
1 245

PRECARATION 5.
Ethyl Acetate (Acctic Kiher), CI1,COOC1T,,

Scheele, Chemdsal fxxupx, 1782, po 307 3 Frankland, Dappa,
Phil. Tranx, 1865, 186, 37 5 Pabst, Hall. Soc. Chint., 1880, 33,
RN

s0 o, cone. sulplnrie acied,
So e aleolnte aleabol
Mizture e eypial valames of glasial avetic acid (o )
amd sleadnte sdealind fyoo ce).

A disalling flasl (2 Loy is altached to o condensor and
vecrtver, The sk is provided with o cork, throngh which a
separating fuanel 1 inserted. The mixture of 50 e of con-
cewteabrd snlphiie acid and 50 e of absolute aleolwl s
patwed into e sk, which is then heated ina bath of paraffin
wiax or faible metal® 1o o, and kept at iy temperatuns,
The mixtmre of cqual volmnes of aevlic acld wand alcoliol s

L Ve bl o ety iy Toe ttnbe® e pon boely tles scawe way, i wetliyladeolol.
llu prode 1 tren Tue taea ol eolles el ae g 6y

TA Twnibbe weetsl et lee tee sedyautags s l)uul bisthovf uvitber selling vor

ey labls Byossa b ]ll‘.' i1 uigde Ly lu\luur [ »\mkmr Pt ol sl
of lriolined gwn petn ol bl This sty = e scdvsve va’s

COLEN'S ADY. P, O, ¢, U
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now added, drop by drop, from the tap-funnel at the speed at
which the liquid distils, as in the preparation of ether (p. 59)
When all the mixtuve has been added, the distillate, which con-
tains the ester, and also acetic acid, alcohol, ether, and
sulphurous acid, is shaken in a separating funnel with a strong
solution of sodium carbonate (50 c.c.) until the upper layer of
ethyl acetate ceases to redden blue litmus. The lower layer is
removed as completely as possible, and a strong solution of
calcium chloride (50 grams in 50 c.c. of water) added, and the
shaking repeated. The lower layer of calcium chloride is run
off, and the ethyl acetate carefully decanted from the mouth of
the funnel into a dry distilling flask. A few pieces of solid
calcium chloride are added, and, after standing over night, the
ethyl acetate is distilled from the water-bath with a thermo-
meter in the neck of the flask. The portion distilling below
74° contains ether, that boiling at 74—7¢° is mainly ethyl
acetate, and is separately collected. Yield, 8o per cent. of
the theory.

C,H4OH) + H,S0, = C,HH.S0, + H,0.
C,HHSO, + CH;CO.0H = CH,COOC,H, + H,SO,.

Properties.—Colourless liquid, with an agreeable fruity smell ;
b. p. 77°; sp. gr. 09068 at 15°; soluble in about 11 parts of
water ; miscible in all proportions with alcohol, ether, and acetic
acid,

Reaction.—W eigh out 20 grams of ethyl acetate, and heat ina
round flask with three times its volume of aqueous potash
(1KOH : 3H,0) with upright condenser over wire-gauze. Add
a small piece of porous pot to prevent bumping. After an hour
orso the upper layer of ethyl acetate will have disappeared. Distil
the product with a thermometer.until the temperature reaches
100°. Add solid potassium carbonate to the distillate until no
more dissolves. Separate the top layer of alcohol and deliydrate
over fresh potassiun carbonate or quicklime. Distil with a
thermometer and weigh the distillate. Neutralise the alkaline
liquid, from which the alcohol was fist distilled, with dilute sul-
phuric acid, and evaporate to dryness on the water-bath. Break
up the solid residue, and distil with concentrated sulphuric acid
(20 c.c.) until the thermometer marks 130° Redistil and collect
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hetween 115° and 120°. Weigh the distillate.  This process
furnishes an example of zedrolvsix av Saponification,

CH, COOCGH, + 1LO — Cl1,,COOIT + C,H,0H.
See Appensliy, p. 247.
PREPARATION (.
Ethyl Acetoacetate (Acctoacctic Ester),
CH,CO.CHLCO.0C,11,

Geuther, Jakresh, 1863, p. 3231 Frankland, Duppa, . P77/,
Trans., 1865, 156, 37 3 Wislicenns, Awnnalen, 1877, 186, 16¢.

200 grms. cthyl acctate.

20 ,, sodium.

The ethyl acetate, carcfully dehydrated as described in the
previons preparation, is intraduced into a raund flask ( litre)
connected with along upright condenser. 20 grams well pressed
sodium, cut into thin slices, arc (mickly added, and the flask
cooled in water. Aftera short time 2 brisk reaction sets in, and
ultimately the liquid bails.  When the first action is over, and
no further evalution of licait occurs, the mixture is heated on the
wiater-hath, without detaching the condenser, until the sodiun is
completely dissolved. A 56 per cent, acetic acid solution is at
once added and well shaken, untl the liquid is acid (abiout
100 ¢.¢.), and then an equal volume of concentrated hrine. The
liquid divides Into two layers ; the npper one, cansisting of
acetaacetic ester and mnchanged ethyl acetate, is carefully
separated. Tt is distilled over wire-gauze until the thermometer
marks 100”, and all the cthyl acctate has been removed. The
distillate i1s naw colleeted in five fractions (100 13067 130—1357
165—175% 175-~185" 185 --200). The fraction distlling  at
175—185" is newly pure eetoacetie estor. Yield 30 —40 grams.
A further quantity may be obtained by redistlling the other
fractions ; but it is undesirable to repeat the pracess frequently,
as acetoacetic ester griuluglly decomposes at the boilimg point.
It is for this reasan thit Gattermann recommends the fractianal
distillsttion ta be carvied owt 72 wacio,

The brown résiduc reneuning in the distilling flask solidifies,
on cooling, to a crystalline mass' consisting chiefly of dehy-

G 2
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—

dracetic acid CSHSO4. It 1s converted in?o. the sodium salt DY
boiling with soda solution with tl.le addition of animal char-
coal. The sodium salt crystallises t.’mfn the. filtrate. on
adding dilute sulphuric acid, the free acid is obtained as colour-

less needles ; m. p. 109>

L. 2C,H,OH + Na, = 2NaOG,H; + H,
ONa

2. CILCO.OCH; + NaOCyH,= cns.céoc}g,,
NI
/ONa
3. Clly CLOC,Hy + CH,.CO.0C,H,=CIL,. C(ONa):CIL.CO.0C, s
NOG,H

+2C,H,OH.

4. CII.C(ONa):CI1.CO.0C,H, + C,I1,0,=CH,.CO.CH,.CO.OC, 1 I 5
+CI,.CO.ONa

The formation of ethyl acetoacetate occurs, according to
Claisen, in four steps. The presence of a small quantity of
alcohol gives rise to sodium ethylate, which forns an additive
compound with ethyl acetate. The latter unites with a seconcl
molecule of ethyl acetate yielding the sodium salt of ethyl aceto-
acetate, and splitting off alcohol, which reacts with fresh metallic
sodium. The sodium salt on acidifying passes into the tauto-
meric (ketonic) form of acetoacetic ester.

Properties—Tolourless liquid possessing a fruity smell ; b. p-
181°; sp. gr. 103 at 15° DBoiled with dilute caustic potash,
the ester decomposes into alcohol, carbon dioxide, and acetone
(ketonic decomposition), with strong or alcoholic caustic potash,
sodium acetate and alcohol are formed (acid decompositidn ).

Reactions.—1. Add a drop of ferric chloride dissolved in alcohol
to a few drops of the ester ; a deep violet coloration s producect..

2. Add 1 c.c. of a saturated alcoholic solution of cupricacetate
to a few drops of the ester, a bluish-green crystalline precipitatc
of copper acetoacetic ester, (CjHy0,),Cu, is formed. Sec
Appendizx, p. 248.

Distillation in vacuo.—The apparatus is shown m Fig. 56.
The distilling flask is provided with a thermometer and attachecl
to a short condenser and receiver. The receiver consists of =
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second distilling flask, which is tigluly attoched to the end of
the narrow condenser mhe, Bgured at ¢ mul conmected by the

side limli by means of pump-tubing to o water-jet aspivator aml

-

)

Fue. g6,

mercury-gauge.  Some small bits of poroas pot are placed in
the flask, which s heated o paralim bath, wad the appartus
exhavsted to about 35--40 mine pressnre. At this pressure cthyl
acetoacetate hails at about 9o The follawing fable gives the
temperatnres corresponding to dilferent pressnres

/. nn, I8 C .
740 . .. i [3 X S -1
797, 0L L@ wit.oL . L .59
B . .. 2y wh .o, L, LYo

The chief incanvenience which attends distllation 722 srerno is
the bumping of the lqmid i the distilling ask.  This may he
moderated or removed by varions deviees, suell as the mtrodne-
tion of porous pot, capillavy plass tmbes, &, or by driving a
rapid stream of fine air-hubbles (hrough the Limid.  For this
purpase a Claisen lask (I, §7), may he used with advantage.
A tube is drawn aut into 2 fine eapillary and is open at both
ends, the wide end heing attached ta @ short piece of mbher
tubing and screw-clip.  This tube is inserted tlwough 2 cark
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———
- - —

the straight neck of the flask, whilst the thermometer js fixe<d
in the second neck, which is attached to the condenser. T H€
stream of air-hubbles is regulated by the clip. Instead of th¢

[
L

FIG. 57. Fi6. s59.

long manometer shown in Fig. 36, 2 more conpact, and, for
low pressures, a more convenient form is shown in Fig- 58.
If the distillate has to be separated mto fractions, it is unde-
sirable to interrupt the boiling. Various forms of apparatus
for effecting this object are shown in Figs. 50—61. The
apparatus (Fig. 59) consists of a double receiver ¢ and 4 ; ¢ and
¢ are ordinary two-way taps, whilst 7 is a three-way tap pierced
lengthwise and crosswise as shown in section at £ The

FiG. 61.

aspirator is attached to the liml marked with the arrow. During
the distillation the taps ¢ and & connect the apparatus with the
aspirator whilst ¢ is closed. The distillate collects ina. When
this fraction is to be removed, ¢ is closed and ¢is opened. The
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liquid is thereby translerned to the second reeciver 45 ¢ is now
closed, ¢ is opened anl # timed so as to let air into 43 4 may
now he removeal ad replaced by a similar vessel and the pro-
cess repeated. Vg 00 needs Little explanation. Theve are two
or more receivers on one stem. Ly rotating the stemm the dis-
tillite falls into one or other recoiver.  Iig. 61 consists of a
vacumn vessel containing a senes of test-tulies which can be
moved i trn, under the end ol the candenser, by means of a
vertical axis. 1t is often prelereble to heat the distilling flask
inan oll or metal bath instead of using wire-gauze.  Distilling
lasks abave 250 coo eapacity shonld not be nsed for low pres-
sures, as they may callapse. For high boiling liquids, or for
substanees which ey solidify in the comdenser, a condenser
tulie without water-jacket is nsed. A cabvenient form of con-
denser tube 1s shown ab o, Iz, 560 It consists of straight tube
fused on ta a short narrower tal-pece. In certain cases it is
fonnd convenient to msert the side-tmbe of the distilling flask
dircetly into the neck of the receiver ¢see . g4).

PREPARATION 17.
Monochloracetic Acid, C11,CLCO.OH.

R. Nofmann, Anraalen, (857,102, 1 5 Auger, Béhal, Bull. Soc.

Chém., 1889, (3) 2, 145.
100 c.c placial acetic acid
10 grms. sulphur (lowers).

11t ap the apparvatus shown i Mg, 62.% It consists of a stone-
ware jar one-thinl fmll of pyrelusite in lumps, and fitted with exit
tube and tap-hmnel. It s heated on a sand-bath aver a small
flame, whilst concentrated hydrochlorie acid is allowed to drop
in from the tap-lumel. A vapid earrent of eblorine is thus
evolved, which is dried Dy passing through concentrated sul-
pharic acid in the WoullUbattle. The WoallY bottle has a safety
and exit tube, the latter being vounceted with a straight tube
passing to the bottom of the retort.  The retort is tilted upwards
and connected with an npright condenser, which is furnished
with an open ealeimm chlovide: tube,  The acetic acid and sul-
phur are placed i the rvetort, and heated oa the water-bath.
The retort and contents are welghed at the commencement of
the operation on a rough balce. A rapid anrent of chlorine
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is then passed thirough for six to twelve }10ur§, and the retort
occasionally weighed, until the inc'rease in weight (50 8’]'}111215)
roughly corresponds to the formation of 'monochloracet]c_ acufl-
The operation is then stopped. The aCtlon.Of.th(j: chlorine 1s
greatly facilitated by sunlight. The yellqw liquid in the re}o rt
is decanted from the sulphur into a distilling flask, and distiliecl
over wire-gauze. Somec acetyl chloride, sulphur chloride, and
unchanged acetic acid first distil, after which the temperature

FG. 62,

rises and the fraction boiling at 156°—190° is collected separately.
It s advisable to run the water out of the condenser when tlic
temperature approaches 170° as the acid may solidify and lloclc
the condenser-tube. The distillate solidifies on cooling. Auny
liquid is drained off at once, and the solid is redistilled and cal-
lected at 180°—190° It is nearly pure chloracetic acid, Vielcl
80—100 grams.

CH,.CO.0H + Cl, = CH,CLCO.0H + HCL

The sulphur acts as a '“chiorine carrier” by forming sulphur
chloride.

Properties.—Colourless crystals ; m. p. 65°; b. p- 185°—187° 3
readily solulile in water,-and deliquescent in moist air. 1t
causes blisters on the skin, See Appendiz, p. 252.
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PREPARATION 18.
Monobromacetic Acid, CH,Br.COOH.

Hell, Ber., 1881, 14, 891: Volhard, Anmalen, 1887, 242,
141 5 Zelmsky, Ber., 1887, 20, 20206,

30 grms. (30 c.c.) glacial acetic acid,
165 , (35 c.c.) bromine,
5§ 5  red phosphorus,

All the above substances must be dry. The acetic acid is frozen in
ice, and any liquid drained off, and the red phosphorus is washed
witl water to free it from phosphoric acid, dried in the steam oven,
and kept over sulphuric acid in a desiccator until required. The
branine is placed in a separating funnel with half its volume of
concentrated sulphuric acid overnight, and
then separated. The apparatus is shown in
Tig. 63. It consists of a round flask (250 c.c.)
attached to an upright condenser, which is
provided with a cork. A tap-funnel con-
taining the Dbromine passes through one
hole, and a wide bent tube, attached at its
lower end to a funnel, passes through the other.
As a large quantity of hydrobromic acid is
cvolved in the reaction, the funnel is inade to
tancl: the surface of water contained in a
healer, whereby it is completely absorbed.
The phosphorns and acetic acid are placed
in the flask, and bromine dropped in from the
tap-funnel.* A vigorous reaction occurs, and
the liquid hecomes very warm. After half
the Dbromine has been added the action
moderates, and the remainder may be run in
more quickly. When tlie whole has been
added, the liquid is boiled gently until the colour of the
bromine disappears. 1t is now allowed to cool, and the
liquid decanted into a distilling flask for distillation 7z wacuo.
Care must be taken not to touch the substance with the hands,
as even a small quantity produces very unpleasant sores. The
apparatus for distilling iz wacuo is shown in Fig. 56 (p- 85)-

FG. 65.
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The distilling flask is provided with a thexmometer, and attached
to a short condenser and receiver. The receiver consists of a
second distilling flask, which is tightly attached to the end of the
condenser and connected iy the side limb with pump-tuling to
a water-jet aspivator and mercury manometer. Some small
bits of of porous pot are placed in the flask, and the apparatus
exhausted to about 50—60 nun. pressure. The liquid distils at
a nearly constant temperature (about 56°—53°), and consists of
nearly pure bromacetylbromide. The calculated quantity of
water is added to convert it into bromacetic acid, when the liquicl

forms a solid crystalline mass.¥ It may be purified by distilla-

tion at atmospheric pressure with condenser-tube only, the

porton boiling above 165° being collected separately.

3CH,.COOH + P + 11Br = 3CH,Fw.COBr + HPO, + 5HBr,

Bronuacetyl browide.

CH,Br.COBr. + H,0 = CH,Br.CO.OH + HBr.

Bromacetic acid.

Properties.—Colourless crystals ; m. p. 50°—51°; b. p. 208’
See Appendix, p. 252

PREPARATION 19.
. . o /NH,
Glycocoll (Glycine, Aminoacetic Acid). CH:’\C 0.0H.
Braconnot, Ann. Chim. Phys., 1820, (2) 13, 114; Perkin,
Duppa, Trans. Chem. Seoc., 1859, 11, 22 ; Kraut, Annalen, 1891,
266, 292.
50 grms. chloracetic acid.
50 c.c. water.
600 c.c. aminonia, 26°5 per cent. (sp. gr. 6'9o7 at 14°).

Fit up the apparatus shown in Fig. 64. It consists of a large
wide-necked bottle, m which the ainmonia solution is placed.
The solation is stirred by a nechanical stirrer, rotated by means
of a water-turbine. The solution of the chloracetic acid in 50
c.c. water, is dropped in from a tap-funnel. After standing
24 hours the liquid is poured into a flask, and the excess of
ammonia is removed by passing in a current of steam, and
evaporating at the same time on the water-bath until the last
traces of ammonia disappear. The solution now contains gly-
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covoll and anomoninm chloride. Precipitated carbonate of coppier
is added to the hot Lignid andl no further effervescence oceurs,
and sowe carbonate remains undissolved. It is Alteved and
evaporated down on the water-bath mtil erystallisation sets in.
This is determined by removing and conling a sall portion in
atest-tube or watch-glass.  The blue needles of copper glycocoll,
(C 11, NOC 11,0, wre ltered and wished, first with dilnte and
then with stronger spirit. The mother hiqnor may he further eva-
porated, and a fresh quantity of erystals ohtained.  The copper
salt 1s dissolved m water and precipitated hot with hydvogen
sulphide, the free glycocoll passing into solution. The pre-
cipitate is Mltered and wall washed, and the filtrate evaporated

to a suall lmlk on the water-batl. Crystals of glycocoll
separte out. Yield 15 20 grians. The lass is due $o the
formation of di- and wiglycoluninic acid, NI(CH,.COOH),
and N(C11,COO011),.

CILCLCOON -+ 2N1  CHLNTLCOO1L 4 NH,CL

Propertics. - Large wonoclime erystals 5 discolaured at 228° ;
nep. 232-236" 5 scarcely soluble in alealhal and ecther, readily
solulile in water (¢ part glycocoll in 4 parts water).

Rvaction.— ¢ Add advop af cophier sulphiate to a solution of
glyencoll, and notice the bine colonr of the copper salt.

2. Add a drop of ferric chiloride to the solution. 1t gives a
deep red colour.  Sce el ppendin, 1. 254
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PREPARATION 20.
CH,.NH, HCl

11 Ester Hydrochloride, !
Glycoco Y £0.00,H,

Klages, Ber., 1903, 36, 1506, Hantzsch and Silberrad, Ber-,

1900, 33, 70.
250 c.c. formaldehyde solution (40 per cent.).

96 grams ammonium chloride (powdered).

116 , potassium cyanide (in 200 c.c. water).

63 c.c. glacial acetic acid.
The first part of the process consists @ the preparation of
methyleneamino-acetonitrile.
NH,CN +2CH,0=CH,:N.CH,CN +2H,0.

The formaldehyde and ammonium chloride are mixed in a
wide-necked glass jar cooled in a freezing mixture and
stirred by means of a stirrer as shown in Fig. 64. When the
temperature falls to 5° the potassium cyanide solution is slowly
run in from a tap-funnel during three hours, the temperature
Dbeing maintained below 10°. When half the cyanide solution
has been added the ammonium chloride will have com-
pletely dissolved. Whilst the second half of the solution is
being added, 63 c.c. of glacial acetic acid are dropped in from
another tap-funrel at about the same rate, whilst the tempera-
ture is kept below 15°% As soon as the acetic acid is
added a white ‘crystalline substance begins to separate and
gradually fills the liquid. The stirring is continued for another
hour after the solutionis have been added. The crystalline inass is
filtered, washed with water and dried. The yield 1s 60—70 grams,
Methyleneamino-acetonitrilemeltsat 129° Itmayberecrystallised
from alcohol, but is usually pure enough for further treatment.

On hydrolysis in presence of alcohol it breaks up into glycocoll
ester hydrochloride, ammonium chloride and formaldehyde.

CH,:N.CH,CN + 2H,0 + C,H,0H + HCl =(H Cl)NH,.CH,.COOG,I1,
+NH,Cl + CIL,0.
Twenty-five grains methyleneamino-acetonitrile are added to
170 c.c. of absolute alcohol previously saturated in the cold
with hydrogen chloride.
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Preparation of Hydrogen Chloride.—A filter flask
(L liwe) is fitted with a rubher cork, through which a tap-
formel 1s mserted. The Hask is filled one-third full of con-
centried hydroeblorie acid and is attached to a wash-bottle
cantiining - little cancentrated sulphuric acid. A delivery
tube is attached to the wash-bottle.  The hydrogen chloride is
venerated by dropping concentrated sul-
phuric acid fram the tap-funnel into the
task contning the hydrachloric acid.
As the gas s rapidly ahsorbed by the
alcolwl and may in consequence run
back mto the wash-bottle, it is advis-
able to run in the acid rather more
quickly at the Deginning than is neces-
sary later an and to generate the gas
for a short thne before passing it into
the alcohal.  The apparatus is shown
in I"ig. 03.

When saturated, the mixture is hioiled Fic. 6s.
for an hour with reflux condenser on
the water-bath and filtered hot fromn the ammonium chloride
which remains indissolved.  On coaling, the greater portion of
the ester hydrochloride crystallises, A further quantity may be
ohtained by concentriding the mother liquors.  Yield 30—35
UTAIDS.

Drogwrtey. - Colonrless needles ; m. p. 144° soluble in hot
alcoboly very saluble in water,

Glycocoll Ester Hydrochloride from Gelatine.

Mix 100 yrams coimamercial gelatine or size with 3¢o c.c. con-
centrated hydrochloric acid and shake until the gelatine is nearly
dissolved 5 then add o few fingments of porous pot and boil
over wire ganze with reflux condenser for four hours. The
diwrk coloured product 1s now cvaporated on:the water-bath
mder dimhnshed pressure in the apparatus shown in Fig. 66,

It consists of two distilling flasks (1 litre) fitted together by
rubber corks, the one acting «s distilling flask and the other as
receiver.  The receiver which is cooled hy a streamy of water
is attached e a water-jet aspirator. . A long capillary, which
nearly temches the bottom of the flask, is inserted through the
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cork of the distilling vessel. It serves to agitate the liquid
by introducing a stream of fine air-bublles which keep it
in constant motion. When the water is removed as far
as possible, the residue, which forms, on cooling, a thick
viscid mass, is mixad with 500 c.c. absolute alcohol. It is
heated on the water-hath with reflux condenser for a short time
with the addition of a little animal charcoal and filtered. The
alcoholic solution is cooled in ice and satwrated with dry
hydrogen chloride (see p.93). The liguid is then boiled for

FG. 66.

half an hour on the water Lath, cooled, and, after dropping in a
crystal of the substance, left overnight. Glycocoll ester hydxo
chloride crystallises in colourless needles (m. p. 144°) and is
filtered and washed with a little alcohol. Yield 10— 15 grams.

PREPARATION 21,

Diazoacetic Hster, \ '
OOC_HS
Curtius, /. praki. Cheo., 1888, 38, 401 ; Silberrad, 7vawns.
Chem. Soc., 1902, 81, 600.
25 grams glycocoll ester hydrochloride (in 50 c.c. of water).
18 ,  sodium nitrite in fine powder.
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The glycocoll ester and sodium nitrite are shaken together in
a separating himnel (250 c.c.) wntil the nitrite is dissolved, a
little water being wdded if necessary.  Fifteen c.c. of ether are
poured into the fmnel, and when the temperature has sunk to
about 5, two or three drops of a ten per cent. sulphuric acid
solution are wdded. The mixture is now well shaken for a
minute and the aqueous layer drawn off into a flask standing in
jce whilst the yellow cthereal solution, separated as comyjletely
as possible from water, 15 poured from the neck of the fimnel
into a dry flask.  The aqueons portion cooled to §° is returned
to the funnel and the process is repeated five or six times with
fresh quantives af cther, a few drops of sulphuric acid being
added cach time before shaking, and the yellow ethereal layer
separated, itil the cther is only slightly coloured.

The united cthereal extracts are shaken with very small
quantities of sadiam earbanate solation until no more carbon
dioxide is evalved and the solutian remains alkaline. The
cther solution is then thoroughly dehydrated over calcium
chlovide over-night and the ctlier carefully remnoved on the
water-bath, which shauld nat be heated to hoiling.  When most
of the ether has been distilled off, the flask 1s taken from the
water-bath and the remainder of the ether removed by blowing
aie over the swrface of the liquid.  Yield ahaut 15 grams,

HELNULLC e COOC 5 4 NaNO, == N,C11.COOC,) 1+ NaCl + 211,0.

Prepertiey.-—Deep yellaw hignid which explodes on boiling ;
but distils andecomposed under diminished pressure.

Reactions.-- Add e drop of the diazaacetic ester to con-
centrated solpharie acid. H decamposes explosively.  Heat a
few c.e. of the ester it with water and alcohol.  Nitrogen
is evalved with the formation of glycollic ester in the first case
and cthyl glycollic ester i the second.

N.CILCOOC,H ;4 11,0 CHLON.COOC,H,+ N,
NLCTHLCOOCT 1+ C1,011 = CLLOC,H A COO0,Hg + Ny,

Add an ethereal solution of iodine.  Nitragen is evolved and
iodacetic ester is formed.  1leat a Little of the ester with
concentrated hydrochlorie acid. Nitrogen 1s evolved and
chloracetic ester is formed.  Gradually add five grams of the
diazoacetic ester 1oz solution of § grams of caustic soda
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dissolved in 12 c.c. of water heated on the water-bath. A
vigorous reaction occurs and yellow crystals of sodium Dbis-
diazoacetate are deposited. Cool, add 10 c.c. of spirit, and
filter and wash with spirit.

: NENG
2CHN, COOC,Hj +2NaOH =COONa.CH CH COONa
N=N"
+2C,H;OH.

See Appendix, p. 255.

PREPARATION 22.

Diethyl Malonate. CH, GO9C-H:
iethyl Malona, X COOC.H,
Conrad, Annalen, 1880, 204, 126: W. A. Noyes, Auwer.
Chem. J., 1896, 18, 1105,

50 grms. chloracetic acid (in 100 c.c. water)
40 , potassium carbonate
40 ,, potassiuin cyanide (in powder)

The solution of chloracetic acid is poured into a wide basin
(20 cm. diam.), and whilst the mixture is heated to §5—60°
potassium carbonate (40 grms.) is added until the evolution of
carbon dioxide ceases and the liquid is neutral. A solution of
potassium chloracetate is thus obtained. Potassium cyanide
(40 grms.) is now added and well stirred.* When the first
reaction is over, the contents of the basin are cautiously heated
on'the sand-bath, whilst the mass is continyously stirred with a
thermometer until the temperature reaches 135° The brown
semi-fluid mass is allowed to cool and stirred whilst solidifying,
and then quickly broken up into coarse powder and introduced
into around flask (} litre). The potassium cyanacetate which has
been formed is now converted into the ester, and at the same
time hydrolysed by boiling with sulphuric acid. Absolute
alcohol (20 c.c.) is gradually added with shaking, and the flask
is then mounted on a water-bath and attached to a reflux con-
denser. A cold mixture of 8o c.c. absolute alcohol and 8o c.c.
concentrated sulphuric acid are added in the course of about ten
minutes, and the flask heated for one hour on the water-bath.
The mixture is cooled quickly, 100 c.c. of water added, and any
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msoluble matter Glteved ot The lilteris wasled svverid times
with small quiantities ol cther, and the Blteate <haken np with the
ether and sepawated. The Altrate 1s shaken up repeatedly with
fresh ether antlthe ester is copletely separated, and the united
ethereal extriets freed from acid by shiaking with 2 strong solu-
tion of sodinut cubanate until the latter renedns alkaline. “fhe
ether extract 1s then separated, dehydrated with calennn chloricde,
and the ether remaved on the water-bath.  The residnal ester s
distilled ander reduced pressure. Yield 45 --5a grams.
ClHLCLCOOK + KCN = CIHLON.COOK 4+ KQl
CHLCN.COOK 1 2C,1 1,011 421 LSO, CHLLCOAC, )Lt KTISO,
ENTLITSD,.
Dropertics. -Colowless Tl 5 o po 1937 5 s gr. 1068 at a8
See A fpemding . 250,
I'REPARNTION 23,
Ethyl Malonic Acid, C.11,.¢117 S0:11
= - COLl
Conrad, Anrnalen, (S8o, 204, 134.

16 grms. ethyl malonate

25 » (32 c.c.) absolute alcohol
23, sodium
20 s cthyl fodide

Sodimm ethylate is Nrst repared by dissolving 2°3 prmns
sodimn i 25 grams aleohol, and the reection canpleted, 1
necessary, on the water-hath as desevibed on pe 830 Whilst
the product is still sbhghtly warm, 16 grims malonic ester e
added fram a tap-fimnel. The liquid renvons clear at trst, bt
befare the ester hos all been added a0 white erystalline hody
(sodiom ethyl walonate) separates out, and soon the wlusle
solidifies.  T'o the solid 1aass 20 grams ethyl jodide are slowjy
added.  The mass softens and, after continned shaking, com-
pletely liquelies with evolation of heat. The proaduct i now
heated on the water-bathy, when it beeomes tnbid o e
separation of sodium fadide v the Torm of & fme powder.  Afler
one and a half hours the lignid censes to be alkaline and the
reaction is complete.  The aleohol s distilled ol o a loiae-
bath (water saturated with conmmon salt)  Oa the additime of

COHEN’S ADV. I L. C. i
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e e

water to the residue an almost colourless oil separates oyt, The
oil is removed by extraction with ether, deliydrated over ¢ylcium
chloride and distilled. When the ether has been driven oft,
almost (he whole of the residue (ethyl diethyl malonate) passes
over at 206—208>,  Yield about 15 grams,

CEi,.(CO.OC,Hs), + NaOC,H; = CHNa(CO.0C,Hy), + C,H,0 EL

Scdium erhy! malonate.

CHNa(CO.0C,1,); +CoH;I = CH(CoHy) (CO.0C,H;), + NaT

Erhyl nualonic ester.

Properties—Colourless liquid with an agreeable fruity smell ;
b. p. 207’ sp. gr. t'008 at 18°. .

To obtain the free acid, the ester s hydrolysed witl:
caustic potash. To 15 grams caustic potash in strong
aqueous solution, 10 grams of the ester are slowly added
from a tap-funnel. At first an emulsion forms, which soo!n
solidifies to a white mass. This is heated on the water-
bath with frequent shaking for about three-quarters of an
hour, until:it becomes completely liquid. The hydrolysis is
then complete. The product is diluted with a little water,
neutralised with concentrated hydrochloric acid, and the free
acid precipitated with a strong solution of calcium chloride
as the calcium salt. This is separated from the solutionn Dby
filtration and concentrated hydrochloric acid added to the
calcium salt. From the acid solution the free ethyl malonic
acid is extracted by shaking with ether. After evaporating
off the ether, the acid remains behind as a syrup, which
solidifies when cold. This is redissolved in water, boiledl
with a listle animal charcoal to free it from any adhering
colouring matter, filtered, and evaporated to syrupy comn-
sistency on the water-bath. The colourless acid crystallises
on cooling. Yield about 5 grams.

C,H,CH(CO.0C,Hy), + 2KOH = C,H,CH(CO,K), + 2C,H,O ¥
CoH,CH(CO,K ), + 2HCI = C,H,CH(CO,H), + 2KCI.
Ethy! malouic acid.

Properties—Rhombic prisms ; m. p. 111°5°, easily soluble in
water, alcohol, and ether.

Reaction—1. Heat a gram or two of the acid in a test-
tube over a small flame and have at hand a second test-tulde
one-third full of lime water. The acid decomposes at 160*
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/
mto butyric acid and carbon d10\1 i\ﬂhen the effervescence
begins to slacken, decant the gas o\\n&ud&u ato_the test
tulie of line- water, shale up and nouéb,,the“t@),mlaty : iThe
acid which remains will have a strong smell“of-butyriée--acid,

C,H;CH(CO,H),=C,;H.CO.OH+CO,
See Appendix, p. 256.

Chloral Hydrate, CC13CH<811_'II

Liebig, Amnalen, 1832, 1, 189 ; Dumas, Ann. Chim. Plys.
1834, 56, 123.

Chloral hydrate is obtained by the action of chlorine upon
ethyl alcohol. The solid chloral alcoholate is formed,
CCl,CHOH.OC,H;, which, when decomposed with sulphuric
acid, yields chloral, CCl;,COH, a liquid which combines with
water to form the crystalline hydrate.

Properties.—-1t crystallises in prisms, which dissolve easily in
water, alcohol, and liquid hydrocarbons. It has a peculiar
smell ; m. p. 57°; b. p. 97°5°% It volatilises on evaporating its
aqueous solution.

Reactions.—1. Add a few drops of a solution of chloral
hydrate to a little ammonio-silver nitrate solution and warmn.
Metallic silver will be deposited.

2. Add a little caustic soda to a solution of chloral and warm
geutly. The heat of the hand is sufficient for the purpose. A
smell of chloroform is at once apparent, CCl.CH(OH),+
NaOH=CHCl;+HCO.ONa+H,0. Sodium formate remains
n solution.

3. Add a few drops of ammonijum sulphide solution and warm
gently. A brown colouration or precipitate is formed.

PREPARATION 24.
Trichloracetic Acid, CCl,.CO.OH.

Dumas, Compt. rend., 1838, 8, 6og ; Clermont, Ann. Chim,
Phys., 1871, (6), 6, 135.
25 grms. chloral hydrate
20 ,, fuming nitric acid ; sp. gr. 1°5 (s2e p. 20).
. 1 ~
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The chloral hydrate is melted in a distilling ﬂd.S].\( 50 cc)and
(he fusing nitric acid added.*  The mixture is heated carefully
over a small Hdame until the reaction sets . Afler a few
minutes red fumes are evolved, consisting mainly of mtmgen
tetroxide. The veaction proceeds without the application of
lheat, and is complete when, on warming the liquid, nitrous
fuines cease to come off. The product is now distilled ; below
125° excess of nitric acid distils; between 123° and 194 a
mixture of trichloracetic acid and a small quantity of nitric acict
Jlass over, and at 194—196° nearly pure trichloracetic acid
collects in the receiver and solidifies on cooling. It is advisable
to distil the last fraction with a condenser-tube ouly. The
fraction boiling at 123—190° is treated with a fresh quantity of
faming nitric acid (10 c.c.), and the product: purified as before.
Yield, 10—15 grams.

CCl,.,CO.H+0=CCL.CO.0H.

Properties.~ Colourless, rhomhohedral crystals; m. p. 52° 3
b. p. 195°.  See Appendiv, p. 257.

PREPARATION 25.

CO.0H
Ozalic Acid, | +2H,0
CO.0H

Scheele ((776), Naumnann, Moeser, Lindenhanm, /. praioZ.
Chem. 1907, T5, 146
140 c.c. conc. nitric acid.
20 grms. Cane sugar.
o1 grm. vanadium pentoxide.

The nitric acid is warmed gently on the water-bath in a largo
flask (1 litve) with the addition of the vanadium pentoxide. It is
then placed in the fume cupboard and the cane sugar at once
added. As soon as torrents of brown fumes begin to be evolvec,
theflaskis placed in cold water. After thereaction has ceased tlic¢
liquid is left for twenty-four hours when colourless crystals of
the acid separate. A further small quantity may be olhtainecl
from the mother liquor on standing. The crystals are drained o 11
a small porcelain funnel without filter paper, and recrystallisedd
from a very small quantity of water. Yield, 15—20 grams,
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Propiertice.—Coloarless crystals, which, on heating ta 100",
lose their water of erystallisation, mely, and then partly sublime
and partly decompase, giving olt civbon dioxide and  formic
acid. M. poof the hydrated erystals 100°5” Soluble in water
and in alcoliol, very slightly soluble in ether,

Keactions,— <. Bail a litde of the acid with anmonia solntion
mtl nentral, and add calciam chloride salntion. A white pre-
cipitate of the calcium salt is abtained, which is insolable in
acetie acul,

2. Add to a solution of tlie acid a few drops of dilute
sulphnrie acid, and warm gently.  On adding permanganate
solutian it is immediately decolonrised, §C,11,0,42KMnO, 4
31L,SO,=16C0,+ 8110 + 1,80, 4- 2080,

3. Teat two ar three granas ol the evystals with abont § e con-
centrated snlpburic acid. Rapul efftrvescence ovenrs, ad the
gaus may be ignited at the mouth of the be, Cy11,0, — 11,0 ==
CO+CO..  Sce Appemdin, p. 257.

PREPARATION 26

CO.0CH,
Methyl Oxalate, |
CO.OC,

Daas, Pebgot, Ao, Chim. Dy, 1836, 58, 445 Erlenmeyer,
Rep Dlerm. (2), 23, 432.

70 prms. crystallised oxalie acid
50 ,, (03 ce)methyl aleoliol

The oxalic acid 15 powdered and heated in a hasinona walter-
Dbath, whicliis kept boiling Driskly, until no more wateris given off
(one totwo hours). It mnst be oceasionally shirred and powderad
up.  Itis then heated to 110 120" inan aie-bath or in a0 \ietar
Meyer drying apparatns (sce oo27) until 1t loses the weght
corresponding to two moleenles of woter. 11 the Vietor Meyer
apparatns is used, muyl alvohol, b o132, shonlkd be placed i
the onfer jacket.

The dehydrated and powdered oxalie actd 1s mixed with the
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———
methyl alcohol, and the mixture heated on t}}e water-hath for
two hours with an upright condenser. The liquid is then disiliect
with a thermometer. When the temperature rises to 100° the
receiver is replaced by a beaker, and the water-jacket of the
condenser removed. The thermometer rises rapidly to the
boiling-point of methyl oxalate, 160—165° and the distillate
solidifies in the receiver. It i1s drained at the pump and dried-
It may be recrystallised from spirit. Yield, 20—25 grams,

C,H,0,+2CH,0H=C,0(0CH,),+2H,0.

Profertics.—Colourless plates ; m. p. 54°; b. p. 163%

Reactions.—For this purpose the alcoholic mother liquor from
the crystals may be used.

1. Add a little caustic potash solution.  Crystals of potassin 11
oxalate are deposited. The ester is hydrolysed.

2. Add a few drops of concentrated ammonia. A white
crystalline precipitate of oxamide is formed, C,0,(0CH,), -~
2NH;=C,04NH,),+2CH;OH.

PREPARATION 27.

Glyoxylic Acid, CHO.COOH + H,0.
Glycollic Acid, CH,OH.COOH.

Tafel and Frieduichs, Ber., 1904, 37, 3187 ; Centralblatt ; 19005
11, 1699. .

20 grms. oxalic acid (in fine powder).
100 c.c. sulphuric acid (10 per cent.).

The process is one of electrolytic reduction and the apparatus
is similar to that shown n Fig. 77, p. 144. It consists of a smuzill
porous cell (8 cm. x 2 cm, diam.) surrounded by a narrow bealcc 1
(11 em. x 6 cm. diam.). The oxalic acid, mixed with 100 c.c-.
Io per cent. sulphuric acid (titrated against standard baryt:t
solution) forms the cathode liquid and is placed in tlic
beaker. The porous cell is filled with the same strength Of
sulphuric acid and forms the anode liquid. The electrodes nuie
made from ordinary clean sheet lead. The anode consists of i1
thin strip projecting about two inches from the cell and tlic
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cathode is made from a rectangular piece 10x15 cm. with a
long tongue, the square portion being bent into the form of a
cylinder surrounding the porous cell, and the projecting tongue
serving as attachment to the circuit (see Fig. 77, p- 144). It is
advisable to reverse the current before use so as to produce a
metallic surface.

The whole apparatus is placed in a good freezing mixture.
The electrodes are connected in circuit with an ammeter and
resistance as described onp. 144. The reduction requires theoreti-
cally 9 ampere-hours and the strength of current may vary
between moderately wide limits (2—6 amperes) per 100 sq. cm.
of cathode surface. The cathode liquid should be frequently
stirred so as to bring the suspended joxalic acid into solution,
and, as the yield of glyoxylic acid depends on efficient cooling,
it is important that the temperature should not exceed 10°. If
the temperature is allowed to rise, glycollic acid is formed.
The glyoxylic acid is separated as the calcium salt. The
cathode liquid is poured into a2 basin and the sulphuric and
unchanged oxalic acid precipitated with standard baryta solution.
The mixture is filtered and the filtrate is concentrated iz vacuo
at 60° (see p. 94), neutralised m the cold with calcdum
carbonate, boiled up for a short time and filtered. As calcium
glyoxylate is only slightly soluble in cold water (I partin 140
of water at 18%) the greater portion crystallises on cooling. If
calcium glycollate, which is much more soluble, is present, it
may be separated froin the filtrate by concentrating the solu-
tion on the water-bath and precipitating with spirit. To obtain
free glyoxylic acid, the calcium salt is dried and suspended
in water, the calculated quantity of oxalic acid added and the
mixture filtered. The filtrate is evaporated in a vacuum
desiccator, when the glyoxylic acid remains as a viscid liquid
which may crystallise on long standing,

COOH.COOH + H,= CHO'COOH + H.,0,

Properties.—Crystallises in rhombic prisms ; very sciuble in
water.

Reactions.—1. Add a few drops of the acid solution or solu-
tion of the calcinm salt to a few c.c. of ammonia-silver nitrate
and warm in hot water. A silver mirror is deposited.

2. To the acid, neatralised with potassium carbonate, or to the



PRACTICAL ORGANIC CIIEMISTRY

104

solution of the calcium salt, add a solution of phenylhydrazine
acetate and a little sodium acetate. The phenylhydrazone
separales on standing i nvnute yellow crystals, which can_l‘)C
recrystallised from alcohol. The neutyal salts also comnlb>inc
with sodinm bisulphite and hydroxylamine.

Glycollic Acid. Ifit is required to convert the oxalic acicl
completely into glycollic acid, the same method is employecl as
described above, but the temperature is raised to 35° and the
numlier of ampere-hours is doulled. The separation is effe ctecl
as the calcium salt and precipitated with alcohol as alreacly

described.
COOH.COOH + 2H, = CH,OH + COOH + H,0

Properties—Crystals m. p. 79—807; very soluble in water.
The air-dried calcium salt contains three molecules of water Of
crystallisation and is soluble in 8o parts of water 15°% and in 19
parts at 106°  See Appendix, p. 258.

PREPARATION 28,
Palmitic Acid, C,;H;CO.OH.
Frémy, Aunalen, 1840, 36, 44.

30 grms. palm oil.
24 ,, caustic potash.

The caustic potash is dissolved in its own weight of \watct-
The palin oil is melted in a large basin on the water-batli,
and the potash solution added with constant stirring. T he
mixture is heated for half an hour. Half a litre of boiling
water is poured in, and, afler stirring well, 75 c.c. concentratec!l
hydrochloric acid are gradually added, and the heating co-
tinued until the palmitic acid separates out as a transparcint
brown oil on the surface of the liquid. It is allowed to cool, avirci
the cake of impure acid removed and pressed between filter-
paper. The acid is now melted in a small basin on the water-
bath and decanted, from any water which inay have separatecl,
mto a retort (250 c.c.). It must be distilled 7% vacuwo. T lre
neck of the retort is fixed into a small filtering tube, which ser+ ¢«
asreceiver, asshown in Fig.67. A few small pieces of unglazc:l
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pot are dropped into the retort, the tubulus of which is closed
with a cork holding a thermometer. Before commencing the
distillation the apparatus should be tested to see that it is air-
tight, Itiis then evacuated with the water pump (See Fig. 33,
P- 44), and the distillation commenced.
During the distillation it is advisalle
to hold the Bunsen and to lieat the
retort with the bare flame. Under a
pressure of 36 mm. the acid distils at
245°.  The pale yellow oil which col-
lects in the receiver 1s poured out
mto a hasin whilst hot and allowed to
cool. The cake of acid is spread on
a porous plate and left to drain,
when 1t hecomes mnearly colourless,
and, after one or two crystallisations
from small quantities of spirit, is pure, and mells at 62",
Yield about 20 grams.

The aqueous portion from which the cake of acid is removed
contains free hydrochloric acid, potassium chloride, and glycerol.
The latter may be obtained by evaporating to dryness on the
water-bath, and extracting the residue with small quantities of
alcohol, which dissolves out the glycerol. On evaporating the
aleohol impure glycerol is left,

FiG. 67.

CH,.0.CO.CyHy

CH.0.COC;Hy, + 3KOH = 3C,,H, COOK + C;H,(OH),

| Potassiant palinitate. Glycerol.
CH,.0.CO.CpHy
Palwirin.

C,HyCOOK + HCl = C;;H,;COOH + KCL

Properties—Crystallises in tufis of colourless needles ; m. p.
62% ; soluble in alcohol and ether ; insoluble in water.

Peactions.—1. Dissolve a sinall quantity of the acid in caustic
soda solution and add salt. Sodium palmitate separates as a
curdy white precipitate.

2. Boil another portion of the acid with caustic soda and letit
cool. Pour off the liquid from the crust of sodium palmi-
tate, which forms on the surface, wash once or twice with
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a little cold water, and dissolve thé sodium salt in hot
water. On cooling, a thick gelatinous mass of sodium
palmitate separates. See Appendix, p. 258.

Glycerol (Glycerin), CH,(OH).CH(OH).CH,(OH)
Scheele, Opusc., 1779, 2, 175.

Glycerol is obtained lhy the hydrolysis of fats and oils, and
purified by distillation under reduced pressure with superheated
steam.

Progerties.—A viscid, colourless liquid, with a sweet taste ; m.p.
17% b, p. 290°. It boils, wnder ordinary pressure, with partial
decomposition forming acrolein ; sp. gr. 1269 at 12°; miscible
with water and alcohol ; insoluble in ether and the hydrocarbons.

Reactions.—1. Heat a few drops of glycerol with some powdered
potassiuin hydrogen sulphate.  The irritating smell of acrolein
‘s at once perceptible.

2. Make a borax bead and dip it into a solution of glycerol
and bring it into the flame. A green colouration due to boric
acid 1s produced.

PREPARATION 20.
Formic Acid, H.CO.OH.

Berthelot, Ann. Clhim. Plys., 1856, (3) 46, 477 ; Lovin, Bull.
Soc. Chim., 1866, (2) 5, 7 ; 1870, (2) 14, 367.

so gvins. anhydrous glycerol.
200 ,, oxalic acid (in four portions of 50 grams).

The glycerol is dehydrated by heating it gently in a basin on
a sand-bath until a thermometer with the bulb immersed in the
Liquid indicates 175° Fifty grams of commercial crystallised
oxalic aad and 50 grams of glycerol are heated in a retort
(250 c.c.) over wire-gaunze, with condenser and receiver. A
thermometer is fixed through the tubulus with the bulb in the
liquid. The reaction hegins at about 86° and at 9o” proceeds
liriskly, carbon dioxide being evolved. The temperature is main-
tained at 105 —116° until the evolution of gas has slackened.
Some aqueous formic acid has meanwhile collected in the
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recciver. The contents of the retort are now cooled to
aliout 86° and a further 5o grams of oxalic acid added. The
reaction recommences on heating with the formation of aqueous
formic acid, which hecomes more concentrated with each fresh
addition of oxalic acid until the distillate eventually contains 56
lier cent. of acid.  The other portions of oxalic acid are added
in the same way. In order to regain the formic acid which
remains as monoformin in the retort, the contents are trans-
ferred to a round flask, diluted with about 250 c.c. of water
and distilled in steam, until the distillate has only a faintly acid
reaction (about 250 c.c.).

Distillation in Steam.—The apparatus for distilling in
steaun isshownin Fig. 68. A large flask, or, preferably, a 1 gallon

:i‘

Fic. €8.

tin is closed by a double bored cork. A safety-tube passes
through one hole, and a bent tube which terminates below the
cork passes through the second hole, and is attached by rubber
tuling to the inlet-tube of the distilling flask (1 ltre). The
flask is sloped to prevent the contents being splashed over
into the condenser. It i1s heated on the sand-bath or asbestos
board to boiling, and steam passed in. The nnited distillates
are poured into a hasin and neutralised by adding lead car-
honate until, on heating, no further effervescence occurs. The
liguid is now ieft for a moment to settle, and the clear solution
decanted, whilst hot, through a fluted filter. The residue in the
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lLiasin is lLoiled up again with a volume of water equal to that
decanted, and again a third and fourth time, and flterec hot
each time untl no more lead formate is dissolved, The leid
formate will ave now passed into solution and the liguid is 1‘11(,\11
evaporated down on a sand-bat]; o1 ¥11R-
burner (see Fig. 69), until crystals a]210¢ir
on the surface, when the liquid js put ©n
one side to cool. Lead formate crystil-
lises out in long white needles. Yield
about 150 grams. In order to oldtain
pure formic acid, hydrogen sulphicle is
passed over the heated lead salt. It is
carried out as follows :—

The powdered salt, dricd on the wwater-
hath, is introduced in a loug layer into a sloping wide tithi,
loosely stopped at the lower end by a plug of glass wool or
ashestos.¥ To the lower end of the tube a receiver, in tlhhe form
of a distilling-flask, is attached, which is protected from moistiire
by a drving-tube. The salt is heated geutly by moving =z flaue
along the tube whilst hydrogen salphide, washed throngly witter,
and dried by passing through a U-tube containing calcinm ¢hlonr-
ide, 1s led over the salt in not too rapid a stream. The lond
formate blackens, and is slowly converted into lead sulphide und
formicacid,which drops into the receiver. The acid,which retsiins
a strong smell of hydrogen sulphide, is freed from the Iattar by
distillation over a Iittle dry lead formate. Vield is mncarly
theoretical.

Fic. 69.

CHyOH),+CH,0,=CHOHe 4 co,+1,0.

Glycerole monofornin.

cHOEL, +H,0=HCO.0H+ CH 0H),

Formic acid.

Propertizs.—Colourless liquid, with a penetrating stnell  re-
sembling sulphurousacid; b. p. 100°; sp. gr. 12232t 0°; so liclifics
below o7 to colourless crystals ; m. p- 8:6°; soluble inwateir- sand
alcohol.

Reactions.—For the following tests use a neutral solution re-
pared as follows :—Boil a little lead formate with a solution of
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sodinm carbonate, Blter, add a slight excess of mitric «cid, boil a
minute, add &Glnte ammonia and boil until neutrad. 1. Add
a drop of femie chloride. A red colouration is produced,
which, on boding, hecomes turbid from the formation  of basic
ferric Tormate.  (Compare acetic acid, (1. 74.)

2. Add to the solution a few drops of a solution of silver
nitrate and warm.  Metallicsilver is deposited as a black powder.

3. Add to the solution a few drops of a solution of mercuric
chlaride wand warm.  White mercurous chloride is deposited.

4. Add cancentrated  sulphuric acid to a Little formic acid,
solid lead farmate, ar other salt and heat. Carbon monoxide
is evolved, and may be lighted at the mouth of the test-tube.
(11COM) I +11,50,=PbSO,+2H,0+42C0.  Sec Appendix,
P- 250

P REPARATION 30.
Allyl Alcohol, C11,:CI1.C11.OH.
Tollens, leaninger, Aunilen, 1870, 156, 129.
5o grms. oxalic acid.
200 ,, ylycerol.
} 5, ~ammonium chloride.

A mixture of the above substances is heated in a retort
(& hre) over wire-gauze with condenser and veceiver.® A rapid
evalution of carhon dioxide at fivst occurs, and the temperature,
imdicated by a thermometer dipping into the liquid, remains for
some time stationary at about 130" As the temperature slowly
rises the evolvtion of yas slackens, and after a time (at about
1807) entirely ceases. \When the temperature has reached 195°
the receiver, wldeh cantains aqueous formic acid, is changed.
At 200--210" carbon dioxide s again given off, and aily streaks
are observed to mn down the neck of the retort ; at the same
time a disagreeable penctrating smell is perceptible. By gently
heating the contents of the retort, a tenpervature of 220—230° is
maintamed far some time, and when it has finally risen to 260°
the distillation is stopped.  The distillate is a mixture of allyl
alcahol and water, and there is also present allyl formate,
glyceral, and acrolein.  Excess of glyceral remains in the
retort and may be nsed again by repeating the operation with a
smudler quantity of oxalic acid (30-- 4o gramns) until the residue is
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too small or has become dark-coloured and thick. The distil-
late 1s suhnntted to a second distillation, which is continued
until no oily layer separates from the latter portions which distil
on treating with solid potassium carbonate. This occurs when
the temperature reaches about 105°  On adding solid potassium
carbonate to the distillate, the allyl alcohol settles out as an oil.
This is separated and distilled. Yield about 15 grams boiling
at 92—96°,
C,H,0,+C,H0;=C,H,(0OH), O.CO.H+H,0+CO,
Glycerol monoformir.
C,H;(OH)..0.CO.H=C;H;0H +H,0+CO,
Allyl alcohol.

Properties—Colowless liquid, with a pnngent odour; b. p.
955" 5 sp. gr. 0858 at 15°

Reaction—Add hromine water to a little of the allyl alcohol.
It is immediately decolourised, C,H,OH + Br,=C,H;Br,0OH,
See Apgpendir, p. 259.

PREPARATION 3I.
Isopropyl Iodide, CH; CHI.CH,
Markownikoft, Annalen, 1866, 138, 364.

60 grms. iodine.

40, glycerol

32 , water.

1t ,,  yellow phosphorus.

The iodine, glycerol, and water are placed together in a retort
(250 c.c.), standing over wire-gauze and attached to a condenser
and receiver. The phosphorus is cut up under a layer of water
into small pieces, the size of a pea, and, with crucible tongs,
dropped gradually into the retort. The introduction of the
phosphorus generally produces at the beginning a violent re-
action, often accompanied by a vivid flash. If.no reaction
occurs on adding the first few pieces of phosphorus, the retort
must be warined gently. The last two-thirds of the phosphorus
may be added more quickly. The contents of the retort are
now distilled as Iong as any oily liquid passes over. The distil-
late is poured back into the retort and redistilled. The liquid.
is then shaken up with dilute caustic soda solution ina separating-



EPICHLORHYDRIN 111

funnel, the isopropyl iodide separated, dried over calcium
cl“llo.nde, poured off and fractionated in a distilling flask. 1t
distils entirely at 88—89°. Yield 30—35 grams.

1.  PL+3H,0 = 3HI + HPO,
2 C|Hon CH,I
C|HOH + 3HI = CHI + 3H,0
|
CH,OH CH,I

Propeny! trifodide.
3. CH,I CH,
| !
CHI 4+ 2HI = CHI + 2],
l i
CH,I CH,

Isopropy! iodide.
Propenyl triiodide is probably formed as an intermediate pro-
duct, though it does not exist in the free state.
Properties—Colourless liquid ; b. p. 89'5° 5 sp. gr. 1'744 at o°.
See Appendix, p. 260,

PREPARATION 32.

_ CH,CLCH.CH,
Epichlorhydrin, No”

Reboul, Anaualen, Spl., 1861,1, 221.
200 grms. glycerol.
160 c.c. glacial acetic acid.

The glycerol, which must be dehydrated (see p. 106), is mixed
witlh an equal volume of glacial acetic acid. Hydrochloric acid
gas (see Fig. 65, p. 93) is passed into the cold liquid for abont
two hours, when 1t ceases to be absorbed. The mixture is now
Lieated on the watev-bath, and, after standing twenty-four hours,
the current of gas is continued for about six hours more. =~ The
liquid is distilled with a thermometer.*  Hydrochloric acid is
first given off, together with acetic acid. As the temperature
rises, the dichlorhbydrin and acetodichlorhydrin distil. The
portion distilling at 160—210” consisting mainly of dichlovhydrin,
is collected separately and used for the preparation of epichlor-
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hydrin. Yield of dichlorhydrin about 120 grams. Epichlor-
hydrin is obtained by the action of agueous potash solution
upon the dichlorhydrin. A solution of 0o grams of caustic
potash in 200 c.c. of water is well cooled and poured slowly, with
constant stirring, into the dichlorhydrin. Rise of temperature
must be carefully avoided. The epichlorhydrin is separated
from the product by adding ether, which dissolves out the
epichlorhydrin. The upper layer is separated, shaken up
with a little water, and again separated. 1t is then dehydrated
over calcium chloride and decanted into a round flask. The
etlier is first removed on the water-bath. The residue is then
fractionally distilled. Thisis effected by attaching a fractionat-
ing column to the flask (see p.137). The portion boiling
at 115— 125° 1s epichlorhydrin, and is collected separately. The
portion boiling above this temperature consists mainly or
acetodichlorhydrin. Yield 25—30 grams.
CH,OI1.CIiOIl.CH,0OH + HCl = CH,CI.CHOH.CI1,0l1 + H,0.
a-Monochlorhydrin.

CH,Cl.CHOH.CI1,0H + HCl = CHyCl.CHOH.CH,CI + H,0.
aa-Dichlorhydrin.

CEH,CI.CHOH.CH,Cl + KOH = CH,.CH.CH,CI 4 KCl + H,O.
o/
Epichlorhydrin.

Properties.—Mobile liquid, with an ethereal smell; b. p.
11795 s gr. 1'203 at o°.

Reaction—Warm a little of the epichlorhydrin with caustic
potash solution. It dissolves, forming glycerol. See Appendix,
p- 260.

CH(OH).COOH
Malic Acid, |
CH,.COOH

Malic acid is prepared from the juice of the mountain ash
berries by precipitation as the calcium salt.

Properties.—It is soluble m water and alcohol, but not in
ether. On heating, it loses water and is converted into fumaric
and maleic acids (see p. 125).  On oxidation it gives malonic acid
and on reduction succinic acid.

Reactions.—1. Make a strong neutral solution, add calcium
chloride solution and boil. The calcium salt is precipitated.
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2. Mix abont o5 gram cacle of powderad mahe acid and
resorcinol, and suld ¢ ocoes af conventided  salplarie acid.
Warm the puximre for a moment over the mme wntl 1t
Degins ta froth. On cooling and adding water el caastic soda
solution,an intense blue fluorescence is prodacal(von leclimam).

PREPARATION 33.
Succinic Acid (LEhylenedicorboxylie Acid),
COOTLCLEL.CLL.COOLL
Schanitt, “Anaalen, 1800, 114, 106,
1o grms. malic arud.
30 5, lhydriodie acid.
2, red phosphorus,

The hydriodic acid is conveniently preparved, acearding (o
Gattermann, as fallows : - A small ol tlask (1oo c.e)) is
provided with a tap-_inel and delivery-tabe, the Tatter heing
attached o a U-tube as shown m . 70, The U-tube is filled
with broken glass ar pot, which
has Dbeen coated with aumor-
phous phasphorus by rnbbing
it in the phosphorus sliglnly
maistened  with water.  T'he
tlask s fArst detiched fram the
U-tube and finmel, and 44
grams  of 1odine mtrodneed . #
Four grams of yellow phos-
pliorus, vt in small picees, are
then added.  The phosphorns
nmst be  cut mnder  water,
Drought on to Blier-paper with
crucihle tongs, pressed for a monent, wd imsforred with
tangs to the flask.  1ach piece of phosphoras as it drops in
produces a flash.  When the phosphoras bas heen adided a dark
colaured liqmid is obtained, which solidilies on cooling, and
consists of Ply. Tl flask, when cold, is closed with s cork,
and the delivery the from the Y-tube 15 mserted looscly inlo
the weck of a small llask contaming 5o e ol waler, so thit
the open end of the delivery-tnbe s above the surface ol (e
water.  1Uis kept in position by @ wedye ol cork Bxed in the

COMEN'S AV, ©. Q. ¢, |

Fu, 70,
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neck. Ten c.c. of water are now added gracually from the tap-
funnel. Hydriodic acid 1s evolved, and, after being freed from
iodine in the -tuhe, is absorbed by the water. When the water
has been added, the liquid is gently heated over a small flame
until no more fumes issue from the delivery-tube. The aqueous
solution of hydriodic acid is distilled with a thermometer, and
the portion boiling at 125° and above is collected separately. It
consists ‘of strong hydriodic acid solution, containing about
57 per cent. of HI. The malic acid is dissolved in the
hydriodic acid and poured into a stout-walled tube for
sealing. The red phosphorus is added, and the tube sealed
in the usnal way (see p.24). Itis heated in the tube-furnace
for six hours at 120°.  On removing the tube it is found to le
filled with crystals of succinic acid mixed with lodine. The
contents are poured into a basin and evaporated to dryness on
the water-bath, The residie, when cold, is stirred with a little
chlovoform to dissolve the free iodine, which is then decanted,
and the process repeated if necessary. After warming to drive
off the cliloroform, the substance is dissolved in hot water and
set aside to crystallise, Succinic acid crystallises in long prisms.
Yield 5 grams.
" COOH.CHOH.CH,.COOH -+ 2HI = COOH.CH,.CH, COOH
+H,0 + L,

Properties.—Colourless prisms ; m. p. 180° On distillation,
the acid loses water and is converted into the anhydride.

Reaction—1. Make a neutral solution by boiling with an
excess of ammonia, and add to one portion, calcium chloride ;
no precipitate is formed ; to another portion add a drop or
two of ferric chloride; a browu precipitate of ferric succinate
1s thrown down. See Appendix, p. 261.

CH(OH).COOH
Tartaric Acid (Dihydroxysuccinic Acid), | '
CH(OH).COOH

Scheele (1769).

The acid potassiam or calcium tartrates are found in many
plants ; but the chief source of tartaric acid is the impure acid
potassium salt, which separates out as wine-lees, or argol fron
grape-juice in process of fermentation.

Froperties.—The acid crystallises in monoclinic prisms,
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soluble In alcohol and water, but not in cther. 1t turns the
plane of polarisation to the right ; m. 1. 167— (70",

Leactiony.—1. Heat a crystal of the acid. It gives an odour
resembling bumt sugar.  Carefully neutralise a solution of tar-
taric acid with caustic soda, and make the following tests : —

2. Add calcium chloride and stic with a glass rod. A crystal-
line precipitate of calcium tartrate, C,H,0,Ca+4H,0, is formed
which dissolves in acetic acid and caustic alkalis. Repeat the
foregoing test, hut add a few drops of acetic acid before the cal-
cium chloride. There is no precipitate.  Calcium sulphate also
gives no precipitate with tartaric acid or neutral tartrates,
(compare reactions for oxalic acid, p. 100).

3. Add silver mtrate solution. The white precipitate is the
silver salt.  Add two or three drops of dilute ammonia until the
precipitate is nearly dissolved, and place the test-tube in a
beaker of hot water. A silver mirror will be deposited.

4. Add a few drops of acetic acid and a little ammnoninn or
potassium acetate solution to a moderately strong solation of
tartaric acid ov a neutral tartrate.  On stirring with a glass rod,
the acid potassiwm or ammonium tartrate will be precipitated.

5. To a solution of tartaric acid or a tartrate in water add
a drop of ferrous sulphate solution and a few drops of hydrogen
peroxide and make alkaline with caustic soda, A violet colora-
tionis produced (Fenton’s reaction).

PREPARATION 34
CH(OH).CO.0C,H;
Ethyl Tartrate, |
CH(OH).CO.0C,H,
Anschiitz, Pictet, Ber., 1880, 13, 1176,
30 grms. tartarvic acid.
160 c.c. absolute alcohol.

The tartaric acid is finely powdered and mixed with half the
above quantity (8o c.c.) of absolute alcohol. The mixture is
lLeated on the water-bath with upright condenser until dissolved.
‘The flask is immersed in cold water, and the well-cooled
solution saturated with dry hydrochloric acid gas (prepared in
the usual way by dropping conc. sulphuric acid mto conc.

hydroclioric acid, see Fig. 65, p. 93). After standing for an
T 2
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hour or two (or preferably overnight), the hydrochloric acid,
excess of alcohol and water arc expelled Dy evacuating the
flask and distilling 722 wvaceo on the water-bath. ‘The te-
maining half of the alcohol is added to the residue, ancl the
mixture again saturated in the cold with hydrochloric acidl gt -
After standing, the acid, alcohol and water are removecl @5
before, and the residue fractionated from an oil or metal hath mn
wacno. The ethyl tartrate distils as a clear viscid liquid. After
a second distillation 7z wacwo the substance is pure.

At 11 mm. it boils at 155°
bhd 20 ” » bhd 1640'

The yield is 8o per cent. of the theory.  Sce Agpendiv, 3. =02,

Determination of Rotatory Power.—Therotatory power
of ethyl tartrate, which is an optically active substance, s
determined by means of a polarimeter. One of these instrn-
ments known -as Laurent’s polarimeter is shown in I igs
71 and 72.

The monochromatic light of a sodium flame is used m these
determinations and is obtained by suspending in a Durnsen
flame a platinum wire basket containing fused sodium chlaride
or the more volatile bromide. The latter gives.a brighter flev111g,
but the basket requires replenishing more frequently. “I"be
light from the flame passes througli a cell B, containing a
solution of potassium bichromate (or a crystal of this substivnrce),
which deprives it of blue or violet rays. It then passes thhiraiigh
the polarising nicol prism P. A plate of quartz cut parallel to
the optic axis covers half the opening D, and is of such a thick-
ness that it produces a difference of a half-wave length (or
exact odd multiple of a half-wave length) between the two  1:1ys,
which it gives by double refraction. The light then ypzasss
through the substance placed in the tuhe T and entering :at E
strikes the analysing nicol N. The telescope OH isfocussccl ou
the edge of the quartz plate at D. When N is turned, 2 pointer
moves over the graduated circle ¢ and its position can be read
by means of the lens L.

The Theory of the Instrument may be explaineel as
follows :—If, after passing through the nicol P, the plaunie: of
vibration is in the direction OB, I'ig. 73 «, then in thehalf ¢1f the
field to the right, uncovered by the quartz plate, it passes on un-
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PR i
changed. When it strikes the guartz the ray is broken up int?
the two components 0y and Ox. These tr.averse the quaf‘t/'
with different velocities, and since one ray is retarded half @
wave-length in respect of the other, the vibration of one comnt-
ponent will be represented by oy, but the other must be re-
presented Dby ox’ instead of Ox. The§e two combine _0n
emerging to a plane polarised ray vilrating in the directiol?
oF so that the angle AOP’ is equal tothe angle A0B.

If now (the tube containing water or other non-rotatingf
liquid) the nicol N be so placed that it is paral!el to nicol l’a_
then the Light, in the half of the field to the right, will pass
through unchanged, but only a portion of the light which has

V:1

A
¢
.

~.,

Fic. 73

passed through the quartz diaphragm with its plane of vibration
in the direction OB', will pass through N and consequently thare
will be different intensities of illumination in the two halves
of the field, Fig. 73 & (if the angle a is 45° then the angle B3O
will be 90° and the light in theleft half of the field will be coIn-
pletely obscured). Similarly if the plane of the nicol N be niiacle
parallel to OF’ there will be a greater intensity of illumination
in the left half of the field, Fig. 73 ¢. Between the two positions
of the nicol N there must necessarily be one which gives
uniform illamination of the whole field, and this is the zcro
point of the instrument, Fig 73 4.

If the tube T, containing the active substance, be interposad
between the two nicols, then both rays 0B and or‘ will Tsc
rotated through equal angles, and to re-establish uniform
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Humination i the two halves af the field, the nicol N must
Lie turned throngh an angle equal to the angle of rotatian, which
is then measured on the divided circle.

When the angle a is small, Ze when the plane of
vibratian of the polarised hght 1s dmost parallel ta the optic
axis of the quartz, the greatest degree of  sensitivencess s
attained, for then a very small change in the position of N
causes a great difference in the respective illuminations in the
two halves of the held.  As o« invreases, the sensitivencss
diminishes, lat a greater total intensity of illnmination is ob-
tained. By maving J (Fig. 71) the position of the nicol P omay
be altered.  For clear colourless hiquids the angle « may  be
made comparatively small ; but in the case of coloured ligmds
it Is necessary ta have « larger, and so obtain o greater mtensity
of light at the cost of sensitiveness.

Calculation of Results; Homogeneous Liquids.-
The mgle of rotation, represented by ap (for sodimn light ), varies
with the length of the colummn ol substance throngh which the
light passes.  One decimetre has heen chosen as iit of length.
The angle also varies with the temperstire, which must conse-
quently be determined for cach abservation.

Far the comparisan of the ratary power of different substances,
use 1s made of the constant Xprec/fe rotation, which may he defined
as the angle of rotation, produced hy » gram ol active substance
in 1 ce. by alayer 1 dm in length, Tlis is obtained by dividing
the observed angle af rotation by the produet ol the length in
decimetres, and the density of the substance at the temperature
at which the observation was made.

t
(b=, 5
) [ xd
Molecular Rotation is the abave quantity multipliced by
the maleenlar weight M of the compound, and divided by coo o
avoid unwicldy munbers, and is vepresented thus ’

. o M
[, [l X M

100

It expiresses the angle ol rotation of 1w, of active substice
contaiing ) gram-molecule in ) ce.
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Rotation of Ethyl Tartrate. —Fill a 200 mm. polarimet cr-
tabe with the tartrate prepared. Whilst it is settling determitie
the zero of the instrument, and if it does not coincide with the
zero of the graduated circle, a corresponding correction must bye
introduced in the sulisequent observations. ‘The tube is than
placed in the instrument, and the anyle of rotation determinedd
by turning the analyser N until equality of illuniination is estils-
lished in the two halves of the field. In making polarimetric
observations reliance should not be placed on n single setting of
the instrument, but at least five or six readings should be macle,
which, with a good instrument, should not differ by more tlizan
four or five minutes. The temperaturc at the time of ohseryii-
tion must be noted, and the density determined cither ot tliiet
temperature or at two or three. other temperatures, and thec
required density found by extrapolation,

Example :—
Temp. ’ - Length. ’ a 4 laly,
20° 199°85 18° 28" 172059 766

™

[adiy = 7°66" )
[a)i§ = 7°47° J
[alit = 7727° )
[a]y = 7°07°
[a)p = 6'86° J
[a]g’ = 6°66°

Anschistz, I4ctet, e, 1880, 18, 1177.

By extrapolation.

Rotation of Tartaric Acid.-—The specific votation Of
dissolved substance can lie calculated from the rotation of tlee
solution if the concentration is knowi. The formula to be userd
for this purpose is :—

100ay
alp =129
[a] l ¢
where a is the angle of rotation of solution, / the length of the
tube, and ¢ the concentration, 7Z.c., the weight in grams of the

dissolved substance contained in 100 c.c. of solution. “I'lie
100 o . .
formula [a]p = l;%’l may also be used (it is, in fact, wenticeely,

where 2 is the percentage (by weight) of substance in solutie»ry,
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and « the density of the solution.  T'he specific rotation of dis-
solved substances varies with the concentration and with the
temperature.

Heat some tartarie acid i an air-bith to 1167, until it is quite
dry.  Weigh acenrately about 20 grams of the dry acid and
dissolve in water; then make up the solnon fo exactly 100 ce,
Determine the rotation of the solution in a 200 mm. tube, and
nate the temperatare at which the observation s made.

Take 50 .o of the solaton :and dilute it to wo c.c. Deter-
mine the votation of \bis solntion wf the xme femperbure as
that at which the Hrst rotdion was observed.

Dilnte 50 c.c. of the second solntion to 100 c.c., and again
determine the rotation at the siane temperature.

The same process can be repeated onee or twive more. Cal-
culate the specific rotation ol the Lutaric acid, nsing the st
formula.  Plot the resnlts on squiared paper, making the ordi-
nates specific ratation and the absaissae concentration.

Lixample -—
Tewmp, | Coucentrictiu | Lengllonf cubne. | Aughuf Rototan ! Spev, R, ('/' R
- { A
10° 40 200 I, 0" LA '
10" 20 " 15 L oamb’ |
107 10 . 2"’ R !
(Nvvnky, Bivedofl, Nlcrewheuzie, v )

I'be followmy table shaws 1the mtluences of temperature on
the specific rotation of an agqueans solotian containing =0 3rmns
of tartaric acid m 100 c.c.

Ty, Leug lof culae. Augle o Rointien, Sp il Redatian,
o 200 1unL. 1 S60"
10° » 1atob”
20" . 11187
40" » AL 13 hG
60° . . L1690
So” * | t-‘%";-
100" ' St 217507

(Chownen, £. prakd Chlal 1, 2te)
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PREPARATION 3§
Racemic Acid and Mesotartaric Acid.
CH(OH).COOH

[ + H,0
CH(OH).COOH
Pasteur, Ann. Chim. Phys., 1848, (3)24, 442 ; 1850,‘(3) 28, 56 ;

Dessaigues, Bull. Soc. Chin., 1863, 5, 356 ; Jungfleisch, Beell.
Soe. Chim., 1872,18, 201 ; Hollemann, Rec. traw. chim. Pays-Z3ess,
1898, 17, 66. _

100 grms. tartaric acid.

350 , caustic soda (in 700 c.c. water).

Boil the tartaric acid and caustic soda solution for three howurs
in a round flask (1 litre), or preferalily in a tin bottle farnished with
reflux condenser. The use of a tin vessel oliviates certain clifti-
culties of filtration which the solution of the silica by the action
of the alkali on the glass entails. The liquid, after boilings, 1s
carefully neutralised with conc. hydrochloric acid (it is aclvis:
able to remove a little of the solution beforehand i case  of
overshooting the mark) and an excess of calcium chloride soin-
tion is added to the hot liquid. The mixture is left overnig 11t,
and the calcium salts filtered off at the pump, washed with
water, and well pressed.

The calcium salts are well dried on the water-bath, or a fi-ixc-
tion of the whole weight of the moist salts is taken and drie-d,
and the total dry weight estimated. The sulistance is then stis-
pended in boiling water and the calculated quantity of sulphuric
acid added, after which the mixture is boiled for an hour, "I 'he
calcium sulphate is removed by filtration, well washed with tot
water, and the precipitate pressed down. The filtrate is con c:e-n-
trated on the water-bath until crystallisation begins, Racerine
acid crystallises first, and afler dehydrating on the water~1szath
melts at 205°. A further quantity is obtained on evaporaticm.
Yield s0—60 grans.

The last mother liquors contain mesotartaric acid, m. p. Y43
144° which is much ‘more soluble in water than racemic ive:icl
To obtain a pure specimen vepeated crystallisation is necessry.
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The yield varies with the period of boiling, but usually does not
exceed I0 grans,

Resolution of Racemic Acid.—The racemic acid is dis-
solved in water (250 c.c.) and divided into two equal volumes.
Half of the solution is carefully neutralised with caustic soda
and the other half with ammonia, and the two solutions then
mixed.

The liquid is concentrated and poured into a crystallising dish.
If, on cooling, the crystals are small and massed together, the
solution has been too concentrated, and must be diluted so that
small, well-defined crystals deposit. A dozen or so of these are

Feo. 74

picked out, dried, and put on one side. The remaining crystals
are re-dissolved and left to cool in a room of fairly even tempera-
ture.

When the solution is just cold the crystals, previously re-
moved, are sown evenly over the hottom of the dish at distances
of 1—2 cms. apart and left for two days. The crystals will have
now grown to a size which will enable the facets to be readily
recognised. Each crystal is dried and carefully examined with
a pocket lens in order to determine the position of the heni-
hedral facets, and placed in separate heaps. These facets lie
to the right or left hand of the central prism face, as shown in
Fig. 74. The crystals should be weighed, dissolved, and the
solution diluted and examined in the polarimeter. The specific
rotation may then be calculated. See Appendix, p. 264.
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PREPARATION 30.
Pyruvie Acid, CH;.CO.CO.0OH.
Doecbner, A7nnalen, 1887, 242, 268.

200 grms. potassium hydrogen sulphate.
100 ,, tartavic acid.

The potassium hydrogen sulphate and tartaric acid nwst e
finely powdered and intimately mixed. The mixture is distillecl
in a round flask (1 litre), attached toa moderately long condenscr
tube, from a paraffin bath heated to 220°* The mass at first
froths up, and it is necessary to interrupt the heating when the
flask is not more than half full of froth, as otherwise it may
boil over. When the temperature of the bath has fallen to
about 120° the heating nay be recommenced. The distillaticon
is carried on unuil no more liquid distils. The distillate, whicly
consists of water and pyruvic acid, and has a yellow colour, is
fractionated 7z wacwo. 1t is collected at 68—70° at a pressinn-c
of 20 mm,, and is quite colourless. Yield 15—20 grams. It
may be fractionated at the ordinary pressure, but is difficult to
obtain colourless in this way.
CO.0H.CHOH.CHOH.COOH=CH,;.CO.COOH+CO,+ H,O

Properties—Colourless liquid ; b. p. 165° at atmospheric
pressure ; m. p. 10—I1°; polymerises on keeping.

Reaction.—Dissolve a drop of phenylhydrazine in two drops
of glacial acetic acid, dilute with aliout 1 c.c. of water, and aclcl
a drop of pyruvic acid. A yellow crystalline precipitate of tlic
phenylhydrazone, CH, C:(N.NH.C,H;).CO.OH, is formed.

?Hg,COOH
Citric Acid, C(OH).COOH + H,0

CH,.COOH
Scheele (1784).

Citric acid occurs in the free state, as well as in the form of
the calcium and potassium salts, associated with malic and tzar-
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taric acid, i many plants. 1 is prepared principally from
lemon juice, from which it s preoipitoted as the calcium salt on
Loiling with chalk and sdso by the citric fermentation of
wlucose.

D ropertie~-The acid, which contains 1 molecule of water,
erystallises in prisms 5 soluble in water, alcohol, wnd also mo-
derately soluble in cther 5 m. p. 100° The anhydrous acid melts
wl €53-~1547

Leeactions.—1. 1leat a little of the acid and notice the irri-
tating vapours.

Make a neutral solution af sodim citrate by adding caustic
soda to 2 solution of the aad.

2. Add lime water, Thereis no precipitate of the calcinm salt,
(C4l1;0:),Cay+-411,0, antil the solntian is boiled,

3. Add calcimm chiloride salntion and boil, and, to another
partian, silver nitrate solation. Note the vesults and compiue
the reactions with those of tartaric acid (p. 115),

PREPARATION 37.

Citraconic and Mesaconic Acid.
(Methyl fumaric and Methyl medeic acid).
Cl1CCOON):CHCOOT).

Rekald, Lehrbuck, 2, 3195 1ty Annalen, 1877, 188, 73.
250 grms. citric acid (erystallised).

Ieat the erystallised citrie weid, without pawdering, in a poree-
lain basin to a temperature not exceeding 150" The water of
crystallisation is expelled, and the erystals become pasty and
then fluid. When cold, the solid mass 1s removed fram the
basin by gently warming, and 1s coarscly powdered.  The anhy-
drous acid is rpidly distilled in portions of 100 grams, fram 2
retort (250 c.¢.) with bent neck (see Vig. 19, p. 22), fitted to a con-
denser, the recelver being w separating funncel. The distillate
consists of two layers.  The lower layer of impure citraconic
anhydride is mn oft, and the npper layer, consisting of water and
citraconmic acid, 1s fractionated, the portion distilling at go—210"
beiny collected and mixed with the previons lower layer,
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The citraconic anhydride is now distilled 72 vacro and col-
lected at 110—114° under a pressure of 30 mm. Yield 30—35
grams.

CH,COOH ¢,
C(OH).COOH = C.CON 5 +CO+2HO.
)

CH, COOH CH.CO,/

Progerties.—Colourless  liquid ; .b. p- 213—2:4". (ordinary
pressure). To convert the anhydride into citraconic acid the
calculated quantity of water is added (1 mol. acid : 1 mol. water),
and the mixture well stired. The whole solidifies, on standing,
to a mass of colourless crystals of citraconic acid, which are
dried on a porous plate ; m. p. 84— 86°

MESACONIC ACID.—To a saturated solution of citraconic acicl
in ether (4 parts citraconic acid require about 5 parts of anhy-
drous ether), about 1 part of chloroform is added, and a few
drops of a moderately strong solution of bromine in chloroformn.-
The mixture is placed in strong sunlight, when mesaconic acid,
which is insoluble in ether and chloroform, begins at once toO
deposit on the side of the vessel nearest the light. Drops of
bromine are added from time to time until no further precipita-
tion occurs. The pasty mass is thien filtered, washed with ethe -,
and dried on a porous plate. Yield 73 per cent. of the citraconic
acid; m. p, 202°,  See Appendix, p. 265.

PrREPARATION 38.

Urea (Carbamide), C0<§ g
Wahler, Pogg. Ann., 1828, 12, 253; Clemm, Annalen, 1848,
66, 332.

50 grms. potassium cyanide (98— 99 per cent.).
140, red oxide of lead.
25 5,  ammonium sulphate.

The potassium cyanide is heated in an iron dish over =
large burner until it begins to fuse, when 140 grams of recl
oxide of lead are gradually added in small quantities ancl
stirred in.  The heat of the reaction causes the mass to melt
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and froth up.  When it fuses quietly, the dark coloured lignid
mass s poured on to am iren plate and allowed to cool.
it solidifies and is powdered el separated from the solid
cake af metallic lend. 200 c¢.c. ol cald water are poured on
to the crude ecyanate and, after stinding an hour, filtered
throngh a fluted filter and washed with a little cold water.
A cuncentrated solution of 25 yrams of anunonium sulphate
is immediately added to the filtrate, which is evajorated (o
dryness on the water-hath, the mass being stirred occa-
sionally to prevent the formation of a surface crust.  The
cooled residue s powdered and the urea extracted with alcohal
Ly hoiling on the water-bath, using a reflux condenser and
adding successively small quantities of spirit until the extract
leaves only a small residuc on evaparation an a watch-glass.
The wreater part of the alcohol is distilled off on the water-
hath, and the residue poured out into a beaker to crystallise.
Yield about 15 grams.

1. 4RCN + IO, = 4CONK + 3Ph
2. (NH,),80, + 2CONK = 2CON.NH, + K,50,
3. CON.NH, = CO(NH,),

Properties.—Colourless prisms ; n. p. 132”5 very soluble in
water ; soluble in hot alcohol.

Neactivns.—1. Add to a strong solution of urea in water a
drop of concentrated nitric acid, and ta another portian a
concentrated solution of oxalic acid; the crystalline nitrte
CO(NH. ), HNO, and oxalate ( CO(N 11,).,),Cu11,0; are depasited.

2. Mclta few crystals of urea over i small tlame and heat
gently for a minute, sa that bubbles of gas are slowly evolved.
Cool and add a few drops of water, then a drop of copper sul-
phate solution, and finally @ few drops of caustic soda. A violet
or pink coloration is produced, depending upon the quantity of
biuret formed. SO
B - CO.N1i,
2CO(NILY). = NI /N1

Liucet.

+ NI,

3. Add a few draps af sodinm bypachlorite, or hypobromite,
to 2 salution of wrea i water. Nitrogen 15 piven off,
CO(NH,)y + 3NaOCl = Ny + 211,0 4+ 3NaCl + CO, (which
dissolves in the alkaline salution).
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4. Add toa solution of urea a few drops of hydrochloric acid
and a solution of sodium nitrite. Effervescence occurs and
nitrogen and carbon dioxide are evolved.

CO(NH,), + 2HO.NO = 2N, + CO, = 3H,0-

5. Heat a little urea with soda-lime. Amnonia is evolved.
See Apgpendiv, p. 267.

PREPARATION 39.

Thiocarbamide (Thiourea), SC <;II g“:

Reynolds, Zvans, Chem. Soc., 1869, 92, 1 ; Volhard, /. praki.
Cheut., 1874, (2), 9, 10.

50 grms. annnonium thiocyanate.

The amnmonium thiocyanate is melted in a round flask in a
paraffin-bath, and kept at a temperature at which the nass re-
mains just liquid (140—145%) for 5—6 hours. The cooled melt is
powdered and ground with half its weight of cold water, which
dissolves unchanged ammonium thiocyanate, but little of the
thiourea. By dissolving the residue m a little hot water, (nre
thiourea is obtained, on cooling, in colourless, silky needles.
Yield 7—8 grams.

CNS.NH, = CS(NH,),

Properties—Colourless, rhombic prisms (from dilute aqueous
solution), long silky needles (from concentrated solutions) ; m, .
172°, Very slightly soluble in cold water (1 pait of thiourea (lis-
solves in about IT parts of water at the ordinary temperature)-

HN-—CO
[

Uric Acid, CO C—NH
|1 >CO
HN—-C—NH

Scheele (1776).

Uric acid is a product of the metabolism of the amimal
organism. It is nsually pirepared from guano, which is treatecl
first with dilute hydrochloric acid to remove phosphitte of cal-
cimn. The uric acid is then dissolved out with hot caustic soda
and the clear alkaline solution precipitated witl: acid.
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Propertics.— Uric acid forms microscopiic crystals of a charac-
teristic shapie. It is insoluble in water, but dissolves in the
presence of many organic substances. On dry distillation it
yiclds ammonia, cyanuric acid, and urea.

Reactions.—Evaporate a little of the acid with a few c.c. of
dilute nitric acid o dryness on the water-hath. An orange or
red residue remains. On cooling, add ammonia. A fine purple
colaur 1s Jwroduced (nmrexide test); see also Reaction for
alloxan (p. <30).

PREPARATION 40.
Alloxantin, C,H,N,O; + 3H.,O
Liebig, Walhler, Asnralen, 1838, 26, 262.

10 grs. uric acid.

20 ,, (¢§c.c.) conc. hydrochloric acid diluted with an
equal weight of water.

23 potassium chlorate.

The hydrochloric acid is poured over the uric acid. The
mixture 1s heated to 35° and the potassium chlorate, fincly
powdered, is added in small quantities at a time with constant
shaking. When about two grams of the chlorate have heen
added, the uric acid will have nearly dissolved, and the liquid
Lias a faint yellow colour. It is diluted with doulile its volume
Al water, allowed 1o stand for ahout an hour, and filtered. The
Altrate 15 satmrated  with  hydrogen sulphide, and yields,
after being left for 2 howrs, crystalline crusts, often of a
reddish tmt, of alloxantin mixed with sulphur. It is filtered
and washed with cold water, and the alloxantin dissolved n a
small quantity of hat water, and filtered from the residuc of
sulphur.  On cooling the filtrate, colourless crystals separate
out. Yield 7—8 grams.

CHN,0, + O + H,0 = C,H,N,0, + CON,H,

Urit zwid. Al Urea.
2C,HLN,0, + 8 = CH,N,0; + § + H,0.
Alloxantiu,

Properties. —1lard, coloucless crystals, slightly soluble in cold,
more readily  hot water.
COHEN’S ADV.P.O.C. K
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Rewctions. —1. Add to the solution of alloxantln a little barytit
water ; a violet colouration is produced.
. 'Add ammonio-silver nitrate solation and warm ; metallic
511\ er is deposited.
3. Boil the solution witli mercuric oxide; a violet solytion of

murexide 1s formed.

PREPARATION 4I.

Alloxan (Mesoxalylurea), CO<§§:88>C0 + 4H,O

Liehig, Wéhler, Anmlen, 1838, 26, 236,

§ grms. alloxantin.
5 5, (3’5 cc)conc nitric acid (sp. gr. 1°g).
o

10, (7cc)fuming » (sp. gr. 1°5).

The finely powdered alloxantin is added to a mixture of the
strong and fuminy nitric acid, and left to stand. Slight evolu-
tion of nitrous fumes occurs, and the alloxantin, whicl; at first
remains at the bottom of the vessel, slowly changes into  tlut-
more bulky crystals of alloxan, which gradually fill the 1icjuiel.
The reaction lasts about two days, and is complete wlicit
saple dissolves veadily and completely in cold wateyr. Il
crystalline mass is spread upon a porous plate, thoroughly clyied
in the air, and freed from traces of nitric acid hy heating' 111 «
basin on the water-bath, until the smell of the acid disappe:trs.
Alloxan may be olitained in large crystals by dissolving the dry
product in the smallest quantity of hot water, and allowing the
solution to evaporate slowly in a desiccator over sulphuric acicl.
The crystals are lialle to effloresce,

CiH,N,C; -- O = 2C H,N,0,.
Alloxautin Alloxau,

Propertivs.—Colourless crystals, containing 4 molecules ot
water of crystallisation.

Reactions.—1. A small quantity of the alloxan soluticn is
evaporated to dryness on the water-bath in a porcelain basin.
A reddish residue is left, which turns purple on the addition of
ammonia (mureside). See Appendix, p. 268.



CAFPFRINE 13!

PREFARATION 42,
ClILL.N (O

[
Caffeine (Trimethyl xanthingy, CO (| N
[ .
CllN . C. x A
00 Prms. teie

Digest the tea with 500 can hoiling witer Tor a quarter of at
hour, and lilter through cloth into a basin placed over o ving
burner (see pe 108), so that the hquid in the Blter = kept hot.
Moderately line unsized cotton eloth is nseal, oued 1s wetted aued
stretyhied on a wooden Trame as shown in g 750 Wash with
afurther 2350 c.c. of boiling water.  Add o the tltvate a woln-
tion of hasic lead acetate (made by botling acetate ol lenl
solutian witle exiess ol Iitharge, and then dlterg) until no more

precipitate 15 lormal. Filter ot through a Tage iloted clier
Tronw preaipitated dbmnin, and wash with water. 1o e hoil -
g Blirate addd dilute solphorie acid ntil the Ieal s poecipitated
as sulphate. Filter or decant Tvom the salphiate ol lend, aond
concentrate the solation with the addition ol animal chorcoud
to 250 300 cn Filter and extract the Altide three ties with
simall quantities (30 c.e) ol chilorolonn,  Distil oft the ehloro
form on the water-bath, and dissolve the vesidue oa smoll
ypantity of ot wider. Onallowing the solntion [ evaporate
very slowly, lony silky needles ol cidieine separate, whivh moy
live & slightly yellow tint, in which case they should be drained,
re-dissolved o water, and boiled with the whdiibm ol aphipal
vharcoal. The neasdles contn one mederle ol water, which
they lase at 100 and melt wt 23357 Yield about 175 jians.
See Apfeasliv, p. 200,

9
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PREPARATION 43.

/N(CH.J).CHQ.CO.OH
Creatine. HN:C

\NH2 +H,0O

Neuhauer, 4znalen, 1861, 119, 27.

500 grms. meat.

The meat, separated as faras possilile from fa, is put tln-ough
a sausage machine, or finely chopped and digested with 4 iitre
of water at 50—60° and well stirred from time to time. It is
fillered through cloth (see Fig. 75, p- 131), and is then digested
with a further 250 c.c. of water in the same way, filterecl, and
the cloth removed from the frame aud squeezed oyt. “TThe
filtrate is heated to loiling to coagulate the albumin, and, on
cooling, filtered.  Basic acetate of lead is carefully added, just
sufficient to precipitate the solnlile albumin. The ligquicl is
again filtered through a fluted filter, and the lead removed with
hydrogen sulphide, which is passed into the warm Iicjuid,
The filtrate from the sulphide of lead is concentrated to . thin
syrup on the water-bath and then transferred to a vacuinn
desiccator, where it is lefl over sulphuric acid. In a short timc,
especially on the addition of a crystal of creatine, needle-sliziprcd
crystals begin to separate, and when no further crystalliszation
is observed, the crystals, which have a brown colour, arc
brought on to a porcelain funnel, and washed with a littla
spirit.  They are recrystallised from a little hot water, witlh the
addition of animal charcoal. Yield about 1 gram. The filti<te
froni the creatine contains hypoxanthine and sarcolactic =ncid,
but the small quantity of these two constituents rendeyr the
difficult to extract.

Propertics.—Small rhombic prisms ; with difficulty soluble
in cold water, readily soluble in hot water. On wanming with
alkalis, it decomposes into urea and sarcosine,

_N(CH}.CH,COOH
N:C o 4+ NaQH =CO(NH.,),
NH,

NH(CH,).CH,.COONa,
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PREPARATION 44.
Tyrosine, (OH).C;H,.CH,.CH(NH,).COOH
Clly
Leucine, ?/‘»CH.CH._,.CH(NH._,).COOH

Beyer, Zcit.,, 1867, 436 ; E. Fischer, Ber., 1901, 34, 433.

100 grms. hoof or horn shavings (washed free from dirt).
250 ,, (136 c.c.) conc. sulphuric acid (in 750 c.c. water).

The shavings and acid are heated in a round flask (13 litres) on
the waler-bath until the greater part is dissolved, and then boiled
with reflux condenser over wire-gauze for about 20 hours, until the
solution no longer gives the biuret reaction (p. 127). Addtoa
little of the liquid two drops of copper sulphate solution and make
alkaline with caustic soda ; if the colouration is violet or pink
mste] of hlue, continue to boil.  After boiling, the dark
coloured liquid is poured into alarge hasin and neutralised whilst
hot witli slaked lime.  The hot liquid is filtered and the residnal
calcium sulphate replaced in the basin and extracted twice with
300 c.c, of hot water. The united filtrates are concentrated and
made up to a litre. The total quantity of oxalic acid (about 20
grams) required to precipitate the dissolved calcium salts is
determined by a pireliminary estimation with 50 c.c. of the solution.
The liquid is boiled hefore adding the acid and filtered hot from
the precipitated calcium oxalate. The precipitate is extracted
twice with 250 c.c. of water and concentrated (to about 250 c.c.)
until crystals appear on the suiface.

Tyrosine.—On cooling, a brown, crystalline crust of impure
tyrosine separates. It is filtered, dissolved in the least quantity
of boiling water, boiled with a little animal charcoal, and
fillered.  On cooling, long, white, silky needles of tyrosine arc
deposited.  Yield aliout 2 grams.

Rrortions.—Warm a small quantity of the sulistance with a
drop of strong nitvic acid and add ainmonia. A yellow solution
is produced in the first case, which changes to deep orange witl
ammania (xanthoproteic reaction). Warm with a solution of
merenry in strong mtric acid (Millon’s reagent). The liguid
turns red, and a red precipitate is then formed.

Leucine.—The filtrate from the tyrosine is further con-
centrated on the water-hath to a small bulk, when on cooling a
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quantity (ahout 20 grams) of crude leucine in the form of a brown
crystallime crust separates, and is collected on a filter and
dried on a porous plate. It is converted into the ester
hydrochloride as follows: the dry material is dissolved in
126 c.c. absolute alcohol and saturated with hydrogen chloride
(p. 93). The alcohol is removed- by distilling under reduced
Jressure at a temperature not exceeding 40° in the apparatus
shown in Fig. 66 (p. 64). The same quantity of alcohol s added,
saturated with hydrogen chloride, and removed as before. The
residue, whicli consists of the ester hydrochloride of leucine and
small quantities of other amino-acids, is converted into the free
ester in the following way : it is dissolved in about one-quarter
its volume of water, to which an equal volume of purified ether
is then added. The licuid is well cooled in a freezing mixture
and a cooled 33 per cent. solution of caustic soda is slowly added
until the liquid is just alkaline, and then an equal volume of a
saturated solution of potassium carbonate. The mass is now
well shaken and the ether decanted. In this way the ester,
which is rapidly hydrolysed by alkali at the ordmary tempera-
ture, is liherated from the hydrochloride without decomposition
and dissolves in the ether. The residne is kept in the freezing
nixture, a fresly quantity of ether, more caustic soda solution, and
sufficient solid potassium carbonate to form a pasty mass are
added in succession, shaken up thoroughly and the ether de-
canted.  The residue is extracted two or three times with fresh
ether and the united extract, freed as far as possible from water,
is shaken up for a minate with solid potassium carbonate and
then dehydrated overnight with anhydrous sodium sulphate,
The ether isremoved on the water-bath and the residue distilled
ata pressure not exceeding 15 mm. The colourless liquid, which
distils at 80—100°, has an aminoniacal smell and is nearly pure
leucine ester.  Yield 10-—15 grams. The ester is readily
hydrolysed by boiling five times its weight of water with reflux
cordenser until the alkaline reaction disappears (about an
hour). Theliquid is then concentrated on the water-bath until
crystals separate on the surface and cooled. The leucine
may Dbe recrystallised from dilute alcohol or dissolved in
the smallest quantity of hot water and alcohol added until
a turbidity appears. It forms small glistening plates, wiich
melt and sublime at 170°. See Appendizx, p. 270.
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PREPARANTION 45,
Grape Sugayr. (Clucase, Dextrose.)
Soxhlet, J. fualkt. Ch., 1880, (2) 21, 243,
CILOILCHONL.CIIOILCHOM.CHOH.CO.H

250 grms. ciane sugar,
750 ¢.c. spirit.
30 c.c. eone. hydrochloric acid,

The spirit and acid are mixed and warmed to 45-—507 whilst
the fincly*pawdered canvesigar s gradually added and stirred.
When the sugar has dissolved the solntian is cooled, and a few
crystals af anhydrous grape-sugar added.  On standing for a
day ar two the grapie-sngar depasits in the forn of fine crystals,
which continue ta ncrese I quantity.  When no further de-
position is observed, the crystals are filtered and washed with
spirit. The sugar may Dbe porified hy dissolving in a little
water (o a4 syrup, s awdding hat methyl aleoholuntila turbidity
appears.  On cooling, the grape-suygar crystadlises out.

CpllwOyy + 11,0 == G100, + C.11,,0,.
e suggr, Clueose. Fruesse,

Dropertiev.—Colonrless crvstals 3 m. p. 1467 5 soluble in ot
and cold waler, insoluhle in aleoliol.

Lractiony.—1, Add to a little of the solution of glucose a few
drops of eanstic soda, and warm, The colaur clityges fram
yellow Lo hrown,

2. Add to 2or je.c of the solntion two or three drops af copper
sulphate, and then canstie soda, nnal a cleaw blue solution s
obtoined, and lieat to boiling.  Red enpreus oxide is precip-
tated.

1 Add 2 few drops ol glwease solution to half a test-tube
of ammonio-silver nitrate solntion d place the test«tube in
hat water. A mirrar of wetallie silver is formned.

4. Dissolve about a5 gram of glucose in 5 c.c. of water, and
add a solution of phenylhydrazine acetate, made by dissalving
1 gram of phenylliydrazine in the ssune weight of glacial acetic
acid, and diluting to § c.e,  ¥Mix the solutioge zmif\varm n the



136 PRACTICAL ORGANIC CHEMISTRY

water-bath. In a few minutes the yellow crystalline phenyl-
glucosazone (in. p. 204—205%) is deposited.

5. Mix a few drops of a glucose solution with a few drops of
an alcoholic solution of a-naphthol and pour slowly down theside
of the test-tube a few drops of conc. sulphuric acid. A violet
colouration is produced. (Moliscly’s reaction.) See Appendir,
p. 27L

Benzene.

Pure Commercial Benzene, obtained from coal-tat
naphtha, should distil within one degree (80—81%), and solidify
completely when cooled to o° Other tests are as follows :
shaken with concentrated sulphuric acid for a few minutes, the
acid should not darken, and a drop of bromine water should
not be nnmediately decolourised. A single distillation over 2
few small pieces of sodium, which absorb any traces of water, is
usually a sufficient purification. If the benzene nnpart a brown
or black colour to the sulphuric acid, it must be repeatedly
shaken with about 20 per cent. of the acid until the latter
becomes only slightly yellow on standing. This is donein a
stoppered separating funnel, and after shaking for-a few minutes
the mixture is allowed to settle, and the lower layer of acid
drawn off. The benzene is then shaken two or three times with
water to free it fromn acid, carefully separated from the agqueous
layer, and left in contact with fused calcium chloride until the
liquid becomes clear. It is then decanted, frozen in ice, and
any lignid (carbon bisulphide, paraffins) carefully drained off,
and the benzene finally distilled over sodiun.

Properties.—Mobile, colourless liquid ; m. p. 5°4°; b. p. 80'4° ;
sp. gr. 0874 at 20°. Coal-tar benzene usually contains a little
thiophene, C,H,S, which may le detected by dissolving a few
crystals of isatin (see p. 229) in concentrated sulphuricacid and
shaking up with the benzene. If thiophene is present, a blne
colour is produced (indophenin :eactlon)

Fractional Distillation.—It is often possible to separate
alimost completely by a single distillation, two lignids occurring
together in a mixture when their boiling points lie widely apart.
The more volatile liquid first passes over, the temperature
suddenly rises, and the higher boiling liquid distils.

It is othelylse when a liquid consists of a mixture of sub-
stances boﬂmg at f#mperatures not very far removed from one
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another, especkdly in the ease ol homologous compennds, sach
as occur in petrolenmm and coal-tar naphtlize. One distillation
sulfices only to produce very partial separation of the ditferent
substanees, a portion of the less volatile lignid being earrod
over in the first distillate, tagether with the more volatile body,
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the temperature grodaally rnsing thronghont the distillation.  1n
order to ellect separation ol the several snbstanees; recourse »
had to the wethod ol fractonal distillation.

THe liquid is distilled in a ronnd flask ower wire-ganze ar.
better, ma fusible metal hatb, s bit of pgrous pot or a coll al
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platinum-\\'ire being placed in the flask to prevent bumping -
The flask is surmounted with a fractionating colunw, in which
the thermometer is fixed. Various forms of fractionating column s
are used (see Fig, 74).

The effect of the columnemay be explained as follows: the
vapour given off from a mixture of liquids contains a larger pro-
portion of the more volatile constituent than the liquid. If this
vapour is condensed in its ascent, the vapour aliove this con-
densed liquid will he still richer in the more volatile constituennt.
If, by a series of constrictions or diaphragms, the condensecl
liquid is ohstmcted in its return flow, a momentary equilihrinm
hetween liquid and vapooris established at each diaphragm, ancl
the longer the column the greater will be the amnount of more
volatile constituent in the last portion of vapour to undergo con-
densation. This passes off by the condenser and is collectect
in the receiver. The apparatus (Fig. 76, £) can be made out
of a piece of wide tubing. This is constricted in the blow-pipe
flame, near one end, and a piece of copper wire-gauze with
circular hole, carrying the little bent tule, is placed on the con-
striction. A second constriction is made and another ganze
diaphragm introduced. The number of diaphragms may vary
from I0 to 20, according to the degree of separation required.t

Commercial 50 per cent. and 90 per cent. Benzene
are mixtures of benzene and larger or smaller quantities of its
higher boiling homologues, viz, toluene (b. p. 116°) and the
xylenes (. p. 137—143°). The constituents may be separatedsby
fractional distillation.

Fit up an apparatus with fractionating column and distil
200 c.c. 50 per cent. Or 9o per cent. lienzene, at a vegular spéed,
so that the drops falling from the end of the condenser may be
readlily counted. Collect the distillate between every five degrees
in separate flasks. Redistil each of these fractions in order,
adding the next to the residne of the previons one in the
distilling-flask.  Collect portions boiling below 85° and above
105° between every two or three degrees. It will he faund that
by a repietition of the process the liquid is gtadually separatecl
into two large fractions, consisting chiefly of L'enzene and tolyene,
and a number of smaller intermediate fractions. The following
table gives the wolume in c.c, and the boiling points & the

L Txans, Chene, Soc., 1899, 76, 700, '
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fractions «btained by this method fram 200 c.c., 50 per cent.
henzene, eacli table denoting a complete series of fractionations,
using a simple colip with twa bulbs,

I.
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Tle fractian 79 -8y is further puriﬁed in the manner already

deseribed.
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PREPARATION 46.
Bromobenzene (Phenyl liromide), C;H,Br.

Cohen and Dakin, Zrans. Cken. Soc., 1899, 76, 894; CroOsS
and Cohen, Proc. Chewn. Soc., 1908,

50 grms. benzene.
120, (40 c.c.) bronune.
0’5 ,  pyridine.

The apparatus is similar to that shown in Fig. 63, p. 89, but the
flask should be placed in a water-bath, in which it can be heated,
and the tap-funnel may be dispensed with. The benzene, 11O~
mine, and pyridine are placed in the flask and heated to 25— 30%,
when a vigorous and steady evolution of hydrogen bromicle
takes place, the gas being absorbed by the water in the bealcer-
When the action slackens (about 1 hour) the temperature of thhe
water-bath is gradually raised to 65—;0°, and the process
stopped when most of the bromine has disappeared and tlhe
evolution of hydrogen bromide has nearly ceased. The con-
tents of the flask are cooled and poured into dilute caustic soclat
solution contained in a separating funnel and shaken. Suffi-
cient alkali must be present to give an alkaline reaction after
shaking. The lower layer is drawn off and dehydrated oveyr
calcium chloride. 'When perfectly clear the bromobenzene 1s
filtered or decanted into a distilling flask (200 c.c.) providec]
with a thermometer and distilled over wire-gauze, Unchangecl
benzene first passes over ; the temnpevature then rises rapidly
and the portion boiling at 140—170° is collected separately. It
1s redistilled and collected at 150—160".  Yield 60 grams.

CoH, + Br, = CgH,Br + HBr.

The pyridine acts as '*halogen carrier,” prohably by forming
the additive compound C,H;N Br,, which gives upits bromine to
the benzene.

Properties.—Colourless liquid ; b. p. 154—155%; sp. gr. 1'496
at 16° .
Hydrobromic Acid.—The weak solution of hydrobromic
acid which collects in the beaker in the course of the ahove re-
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action may be concentrated by fractional distillation, as in the
case of hydriodic acid (p. 113), and used in the preparation of
bromotoluene (p. 167). It boils at 126° at the normal pressure,

has a sp. gr. of 149, and contains about 47 per cent. of HBr.
See Appendizx, p. 271.

PREPARATION 47.
Ethyl Benzene, C4H, C,H,
Fittig, Annalen, 1864, 131, 303
6o grms. bromobenzene.
52, etlyl bromide (see p. 54).
265 ,,  sodium.

A gnantity of ether, which has been freed from alcoliol by
distilling over canstic potash, and dried over calciumn chloride
and sodium (see p. 61), is poured into a round flask (1 litre).
The amount of ether should be about twice the volume of the
mixed phenyl and ethyl bromides. The sodium, cut into thin
slices with the sodiumn knife, or squeezed into fine wire, is added
to the ether, and when all evolution of hydrogen has ceased,
the flask is attached to an upright condenser and immersed in
a vessel of ice-water. The mixture of bromobenzene and ethyl
bromide, hoth carefully dehydrated, is poured into the flask.
The reaction is allowed to cominence spontaneously, the fact
being indicated by the appearance of the sodium, which be-
comes darker in colour and sinks to the bottom of the vessel.
Although the flask is allowed to remain in the outer vessel, and
is cooled by water and ice, the heat evolved often causes the
ether to boil. The flask is therefore not removed until the re-
action is over. Itis convenient to leave it over night. The
liquid is then decanted from the sodium bromide, which has a
blue colour, iato a distilling flask, and rinsed out once or twice
with ether. The ether is removed on the water-bath, a bit of
porous pot being added, and the residue is fractionated with a
fractionating column. The portion boiling at 132—135° is
collected scparately.  Yield 20—25 grams,

CyH,Br + C,H¢Br + 2Na = C;H;.C,H; + 2NaBr.

Properties.—Colourless liquid : b.p. 134°; sp. gr. 08664 at
22°5°.  See Appendix, p. 273
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PREPARATION 48.

Nitrobenzene, C;H;NO,
Mitscherlich, 4nnalen, 1834, 12, 305.

50 grms. benzene.
86 , (60 c.c.) conc. nitric acid, sp. gr. I°d.
170 ,, (60 c.c.) conc. sulpluric acid.

The two acids are mixed and well cooled, and then slo_\\'I)‘
added from a tap-funnel to the benzene, which is containecl 111 i1
flask (§ litre). The contents of the flask are well shakerz f'l.‘tt(.‘l'
each fresh addition. Nitrous fumes are evolved, and a consicdey-
alile amount of heat developed. Care mnust, Lhowever, be talcenn
that the telnperature does not exceed 50—60° by immersing thee
flask, if necessary, in cold water. The nitrohenzene sep‘u}l’ill‘(‘-"
out as a brown, oily layer on the surface of the acid Tiquidd.
When the acid has all been added, an operation whicly lists
about half an hour, the mixture is heated for about twenty
minutes on the water-hath, and again well shaken. The coli-
tents of the flask, on cooling, are poured into a stopperecd se€]2L-
rating-funnel, the lower layer of acid removed, and the nitro-
benzene washed free fromn acid hy shaking once with watel
(50 c.c.), then with dilute carbonate of soda solution, and rgéLrle
with water, the oil being each time withdrawn from the bottors
of the vessel. The nitrobenzene, sepurated as carefully as 3¢~
silile from water, is allowed to stand over a few pieces of f'u:sc'ci
calcium chloride, and shaken occasionally until the Iiguid i
clear. The vyellow liquid s decanted, or filtered froni tlie:
calciun chloride, and distilled in a distilling-flask, with co1r-
denser tube only. At first a little benzene passes over ; tlie
temperature then rises, and the nitrolienzene distils at 204
207°, and is separately collected. The brown residue consist:
of dinitrobenzene, the ¢uantity depending upon whether the
temnperature during nitration has been allowed to rise too hig .
Yield about 6o grams,

. CeH, + HO.NO, = C;H,NO, + H,0.
The function of the sulphuric acid is that of a dehydrating

agent-taking up the water formed in-the reaction.
Properties.-—Light yellow liquid, with a smell of biltter
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aleonds ; I 200—-207°% sp. gr. 17208 at 1575 m. . 2% in-
suluble in water, soluble in alcohal, ether, and benzene.
Reactinn.—1our w drop of nitrobenzene into a test-tubg with
1 ceowater and 1 e glacial acetic acid. Add a little zine-dust
on the pomt af a penknile, and warm for a minute, Dilute
with a few cc of water, and add caustic soda solutiou until
alkaline, and pour a few drops into a test-tube half filled with
sodinm liypachlorite solution. A wviolet colouration, which
gradually fades, s produced, due to the presence of aniline
(see . 150).  See Appadiv, . 274,
PrREPIRATION 39,
Azoxybenzene, C;ll;N——N.C11,
¢
Klinger, Fer., 1882, 15, 86s.

200 yrms. methyl alcohol
20 ,, sodimn.
30 ,, nitrobenzene.

Attach an upright condenser to avound flask (L litre).  Pour
in the methyl aleohol and add the sodium in small picces,
2--3 grams at a time. A good stream of water should pass
through the candenser, but otherwise the flask need nat be
conleds When the sodimn has diszalved, the nitrobenzene is
mtrodueced, amd the mixtare boiled on a water-bath three ta
foar honrs.  The methyl deohiol is then distilled off i the
water-hiath.  As the liquid is bBable to bump, owing to the
separation ol solid patter, it 1s advisable to add a few bits of
pot.  When no more aleohol distils, the residue 1s poured into a
beaker of water and riused out. A dark-coloared oil is deposited,
which soon solidifies, and s then washed by decantation, and
pressed on e porous plate. Yield about 23 grams. It s re-
crystallised, when dry, Trom Ligroin, iz which itis rather solulile,

4CHEN O+ 3N O CH g 2 Gl 1 N—-N.Cy 11, + 3HCO.ONa

0/
- 31100,

Droperties.—Yelaw needles; w300 See cdpipendix,
D, 274,
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Azoxybenzene from Nitrobenzene by Electro-
lysis. —Nitrobenzene can lie conveniently converted into azoxy-
benzene by electrolytic reduction. The apparatus required is
shown in Fig. 77.

It consists of a porous cell which forms the cathode chamber
and contains 20 grams nitrohenzene and 160 grams 25 per
cent. caustic soda solution. The two are kept well mixed
throughout the operation Iy a rapidly revolving stirrer. The
cathode is a cylinder of nickel gauze (2 cms. x 8-5 cms. =100 sq.
cms.).  The anode chanber is the outer glass vessel or beaker,

|

which contains a solution of sodwm sulphate acidified with
sulphuric acid ; a cylinder of sheet lead serves as the anode.
An ordinary ammeter (4) and resistance (X&) are connected in
series with the lhattery and electrodes, and it is also nseful,
though not essential, to insert a voltameter (V) between the
two electrodes. A current density of I to 5 amperes per 100 $q.
cms. is used and 13—20 ampere hours will comjplete the
reduction.}

The oily liquid which separates in the cathode chanber, and

.1 The current nuiy he obtained from a number of secondary balterigs or from a
direct electric light circuit with a suirable resistance,
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consists of azoxybenzene mixed with auiline and a little un-
changed uitrobenzene, is distilled in steam, which removes the
mpurities. The residue then solidifies on cooling, and is filtered
dried, and recrystallised.  Yield 11 grams (60--70 per cent. of

the theory) (Elbs, Electrolytic Preparations, trans. by R. S.
Hutton, p. 76).

PREPARATION 50.
Azobenzene, C,;H,N:N.C;H,,
Mitscherlich, Aunalen, 1834, 12, 311.

5 Brms. azoxylienzene.
15, iron filings.

The azoxybenzene and iron filings, both of which must be
carefully dried on the water-bath, are powdered together and
distilled from a small retort, which is conveniently made by
hlowing a large bulb on the end of a piece of rather wide
tubing 15 cn. inside diameter, and then allowing the bull
whilst hot to bend over. The mixture is carefully heated, the
Lurner being moved about until the contents are thoroughly
hot, and then the mixture is more strongly heated until nothing
further distils, The distillate, which forms a solid, dark-red
mass, i1s washed with a little dilute hydrochloric acid and water,
and then pressed on a porous plate. It is crystallised from
ligroin, in which it is very soluble.

CeH,N — N.C,H; + Fe = C;H;N : N.C;H; + FeO.
Dropertics.—Red plates; m. p. 68% b, p. 295°. See Appendir,
P 274

Azobenzene from Nitrobénzene by Electrolysis.— A
wood yield of azobenzene can lie oblained by the electrolytic
reduction of nitrobenzene in alcoholic solution.  The apparatus
is similar to that shown in Fig. 77, p. 144, but in the present
case the cathode chamber is the ouwter vessel, which should be a
deep, narvow glass cylinder or beaker. The cathode liquid is
asolution of 20 grams nitrobeuzene and § grams sodiuni acetate
crystals in 200 c.c. 76 per cent. spirit. The cathode is a cylinder
of nickel gauze, A large porous cell forms the annde chamber,

COHEN’S ADV. P.O. C. L
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and contains a cold saturated solution of sodium carbonate.
The anode is a wide strip of sheet lead. A current density of
6 to 9 amperes per 100 sq. cms. is passed for 17°4 ampere hours,
and then alower current density for a further 1—2 ampere hours.
During the reduction the cathode liquid becomes very hot and
the alcohol which evaporates must be replaced. The cathode
liquid at the end of the process contains, in addition to azeben-
zene, azoxybenzene and hydrazolienzene. It'is poured into a
flask and the hydrazobenzene is oxidised to azobenzene by
aspirating a current of air through the solution for half an
liour. The greater part of the azobenzene separates and can be
filtered ; the remainder, which is less pure, is precipitated from
the filtrate by the addition of water. It is recrystallised from
ligroin.  Yield go per cent. of the theory.

(Elbs, Electrolytic Preparations, trans. by R. S. Hutton,
p- 78.)

PREPARATION 51,
Hydrazobenzene (Diphenylhydrazine)C;H,NH.NHCH,

Alexejew, Zeitschr. f. Chem., 1867, 33; 1868, 497 ; E. Fischer,
Anlettng zur Darstolluny org. Priparale, p. 23.

5o grms (42 c.c.) nitrolienzene.

54 , caustic soda (in 200 c.c. water).
50 c.c. alcohol.

100—125 grms. zinc dust.

The apparatus is shown in Fig. 78. It consists of a large,
round, wide-necked flask (14 litre) furnished with a cork perfor-
ated with three holes. Through one liole a stirrer, moved by a
water-turhine or electric motor, passes in the manner shown in
Fig. 78. To the stem of the stirrer a short, wide glass tule is
attached which revolves in the annular space formed at the end
of an adapter by fusing to it an outer concentric piece of wider
tubing. When this space is filled with water it serves as a
water seal. Through a second hole a wide glass tube is inserted
hy which the zinc dust is introduced, and is fitted with
a cork. The third hole is furnished with an adapter to which
a condenser is attached. The nitrobenzene, caustic soda solu-
tion, and the alcohol are poured into the flask and the stirrer set
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in rapid motion so that the contents are kept thorouyhly agitated.
The thorongh mixing of the materipls is esseutial (o the success
af the process.  “the zine dast is added in qaantities of 3—g4
grins at & tme throngh the wide glass tube, which is closed by
a cork after cach addition. “The mixture soon liecomes waym
and eventually boils.  To prevent the ligguid boiling over the
frothing 1s allowed to subside before fresh zine dust is acdded.
The operation is usually completed in § hour, when the liquid.
which has first a deep
red colaur (azobenzenc),
becames pade yellow. To
examine the colour a
sample should be with-
drawn  with  a  pipette
and filtered.  The stir-
ring is continned  far
another ] haur. A litre
of cold water is added
which precipitates  the
hydrazobenzene. The
mixture of hydrazoben-
zene and zine residues
is Afiltered at the pump .
and washed  free from Fie. 78,

dWledi with water. The

previpitiete is then pressed dawn and extracted with 750 c.c.
of spivit an the water-bath with reflux condenser and filtered.
On caoling M a freezing mixtare, the hydrzobenzene crystal-
Lises - colonrless plates, which are filtered and washed with a
little spirit.. The mather Hquar is nsed for a seccond extraction
of the zine residnes, and from the hltrate a further quantity
of bydrazabenzene 1s previpitated with water.  1f the seccud
erop ol erystals have a yellow colour crystallisition from alcohol
will remove it Yield jo o 35 gruns.

Co LNO, U 370 1 BNAOTT = CglL,NTLNTIC T, 4 3720(GT),

Drepertivs,---Colourless plates 5w . 1257
Neactions~ . 1led a0 small quantity in o dry test-tube.
Notice the colour.  On cooling add w little water and pour a few
drops o a solution of sodivun hypochlorite. A vialet coloura-
1.2
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tion indicates aniline. 2C;H;NH.NH. C(,ll =CgH;N:NC;H,=
2C,H,NH,.

2. Heat a small quantity with Fehling’s solution and observe
the formation of cuprous oxide. The liydrazobenzene is oxidisecl
to azolhienzene.

Benzidine.—Five grams of powdered hydrazobenzene are
shaken witli 125 c.c. hydrocbloricacid (3 per cent.) at 20—30". In
a quarter to half an hour the substance will have completely dis~
solved. Finally, the mixture is heated to 45—50%, a little water
added to redissolve any benzidine hydrochloride, and filtered
warm. The lenzidine is precipitated from the solution of the
hydrochloride by adding to the cold solution an excess of caustic
soda solution. It is filtered and washed free from alkali, anct
recrystallised from boiling water or dilute alcohol. It crystallises
in plates with nacreous lustre, m. p. 127°

C¢H;NH.NHC4H; = NH,C,H,.C;H,NH,.
See Appendix, p. 275.

PREPARATION 52.
Phenylhydroxylamine, C,;H, NH.OH

Bamberger, Ber., 1894, 27, 1548 ; Woll, Ber., 1894, 27, 1432 ;
Friedl;"inder Theerfirbenfobrikation, 1V., 48.

6 grms. ammonium chloride (in 200 c.c. water).
12 ,, nitrobenzene.
18 ,, zinc dust.

Mix the nitrobenzene and ammonium chloride solutionin a
flask (¥ litre). Thezinc dust is added in portions of about a gram
at a time with constant shaking or stirring by turbine, the tem -
perature being maintained below 15° by cooling if necessary inice
water.  The addition of the zinc dust should take about an howr-.
"The shaking is continued for another quarter of an hour, when
the sm=ll of nitrobenzene will have disappeared. The contents
of the flask are filtered and washed with 100 c.c. water, so that
the water trickles slowly through the filter. The filbate is
saturated with clean salt (8o grams) and cooled to 6>.  Colour -
less crystals of phenylhydroxylamine fill the liquid. ‘They are
filtered at the pump, dried on a porous plate, and recrystallisecl
if necessary from benzene. Yield 4 —8 grams.
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Dropertiex.— Colourless needles 5 m. 1. 81

Reactions,~—Add ta a solution of phenylhydroxylamine Feli-
Ing’s solution mud wiwrm.  Ciprous oxide 1s precipitated. 1o
another partion add anunoniacal silver mitrate :aud warm, Silver
is deposited.  See LAppemdiv, p.o 270

Nitrosobenzene. - Dissolve 4 grams of phenylhydroxyl-
amine in the eqnivalent quantity of ice cold 6 per cent. snlpbirie
acid (4 e.c. in 66 c.c. water), and add o well-coaled solntion of 4
wrams potassimy bichromate in 200 c.oo water. Yellow erystals of
nitrosabenzene arc deposited which distilin the vapour of steam
with ;i emerald-green colonr ; m. . 67-68°.

Gl N11011 + O = CJL,NO + 11,0.

p-Aminophenol.——Add gradually 1 gram of phenylhydroxyl-
aniine to 10 c.¢. conc. sulphuric acid and 1 3 grams of ice, dilnte
witll 100 c.c. of wider and hoil.  Test st small smuph: with 1a
chramate solutian n order to sce if the smell is that of nitro-
henzene or quinone.  In the latter case conversion is complete.
The acid liquid is nentralised witly sodinn hicarboaate, saturated
with common salt and extracted with ether.  On distilling olf
the cther, z-amidophenol crystallises ; m. . 186°

Call,NI1LOII = OM.C 1, N1,

PREPARATION §3.
Aniline (Aminohenzence ; Phienylamine), Gl N11,
Zinin, Anmden, 1842, 44, 283

20 grms. nitrohenzene.
9o, granulated tin,
170 e, cone, ydrachlovie acid (sp. g 17165,

Introdace the tin and nitrobenzene into a round  (lask 1)
Litre), and fit it witle @ straight npriglt mhe :ont 2 feet lonyg
(ur-condenser).  lleat the mixtire for @ fow minntes cn (he
witer-bath.  Then remove the flask and add the concentrated
hydrochloric acid in quantities ol 5 1o e at™ Gme, and shake
repeatedly. The Tiquid shoulid Decome bot and hoil quictly :
but, if the action becomes tao violent it wwst be moderated by
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cooling the flask in cold water. In the course of 3—3F hour all
the acid should have been added ; the flask is then replaced om
the water-bath without the an-condenser, and heated for an
Liour or more until the reduction is complete. Tlis is ascer -
tamed by the absence of any smell of nitrobenzene. The
contents of the flask, on cooling, solidify to a crystalline mass
(a double salt of stannic chloride and aniline hydrochloride)
Whilst still warm, water (100 c.c.) and strong caustic sodza
solution (140 grams in 200 c.c. water) are added until the
stannic oxide, which is first precipitated, nearly redissolves
and the liquid has a stongly alkaline reaction. If the mixture
begins to boil during the addition of the caustic soda solution
it must be cooled. The aniline, which separates out as a darke-
coloured oll, is distilled in steam. The apparatus is shown in
Fig. 68, p. 107. The flask containing the aniline is gently
heated on the sand-bath, and steam is passed in from the tin
bottle. It is advisable to heat the aniline mixture on the
water-bath before steam is admitted, as otherwise a large
quantity of water condenses in the flask. On distillation,
aniline and water collect in the receiver, the former as a colour-
less oil. When the distillate, as it comes over, ajipears clear
instead of milky, the distillation is stopped. The oil is now
extracted from the distillate hy shaking up the liquid m =z
separating-funnel three times with small quantities (30 c.c.) O
chloroform, The chloroform solution, separated as faras possible
from water, is further dehydrated I)y adding a little solid potas-
sium carbonate. The clear liquid is decanted into a distillings -
flask, the flask rinsed with a litile’ hlor -oform, and thc
chloroform removed ly distillation until the temperature
reaches 100°% when the receiver is changed. Aniline distils nt
182—183°, and has usually a faint amber colour. Yield, about
30 graums.

2CH;NO,; + 35n + 12HCl = 2CH,NH, + 3SnCl, + 4H,O

Properties—Colourless, highly refractive liquid, which scon
darkens in colour ; b, p. 183°; sp. gr. 1°0265 at 15°

Reactions.—1. Add a drop of the o1l to a solutior of bleacly-
ing powder or sodium hypochlorite. An intense violet colour:i-
tion is produced, which gradually fades.

2. Heat a drop of the oil with a few drops of chloroformy, a1xcl
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about 1 c.e.of aleohwobe potash, 72 e funi-cuploard.  Phenyl
carbamine 15 formed, which possesses an intolerable smell.
(Hofinammr’s reaction for primary unines.)

3 Add toadrop of anline in a basm a few drops of con-
centrated sulphurie acid, and stir with a glass rad,  “Then acd
a few drops of potassium hivhromate solntion.  An intense
blue colour is obtained.

4. Dissolve a few drops of mniline in 5 ¢.c. dilute hydrochloric
acid, cool under the tap and add a few drops af a solution of
sodium nitrite.  Then pour some of the solution into about
Lplf a4 gram of phenol dissolved ina few .. of caustic soda
solntion.  An orange salution of sodimn hydroxyazobenzene is
formed (see Rewction 6, p. 163).

ClLNTL TCTH 1IN O, = Gl Ny Cl4-211,0
Col L NLCLF Cl1, 0N = Gl 1, Ny Col 1,0 Na
+ NaOf1 +NaCl+11.0.
See Appendiv, p. 277.

PREPARATION 54.
Acetanilide (I'henylacetamide), Cyll N1LCO.C11,
G. Williaans, 77anx. Chem. Soc., 1804, 2, 100,

. 25 vrms. aniline (freshly distlled).
“30 e glacial acetie wad.

Boil the mixture gently in a flask (250 c.c.), fitted with an air-
condenser, for a day (7 8 hours).  As the ligmd solidilies on
cooling, it 1s at once poured ont, while hot, mta @ basin of cold
water (500 c.c.). 1t is filtered and washed with cold water,
Acetanilide erystallises best fram hot water, in which, however,
it is not very solullle.  Place the moist acetaailide noa large
Dasin, and add gradaally aboat @ btre of boling water. 117 the
substance does not dissolve completely on hoiling, a siwall guan-
tity af spirit will bring it mto solntion.  Filter through a large
Auted filter or hot-water funnel (p. 53) and set the solntion aside
to crystallise.  If the product is dark coloured it is redissolved
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as hefore, and heated with a litlle animal charcoal (s—10 graim 3)
for half hour and then filtered. Yield, 30—33 grams.

CeH;NH,+ CHuCOOH = CH;NH.CO.CHy+ H,0

DPropertics.—Rhombic plates ; m.p. 112° ; b 295™

Reaction.—Introduce alout 0'5 gran of the substance into &
test-tube, and:add 3 c.c. concentrated hydrochloric acid. 13 oil
for a minute. On diluting with water, a clear solution is @ 1>-
traned.

C.H,NHC,H.0 +H,0+HCl=CH,NH, HC1+CH,COO IJ.
See Appendix, p. 278.

PREPARATION 3553.

p-Bromacetanilide, C,;H 4<§]¥'1 C.H,0 i

Remners, Ber., 1874, 7, 340.

5 gims. acetanilide.
25 c.c. glacial acetic acid.
6 grms. hromine.

Dissolve the acetanilide in the acetic acid in a flask (3 litre),
and add gradually the lroimine, dissolved in ahout twice its
volume of glacial acetic acid, and shake well When the
liromine has lieen added, let the mixture stand } hour miid
then pour into 200 c.c water and rinse out with witen,
Filter the crystalline precipitate at the pump and wash three  or
four times with water. Press it well down and let it drain.,
Dissolve the moist substance in spirit (about 60 c.c.) and
pour into a beaker to crystallise.  Filter the crystals, wash
with a little dilute spint, and dry on filter paper. Yield G— 7
grams.

CsH;NH.CyH30+ Br,=C,H,Br.NH.C,H,0 + HDBr
Properties.—Colourless needles; m.p. 165—166°. On lhy-

drolysis with concentrated hiydrochloric acid, g-liromaniline: is
formed (see above reaction for acetanilide).
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PREPARATION 30,
p-Nitraniline,

Bender and Bedmann, Chemische Loiparatenfunde, vol. 1.,
P <has.
25 grins. acetanilide,
25 c.c. acetic acid (glacial),
50 ,, cone. sulphurie acid.
16, fuming nitric aod (sp. gr 1'3).

The acetanilide, acetie acid, and snlphuric acid are mixed by
means of @ mechanical stirver and cooled in a freezing mixture.
The faming nitrie acid is then gradnally added from a tap-
funnel at sueh o speed that the temperature does not exeeed
20, After the acid hias heen added, the mixture is stirred for
an hour and povred on to 1ce. The prodact is then dluted
with water, left o stand for a tine, filtered, washed, and dried
on a porous late. It may be recrystallised from dilute alcohol,
hut is usually pure enaugh for further treatment.  Yield is
8o per cent. of the theory ; the renmmining 20 ier cent. is ortho-

compound and‘remaing i solution 5 m, p. 207",

Cyll, N1LCOC, 4 1IN Oy= NO, Gl NH.COC Hy+ H,0

The z-nitracetmilide is cither boiled with 21 times its weight of
concentriated hydrochlone acid, or heated on the water-bath
with (wice its weight of oqual volumes of sulphuric acid and
water intl the ligaid renians clear on dilnting with water.
The genitraniline which is pow present in the hquid as the hydro-
chloride or sulphate, is diluted with water and precipitated by
the addition of an exeess of caustie soda or ammonia. When
cold, the yellaw crystalline preeipitate is filtered, washed and
re-crystallised fram boiling water. Yield, 25 yrams.

NOAC L NTCOCHT + 11,0 1 1T = NORClHLNTLIC
4 CILU00T]

Dropertics.—Yellow meedles o m. p.o 14775 soluble ' hot
water ; very soluble in aleohol.
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PREPARATION 57.

- <y /NO, 1

m-Dinitrobenzene. (‘“H4\N02 3

Deville, dnn. Chim. Phyx., 1841 (3), 3, 187
Muspratt, Annalen, 1846, 57, 2 4.

; Hofmann,

30 grmis. nitrobenzene.
335 ,, (24 c.c.) fuming nitric acid ; sp. gr- I's.
35, (e0c.c.) conc. sulphunc acid.

The acids are mixed in a flask (500 c.c.), and the nitrobenze ne
added in portions of 5—Io c.c. at a time. Heat is evolved, and
the mass becomes somewhat deeper in colour, When the nitvo-
benzene has been added, the flask is heated for a short rime on
the water-bath. A few drops are then pouved into a test-tube of
water. The dinitrobenzene should, if the reaction is complete,
separate out as a hard pale yellow cake. " If it is semi~
solid, the lieating must lie continued. The contents of the flask
are then poured, whilst warm, into a large quantity of water.
The dinitrobenzene, which separates out, is filtered at the pump
and well washed with water. It is then dried. The yield is
nearly theotetical. A few grams should be recrystallised from
spirit. The remainder may be used for the next preparation
without further pusification.

% CgH;NO,+HNO,=CH,(NO,),+H,0
Propertics.—Colourless long needles; m. p. 90" ; b. p. 297

See Apprudiz, p. 279.
PRFPARATION 58,

/NO, 1
*\NH, 3

Hofmann, Muspratt, Aunalen, 1846, 57, 217.

m-Nitraniline. CH

25 grms. zz-dinitrobenzene.
75 » (95c.c.) spitit.
12, (13c.c) conc. ammonia.

The powdered dinitrobenzene, spirit and ammonia, are mixecl
together in a flask (4 litre) and weighed. Hydrogen sulphide,
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washed throngh water, 15 passed into the dark red pasty mass,
which is occasianally  shaken.* The dinitrolienzene  slowly
dissolves, whilst, at the same time, flakes of crystallised sulphu'r
are depasited. When the gas has been passing for an hour the
{lask 1s remaved and heated on the water-bath for a few minutes.
After cooling, the liquid is again salurated with hydrogen
sulphide and then heated on the water-bath as hefore. When
the was has been passing in a steady stream for fully two hours
the process 1s complete. Water is now added to the liquid until
nothing furtber is precipitated.  The mixture is filtered at the
pump and washed with a little water.  The solid residue is
transferred to o Mask and shaken up with successive small
quantities of lot dilute hydrochloric acid and the liquid
decanted throngh the original filter.  The nitraniline dissolves,
leaving the sulplmr.  When no more nitraniline is extracted
(this may be ascertained hy adding ammonia in excess to
a portion of the acid solutian, when no precipitate is formed),
the acid solution is somewhat cancentrated, cooled, and con-
centrated ammonia added.  The zz-nitraniline is precipitated,
filtered when cold, and purified by recrystallisation from
boiling water. The filtrate from the nitraniline may he concen-
trated on the water-bath and a further small ¢uantity obtained.
Yield, about 1§ grams.

Call,(NOD,+ 3NTLHS = CgHN O, N Hy + 3N Hy+ 38+ 2H,0

Lropertics.—Yellaw needles ;3 nuope 11475 b p. 2855 With
tin and bydrochloric acid it is reduced to zz-phenylenediamine,
CplL(NIL),.

m-Phenylenediamine. Dissolve 30 grams stannous chloride
(SnCl,+211,0)1n 50 c.c. canc. hydrochloric acid in a round flask
(& Litre) and gradnally add § grams m-nitraniline.  The mixture
is heated an the water-bath until no precipitate is formed on
adding water (& hour). ‘The liquid is diluted with 500 c.c.
water, heated nearly to boiling and a auwrent of hydrogen
sulpbide passed in nntil all the tin is precipitated as sulphide
(3--% lbour).  With this object a small guantity should De
filtered and tested from time to time by passing in hydrogen
sulphide.  The precipitate is left overnight to subside, the clear
liquid decanted and the residue filtered at the pump through a
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double-filter. The clear filtrate is concentrated on the water-
hath until crystallisation commences and allowed to cool
The crystals of the hydrochloride of phenylenediamine separatc
and are filtered. A further quantity may be obtained hy con-
centrating the mother-liquors. Yield 6°5 grams.

v pr /NOs _ . .

CH +35nCl,+8HCl=C4H(NH,),2HCl+ 35nCl,

oFACaE, 35 BHO G C Sl

Reaction.—Dissolve a few crystals in water, acidify witl
dilute hydrochloric acid, and add a drop of sodium nitrite solu-
tion. A deep brown solution (Bismarck brown) is obtained,
See Appendix, p. 279.

PREPARATION 359,
Dimethylaniline, C¢H,N(CH,),
Poirrier, Chappat, Jakresb., 1866, p. 903,

20 grms. aniline hydrochloride,
15 ,, aniline
22, methyl alcohol,

The aniline hydrochloride is prepared by gradually acdding
conc. hydrochloric acid to aniline (20 grams in a bealer)
until a drop brought on o a piece of filter paper, stained ith
methyl violet, tams it green. The liquid is quickly coolel nud
sdrred so as to produce small crystals, It is then filterecl, well
pressed and dried on a porous plate.  The dry hydrochloride is
brought into a thick-walled tule closed at one end, ancl the
mixture of amiline and methyl alcohol added. The tube is then
sealed in the ordinary way and heated in the tube furnacc
gradually to 150° during two hours, and then to 180—200° for
six hours more. The contents of the tube divide into two
layers, the lower one consisting of the hydrochlovide of tlie
base and water, and the upper one of the free bases. The whole
of the contents are poured out into a large separating funnel,
and caustic soda added in excess. The addition of a little ether
causes the bases to separate out more readily. The top layelr-
is removed, and the lower aqueous portion is shaken up twice:
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Wit} grmetll <1t1:mtjtics of cther. The cthereal solution 1s de-
hyd rat.ed over solid ¢austic potash, t}lc hqufd ﬁl.tcrcd and .the
tth ey 1.en;o\-'cd on .thc \V:lt(’].‘-].lilth.. The rcs?due 15 now holed
Witlh = 5 PEQAAL acetic :mhydn(lc,. using an ul)l'lg}lt cf)ndenscr, for
n Jhour !N the smne ﬂask., t}lc side limb of which is St()llIlcr.cd.
The contuntsae then (Ihst]llcd. Unchanged acetic anhydride
Passes over at 130 —150” ;‘t.‘ITc thermometer then rises, and the
Portion 12€¢ 1ling at 190 - 200" is cc}llgctcd §c11a1':ttcl>r. When the
higher tel aperature s reached, it is advisable to keep only the
loya, o1 tralt of the condenser ﬁl}cd with water, The distilinte
hag o Pbori wht :u.nber colour.  Yield, 20 grams. The residue in
the Aaslc cansists of acetanilide and methylacctanilide and
solidifies ©n cooliny.

CchN I-'13+C61-15N11_.:1-1(,‘1-}-.4(31-110}»1=Cq1-I,,N(CH_.,)._,I-1(,‘1
+ Gl N(CEH .+ 41,0

PrO]jé"’//."-"'“ (Julunrl'css licuud 5 L1927 5 sp.pr 0'957 at 20°,
Pl eezeZEerr2.—Warm, with i equal volame of methyliadide ; the
rystalline yuatemary anunonium iodide will be formed,

CylN(CH )+ CHyI = C,H N(CH,),.CH, L
See _4 _;b/)u/m'i.v, P 279.

1Y EPARATION Go.

p-Nitrosodimethylaniline,

N (CF.).,
AN UN(Cl), 1
Colly” L0 or Gyl 7

N" N 3

Bacyect, Cwo, Ao, 1871, 7, §10 and 963 ; Mcldala, 77ans.
Clresre. Sere., 1881, 39, 37.

2o grms. dimethylimiline.

52, (45 c.e.) cone. ydrochloric acid diluted with
o ¢.c. of water.

12, sodimn nitrite (in 20 c.e.of water.)

The dimethylmiline is dissalved in the dilute hydrochlorc
acid in z loauker and cooled in a freezing mixture.  The sodium
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nitrite, dissolved in a small quantity of water, is then slowly
added with frequent stirnng. The separation of the hy dro-
chloride of nitrosodimethylaniline it the form of small yellow
needles soon begins, and the liquid is gradually filled witlh a
thick crystalline deposit. 'Wlen, after standing for a short tline
(half an hour), no further increase in the quantity of crystals is
observed, the mass is fillered at the pump and washed whth
spirit, to which one or two c.c. of concentrated hydrochloric
acid has been added. It is then washed once or twice with
spirit, drained and pressed on a porous plate. Yield, nearly
theoretical. Itmay be recrystallised by adding small quantities
of hot water, until the salt is just dissolved, and then setting
aside to cool. If the free base is to be prepared, recrystallisa-
tion is unnecessary. Ten grams of the hydrochloride are mixed
into a paste with water in a flask, and caustic soda solution aclcled
inthe cold untilalkaline.  The yellow colour of the salt changes
to green of the free base.  Sufficient ether is added to dissolve
the green precipitate. The ethereal solution is carefully
separated by means of a separating-funnel and most of the ether
is then removed by distdlation. The remaining liquid is poured
out into a beaker and set aside to crystallise. The base reniams
on evaporation of the ether in the form of brilliant green foliated
crystals.

CeHN(CH,),HCl4+HNO,=(NO)CH,N(CH,), HCl+ H,,O

Properties.—Large green foliated crystals ; m. p. 85°.

Reactions.—1. Dissolve a few crystals in dilute hydrocliloric
acid and add a little zinc dust. The solution is decolou riscd
through the formation of dimethyl p-phenylenediaminc,
(CH,),N.C4H,NH,,

2. Warma few of tlie crystals with yellow ammonium sulphide
solution foc a few minutes, acidify with hydrochloric acid, and
finally add a little ferric chloride. A deep hlue colourationn- is
produced, due to the formation of wmethylene bhue.

3. Dissolve 6 grams of cawstic soda in 250 c.c. of water nnd
heat to boiling.  Add 5 grams of the hydrochloride of nitroso-
dimethylaniline gradually. The free base, which separates out in
oily drops, is allowed to dissolve before each freshaddition. The
boiling is continued until the dark green colour of the liguid
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changes o reddish-yellaw,  Dimethylanine is cvolved and is
casily recognised by its smell.  After cooling, acidify the liquid
in the flask and extroct with ether. On distilling off the ether,
nitrosophenol  (quinoncoxime) remains in the form of dark-
coloured crystals, which arve difficult to purify.
1T - ¢
(Mh<ggﬂm+H;hdﬁh&§0H+NH®H%

The presence af a nitroso-compound may be detected as
follows : Melt together 2 mmate quantity of nitrosophenol and a
fow erystals of phenol. Add about 2 c.c. concentrated sulphuric
acid and warm very gently. A Dblue solution is obtained, which
changes to red on dilntian with water, and hack (o lilue on
adding alkali (1ichermann’s “mitroso” reaction ; see Reaction,
1-180).  See Appendrr, . 280.

PVREPAGATION O,

/NHCH,
\NHCH,

Hofinann, Annnlen, 1839, 70, 14@k

Thiocarbanilide (Diphenylthiourea), CS

30 grms. aniline.
30, carbon Lisulphide,
30 , ahsolute alcahol.

The aniline, carban bisulphide,! and aleohol are poured into a
round flask (4 Litre), and heated for a day (8 hours) on the water-
Db with npright condenser.  As hydrogen sulphide is evolved
the operition must either he conducted in the fume cupboard or
an exit tube nmst be attached ta the top of the condenser tube
dipping into soda-lime.  The contents of the flask solidify after
a time. When the reaction is complete, the condenser is reversed.
and excess of carbon hisalpbide and alcohol distilled off on the
water-hath. The residne is washed on to a flter with very dilute
hydrochlori: acid, to remove any unchanged anibne, and then
with water. ‘The erystals are dricd on a porous plate, and a jor-
ton crystallised fram sparit. . Yield 30--35 grams,

20,11 N H,y -+ CSy 0 CS(NTIC L), + HyS

1 Cavbrue bisulphice being svey volaile anl vxceediugly idliunusble, greas care
must be laken wleu usitg i1 {u 1he ueighboarluul of a lkune,
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Propertics-—Colourless rhonbic plates ; m.p. 151°; scarcely
soluble in water, easily soluble in alcohol or ether.

Phenyl Thiocarbimide (Phenyl Mustard Oil), C;H,N:CS

The thiocarbanilide is boiled with two to three times the
weight of concentrated hydrochloric acid in a flask with an
upright condenser for half an hour. It is decomposed 1nto
triphenylguanidine, which remains as the hydrochloride in solu-
tion (it is subsequently separated) and phenyl mustard oil, whicl
separates out as a brown oil. On distilling the product n
steam, the phenyl mustard oil is carricd over into the receiver.
It is separated by shaking out with ether, and removing the
ethereal layer with a tap-funnel. It is dehydrated over
calcium chloride, and decanted into a small distilling fAaslk.
The ether is remnoved on the water-bath and the mustard o1l
distilled, with the thermometer, using a short condenser tulye.
Yield, 9-—10 granis.

Properties.—Colourless oil with a peculiar smell; b. p. 2207
sp. gr. I'135 at ¢5°

Reactions.—1. Heat gently for a few minutes 0’5 c.c. phenyl
mustard oil, 05 c.c. alcohol and 1} c.c. concentrated anmmo11iiL,
On cooling, thiocarbanilamide, NH,.CS.NH.C;H., arystallises n
needles.

2. Heat gently o5 c.c. phenyl mustard oil, and o'5 c.c. aniline ;
on cooling and rubbing with a glass rod, thiocarbanilidc
crystallises.

3. Heat on the water-bath in a small flask with upright coin-
denser 3 grams of phenyl mustard oil and 16 c.c. ahsolate alcoliol
for 3 hours, and pour into cold water. Phenylthiouretlrine,
CeH;NH.CS.OC,H,, separates out and may be recrystalliscd
from alcohol. Yield, 2} grams ; m. p. 67°.

4. Heat a few drops of the inustard oil with yellow mercuria
oxide and notice the imitating smell of phenyl carbimide.

CeH;N:CS+HgO=C H,N:CO+HgS

Triphenylguanidine.—In order to separate the triphenyl-
guanidine remnaining in the flask as hydrochloride after distillingy
off the phenyl nustard oil, the hot solution must be somew lhat
concentrated. The colourless salt, which crystallises ont on cool-
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ing, is filtered and washed with a little water. It is then ‘warnied
gently for a few minutes with dilute caustic soda solution. The
basc is liberated, filtered, washed witly water and recrystallisecd
from spirit.

.NHC,H,
2CS(NHC,IL),+ HCl=CSNCyH, + C.NHCH, HCl + H,S
:NC H, ’
“Clhiveacbianilide, Yheuyl Mustzad  Triphewylzuadiline
Oil Hydrocliloride,

Dropertivs.—Colourless needles 5. . 143
Rewrtinn.—Boil for a short time with moderately strong
canstic soda solutian.  Aniline is formed.

C:NCH((NHCH )y +2NaO H +11,0 = 3C,H;NH, + Na,CO,,
Sec Afpemdix, p. 281,

DREPARAY IN 02,
Diazobenzene Sulphate, C,;l1,:N.SO,H
Il]

Carless, Annaha, 18066, 137, 76 : Knoevenagel, Aer, 1895, 28,
2040,
15 grms. aniline.
da ,, (175 c.c.) ahsolate alcohol.t
30 5, (10 c.c.) cone, sulphuric acid.
20 ,, amyl nitrite.

Mix the aniline and alcolhol and add the concentrated
sulphurie acid in a slaw stream with constant shaking,  The
precipitate of aniline sulphate, which fivst appears, redissolves.
Cool the mixture to 307 and keep at 30—35° (thermometer n
the liquid) and aut of direct simlight whilst the amyl nitrite is
dropped in from a tap-faincl. Then cool in ice water and
leave for half an hour.  The dinzobenzene sulphate separates as
a colourless or pale green mass of needle-shaped erystals™ It
is filtered at the pump and washed with a little alcohol.
Although diazabenzene sulphate 1s muech more stable than tbe

1 Neither wiethylaled spivil uor wehiyl sdevlol e be substitai ol
COHEN’S ADV. I, 0, C, M
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nitrate, it is undesirable to let the precipitate become quite dry.
The various reactions described below are carried out with
the slightly moist and well pressed precipitate.

(C,H;NH,),H,S0, +2C;H, ONO + H,S0,=2C,H,N:N.SO, H
+2C,H,OH +2H,0.

Progertics.—Colourless needles; soluble in water and
methyl alcohol ; slightly soluble in ethyl alcohol.

Reactions—The following reactions are performed in test-
tuhes with about a gram of the substance.

I. Warm the substance with a few c.c. of ethyl alcohol.
Vigorous effervescence occurs and the liquid turns ved. When
effervescence ceases, add water. An oil separates out on the
surface consisting of benzene mixed with a little phenetol.

CoH,N,SO,H + C,H;O=C;H, + N, + C,H,0 + H,S0,,
CoH,N,SO,H + C,H0=CH,0CH; + N, + H,S0,.

2. Dissolve about a gram of the substance in a litlle water,
cool in ice and make alkaline with caustic soda. Make an
alkaline solution of stannous hydrate by dissolving 3—4 grams
of stannous chloride in twice its weight of water aud adding
strong caustic soda solution until the precipitate redissolves.
Cool the diazo solution and add the alkaline stannous hydi-ate.
Effervescence occurs, nitrogenis iberated and benzene separates
on the surface of the liquid and can be detected by its smell.

C4HyN,. ONa + Sn(ONa), + Hy0=CylT; + Ny + N2,SnO, + NaO L L.

3. Dissolve the substance m a few c.c. of cold water and acdld
a solution of bromnine in potassimn bromide until no further
turbidity is produced. A black oil collects at the botton1 of the
test-tube. Pour off the top layer as far as possible, and let the
oil stand in cold water. It solidifies. This is the perbromicle af
diazobenzene. '

CsHsN,SO,H + KBr + Br,=C;H,NBrNBr, + KHSO,.

Decant any liquid and warm the perbromide with a little alcohol.
Nitrggen and bromine are given off and bromobenzene is
formed.

CeH;NBrNBr,=CH,Br + N, + Br,.

4. Dissolve the substance in a little cold water and add
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potassium jodide solution. Effervescence occurs and a dark
coloured liquid separates out.  This is iocdobenzene.

ColNSOH + KI = CyHyI + N, + KHSO,,

5. Dissolve the substance in water and warm gently. Effer-
vescence oceurs and a dark coloured oil separates, which has the
smell of 1)11.(:1101. When cffervestence ceases, cool and shake
up with a little ether.  Decant the ether into a dry test-tulie.
Evaporate the ether and test the residue for phenol, see p. 179.

CylI;N,SO, 1 + H,0 = C;H;O0H + H,SO, + N..

6. Disselve the substance in cold water and add it to a
solution of phenol in caustic soda, drop ly drop. An orange
crystalline precipitate of hydroxyazobenzene is formed. Repeat,
using B-naplthol in place of phenol. A scarlet precipitate is
obtained.

CoHyNLSO,IT + Col1,ONa = C,HN:N.C;H,0Na + Na,SO,
+2NaOH + 2H,0.

7. Dissolve in cold water and add a few drops of aniline,
and shake up. Diazoaminobenzene Sepavates out as a yellow
crystalline precipitate.

G N,SO,H + CHMNH, = CH,N:N.NHC,H, + H,SO,

8. Ileat o'5 graun of the dry substance on an iron tray. It
decomposes with slight explosion.

Any of the diazo-compound which remains over should be
dissolved in water and pouved away.  Sce Appendiv, p. 282,

P REPARATION 63.

Toluene fron p-Toluidine, C,H; CH,
I'riedliinder, Ber, 1889, 22, 537.

© yrms, p-taluidine.

30 c.c. canc, hydrochloric acid (in 6o c.c. water).
75 5, sadium nmitrite (e powder).

15 , of caustic sada (in 50 c.c. water).

30 , stmnous chloride (in 75 c.c. water),

The g-toluidine, which is placed in a beaker, 15 dissolred in
the hydrochloric acid by warming and is then cooled under the
M 2



164 PRACTICAL ORGANIC CHEMISTRY

tap, so as to obtain small crystals of the hydrochloride. The
beaker is placed in a freezing mixture and the contents cooled
below 16° The sodium nitrite is added in small portions at a
time with stirring, the temperature being kept below 16°0 The
hydrochloride gradually dissolves in the form of the soltulble
diazonjum salt. Towards the end of the operation adrop of the
solution is occasionally tested with potassium iodide and stavch
paper when an excess of mitrite is indicated by a blue stain.
The solution is poured very slowly into the solution of caustic
soda previously cooled in ice, so that the temperature does 10t
rise above 10°.

CH,.CeH,N,Cl + 2NaOH = Ci,, C;II,N,0Na + NaCl + HoO.
Meantime the stannous chloride solution is converted into soclium
stannite by adding a 50 per cent. solution of caustic soda until
the precipitate of the hydrate nearly redissolves (about 3o grams
of caustic soda). The liquid is placed in a round flask (500 c.c.)
attached to a condenser and cooledyin ice. The alkaline liazo
solution is poured through the top of the condenser m small
quantities at a time. After each addition there is a vigorous
effervescence and evolution of nitrogen,and a brown oil separaites
which consists of inpure toluene.

CH,CgH,N,ONa + Sn(ONa), + H,0 = CHy. CyH; + No+ Na,SnO,
_ +NaOH.
When the solution has all been added the toluene is distillec] off
in steam, separated from the water, and dehydvated overcalciinim
chloride. It distilsat r10° VYield 5—06 grams, See Appesrzclzir,
p. 284
PREPARATION 64.

p-Cresol, C;H 4<8E3 Af

Griess, Annalen, 1866, 137, 39; Ihle, J. prakl. Chem., 1876,
14, 451.
25 grins. p-toluidine.
25 ,, conc sulphuric acid (in 756 c.c. water).
20 ,, sodium nitrite (in 40 c.c. water).

Mix the dilute sulphuric acid and toluidine in a large round
flask (1% hitre) and cool to the ordinary temperature. The nitrite
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T ——————
solution 1s gradually added.  The clewr solution is then gently
warmed on the water-bath amtil the evolntion of nitrogen ceases.
The solution, which has become very dark coloured, is distilled
in steam antl the distillate produces only a slight precipitate
with bromine water (500 c.c.). A small quantity of tarry residue
remains.  The distillate is then extracted three times with small
quantities (50 c.c.) of ether.  The ethereal solution is dehydrated
over anhydrous sodium sulphate, filtered, and the ether removed
on the water-bath,  The p-aresol 15 then distilled over the Aame
with a condenser tube, and vollected at 195—200". The distil-
late, which has a yellow colour, salidilies on cooling.  Yield 10
— 1§ grams,
(CHH G N1y, 11,50, 4-2NaN Oy == 2C11,.CgH,.OH
+ 2Ny 4+ Na SO, 4+ 211,0,

Lroperticy.- Colourless erystals 5 m. p. 36°; b, . 202°

Reactions.~—~Make =« solntion af #-cresol by shaking up a
few drops with 5 c.c. of water.  To one portion add a few drops
of DIromine water. A white precipitate of tetraliromocresol
is formued.  Ta another portion add a drop of ferric chloride,
A Dlue colouration is produced.  See Apgendir, . 284.

PREFARATION 65,
p-Chlorotoluene, (;,;I»»l‘,\/ f’.lH" 1
NGL4
Sandmeyer, Rer, 1884, 17, 2651 5 Wynne, Yrans. Chem. Soc.,
1892, 61, 1072.
50 grs. A-toluidine.
120 c.c. conc. hydrochloric acid (in 8o c.c. water).
40 grms. sodima nitrite (coarsely powdered).
0, copper carbonite o he dissolved in 300 c.c. conc.
hydrochloric acid
Dissalve the p-toludine m the hydrochlorie acid and then
cool quickly in a beaker, and stir 50 as to obtain small crystals,
Place the Deaker in ice and salt and, whilst 1t is cooling,
preparve a solutian of cuprous chlovide.  Dissolve the copper
carbonate in the hydrochlarie aeid, and boil with excess of
copper turnings until a nemly colonrless solntion is obtained.
The solution 1s decanted into a large rvound flask (2 Iitres)
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which is loosely corked, and placed in ice. Whilst this
solution is cooling to o° the diazotoluene chloride is prepared
by adding the powdered sodium nitrite gradually to the -
toluidine hydrochloride and stirring.  The temperature should
not rise above 16°. When three-quarters of the nitrite has Ibeen
added, test occasionaliy with potassium iodide-starch paper uintil
a drop gives an immediate deep blue or dark brown colouration.
Add this solution gradually in portions of about 20 c.c. at a time
to the cold solution of the cuprous chloride, and shake up well
after each addition. A thick crystalline mass of orange coloured
needles, consisting probably of the diazo-copper salt separates,
and, on standing, decomposes slowly, forming a dark-colourred
liquid. After standing a shorttime, thelignid is distilled in steam.
The distillate is shaken up witl: a little caustic soda to rermnove
cresol, and the chlorotoluene, which sinks to the bottormn, is
separated. The liquid is further shaken out with a little cliloro-
form, which is then added to the chlorotoluene, and the whole
dehydrated with calcium chloride. The liquid is decante d, the
chloroform distilled off and the residue collected at 115— 1 65°
Yield, about 45 grams.

CH,C,H,NH,HCl+NaNO,+HCl=CH,C,H,N,Cl +
NaCl+211,0.
CH,CeHN,Cl=CH,C;H,Cl+ N,.

Properties.—Colourless liquid ; b. p. 162°; m. p. 74

Reactions.—Chlorobenzoic Acid.—Boil 16 grams 4-chloro-
toluene with 20 grams permanganate dissolved in 500 c.c. of wnter
in a brine or calcium chloride bath, with upright condenser, for a
day. The bath should keep the contents of the flask boiling
briskly whilst the permanganate is gradually added. The oily
drops of chlorotoluene will gradnally cease to drip from the con-
denser and the permanganate will be nearly decolourised.

The precipitated manganese dioxide is now dissolved as sul-
phate by passing in sulphur dioxide gas until the last trace of
brown precipitate has disappeared. The colourless clhiloro-
benzoic acid comes down in the acid solution on cooling, and
is filtered, washed with water, and recrystallised from spirit;
m. p. 236° The yield is theoretical.

CH;.C¢H,Cl+ 0;=COOH.C;H,Cl+ H,0.

See Appendix, p. 284.
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PREPARATION 66.

/C H, I
p-Bromotoluene, CGH.l\
By

4
Sandmeyer, Ber, 1884, 17,2651 ; Gattermann, Ber., 1890, 23,
12¢8.
50 grms. p-tohndine.
oo ¢.c. cone. hydrochloric acid (in 6o c.c. water).
35 grms. sadina nitrite (in powder).
9o , aystallised copper sulphate (in 300 c.c.water).
45 » Datassium bromide (in 100 c.c. water).
150 ¢.e. hydrohromic acid (sp. gr. 1'49=47 per cent. HBr).

The p-toluidineis diazotised as described in the previous experi-
ment (Prep. 65) by forming the hydrochloride, cooling and
wradually adding the sodium nitrite.  The solution of the
diazoniunt chloride 15 then pioured into cuprous bromide dis-
solved in hydrabromic acid.  The cuprous liromide is prepared
ly adding the patassivm bromide solution to the copper sulphate
solution and passing in sulphur dioxide until no more precipitate
forws. The white cuprous lirumide (about 35 grams) is filtered,
washed, and well pressed on the fimnel and introduced into a
round flask (14 litre).  Itisdissolved in 150 c.c. hydrobromic acid
and well cooled inwce. The diazomum chlorde 1s now added
slowly with canstant shaking. A thick pasty mass scparates and
mrogen is evolved.  When the evolution of gas has slackened
the flask 1s heted an the water-hath until effervescence ceases
and the bromotolnene 15 then distilled in steam.  The heavy
yellow Liquid is extracted with chloroform, shaken with caustic
soda solution to remove traces of cresol) dehydrated over calcium
chloride, and distilled.  “T'he distillate 1s collected at 180—190°
On caoling, 1t solidilies to a pale yellow mass, m. p. 28°; b. p.
185°.  Yicld, 35 grams.
Cl15.Cel1,N,Cl+ Culir= CH, C;H,Br+CuCl+ N,

Gattermann’s Method.—According to this method the
dinzonium liromide is first prepared and then decomposed by
finely divided metallic copper. The 5o grams p-toluidine is
dissolved in 200 c.e. hiydrolromic acid previously diluted with
1oo c.c. water and diazotised in the usual way. T'o this solution
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the copper powder is gradually added. 1t is prepared by clis-
solving 100 grams crystallised copper sulphate in 300 c.c. water
and dusting in through a fine muslin bag 25 grams zinc dust with
constant stirring. It is left until the blue colour of the copper
salt has nearly disappeared. The precipitated powder is washed
hy decantation two or three times with cold water and then with
very dilute hydrochloric acid to remove metallic zinc and
finally filtered and washed at the pump. The pasty mass is not
allowed to dry, but is added at once in small quantities to the
diazonium solution with constant stirring.  After the evolution
of nitrogen has ceased the bromwotoluene is distilled in stcam
and purified as described above. See Appendix, p. 284.

PREPARATION 67.
p-Todotoluene.
Griess, Annalen, 1866, 137, 76.

25 grms. p-toluidine.

s0 , (27 c.c.) coac. sulplueic acid.(in 250 c.c. water).
20 ,, sodium nitrite (in 40 c.c. water),

60 ,,  potassium iodide (in 100 c.c. water),

Mix the dilute sulphuric acid and p-toluidine in a large
beaker (4 litre) and cool to ©° in a freezing mixture.  Stir,
whilst cooling, to produce small crystals of the sulphate. Acld
the solution of sodium nitrite slowly, and if the temperature
rises above 10°, add a few lumps of ice.  When tlwee-quarters
of the nitrite solution has been added, test occasionally with
potassinm iodide-starch paper until a blue or brown stain is
produced. Now add the solution of potassium iodide gradnally,
and, after well stirring, leave the mixture at the ordinary temper-
ature for an hour, and then warmn cautionsly on the water-l>ath
until effervescence ceases. The liquid is dark coloured, and a
black oil settles to the bottom of the vessel, which when cold
solidifies. The oil consists of iodotoluene, and the dark colour of
the solution is due to free iodine, which may be removed by the
addition of a gram or two of sodium- bisulphite. The mixture
is now distilled in steam, using a beaker as receiver. Care must
be taken to prevent the condenser tube becoming blocked by the
iodotoluene, which is solid at the ordinary temperature. This is
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effected by running the water very slowly through the condenser
so that the upper part remaias warm.  Theiodotoluene solidifies
in the receiver. It has a yellow tint, which may lie removed by
recrystallisatian from spiit. Yield, 45--350 grams.

CHy Cl,NH,+ NaNO,+2H,50, = CH,. C;H,N,.SO,H +

NaHSO,+H,0.
CH,. G N, SO H+ K1 =CH,.C{H, I+ Ny + KHSO,,

DLropertios.—Colourless plates ; m. p. 35%; b, p. 211—212°,

«. Tolyliodochloride.—Dissolve 10 grams iodotoluene in
five times its weight of chloroform, cool in ice, and pass in dry
chlorine until saturated.  If a chlorine cylinder is not available,
the chlorine is conveniently made hy dropping concentrated
hydrochloric acid from a tap-funnel on to powdered potassinng
hichromate or permanganate v 2 raund flask, heated on the
water-bath.  The chlorme is  dried through concentrated
sulphuric acld. When chlorine is no longer absorbed, the
yellaw needle-shaped crystals of the iodochloride are filtered,
washed with a little chlaroform, and dried on a porous plate,

CH,, Gy, I 4+ Cly=CH,.CyH,ICl,

2. JTodosotoluene.—Dissolve 2°5 gramns caustic soda in 20
c.c. water, and grind with § grams of iodochloride in a mortar.
Lcave overnight and then filter and wisly with water. The
colourless crystuls of the iodoso-campaund are dried on a porous
Plate.

Cl11,.C N, ICL+2NaOH = CH,.CH,I0 +2NaCl+ H,0.

Sce Afpendiy, p. 28s.

PREPARATION 08,
‘ /C I, 1
p-Tolyleyanide, C,l 1‘,\
CN 4
Siavdmeyer, Aer, 1884, 17, 2653.
20 grins. p-tohnidine.
45 c.c. conc. hydrochloric acid (in 150 c.c. water),
6 grms, sodium nitrite (in 40 c.c. water).
50 ,, copper sulphate (in 200 c.c. water).
55 , potassium cyanide (in 100 c.c. water).
The capper sulphate is dissolved in 200 c.c. water on the
water-hath in a round flask (2 litres). Pure potassium cyanide
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isgradually added to the warm solution.*  The cuprous cyanide
dissolves in excess of the potassium cyanide and cyanogen gas
is liberated. 2CuSO,; + 4KCN = 2CuCN + 2K,S0, + (C N
The solution is left, whilst the p-toluidine is diazotxseFl-
The base is dissolved in the dilute hydrochloric acid, coolec 1
ice, and well stirred. The mixture is kept cold whilst the soclium
nitrite solution is gradually added, until it gives an immec_liatc
colouration with potassium iodide-starch paper. The cliazo-
solution is then added in portions of about 10 c.c. at «
time to the warm cuprous cyanide solution, with frecjuent
shaking. A rapid effervescence occurs, nitrogen and sSoOMC
hydrocyanic acid being evolved. When, in the course of al>out
fifteen minutes, the dijazo-solution has been added, it is left
on the water-bath until effervescence ceases (3 hour). The
liquid turns a dark colour, and a Dblack tarry deposit is
formed. The product is distilled in steam. This shoulcl be
carried out in the fume cupboard, as not only is hydrocyanic
acid liberated, but a small quantity of isocyanide, which is formed
inthereaction, and produces an intolerable smell. The distillatieon
is continued until no more yellow oil passes over. The tolyl
cyanide solidifies in the receiver on cooling as a yellow crystal-
line mass, which is fillered, dried on a porous plate, and may be
purified by distillation ; but for the preparation of toluic acicl
this is unnecessary. Yield about 15 grams.

CH,CgH,NH, HCl + NaNO, + HCl = CH,.CiH,N,Cl +
NaCl+2H,0.

CH,.CH,N,Cl+ CuCN=CH,.CH,.CN + N,+ CuC1 -

Properties. —Colourless crystals ; m. p. 29°; b. p. 218°,

Reaction.—p-Toluic Acid.—Boil up 10 grams tolylcyanide
with a mixture of 30 c.c. conc. sulphuric acid and 20 c.c. water, in a
round flask with upright condenser until colourless crystals of
toluic acid appear in the condenser tube (about half an hour). On
cooling, the acid crystallises out, and is separated by filtrration,
washed with water, and recrystallised from hot water ; m. p- 179",

CH,.CiHCN + 2H,0 + H,S80, = CH,CH,.CO.O EX
+NH,H.S0,

The yield is nearly theoretical.
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Terephthalic A cid.—Dissolve 5 grains g-toluic acid in dilute
caustic soda solution and lioil with reflux condenser, adding 12
grams af permanganate in 250 c.c. water gradually from a tap
funncl inserted througls the top of the condenser. When the red
colour of the permanganate persists after continued boiling the
solutianistreated with sulphur dioxide (see p. 166), which dissolves
the manganese dioxide and precipitates the terephthalic acid as
a white amorphous powder.  The latter is filtered, washed, and
driedd. 1t sublimes without melting at 300" and is insoluble in
water and aleohal.  The yicld is nearly theoretical.

Cl1;.Cl1,. COONa + NaOH + 2KMnO, =
Ma0OC.CyH,.COONa+ 2KOH + MnO, + 2H,O.

PREPARATION 69.
Diazoaminobenzene, C,H ,N:N.NH.C,H;,

Griess, Awunalen, 1806, 137, 58 ; Staedel, Bauer, Ber., 1886, 19,
1952,
20 grins. aniline.
6 ,, conc. sulphuric acid.
Goo ,, water,
7°4 ,, sodium nitrite.

The acid 15 poured into the water contained in a large beaker
(1 Bwre) and the aniline then added.  About half the aniline
dissolves as snlphate.  The Liquid is warmed in the water-bath to
27” and the sadinna nitrite, dissolved in a small quantity of water,
15 slowly added and the whole well stired. The temperature
is maintained at 27—30° for a quarter of an hour. As soon as
the sodium nitrite is added the liquid turns yellow and rapidly
hecomes tnbid  from the fornmation of diazoamninobenzene,
whicl separates out in yellowish brown crystalline crusts, The
solution is now allowed to stand at the ordinary temperature
for half an hour, when nearly the whole of the diazoamino-
benzene crystallises out. It is filtered, washed with cold water,
pressed well on the filter, and dried on a porous nilate or a pad
of filter paper. It forms a brown sandy powder and may be
purified by recrvystallisation from benzene or alcohol. In
crystallising, it is nccessary to bring the substance into selution
as quickly as possible. Boiling spirit (about three times the
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weight of substance) should be added and the liquid heated for
a moment until a clear solution is obtained and then allowed to
cool. On prolonged boiling it decomposes. For the preparation
of aminoazobenzene the dry powder is sufficiently pure. Yield,
nearly theoretical.
(C;H;NH,),H,S0, + 2NaNO, + 2H,50,=

2C,H,;N..SO,H + Na,SO, + 4H,0.
CeH,N,.SO,H + CH;NH, = CgH;N:N.NHC;H; + H,SO4-

N.B.—The salphuric acid, set free in the second phase of thereaction,
acts upon the sodium nitrite, so that one 1eolcenle only is requircet.

Properties.—Golden yellow plates (from alcohol) m. p. 987 ;
insoluble in water ; it explodes when heated above its melting
point.

Reaction.—Dissolve a little of the substance in alcohol and
add a drop or two of an alcoholic solution of silver nitrate. A
red crystalline precipitate of CgH;N:N.NAg.C;H; is depositecl.
See Appendix, p. 28s.

PREPARATION 70.
Aminocazobenzene (Aniline yellow), C;H,N:NC,H, NI ,.

Mene, Jalirest., 1861, 496 ; Kekulé, Zeitsch. f. Ch., 1866, 2, 689 ;
Staedel, Bauer, Ber., 1886, 19, 1953.

10 grms. diazoaminobenzene.
25 ,,  aniline.
5 , aniline hydrochloride.

The finely powdered diazoaminobenzene, aniline hydro-
chloride (see p. 156), and aniline are mixed together and heated
to 40° for an hour. The mixture forms a clear, deep red solution.
After standing for 24 hours at the ordinary temperature, the
diazoaminobenzene is converted into aminoazobenzene. A
slight excess of moderately strong hydrochloric acid is added,
care being taken that no great evolution of heat occurs. On
owoling, the aminocazobenzene separates out together witl
aniline hydrochloride. It is filtered and washed with cold, very
dilute hydrochloric acid, when small violet crystals of aminoazo-
benzene hydrochloride remain on the filter. In order to obtain
the free base, the hydrochloride is warmed with dilute ammonia.
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The base, which has a brown colour, is filtered and dissolved

in hot spirit, with the addition of a few drops of concentrated
ammonia. Yield, about § grams.

CyH;N:N.NHCH, + H.C;H,NH, HCl =
CoHN:N.C,H,.NH, + C;H,NH,. HCL.

Properties—Orange prisms ; m. p, 127°,

Reaction.—Make a solution of 4 grams stannous chloride in
1o c.c. conc. hydrochlovic acid, add 2 grams aminoazobenzene,
and boil for a few minutes. On cooling crystals of the hydro-
chlorides of aniline and p-phenylenediamine separate out.
The liquid is filtered and washed with a Iittle conc. hydro-
chloric acid to remove the tinsalts. If the precipitate is
dissolved in water and made alkaline with caustic soda, a
mixture of liquid aniline and solid g-phenylenediamine is pre-
cipitated, from which the former may be removed by filtering,
washing, and draining on a porous plate.

CyH N:N.CqH,NH, + 2SnCl, + 4HCl=
CH;NH, + H,N.CiH, NH, + 2SnCl,.

p-Phenylenediamine, when warmed with dilute sulphuric acid
and potassium bichromate or lead peroxide, gives the odowr of
quinone (p.-192). After warming and cooling, extract with ether.
The ethereal solution has a yellow colour. Decant the ether
extract on to a watch-glass and leave it to evaporate in the air.
A deposit of microscopic yellow crystals vemains, See Appen-
dix, p. 280.

PREPARATION 7I.
Phenylhydrazine, CCHNH.NH,

E. Fischer, Annalen, 1878,190, 167 ; Meyer, Lecco, Ber,
1883, 16, 2976 ; Meyer and Jacobson, Lehrbuch, 2, 305.

20 grms. aniline.
200 ,, (170 c.c.) conc hydrochlodic acid.
20 ,, sodium nitrite (in 100 c.c. water).
120 ,, crystallised stannous chloride (in 100 c.c.
conc, hydrochloric acid). -

The aniline is dissolved in the concentrated hydrochloric
acid and cooled to o in a freezing mixture. The solution of
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s’odium nitrite is gradually added, the temperature being kept
lelow 10%, until a drop of the nuxture, diluted with water, turns
potassiwm iodide-starch paper blue. To the mixture, still cooled
in ice, 120 grams stannous chloride, dissolved in about an
equal weight of conc. hydrochloric acid, is added. A thick
white crystalline precipitate of phenylhydrazine hydrochloride
separates. It is allowed to stand for half an honr and filtered at
the pump ; it is then separated as far as possible from themwother
liquor, and transferred to a flask. The free base is obtained by
decomposing the hydrochloride with caustic soda. An excess
of caustic soda is added, and the mixture well shaken. Lhe
free base, which separates as a reddish coloured oil, is extracted
with ether, and the ethereal solution dehydrated over solid
potassium carbonate, The ether is then removed on the water-
bath, and the residual oil either used without further purification
or distilled 77z wacieo. Yield, 15—20 grams.

CeH;NH,.HCl+ NaNO, + HCl=C;H;N,.Cl+
NaCl+2H,0.

C¢HgNo.Cl4+ 2SnCly+ 4 HCI < CgH N H.N H,, HC14-25nCl,

Properties.—Nearly colowless oil when freshly distilled ;
b. p. 241—242°; m. p. 17°5° ; sp. gr.1'097 at 23°.

Reactions.—1. Add a few drops of phenylhydrazineto 2 c.c.
of water, then a drop or two of copper sulphate solution and
excess of caustic soda. Cuprous oxide is precipitated with
effervescence and benzene separates, CCHNH.NH,+2Cu O =
CeHg+ No,+CuyO+H,0. The same reaction takes place if
the phenylhydrazine is dissolved in dilute acetic acid and copper
sulphate solution added and warmed.

2. Add 2 grams of phenylhydrazine to 4 c.c. water in a boiling
tube, warm until dissolved, and then add about 3 c.c. of a warin
saturated solution of cupric hydrate dissolved in conc, ammonia.
Nitrogen is evolved and cuprous hydroxide dissolves. Add a 10
per cent. cauistic potash solution until there is a slight permanent
“precipitate of cuprous hydroxide and heat the liquid in the
water-bath. A copper mirror is.deposited on the surface of the
glass (Chattaway).

3. Add toa few drops of phenylhydrazine an equal quantity
of glacial acetic acid, -dilute with a little water, and a%ld a
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drop of benzaldehyde. In a short time the pheuylhydrazone of
benzaldehyde will crystallise out.

4. Phenylmethylpyrazolone. —Mix together 10 grams dry
nhenylhydrazine hydrochloride'and g grams acetoacetic esterin a
flask (200 c.c.), add 3 or 4 drops conc. hydrochloric acid and
warm for 160—15 minutes.. A clear reddish solution is obtained,
which is poured into water and carefully neutralised with caustic
soda.  The precipitated oil solidifies almost immediately and
can be recrystallised from alcohol ; m. p. 127°. Yield 8 grams.

CI1,.C.CH,.CO
= |l |
N—N.CH,

See also the Reactions on pp. 70, and 135, and Appendi,
p- 287.

PREPARATION 72.
NH,

< ¥ 1
SO;H 4

Gerhardt, Annalen, 1846, 60, 312; Buckton, Hofmann,
Annalen, 1856, 100, 163, )

Sulphanilic Acid, C;H,

25 grms. aniline.
8o ,, conc sulphuric acid.

The aniline and sulphuric acid are cautiously mxed in a
round flask (250 c.c.) and heated to :80—190° in an o1l or metal
bath for four to five hours until a sample dissolved in water
remains clear on the addition of caustic soda in excess and no
aniline separates. The product is poured into cold water, which
precipitates the sulphanilic acid as a grey crystalline mass.»a: It
is filtered, washed with a little cold water, recrystallised from
hot water with the addition of a little animal charcoal, and dried
jin the air.  Yield, 25— 30 grans.

C.H NH, + H,S0, = NH,C¢H,.SO.H + H,0.

Properties.—Colourless rhombic plates, containing 2 mols. of
water of crystallisation, which they lose slowly in the air, and
the crystals fall to powder, See Appendix, p. 289
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PREPARATION 73.

Methyl Orange (Helianthin), SO;Na.C;H,N:N.CaH,N(CH)s

10 gyms. sulphanilic acid.
25 ,, anhydrous sodium carbonate (in 100 c.c. water).
3’5 » sodiwn nitrite (in 20 c.c. water),
6 ,, conc. hydrochloric acid (in 10 c.c. water).
6 ,, dimethylaniline (in 6 c.c. conc. HCI and 20 c.c.

water),

The sulphanilic acid is dissolved in the sodium carbonate
(4 mol.) solution and the sodjum nitrite (1 mol.) solution aclcled.
The mixture is cooled in ice, and the solution of hydrochloric
acid (1 mol.) gradually added. The solution of dimethylaniline
(1 mol.) is now poured in, and the liquid made alkaline with
caustic soda, The separation of methyl orange at once begins,
and is assisted by the addition of a little common salt (20 gramis).
The precipitate is filtered at the pump, and crystallised from
hot water. Yield, nearly tlieoretical,

SO,Na.C¢H,NH, + NaNO, + 2HCl = SO;Na.C;HN,.Cl +-
NaCl + 2H,0.

SO;Na,C4H,N,.Cl + C,H,N(CH,),HCl =
SO4H.CgH,.N,.C,H,N(CH,), + NaCl + HCL

SO,H.C;H,N:N.C,H,N(CH,), + NaOH =
SO,Na.C;H,N:N.C;H,N(CH,), + H.O.

Properties.—Methyl orange is the sodium salt of the sul-
pl}?ic acid, and dissolves in water with a yellow colour, The
fr® acid is red, and its action as an indicator depends upon
this change on the addition of mineral acid.

Reaction.—Methyl orange is decomposed, like the majority of
azo-compounds, by stannous chloride in hydrochloric acid into
Lwo molecules, produced by the addition of hydrogen to the
Qouble-linked nitrogen atoms (see p. 173).

HS0,.C4H,N:N.C;H,N(CH,), + 25nCl, + 4HCl =
HS0,.CeH,NH, + HyNC,H,N(CH,), + 25nCl,.
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Malke a solution of 4 grams stannous chloride in 10 c.c. conc.
hydrochloric acid, add 1 gram of methyl orange dissolved in a
few drop_s of hot water, and boil for a few minutes until the red
colour disappears. On cooling a crystalline precipitate consist-
g of sulphanilic acid and dinethyl p-phenylenediamine is
deposited. In order to separate the base, dilute with water, add
caustic soda solution until the precipitate of stannous hydrate
redissolves, shake out the cold solution with ether, and de-
hydrate over potassiim carbonate. On distilling off the ether,
the dimethyl #-phenylenediamine remains as a crystalline
solid ; m. p. 41°.  On warming with dilute sulphuric acid and
lead percxide the odour of quinone is readily perceived
(see p. 192). It also gives the ‘ methylene blue’ reaction, like
nitrosodimethylaniline (see p. 158). See Appendix, p. 289,

PREPARATION 74.
Potassium Benzenesulphonate, C;H;.SO;K + $H,0O

Mitscherlich, Pogg. Ann., 1834, 31, 283 and 364 ; Michael,
Adair, Ber., 1877, 10, 58s.

60 c.c. henzene.
6o , conc. sulphuric acid.

The Dbenzene and sulphuaric acid are heated together on a
sand-bath in a round flask (3 litre) with upright condenser.
The mixture is kept at a gentle boil with frequent shaking (an
apparatus like that shown in Fig. 78, p. 147, with mechanical
stirrer is preferable) until the top layer of benzene has Jbeen
nearly absorbed by the sulphuric acid (six to eight hours),™ On
cooling, the dark-coloured liqud is poured mto cold water
(1 litre) contained in a large basin, boiled up and neutralised
with powdered chalk or thick milk of lime. The mass is
filtered hot through a porcelain funnel or cloth from the pfe-
cipitate of calcium sulphate, washed with hot water and
somewhat concentrated. The solution, which contains the
calcium salt of benzene sulphonic acid, is treated with just
sufficient potassium carbonate solution to precipitate the calcium
as carbonate and convert the sulphonic:acid into the potassium

COHEN’S ADV, P, 0. C. N
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salt. This is ascertained by filtering small sainples and testing
the filtrate with potassium carbonate. The liquid is again
filtered through cloth or through a porcelain funnel and concen-
trated first over a ring burner, and finally on the water-bath,
until a sample crystallises on cooling. The potassium salt’ is

drained at the pump and dried on porous plate. Yield, about
8o grams.

CoHy+ HoS0, = CoH,SO,H + H,0.
2C;H,SO,H + CaCOy=(CgH;S0,):Ca + CO,+ H,0.
(CsH3S045),Ca+ K,COy=2CH,SOK + CaCOy

Properties.—Colourless pearly plates, which slowly effloresce
in the air and which melt above 300° with slight decomposition ;
very soluble in water. See Appendix, p. 292.

PREPARATION 75.
Benzenesulphonic Chloride, C;H;SO,Cl
Gerhardt, Chiozza, Annalen, 1853, 87, 299.

15 grms. potassium benzene sulphonate.
25 ,  phosphorous pentachloride.

The potassium benzenesulphonate is carefully dried on the
water-bath, powdered, and mixed with the phosphorus penta-
chloride in a flask.* A vigorous reaction sets in. When it has
abated, the flask is heated on the water-bath for one hour,*
and the mass occasionally stirred with a glass rod. The pro-
duct 1s poured into a flask containing 200 c.c. cold water anc
allowed to stand an hour. The sulphonic chloride, whicl
separates as an oil, is then extracted with ether, dehydratecl
over calcium chloride, decanted, and the ether removed on the
water-bath. Vield, 10 grams of a light brown oil.

CeH;S03K + PCly = C;HSO,CI+ POCl, + KCL.

Proprrties.—Colourless oil when pure; b. p. 246—247° with
decomposition ; m. p. 147 ; distils undecomposed iz 0.
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Reaction.—1. Grind upin a mortar I c.c. of sulphonic chloride
with 5 grams powdered ammonium carbonate, and leave on the
water-bath until the smell of the sulphonic chloride has goue.
Add water, filter, and wash, and crystallise the residue of
benzene sulphonamide from spirit, C;H;S0,Cl + :NH,HCO, =
C¢HySO,N H,+2H,0 +2C0,+ NH,CL

2. Add 1 c.c. of the sulphonic chloride to 2 c.c. aniline, stir
up well, add water, and acidify with a few drops of concentrated
HCl (methyl violet paper). Filter, wash, and crystallise the
henzenesulphonanilide from spirit, C;H,S0,Cl+ NH,C,H; =
CeHgSO,NHCH,+HCL

3. Add 2 c.c. absolute alcohol to ¥ c.c. sulphonic chloride and
excess of caustic soda until alkaline; warm gently for five
minutes and add more caustic soda if necessary. Cool, and
extract with ether. The residualliquid consists of benzene ethyl
sulphonate, C;H,SO,C1+ HOC,H =CH;SO,0C,H; + HCL.

4. Repeat 3, using phenol in place of alcohol. See Appendiz,
p- 293 ’

PREPARATION 76,
Phenol (Carbolic acid, Hydroxybenzene), C;H,.OH

Kekulé, Wurtz, Dusaxt, Zeitschr., f. Ch. N. F., 1867, 3,
299-301 ; Degener, /. prakt. Clum. 1878, (2), 17, 304.

26 grms. potassium benzenesulphonate.
35 ,  caustic potash.

The caustic potash is dissolved in the smallest quantity of
water (5 c.c.) by heating in a silver or nickel basin or crucible,
and the powdered potassium benzenesulphonate added. The
temperatare of the melt, which during the process is kept con-
stantly stirred, must not exceed 250°. It is convenient to use
the thermometer as stinver, the bull> and part of the stem being
encased in a glass tube closed at one end. When the requisite
temperatuve has lieen reached, a small flame is sufficient to
maintain it.  The mass is first. thick and. pasty, but soon be-
comes semi-Auid and remnains in this condition, gradually
changing in colour from yellow to brown. Towards the end of
the operation (one hour) it regains somewhat its original con-
sistency. On cooling, the melt is dissolved in a little water

N 2
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and the alkaline reddish-brown liquid (potassium phenate and
excess of alkali) acidified with concentrated hydrochloric acid in
the cold. Phenol separates out as a light yellow oil, which is
extracted three times with ether. The ethereal solution de-
hydrated over anhydrous sodium sulphate is distilled, first on
the water-bath until the ether is removed, and then over tlie
flame. The portion boiling at 175—185° is nearly puwre phenol.
It distils as a colourless liquid and solidifies at once on cooling.
Yield, 6—7 grams.

CeH,SO;K + KOH =C;H,0K + KHSO,.
CyH,0K + HCl=C,H,0H + KCl.

Properties—Colourless needles, with a characteristic smell
m. p, 42—43°; b. p. 182°; easily soluble i alcohol and ether
and in about 15 parts of water at the ordinary temperaturc
produces blisters on the skin.

Reactions.—1. Make a solution of phenol in water, and to onc
portion add a drop of ferric chloride. A violet colowation is
produced.

2. Add to another portion a drop of bromine water. A white
crystalline precipitate of tribromophenol is forned.

3. To a third portion add an equal volume of dilute ammonia
and a few drops of sodium hypochlorite and warm gently. A
copper-sulphate-blue colour is produced. -

4. Add a small fragment of solid sodium nitrite to 5c.c. concen-
trated sulphmric acid and warm very gently until dissolve¢l. On
adding about 6°5 gram of phenol, a brown solution is obtained,
which rapidly changes to deep blue. If the blue solution 1s
poured into water, a cherry red colouration (s produced, whiclh
changes to blue on the addition of an alkali (Llebermann s
‘nitroso’ reaction, see p, I59).

5. Mix 1 gram of phenol with 1 c.c. of dimethyl sulphate !
and add 4 c.c. of a 10 per cent. solution of caustic socla.
Waim and shake. The odour of phenol is replaced by that af
anisole, which can be extracted from the liquid by ether
(Ullmann’s reaction). See Appendix, p. 294

CsH,ONa +(CHy),S0,=C;H,0CH,+ CH,NaSO,.

YRR

1 The vapour of dimethyl sulphate is very poisonous, and care should be taken
not ¢o breathe i,
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PREPARATION 77.
Anisole (Methyl phenate, Phenyl methyl ether), C;H,;.0.CH,
Cahouys, Annalen, 1851, 78, 226,

5 grms. sodium.
100 c.c.  methyl alcohol.

20 grms. phenol.
40 ,, methyl iodide,

The methyl alcohol is poured into a round flask (250 c.c.)
connected with an upright condenser. The sodium, cut into
small pieces, is then added, the flask being detached from the
condenser for'a moment and replaced.  When the sodium has
dissolved, the phenol and methyliodide are added. The mixture
1s heated on the water-bath until the solution has no longer an
alkaline reaction (two to three hours), As much as possible of
the methyl alcohol is distilled off on the water-bath and water
added to the amber-coloured residue. A colourless oil separates
out, which is extracted with ether. Tlie ethereal solution is
dehydrated over calcium chloride and distilled, first on the
water-bath until the ether has been driven off, and then over
the lame.  Alinost the whole of the residue distils at 150—155°,
Yield, nearly theoretical.

CyH,OH + CH,0Na=C¢H,0Na+CH,OH.
CyH,0Na + CHyl =CH;CCH,+ Nal,

Propertics.—Colourless liquid, possessing an agreeable smell ;
b. 1. 154° 5 sp. gr. 0991 at 15°.  See Appendix, p. 294

PREPARATION 78.
Hexahydrophenol (Cyclohexanol), C;H),.OH
Sabatier and Senderens, Couzpt. rend., 1901, 132, 210.
50 grms. phenol.

The phenol is rednced with hydrogen in presence of finely
divided metallic nickel; which acts as a catalyst. The
apparatus is shown in Fig. 79.
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It consists of an oblong Lothar-Meyer aa-bath about 60 cms-«
(24ins.)long and 15 cms. (6ins.) wide, It is heated on each side
by a series of small gas jets made by perforating an iron pipe
which runs below the air-bath. The hot air passes up the
space between the outside metal casing and an inner rectangnlar
metal box, and then down and into the interior of the air-batl
throngh a number of vound holes at the botton of a central
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rectangular chamber, and finally escapes through a series . of
holes in top of the outer cover. The air-bath is perforatecl
at both ends so as to admit a piece of wide glass tubing. This
tubing (1'5—2 cms. dian.) is of such a length that it projects
about 2—3 cms. at one end and §-6 cms, at the other, the latter
being bent and connected t6 a receiver. The shorter end is
attached by a cork to a small distilling flask through which a
cwrrent of dry hydrogen is passed from a Kipp by a delivery
tube, which reaches to the bottom of the flask.
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Small pieces of pumice impregnated with a paste of nickel
oxide (N10) and wateris dried on the water-hath and pcked into
the wide tnulie, which 15 then loosely plugged at each end with
asbestos. The phenolis melted and poured into the distilling Aask.
The air-bathis shightly tilted sa that any Liquid which may collect
in the tnbe can run down mto the receiver. The pracess is
conducted as fullows @ the delivery tube from the Kipp is first
rused ahove the siface of the phenol and a slow cnrrent of
pure dry hydrogen passed througli the apparatus, the tempera-
wire of which is maintained at 300” for 20 minutes.  The mickel
oxide is thercby reduced and changes from black to pale yellow,
After reduction, the temperdure is lowered (o 160-¢70” and
kept at this point.  The phenal i the ask 1s now melted and
heated just belnw its hoiling-point, whilst a fairly rapid corrent
af hydrogen is passed through the delivery tbe, which is
thrust well into the iquid. The hexabydropbenol slowly distils
and condenses m the recaver. Care must be taken that the
phenal daes not condense in the tabe, bt that only the vigpanr
passes over.  When sullicient liqnid bas collected, it s shaken
with eaustic soda solntion, extracted witly ether, dehydrated over
potassiom carbonate and distilled.

Col1;O11 4 6T =CyH,,011.

Propirticy—~ Colourless liquid 5 b p. 1707 @ pleasant aromatic
smell distinet from phenol 5 msoluble in water and solutians of
canstic alkalis.  Sce Apgendix, p. 295,

PREPARATION 79,

) 212 S

o- and p-Nitrophenol, (11,
“NO. 2

Hofmann, luna/en, 1857, 103, 3475 Vnitsche, Aunalen, 1859,
110, 150 ; Kekuld, 1oehrbuch d. ory. chen, 3, 40.

40 grms. phenol.

70 ,, (50 c.c.) canc. nitric acld (in 170 c.c. wider).

The phenal, melted in a basin on the water-bath, is slowly
added in small quantitics to the nitric acid and water contained
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in a large round flask (1 litre), and the contents af the flask
well shaken, On the addition of the phenol, the liguid immedi-
ately chanyges to a deep brown or Dblack colour, and a heavy
dark-brown oil separates out.  When the phenol has been
added, the nixture is allowed to stand for 12 hours. The oil
has by that time collected at the bottom of the vessel, and may
be freed from acid by repeatedly decanting and pouring in
fresh water (three or four times}. The contents of the flask
consist of nearly equal quantities of para- and ortho-nitrophenal
mixed with resinous products. In order to scparate the two
isomers, the product is distilled in a cuwrrent of steaun (see IFig.
68, p. 107) until the distillate 1s almost colowrless. The ortho-
compound distils in the form of a yellow oil, which mnay solidify
in the condenser, in whicl event the water is temporarily run
out of the condenser. The solid in the receiver is separated by
filtration and dissolved in spirit at 40", to which water is then
added, drop hy drop, until a turbidity is produced. Yield, 13
grams. The solid residue contains the para-compaund mixed
with black, resinous sulistances, from which it is separated by
repeatedly extracting with boiling water.  ‘The united portions
of the aqucous extract are boiled with animal charcoal for
half an hour in a large basin, and filtered through a fluted fHlier
moistened  with water.  The filtrate is made alkaline with
caustic soda solution, and concentrated to a small hulk (100
c.c.). If tarry matter seprwates, it must be filtered through a wel
filter, Ta ohtain the free para-compound, the concentriatesl
agueaus solution of the sodinm salt 1s coaled, and the separited
sodinm salt filtered. The crystals are dissolved and acidilicd
with concentrated hydrochlaric acid, and the nitrophenol, which
separates, is filtered and recrystallised from ot water.  Yicld,
10 grams.

CeHOH + HONO,=0HCgH,NO,+ H,0.

Properties.—o-Nitrophenol, sulphur-yellow ncedles, pos-
sessiny a peculiar smell 3 m.p.45%; b. p. 214”; distillable with
steam ; solulile in alcohol, cther, and hot water ; less soluble in
cold water.

p-Nitrophenol, colourless needles ; m. p. 114°; casily soluble
in alcohol and hot water ; slightly soluble in cold water. Sece
Appendix, p. 295.
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185
IREFARATION So.
.. . e NO, 2
Picrie Acid (Trinitrophenol), CyH,(O H)é N(); 4
\NO; §

Waulfe, 77¢ 5 Schnidt, Glutz, Ber, 1869, 2, 52,

grms. phenol.

»  conc. sulphuric acid.
100, (70 c.c.) eonc nitric acid, sp. gr, 14,
25, (20c.c) finming nitric acid, sp. gr. 1.

25
25

The phenol and concentrated  snlphuric acid are heated
together in i poreelain basin for a few minutes, until a clear
solution of phenol sulphonic acid is olitained. It is diluted
with Lalf 1its voliime af water, well cooled, and then slowly-
added, in small quantities at a tme, fram a tap-funnel, to the
mitric acid contained o llask (¢ litre), and well shaken.*
The liquid assmues a deep red eolaur, a considerable rise of
temperature occurs, and red fumes are evolved.  When the
phenal sulphonic acd has been sulded, the flask is placed on
the water-bath and heated, with theaddition of 25 grauns fuming
nitrie acid, for 1--2 howrs®*  On cooling, picric acid separates
out as a yellow, crystalline mass. It is diluted with water,
liltered at the jmmp, and washed free from the mother liquor
with cald water. It is then pavfied by reerystallisation from a
large quantity of hot water acidihed with a few drops of
sulphuric acil.  Yield, abant 30 grams.

Cl1,(011) + 11,80, = CH O F).SO,H + H,0.
Col (OISO, 4+ 3HONO, =
Col(OMYNO), + 3H,0 +H,SO,,

Lrofnrticy.—Yellaw, prismatic crystals ; m. p. 22°5°; snb-
Limes on gently heating 3 explodes on detonatian ; casily soluble
in alcolio]l and cther ; with dilfienlty in cold, more readily in
hot water ; the solution las a bitter taste.

Renetionr.—1. 1o an aqueons solution of picric acid add a
little patassimn cyanide solntian, and warm. A brown crystal-
line precipitate of isopurpuric acidl separates.

2. Add picric acid and a few drops of caustic soda to a dilute
solution of grapie sugar, and warn,,  The hiquid turns deep brown.
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3. Dissolve naphthalene in a little spirit, and add an
equal quantity of a solution of picric acid in spirit. On
cooling, yellow needlgé of naphthalene picrate separate,
CoHs.CcH,OH(NO,);” Benzene forms colourless crystals,
anthracene, scarlet needles, having a similar composition. See

Appendiz, p. 295.

PREPARATION 8I.

(C;H,OH),
Phenolphthalein, C< o

\ \C4H,C0.0

Baeyer, Ber., 1876, 9, 1230, and Annalenr, 1880, 202, 68.
1o grms, phthalic anhydride.
20 ,, phenol
8§ , conc sulphuric acid.

The phthalic anhydride, phenol, and concentrated sulphuric
acid are heated together to 115—120° in the oil-bath §—9g hour-s.
The mass becomes semi-fluid and of a dark red colour. It 1s
poured, whilst hot, into a basin of water (500 c.c.) and boilecl
until the smell of phenol has disappeared, the water being
renewed as it evaporates. The undissolved yellow granular
precipitate, on cooling, is separated from the liquid by filtratior,
and washed with water. It is then dissolved in dilute caustic
soda solution, filtered from the undissolved residue, and the
filtrate acidified with acetic acid and a few drops of hydro-
chloric acid. The phthalein separates out, after standmg for
some hours, as a light yellow, sandy powder, which is filterecl
and dried. It is purified by dissolving in absolute alcohol with
the addition of animal charcoal (1 part phenolphthalein, 6 parts
alcohol, and % part charcoal) and boiling the solution on the
water-bath for an hour. The mass is filtered hot, washed with
2 parts boiling alcohol, and the filtrate evaporated down to
two-thirds its bulk on the water-bath. On adding § times the
quantity of cold water to the cooled solution, the latter becomes
turbid.  The liquid is well stirred, and, after standing a few
seconds, filtered through cloth from the resinous oil which
separates.  On heating the filtrate on the water-bath to expel
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excess of alcoliol, phenolphthalein erystallises out in the form
of a white powder.  Yield, 5 grams.

CGLOM),
2 IL(O11) + C 11,\ N cI =00 0.

o/ NS
Dropertice. —\Vlhite, granular, crystalline powder; m. .
250 253" ; very slightly soluble in water, readily soluble in hot
alcohol ; soluble in alkalis with a crimson colour, See Appendrx,
P- 290.
PREPARATION 82,

Fluorescein and Fosin,

11011 (3.111’;1‘.011

(,' Q) < >0
\(_(;11:;()11 \ b111 r,O11
Cel 1,00 [ NN 0.0
\ / — Z

Bacvyer, ~Anmiden, 1870, 183, 3

10 grgs. phthahe anhydride,
15 ,,  resorcinal
7 5 zinc chlaride (fused and powderced).

The phthadic anhydride and resorcinol are ground together
and heated m a deep tin dish ar eylinder th 180", To the
fused mass the zine chloride is added with cantinual stirring in
the coarse of ten minntes.  The temperature is now raised ta
210" and the heatmg cantinued until the mass is quite hird
(atwout 2 homrs).  Ou cooling, the melt is chipped vnt, pulverised,
and Dbaoiled for ten minutes with 150 c.c. witer and 10 ¢.c. cone.
hydrochlariec acid.  The tnorescein 1s filtered off; washed, :nd
boiled with a small quantity of ahsolnte alcohol to dissolve
impurities.  The residue 1s then dried on the water-hath. Yield
20 pFrams.

EBosin.-- Fifteen grams of the Quorescein are mixed in a flask
with 8o c.c. spiit and 11 c.c. bmmine awe dropped in from a
burette In the course of quarter of anhour.  fleat is developed
and the fluoresecin gradually dissolves until, when half the
hromime has been added, a clear solution is obtained.  urther
addition of bromnine precipitates the  tetrabromo-compound
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(eosin). After standing two hours the precipitate is filtered,
washed with spirit, and dried at 1107 to expel alcohol of crystalli-
sation. Yield 30 gramis. |

In order to obtain the sodium compound, 6 grams of the
product are ground in a mortar with 1 gram of sodium carbonate,
placed in a beaker, and moistened with alcohol. Five c.c. of
water are added and the mixture boiled until the evolution of
carbon dioxide ceases. To the sodium salt 25 c.c. spirit are
added and the mixture boiled and filtered. On standing for
a day or two, the sodiuns salt crystallises in brown needles.

OH
Celd,

" ™o

PN NGl
CGH*\CO/O + 2CH(OH), —> CBH;\ (l) *OI1

N\Co

/OII 1B on

. /cﬁns.>0 G c,/

NG A INCBe
CeH O oIl +ssr—->cﬁn,(\ 0 OH

NCo NCo

See Appendiz, p. 296.

PREPARATION 83.

Salicylaldehyde (o-Hydroxybenzaldehyde)
p-Hydroxybenzaldehyde,
Reimer, Tiemann, Ber., 1876, 9, §24.

/" OH I X
CGHS COH 2 4
5o grms. jthenol.

100 ,,- caustic soda.

160 ,,  water.
75 5  chloroforn.

The phenol, caustic soda and water are mixed together in zv
round flask (r litre) attached to an upright condenser andl
heated to 50—~60°% The chloroform is then added gradually
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throngl the top of the candenser and, afier each addition, the
flask 1s well shaken. A pentle reaction sets in, and the temper-
ature vises. At the smwve time the swface of the brownish
yellow solution takes a violet tint, which rapdly fades, the
liquid finally assuming a deep red colowr.  YWhen all the chloro-
form has heen added, the contents af the flisk are boiled for half
an hour. A yellow semi-solid mass separates out of the solution.
The mnattacked chlarafarm is now distilled alf on the water-
batly, the hguid diluted with water and strongly acidified with
dilute hydrochlaric or sulplmric acid. A thick red o1l separates
oat on the surface and is subjected o distilletion in steun., An
al, having i faindy yellow colowr, distils over with the water, and-
settles to the hotlont af the receiver.  When drops af oil cense
to candense, the distillation is stopped. The distillate, which cane
tains salicylaldehyde and plienol, is extracted with ether, and the
cthereal solnton well shaken witha saturated solntion of sodinm
bisulphite (see¢ Reaction 2, 1. 67). The bisulphite componnd
of sulicylaldehyde separates oul in colownTess needles, which are
filtered, wished free from traces af phenol with ideohol and then
decamposed by heating with dilute sulphuric acid. The aldebyda:
which separates is takenup with ether, dehydrated over calcimu
chlaride, the cther driven olf and the aldehyde distilled.
Yield, co grams.  1n the distilling flask from which the salieyl-
aldehyde has in the first instance been ramoved with steam,
there remains L brawnish liquid and 2 dark red substance, which
simks to the bottom of the vessel, ond forms a brittle resin on
cooling. The aqueons pirtion 1s filtered hot throngh a moistened
filter, which retains the resing :nd the filtrafe, cantaining p-hydr-
axybenzaldehyde, is extracted when cold with ether, On distilling
off the salvent, the aldehyde remains i the farm of a yellaw
mass of stellar-shaped ncedles, which may bé punfied by
crystallisatian front hat water.  Yield, abont 2 grams,
Coll,ON + 3011 + ClICl = G 0N+
ANaCl 4 211,0. )

Dropertivsc—-Salicylaldchvde,  Colonrless fragrmt ol b, .
196:57 5 s gr. 1173 at 137575 salidilies at 207, forming lrge
crystals,, Volatile in steam 5 soluble in water ; miscible in wll
proportions with alcolol and cther,
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Reaction—Add a drop of ferric chloride to the aqueous
solution of the aldehyde. A deep violet colouration is producecl

p-Hydroxybenzaldeliyde.—Colourless needles, m. p. 1151 16°3
scarcely soluble in cold water, readily in hot watev, alcohol and
ether. Non-volatile in steam. The bisulphite of socliury
compound dissolves readily in water.

Reaction.—The same as above ; but the colouration is less

intense. See Appendiz, p. 297.

PREPARATION 84.
o . ) . . OH
Salicylic Acid (o-Hydroxybenzoic Acid), CGH‘*\/\CO‘ O
Kolbe, /. prakt. Chen., 1874, (2), 10, 95.

10 grms. caustic soda.
23 , phenol.

This preparation should be commenced first thing in the
morning. Dissolve the caustic soda in about 10 c.c. of water in
a sinall porcelain basin and add the phenol. Heat the basin on
wire-gauze over a very small flame, and, whilst holding it irmly
with a small clamp (tongs are too insecure), keep constantly
stirring with a glass rod. After a short time the mass becomes
stiff and balls together. The basin should now be removecd
from the gauze, and the mass stirred and broken up as it cools.

~ When still warm, it is sufficiently hard to powder in a mortar.
It is quickly powdered and transferred to a small retort (200 c.c.)
lieated in an oil or paraffin hath to 130—140° and dried o>y
passing over it a fairly rapid current of dry hydrogen from =
Kipp. In about an hour all the moisture is removed, and the
body of the retort appears dry. The light colonred mass in the
retort is allowed to cool whilst the hydrogen is passing through,
then broken up and shaken into a mortar, when it is quickly
powdered and replaced. The object of the above operation is
to obtain perfectly dry, uncharred and well-powdered sodiuna
phenate, upon which the success of the preparation entirely
depends. A moderate stream of carbon dioxide, dried througla
concentrated sulphuric acid, is nhow passed over the surface of
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the soctjuraa phenate by means of 4 hent tube fixed through the
tubulyg of theretort, and terminating just above the substance.
The tem perature of the oil-ith 1s gradually raised from 146 to
180—1 507, wvlulst fresh surfaces are exposed by occasionally
Stirrines witlh @ glass rod inserted for A moment through the
tubulys. At theendoffourhours the temperature is raised (o 190
—200° for- sinather hanr, and the process stapped.  During the
heatine» v cansiderable quantity of phenol distils, and solidifies in
the necle of therctor, whilst thie contents become dark colonved.
The mzss is shakenout into a basin without disturbing the phenol
in the yyecle, and the residuc dissolved by filling the retort two-
thirds £ 11 of water. This is poured into the hasin containing
the otlhher prortion, which soon dissalves. The solution is acidi-
fied with cancentrated hydrochlorie acd, which throws down
impure salicylic acid m the form of a dark Drown pre-
cipitate. WWhen cold, the precipitate is filtered at the pump,
and waslhed with a little cold water. A further quantity
may be ol>tained by evaporating the filtrate to wsmall bulk. 1t
s purifed by dissolving in water, boiling with a little anmal
charcoal aundd filtering. The filtrate deposits the acid, on cooling,
n coloyurless needles.  Yield about 6 grams.

L. CyHl, O Na+ COy= Cdl;0.C0.0Na
Socdine phenyl varlawa,
s
2. CyT 5 O. CO.ONA + Coll,0ON = c‘.\rr‘,/\‘g(‘\j b Nt Lol

Disodivu sielivylice.,

Propes-rres. - Colourless needles ; m. p. 155—1567;5 soluble in
ilcohol el hot water. 00 parts water dissolve o225 part at
15° ancl 7 9= 5 parts at 100,

Reactiorzs. - 1. Dissolve alittle of the acid in water and add
a dropp of ferric chlovide. A violet colauration 1s oltained.

2. Grind up some af the acid with sada-lime and cover with a
shallow laycer of the same substance.  On heating strangly the
smell of plienolis pereeived.

C T, (OIDCO.OLL 4 Ca0 = Cgh011 + CaCO,

See A BHerrrdit, . 297.
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PREPARATION 8§35,
Quinone and Quinol (Hydroquinone),

0 OH
CGH4<<O and C6H4<OH;

Woskresensky, Annalen, 1838, 27, 268 ; Nietzki, Ber., 1886,
19, 1467 ; Meyer and Jacobson, Lek#buck, vol. ii., 421.

25 grms, aniline,
200 ,, (110 c.c.) conc. sulphuric acid.
750 c.c. water.

8o grms. potassium bichromate.!

The water and aniline are mixed together in a large glass jar
(1} litres) and the sulphuric acid added. The mixture is cooled
m ice and stivred with a turbine (see Fig. 64, p.91). The finely-
powdered hichromate is added every few minutes in sinall quan-
tities on the end of a small spatula, until about one-third has
been added, care being taken that the tenperature does not
exceed 10°. The mixture is then left to stand over night, and
the remaining two-thirds of the bichromate introduced as before.,
Aniline black separates out in the first part of the operation,
and in the second part of the process gradually dissolves,
giving a deep brown solution. The liquid, after standing for
four to five hours more, is divided into two about equal portions.
One lalf is shaken up, not too vigorously, with a large quantity
(200 c.c.) of ether three times. The same ether may be distilled
and used again. Vigorous shaking produces an emalsion, which
very slowly separates. On distilling off the ether, the quinone
remains in the form of yellow needle-shaped crystals, which may
be purified by sublimation. The substance is placed in a flask
attached to a condenser, and a rapid current of steam blown
through. The quinone sublimes and collects in the receiver,
and is separated from the water by filtration, and dried. Yield
about 10 grans.

1 Or an equivalent guan.tjn.g; of sodium bichromate (75 grams), whick niay be
dissolved in 3—4 times its weight of water and delivered from a tap-funnel
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The remtin sonssls i The uxhlaion mul elhusadion: ol the smnino-
g0 s slomlems yepliceptnn ol Iwo plogen whoons i 1le
Lenzeue noelens by uxygen, and  coomt well be expresser] o 1le
Lavpe ol aanion.

Lroperties. - Colden-yellow,  needle-shaped  erystals 5 m. .
1167 5 withy dithealty solable m watvr, readily solnble in alcolol
and ether ; subbmes on beating 5 its vaponr has a penetrding
smell and attacks the eyes.

Reuction, ~Dissalve i fow orystals o water and add a salution
of salphur dioxide.  The solution first darkens from the forma-
ton of quinhydrone, Col1,0,.C 110010, and then hecomes
colourless :axd comtinns quinal.

Quinol.- The other half ot the prodnet is wreated with a
current of sulphur dioxide mmbl, ofter staxding for a Gime, it
retains the siell ol the gas®  The salphor dioxide s most
conveniently obtimed from a hottle of liuid, or it may be pre-
pared by drpping concentrated  salplire acid from o tap-
fmmel on to sodimm salphite. T'he gaid, after standing one to
two hours, s extracted with cther antil no wore qamol s
remaved. The ether s distlled off; amd the dark colonred
residue reerystallised from water with the wlditon. of sulphnr
dioxide and « little animal charcoal. Yield about 10 gruns,

Col 1Oy 4 SO, 4 211,0 == Cl IO, -+ 11,80,

Properticx.~-Calonrless prisms; mp. 6y’ sublimes at a
gentle hieat 5 easily soluble in alcohol, ether, and hot water.

Neactiony,—1, To a solution of qanol in water, add a few
drops of ferric chloride.  The solution tnrns brown and cther
now extracts quinone.

ClL(O1L + 217¢Cly = Cyl1 0, + 217¢Cly 4 2HCL
2. Add to the solation of quinnl m water, a drap of copper

sulphate, and vaustic soda, and warm.  Cnprous oxide is pre-
cipitated.

ColL{O11),y 4+ 2Cutt =5 Cp11,0, -+ Cu,Q) -+ 11,0,
Sec Appendia, . 297.

COHEN’s AlV. 1. . C. ]
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PREPARATION 86.
Benzyl Chloride, C;H,CH,CI
Cannizzaro, Annalen, 1853, 88, 129.

100 grms. toluene,
I ,  phosphorous trichloride.

The apparatus consists of vessels for evolving and drving chlo-
rine (see Fig. 62,p. 88) and a weighed retort (300 c.c.) standing
on wire-gauze, into which the toluene is brought. (Fig. 80.) T he
chlorine enters through an inlet tube, fixed through the tulbulus
of the retort, the neck being fixed to a reflux condenser, "X he

Fi. 8o.

dry chlorine is conducted into the toluene, which is kept boiling
gently until it has gained about 37 grams in weignt.* The liquid
turns yellow, and hydrochloric acid fumes are evolved at the
upper end of the condenser. When the reaction is complete the
contents of the retort are distilled.* At first unchanged toluene
distils ; the fraction boiling at 165—185° contains nearly “the
whole of the benzyl chloride, and forins the greater part of
the product, The liquid, which passes over above 185°, is a
mixture of higher chlorinated compounds, and consists clhiefly
of benzal chloride, C;H,CHCL, and benzotrichloride, C;HL g C Cl,.
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Fhe DPortionr con tzlining the henzyl chlonide 1s repeatedly iroc-
tjonnted until Tiquid 15 ohtanal, hoiling @t 176 1807, wlich
s nearly pure Danzyl cdilonide. Yield S0 o grams,

CelT4ClL + Cl = CALCILCL + 11CL

Proprriices. — Colourless Thpnd with an irmtating smell ; b, p.
176° 5 8p. g1t XTXO7 at 14 Sce Appendiv, p.o2ys.

PrEPARATION 87,
Benzyl Alcoho], ¢ 11,C11,01
Sodorlhmm, Widnun, Zer, 892, 25, 3290,

20 grins. Denzyl chloride.
6, Protassiom cwrbonate (in 200 e.c. water).

In a round  tlask {} lre) atached ta a reflux condenser,
boil the mixture of henzyl chlonde and potassiunt carbonate
solution over wire-gauze with the addition of a few bits of poraus
pot- The bLoiling must be cautimed until the smell of benzyl
chloride has disappeared (6—8 honrs).  Extract the liquid with
ether, dehiydiitte over potassion cubonate, decant through a
filter aud distil off the cther on the water-bath,  Cantinue the
distillation over  wirc-ghuze, mn  the water out of the condenser
and collect nt 2oo 2107 Yield 12 1§ grams.

2CHCILCL 4= TLO 4 RO,y - 2GILCILOM 4 2KCL + CO,

Proporéres. -—-Colomless liquid with o fiunt aromatic smell ;
b. p. 20057 5 s g vos at 15°4%5 madaritely saluble in water.

Reactiors,— 1. Boil 2 or 3 drops with 2--3 c.c. dilute nitric
acid (IHN O, 4. T1.0); benzaldchyde isfirst formed and is detected
by thesmell. D cantinued bailing, benzoic acid is formed and
separiates on cooling in crystals.

2. Warm 1 ¢, of the alcohol with 1 ¢.c. concentrated hydlo-
chloric acid. “I'lie clear solution Decomes tmbid and henzyl
chloride separates ot

C I T, CILOM 4 1A = GILCH,Cl 4+ H,0

See Apberrel7 v . 300,
Q2



196 PRACTICAL ORGANIC CIIEMISTRY

PREDPARATION 88.
Benzaldehyde (itter Almond Gil), C;H;.CO.H

Liebig, Wohler, Annalen, 1837, 22, 1 ; Lauth, Grimaux, Azz-
2len, 1867, 143, 1806.
50 grms. benzyl chloride.
40 ,, copper nitrate.
500 C.c. water.

The miixture of benzyl chloride, copper nitrate and water is
heated to boiling in a round flask (1% litre) with upright
condenser on the sand-bath for a day (8—9 howrs). A slow
current of carbon dioxide is at the same time passed through
the liquid to prevent oxidation of the benzaldehyde by absorp-
tion of oxygen from the air.  During the process nitrous fumes
are slowly evolved. When the reaction is complete, the contents
of the flask are extracted with ether, and the yellow oil rem:ining,
after distilling off the ether, is well shaken with a satu-
rated solutiou of sodium bisulphite ! and allowed to stand for
a time. The colourless crystalline mass which separates
out is filtered, washed with a little alcohol and ether, and then
drained on a porcelain filter. -The aldeliyde is regained by
adding dilute sulphuric acid in excess and distilling in steam,
The distillate is extracted with ether, dehydrated over calcium
chloride, decanted, and the ether distilled off.  Yield, about 15
grams.

2CH;CH,Cl 4+ Cu(NO,), = 2CgH,COH + CuCl, + 2HNO.,,

Progerties—Colourless liquid, with a pleasant smell ; 1. p.
179°; sp. gr. 1'0504 at 15%; it quickly oxidises in theair, forming
benzoic acid.

Reactions—1. Leave a drop of benzaldehyde on a watch»
glass. It solidifies by becoming oxidised to benzoic acid.

2. Add 5 c.c. concentrated ammonia to 1 c.c. benzaldehyde,
cork up and leave two days. Crystals of hydrobenzamide,

1 The solutiow is prepared either by disiolviug solisl sodium bisulphide i water or
by passiug sulphur diexide it powdered sodiuin carbouate covered with a rhallow

layer of water. The carbouate dissolves with effervesceiice, formirg a leavy apples
green liquid smelliug strongly of sulphur dioxide
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(CGH,,C | QR
spirit-

separate out, whicli may lie recrystallised from

. 3%H_COH + 2NH,=(C;H,CH),N, + 3H,0.

;. Fleat on the water-bath 2 cc benzaldehyde and 2 c.c.
aniline for An hour. Crystals of benzalaniline are formed
on co@ling Coyy COH + CH,NH, = CH,CH:N.C,H, + H.O,
“»hicl‘l‘ 1MLy be £ Ttered and crystallised from spirit ; m. p. 42

4 5 halse Uy together 10 grams of benzaldehyde with ¢ grams
causti € POWSh i 6 cc. of water until a permanent emnulsion is
fome<l andley stand 3—4 howrs. Dissolve the solid product in
a little waler 4 1d shake out with ether twice. On acidifying
the ACUCOUS yo1tion with hydrochloric acid, benzoic acid is
preCipltiqu' Filter and wash with a little cold water and dry,
Distil  tliC etlyer from the ethereal solution. The residue
is beny Y»_YI alelrol (Cannizzaro).

=2C¢lI;,CO H + KOH = C;H,CO0K + C,H,CH,OH,
Sec 1150 Reactions on p. 135and p.174, and Appendix, p. 300.

PREPARATION 89.
a- and B-Benzaldoximes, C;H,CIH:NOH
Beckmann, Ber., 1890, 23, 1684.

21 gyrms. benzaldehyde.
5, hydroxylamine hydrochloride.
4 caustic soda (in 4o c.c. water).

The solulon of caustic soda and benzaldehyde are mixed and
the 113 clroxylarmine hydrochloride gradually added with constant
shalkkitngs.  The liquid becomes slightly warm and the oil even-
tually  clissolves, forning a yellow solution which has lost the
smell of benzalcdehyde. On cooling, a crystalline mass of the
hydrochloride of benzaldoxime separates. Sufficient water is
addecd to forrmn a clear solution, through which a current of
carbon cioxidle is passed. A colourless emulsion of the a- or
anti-aalcdoxime  separates on the surface and is extracted with
ether, clchydrated over anhydrous soduna sulphate and the
ether ramovecd on the water-bath. Impure Dbenzaz/aldoxine
remail s andd 1s purified as follows. It is poured into a
saturzatecl solution of sodium ethoxide in alcohol (prepared by
dissolving 5 grrams sodiymin 60 c.c. alcohol), when the aldoxime
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separates as the sodium comnpound in the form of a semi-solid
mass. Itisfiltered and washed with a saturated solution of sodium
ethoxide in alcohol to dissolve out the B-oxime. The product
is dissolved in water, saturated with carbon dioxide and
extracted svith ether as before. Dry air is then drawn through
the liquid to remove the last traces of cther when, if pure,
the oxime, on cooling to o°, solidifies. If not, ir should le
distilled /7 vacwo. At 12 mm. it boils at 122—124 : at Tomm,
at 118—1(9%,
Yield, 10 grams,

+ 3110,
C¢H; CHO + NH,OH. HCl + 2NaOH = CyI1{,CII:NONa + NaCl

C;H,CH:NONa + CO, + 11,0 = CiH,CI:NOII + NaHCO,.

Properties  of  a-Benzaldoxime.—Colourless needles, m. p.
34—35

PReaction.—Dissolve a small quantity of the a-oxime in a few
drops of acetic anhvdride, warm if necessary, and cool ¢uickly
by adding a little ice. Add to the clear solution solid sodium
carbonate and a little caustic soda solution. The solution
becomes clear on shaking ov warming.

B-Benzaldoxime.—The various steps in the preparation
of the B-oxime must be carried out continuously, and it is
therefore necessary to' he provided Dbeforehand with ahout
300 c.c. of pure anhydrous ether.

The a-compound is dissolved in §o c.c. pure dry ether, and
dry hydrogen chloride js passed in with constant shaking to
prevent the delivery tule from becoming blocked. Colour-
less crystals of the hydrochloride of the B-oxime separatc
and are filtered and washed with dry ether and then placed
in a separating funnel and covered with a layer of ejher.
A concentrated solntion of sodium carbonate is gradually added
with constant shaking until no further effervescence is ohserved.
Sodium chloride is precipitated and the 8-oxime dissolves in
the ether. The ether extract -is separated, dehydrated over
sodium sulphate, and the ether removed as rapidly as possible
at the ordinary temperature by evaporation /2 wacro. The
residue crystallises, and when pressed on a porous plate leaves
a mass of small silky needles, m. p. 126—1306° It may be re-
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crystallised by dissolving it in the smallest quantity of ether and
then adding petrolenm ether.

The vicld is theoretical.

(:‘;u_.,cilr el c,,.II_.,cIII NaCo, ~GTECH

noN N.OILICT 7 N.OII
e v anlinxiue. B- or syu-oxiute.

Lrepertive of the B-Brizaldoxinme.—Calonrless needles, n. I
130~

Renaction~-Repeat the reaction for a-henzaldoxime.  In this
case benzonitrile 1s formed, which separates in oily drops having
a characterstic sneell.  Sce Af/nndiy, p. 301.

PREFARATION go,
Benzoic Acid, (;11,C0.011

5 grms. benzyl chloride,
4, anhydrons sadium carbonate (in 50 c.c. water),
85, patassium permanganate (in 150 ¢ water),

The benzyl ¢bloride and sodium cirhonate solutian are mixed
i a ronnd flask (1 litrc) attached to a retlux candenser, and
boiled gently over wire-gauze, whilst the permanganate solution
is gradually dropped n from a tap-fimnel pushed through the
top of the condenser.  In the conrse of 2--3 hours the pink
colour of the permanganate will have vanished and been replaced
by a mass of dwk brown precipitate of mangancese dioxide.
When the liquid 1s cold, a streaun of sulpline dioxide s passed in
antil the manganese dioxide 15 dissolved (sce p. 166 The
liquid is allowed to cool aud the benzoic neid, which separates,
is filtered at the pmmp, washed with a little cold water and
reerystallised from hot water; wm, p. 121°%  The yield is
theareticel.  1he reaction prohalily oceurs in two steps.

1 2CCILET + Ny COy 4+ 11,0
2C11L,CT1LOH 4 2NaCl 4+ CO,.

2. 3CH,CHLOLL + 4KMnO, <
3¢11,CO0K 4+ 4MnO, + KOH + 411,0.
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Properties—Crystallises in needles ; m. p. 121°; on heating
it melts and sublimes ; solulle in hot water, alcohol and ether,
It distils in steam.

Reactions,—1. Make a neutral solution of ammonium henzoate
"y adding excess of ammonia to benzoic acid and boiling until
neutral.  To different portions add solutions of calcinm chloride,
ferric chloride, silver nitrate and lead acetate and note the
results.

2. Grind up o'5 gram of the acid with four times the weight of
soda-lime and leat gently at first and then more strongly.
Vapours of benzene will be given off, which may be detected by
the smell. C,H,CO.0H + CaO = C;H; + CaCO;

See Appendix, p. 302

PREPARATION 9l.
m-Nitro-, m-Amino- and m-Hydroxybenzoic Acid,

/NO, /NH, JOH 1
CHL cobm CHK codnr SHK coon ;3

. . )
40 grmis. benzoic acid. ¢
8o ,, potassium nitfate.
100 c.c. conc. sulphuric acid.

The benzoic acid and potassium nitrate are mixed and care-
fully powdered. The sulphuric acid is warmed to 70° and
stirred mechanically, whilst the mixture of benzoic acid and
nitrate is added slowly, so that the temperature does not exceed
80°. When all is added the temperature is raised to 9o°, and
kept at this temperature until the nitrated acid separates as an
oily layer on the surface. On cooling, the layer solidifies and
can Dbe separated. It is then distilled in steam to remove
benzoic acid. The residue containing the nitrobenzoic acid is
heated to boiling and made slightly alkaline with baryta. Two
litres of water are added and the liquid raised to the boiling
point hy passing in steam and then filtered. On cooling, the
bariun salt crystallises and is filtered off and decomposed with
hot dilute hydrochlovic acid. The jrecipitated acid is re-
crystallised from water ; m. p. 141°%  Yield, 28 grams,
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m-Aminobenzoic Acid

20 grms. nitrobenzoic acid.
40, granulated tin,
120 c.e. canc. hydrochloric acid.

The nitrobenzoic acid, tin, and hydrochloric acid are mixed
in a lie flask ind warmed uadl the reaction hegins,. When
the first vigorons action is aver, the mixture is heated on the
water-ath until the tin s dissolved. The liquid is poured
into a hasin and cvaporated an the water-bath to expel the
excess of bydrochloric acid. The tin is then pwecipitated by
passing inta the hot, dilute solution a current of hydrogen
sulphide. The sulphide is filtered and washed with hot water,
and the liltrate eviquorated to dryness.  To obtain the free acid,
a small portion of the residue is dissalved in very little water
made alkaline with ammonia, and acidified with acetic acid,
It is recrystallised from water, and melts at 174°,

m-Hydroxybenzoic Acid,

15 grms. zz-aminobenzoic acid hydrochloride (in 200 c.c. water).
65 5  sodim nitrite (in 15 c.c. water).

The nitrite solution is slowly added to the solution of the
hydrochloride dissolved i water.  The liquid is heated on
the water-bath until the evolution of nitragen ceases, and then
filtered and coneentrated.  The hydroxylienzoic acid separates
on coaling as a brown mass, which may be purified by dissolving
in water and hoiling with animal charcoal. It separates in
colomrless crystals, m. p. 200”. Yicld, 7 grams.  See Appendi,
P- 393

PDREPARATION 02.
. . / Br 1
m-Bromobenzoic Acid, C“H*‘\CO.OH 3
Hibner, Petermann, Azanlen, 1869, 149, 131,

5 zrms. benzoic acid.

7, romne.
30 e water

“The mixtnre 15 hrouglit into a thick-walled tuhe, closed at one
end and sealed in the usual way. The tube is lieated in the
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tube furnace to 140—156° for eight to nine hours. After ¢ooling,
the capillary is opened and the tube removed from the furnace.
The bromine will have completely disappeared, and colourless
crvstals of bromobenzoic acid now fill the tube. The contents
are removed, filtered, and boiled with water (100 c.c.) in a
basin to drive off unchanged benzoic acid. The liquid is
cooled, filtered, and the broinobenzoic acid crystallised from

hot water. Yield, 5 grams.

C,H,CO.OH + Br, = C;H,Br.CO.OH + HBr.

Properties.—Colourless needles ; m. p. 155°

PREPARATION 93.

C,H,CHOH
Benzoin,
C.H,.CO

Liebig, Wahler, Annalen, 1832, 3, 276; Zinin, Annalen, 1840,
34, 186.

25 grms. benzaldehyde.
5 , potassium cyanide (in 20 c.c. water).
o c.c absolute alcohol.

wy

The mixture of benzaldehyde, potassium cyanide and alcohol
is heated on the water-bath with an upright condenser for
about halfan hour. On cooling the liquid, the benzoin separates
out as a mass of small colourless crystals, which are filtered ancl
washed with a little alcohol.  Yield, about 20 grams. A portion
of the substance may be purified by recrystallisation from spirit.

2C,H,COH = C;H,CO.CH(OH).C;H,.

Properties.—Colourless prisms ; m. p. 1377 ; slightly soluble
in water ; soluble in alcohol and ether.

Reaction.—Add Fehling’s solution to benzoin dissoived in
alcohol. Benazl is formed and cuprous oxide precipitated.
Benzil is also formed on oxidation with nitric acid.
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Benzil, C;H;
15 grms. benzoin.
35 , conc. nitric acid, sp. gr. 14,

The henzoin and nitric acid are heated on the water-bath with
an air condenser, the flask being occasionally shaken. Nitrous
fumes arc cvolved, and the crystals of benzoin are converted
into a yellow oil, which, after two hours’ heating, is free from un-
changed benzoin.  The contents of the flask are now poured
into water, and the yellow crystalline deposit separated by
filtration, washed with water, and recrystallised from alcohol.
Yicld, 1o—12 grams.

Properties,—Yellow prisms; m. p. 95°; insoluble in water ;
solulile in hot alcohol,

Rraction—1. Dissolve a small quantity of benzl in a little

aleohol, add a fragment of caustic potash and boil, A violet
solution 1s obtained.

CO.CO.C4H;

Benzilic Acid, (C¢H,),C(OH).CO,H
10 grms. benzil.
50 ,, caustic potash.

‘The caustic potasliis melted with a small quantity of water ina
silver ov nickel crucille. The temperature of the mass is brought
to 150° and the finely powdered benzil added. The benzilmelts,
and the mixture shortly changes to a solid mass of potassium
henzlate.  The cooled melt is dissolved in water, and the
alkaline solution acidified with hydrochloric acid, which precipi-
tates the benzilic acid. The crystalline mass, which contains
small quantities of benzoic acid, is separated from the mother-
liquor and washed with cold water. Itis then transferred to a
porcelain basin, dissolved in hot water, and the solution boiled
antil the smell of henzoic acid has gone.  On cooling, benzilic
acid crystallises out, and is purified by a second crystallisation
from hot water.

CyH;-CO.CO.CH, + KOH =(C,H,),C.(OH).COOK.

'roperties.—Colourless needles ; m. p. 150°; scarcely soluble
in cold, readily in hot water and alcohol.

Renrtion.—Add a little concentrated sulphuric acid to benzilic
acid, It dissolves with an intense red colour. See Appendix,
P 303
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PREPARATION 94.

Cinnamic Acid (Phenylacrylic Acid),
C,l1,CH:CH.CO.H

Lertagnini, Anualen, 1856, 100, 126 ; Perkin, Tiwns, Chent.
Soc., 1868, 21, 53 ; Fittig, Ber., 1881,.14, 1826.

20 grms. benzaldehyde. ‘
10 ,, sodium acetate (fuséd).
30 ., acetic anhydride.

The mixture of benzaldehyde, sodium acetate, and acetic an-
hydride is heated to 186° in a small round flask with upright
condenser in an oil-hath for aliout eight hours. The mass is
poured out whilst hot into a large round flask (1 litre), sodium
carbonate added untl alkaline, and any unchanged benzaldehyde
distilled off with steam. After filtering from undissolved resin-
ous by-products, hydrochloric acid is added, which precipitates
the free cinnamic acid in white crystalline flakes. It may
be purified Dby recrystallisation from hot water. Yield, 15—20
grams.

1. C;H;CO.H+CH,.CO.0Na=C¢H,CH:CH.CO.ONa+H,0.
2, C¢H; CH:CH.CO.ONa+H,0 +(CH,.CO)0=
C¢H;.CH:CH.COOH+CH,CO.0Na+CH,.COOH.
Propertics.—Colourless prisms; m. p. 133°; b. p. 300—304°.
See Appendiv, p. 304

PKXEPARATION 95,
Hydrocinnamie Acid (Phenylpropionic Acid),
CeH;CH,.CH,.CO,H
Erlenmeyer, Alexejeff, Annalen, 1862, 121, 373, and 1860,
137, 237.

Io grms. cinnamic acid.
100 ,, water.
170 ,,  sodium analgam (24 per cent.).

The zodium amalgam 1is prepared iy warming 200 grams of
mercury n a porcelain basin for a few minutes. The mercury
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is poured vt mt 1 mortar which is placed in the fume cup-
hoard, the window of wliel is drawn down so as to protect the
face.  Five grmms ol sodiwn are introduced in small pieces, the
size of a pea, and pressal with o pestle ander the surface of, the
mercury.  Lach piece dissolves with a bright flash, The
amalgam is ponred ant whilst semi-fluid on to an iron tray
Droken up, and kept in o wide-necked stoppered bottle.! ,

The cinnamic wcid and water are introduced into a strong
Leaker or battle (300 ¢.¢.), and the liquid made slightly alkaline
with caustic sada, which dissolves the acid forming the sodium
salt.  “The sodim.n :ynztlg‘:un 1s added in small pieces from time
to thme and the yuid thoroughly agitated.  The solution, which
remains clear, becames slightly warm, and the amalyamn soon
lignefies, It no hydrogen 1s cvolved until towards tTle end of
the operation,  When ilie wlole of the amalgam has been
added, and Imbbles of pas cease ta he given off, the solution is
deeated from the mernvary, which is rinsed with water.  On
acidifymy the solation with hydrochlorie acid, hydrocinnamic
acid 15 precipitated as acolaurless oil, which solidifies on stand-
ing. 1t may be recrystallised fram a large guantity of warm
water,  Yield, 8--9 grams.

Cel1, CIHE:CILCOT + 1, = C 11, CH,.CH,.CO,H.

Propeetios.~Lang colonrless needles; m. . 47°; b, p. 280°;
saluble v water mud alcohol 5 volatile in steam.  See Agpendix,
P 300,

PRECARATION 96,
Mandelic Acid, C,11,.CH(OH).COOH
I redlinder, 7iherfiubenfabrikation 1V, 16o.
15 prms. henzaldehyde.
5o c.c. conc. soditn bisulphite solution.
(2 grms. potussimn cyanide (in 20 c.c. water).
The benzaldehyde and sodium bisulphite are mixed together
and stirred.  The mixture forms a scemi-solid mass of the
11f birger quanicis of sudgun wre reqaital, e ulteury is lieated ina smatl
cusuuclled pioy, or vrucible, the sodiviu philel. jie owe lof, quud chie vessel wnediately

closed il 4 L, irlicl is leld dyovo aid loug cricible tougs wwil the reaction is
orer, wul theu pratwed vue wlglse Muid,
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lhisulphite compound, which after standing for half an howr is
filtered and pressed at the punp and washed with a little water
and spirit.  The mass is then ground to a thick paste with water
and the solution of potassium cyanide added. Afier a short
time mandelic nitrile separates as a reddish o1l and 1s removed
by means of a tap-funnel with the addition of a littlc ether.

C,H,CH(OH)$O0;Na+KCN=C,H,CH(OH).CN +(K)XNa)SO,

The ether is allowed to evaporate on the water-bath and the
nitrile is then hydrolysed by continuing to heat it on the water-
bath with the addition of 4—3 times its volume of couc.
hydrochloric acid until crystals appear on the swface. Water
is added and the hot liquid decanted and filtered from any oil.
On cooling, the crystals are filtered, washed with a little cold
water and dried. A further quantity can be extracted from the
filtrate with ether. It may be recrystallised from benzene.
Yield, 10—15 grms.

C¢H,CH(OH)CN + HCl+2H,0
= C,H;CH(OH).COOH + NH,CL

Properties.—Colourless needles, m. p. 118-119°; dissolves
readily in hot water and in 6 parts of water at 20°. The acid is
racemic; the active components exhibit a rotation of [a}ff = 4
157° in aqueous solution. See Appendix, p. 300.

PREPARATION 97.
Phenyl Methyl Carbinol, C;H, CH(OH).CH,

Grignard, Compt. rend. 1900, 130, 1322 ; Klages and Ullen-
dorf, Ber., 1898, 31, 1003.

36 grms. methyl iodide.
150 c.c. ether (purified and carefully dried over sodium).
6 grms. magnesium ribbon or powder.
26 ,, benzaldehyde.

The magnesium methyl iodide is first prepared and is
formed Dby the action of methyl iodide on the metal. The
magnesium ribbon or powder is placed in a dry, round fluslc
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IMMENYVL METIHYI. CARBINOT,

(v fitre), comneeted with 2 lyg condenser and dropping funnel
as shown i Fig. $1.

'he methyl iodide amd 3o ce. of dry ether we noxed jn a
separate vessel and 20 cc
of this mixture poured on
to the magnesium.  In a few
sccands  a vygorous  action
usually sets m or if it is de-
layed may Dbe started by
adding a crystal of 1odine.
When the first reaction has
subsided, 70 c.c. of dry cther
are added, imd the remamder
of the alkyl jodide and cther
mixtore e i drop by drop
fram the tg-fuanel. The
contents  of the dask are
then boiled on the wider-lath for half an hour when (if there
has been no loss of alkyl iodide) the magnesiom completely dis-
solves.

Fus. 81

CH)l+Mg = M <I°HJ

The flask is now disconnected and whilst it is kept cool in jce-
water the benzaldehyde mixed with an equal volume of dry ether
is dropped in from a tap-fimacl with constant shaking. The
white solid magnesion compound separates and is left over-
night.

My L e L CHO—C M. o OMgl
- CLILCIHIO C,,II,,(,I—I\CH:)

The contents of the flask are cooled under the tap whilst water
and just sufficient hydrochlaric wcid to dissolve the magnesia
are added, the acid being cantiously droppied in from a tap-
funnel.  The aqueous layer is vemoved in a scparating funnel
and the cther washed first with sodium bicarhionate solution,
then with sodnnn bisulphite (ta remove free iodine) and again
with sodium biciwbonate.

C,H,CHC OMEL L B Cle € H,CH(OH).CHy+ Mg(CI().
By k4
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The ether extract is then dried over potassium carbonate and
the ether removed by distillation on the water-bath. The
phenyl methyl carbinol which remains is distilled under reduced
pressure ; b. p. 100° at 15 mm. ; 1To-111° at 28 maw ; 118 at
40 mm. Yield, 2o grams.

The same method may be used without nodification for pre-
paring phenyl ethyl carbinol using a corresponding quantity of
ethyl iodide. See Appendix, p. 307.

PREPARATION ¢8.
Benzoyl Chloride, C;H,CO.Cl

Wohler, 4nnalen, 1832, 3, 262 ;5 Cahours, 4unalen, 1846, 60,
255 .
28 grms. benzoic acid.
50 ,,  phosphorous pentachloride.

A round flask (256 c.c.) is fitted with an air-condenser, The
phosphorous pentachlorlde 1s introduced from the hottle and
weighed by difference. The operation must be conducted in
the fume-cupboard. The benzoic acid is then added, and the
air-condenser attached to the flask.¥* The action begins almost
immediately, and clouds of hydrochloric fumes are evolved.
The whole contents become liquid and consist of benzoyl
chloride (b. p. 200%), phosphorous oxychloride (b. p. 107°), and
unchanged pentachloride. Most of the oxychloride may be
removed by distilling #z wacuo on the water-bath. The re-
mainder is fractionated at the ordinary pressure and collected at
190-200°  Yield, 20 —25 grams.

C¢H;COOH + PCl,=C H,CO.Cl+ POCl,+ HCL

Properties.—Colourless liquid, whicls fames in the air and
possesses a pungent smell ; b. p. 198'5° ; sp. gr. 1'214 at 19°

Rractions.-——1. Add a few drops of benzoyl chloride to 1 c.c. of
walter ; the benzoyl chloride daes not decompose at once, and
requires warming for some time before it is completely dissolved
(compare acetyl chloride, p. 74).

2. Add 2 c.c. ethyl alcohol to 1 c.c. benzoyl chloride and
caustic soda solution unul alkaline, and warm gently. After a
time the smell of benzoyl chloride disappears, and ethyl benzoate
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rengiins as analy gumd withe o fragrant smell, C,H,COCI +
C L0+ Naoll - Cyl 1. COOCH, + NaCl + H,0. Repeat the
same ccaction with phenol wand separate  the  solid phenyl
benzoate.  (Schotten-Bonmann reaction.) ’
3. Add 5 grams benzoyl chloride to 1o grams ammonium
carbonate in a mortr® and grind up well. The reaction pro-
ceeds quictly,  If alter ten minutes the smell of benzoyl chlovide
still remains, add a few drops af concentrated ammonia. Add
cald water and lilcer.  Denzinnide remains on the filter in the
form ol 1 white crystalline powder, and may be recrystallised
from hot water; nLope 128t CILCOC] + 2NH,HCO,=
CullCONIL A NILCI+ 200+ 2110, Sce Appendiy, p- 308.

DREPARATION g0,
Bthyl Benzoate (1ithyl Benzoie Ester), C;H,CO.0C,H,
L. Fischer and Speier, Ber., 1895, 28, 1150

23 grms, henzoie acid.,
75 4, (o c.c.) absolute alcohol.

Pass dry hydrochlorie acid gas (see p. 93) through the alcohol,
cooled in water mtil it bas increased ahiout 3 grams in weight,
Add the benmic acid and boil the mixture with upright con-
denser over wire-gauze for (wo hours. On pouring a small
quantity of the prodnet into water, only the ester, which is a
heavy oil, shanld separate, but no salid benzoic acid.  The
excess of aleohal is now distilled off on the water-bath and the
residne ponred inta water.  Any free hydrochloric or benzoic
acid is removed by sludking with a dilute solution of sodium
carbonate. On adding cther and shaking, the ester dissolves in
the top layer of ether, which is separated and dehydrated over
calcium chloride.  The ether is reinoved on the water-bath, and
the ethyl benzoate is then distilled over wire-gauze, a few bits of
porcelain heing added to prevent bumping. The distillate is
collected hietween 205" and 212°  Yield, aliout 22 grams.

C,l1,Co00N+110C,H,=C,H,COOC,H;+ H,0.
Propwrtirs. —Colourless, sweet-smelling oil 5 b. p. 21 1‘.’ 3 Sp. g%\
1°05 at ) 5"
CAOEN’S ADV. P (L C. P
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Quantitative Hydrolysis of Ethyl Benzoate.-—The
quantitative estimation of an ester by hydrolysis is conducted as
follows : a standard half-normal solution of aleoholic potash is
prepared by dissolving 7 grams of caustic potash in xhout an
equal weight of water and diluting to 250 c.c. with absolute
alcohol. Theliquid is allowed to stand overnight in a stoppered
flask and filtered through ashestos
into a clean day bottle closed with a
cork through which a 25 c.c. pipette
is inserted. The solution is first
standardised by titration against half-
normal sulphuric acid, using phenol-
phthalein as indicator. About 1 gram
of ethyl benzoate is carefully weighed
by difference hy means of the ap-
paratus shown in Fig. 82.

A volume corresponding to about
1 gram is delivered mto a. round
flask (200 c.c.) by attaching a piece of rubber tuling to the wide
end of the apparatus and blowing until the liquid descends to
the required graduation on the widelimb. Twenty-five c.c. of the
standard alcoholic potash solution is added, and the mixture
boiled on the water-hath with reflux condenser for twenty
minutes. .

C:H;COOC,H;+ KOH =C;H,COOK+ C,H;OH.

The amoint of free alkali is estimated by titration with
standard sulphuric acid and the quantity of ester calculated.

Example—1°355 grams required 151 ¢. ¢. N/2H,50,

15°1 XO'I50 X 100
2X 1355

N

FiG. 82,

=99'7 per cent.
See Appendix, p. 308.

PREPARATION 100.
,, Acetophenone (Phenylniethylketone, Hypnone),
. CyH;CO.CH,
Friedel, Crafts, Ann. Clim, Phys., 1884, 1, 507 ; 14, 455.

30 grms. benzene.
50 ,,  aluminium chloride (anhydrous).
35 5  acetyl cliloride.



211

ACETOPHENONE

'I'Inj’ various reactions, known as the Friedel-Crafis reaciions,
e :-VII(.-rtu(l hy means of anhydrous whnninium chloride.  The
almuininm .(thl:)ndc, heing very liygroscopic, camnot be kept
oy, even m-a stoppered bottle, without undergoing gradual
decompasition.  As the success of the reaction depends entirely
on the quality of the chloride, it should le either freshly prd—
cuved from a relialile firm or resublimed from a retort. It may
alsa be prepared on a small scale hy passing dry hydrochloric
acid over heated aluminium foil or filings, hut the opera‘ion is
troublesome and scarcely repays the time spent. Attach a
reund fask (300 c.c.) to an upright condenser, and bring into it
the aluminium chloride, which should he well powdered, and
namediately cover it with the benzene.  Place the flask in ice-
water, and add the acctyl chloride drop iy drop from a tap-funnel,
which is pushed mto the top of the condenser.* A vigorous
clfervescence occurs, and hydrochloric acid is evolved. The
contents af the flask are converted into a brown, viscid mass,
which, after standing an bour, is stirred up and shaken into a
healker containing ice and watér (250 c.c.). The mass decom-
pases with evolution of heat, and a dark oil separates on the
surface.  The liquid 1s poured into a sepavating-funnel and a
Little 1)(:117.c11(:'zt(1(1cd. The aqueous portion is drawn off, and
the henzene layer shaken up with dilate caustic soda and then
with wazer. The benzenc solution is finally separated, de-
hydiated aver calaum chlorde, filtered, and distilled. The
benzene lirst passes over.  The thermometer then rises quickly
to 1957, The receiver is now changed, the water run out of the
condenser, and the distillate, which hoils at 195—200°, collected
separately. 1t forms a pale yellow oil with a characteristic
sweet smell, and solidifies completely on standing.  Yield,
20—25 grams.

C,H, + CH,LCOCI = C,H;CO.CH, + HCL

Prapertic.—Colourless plates ; m. p. 207 ; b. p. 202° ; insoluble
n water.

Reactionr.—1. Acetophenoneoxime.—Mix together 3
grams of hydraxylamine hydrochloride dissolved in 10 c.c. of
witer, 8 grams of acetophenone, and 3 grams of caustic soda
dissolved in a very little water. Add spirituntil, on warming, the
solution becomes clear, and Lioil it on the water-bath 2—3hours,
P o
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Pour into 100 c.c. water, and extract with ether.  Distil off the
ether and crystallise the solid residue fram petroleum spirit.
Yield, 8 grams ; m. p. 58—60°. C4H;.CO.Cll; + NH,OH. HCl+
NaOH = C4H,C(NOH).CH, + NaCl + 2H,0.

2. Acetophenonesemicarbazone. —Mix I gram of semi-
carbazide hydrochloride with 1°5 grams of crystallised sodium
acetate, and dissolve in the sinallest quantity of warm water.
Add 1 gram of acetophenone and sufficient spirit to produce a
clear solution when hot. Continue to heat for a few ininutes. On
cooling, the semicarhazone deposits as a yellow, crystalline
mass. C,H,CO.CH,+ NH,NH.CO.NH,HCI + NaC,H,0,
= C,H,C(N.NH.CONH,)CH; + NaCl + C,H;0,. Theoretical
yield ; m. p. ¥85—188%

3. Beckmann's Reaction.—Dissolve 1 gram of aceto-
phenoneoxime in 30 c.c. anhydrous ether, and add gradually
15 grams of powdered phosphorus pentachloride.  Distil off the
ether, and add a little water to theresidue. On cooling, crystals
of acetanilide separate. Recrystallise from water, and determine
the melting point.

1. C;H; C(NOH).CH, + PCl,
= C4H,C(NCI).CH, + POCL, + HCL

2. CgH,C(NCI)CH; + H,0 = C;H,NH.CO.CH, + HCL

4. Benzoylacetone (Claiser’s Reaction).-—Six grams of dry,
powdered sodiuin ethoxide are added to 20 grams of dry ethyl
acetate, and cooled in water. The sodium cthoxide is prepared
by dissolving 4 grams of sodium in 40 c.c. absolute alcohol, and .
distilling off the excess of alcohol, first from the water-bath, ancl
then from the metal-bath, in a current of dry hydrogen, the
temperature of the bath being raised gradually to 200°, until
nothing more passes over. The white cake is detached rapidly
powdered, and the requisite quantity quickly weighed out ancl
added to the-ethyl acetate, After standing a quarter of an
hour, 10 grams of acetophenone are added, when sodium lienzoy1
acetone begins to separate. A little ether is added, and, after
standing for a few hours, the sodium compound is filtered and
washed with ether. The sodium compound is then dried in
the air, dissolved in cold water, and acidified with acetic acid.
Benzoylacetone separates out. Yield, 9g—10grams; m.p. 6o—61°,
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1t behaves towards ferric ehiloride and copper acetate like ethyl
acetoacetate (see Reactions, p. 84).

~ONa
I. ClL.Co O + C-II:'C().COH,
OC, - "

= Cllz,k’,f()N:t):(_?ll.(‘l)'.\Cl.,ll_-, + 2C,H,0H
. ClL.CLONa tCILCOCI, + C,HL0,
2, = CllCO.CIL CO.Cl, + NaCyH,0,.
Sce Appendin, . 309

VREFARATION 101,
Diphenylmethane, C11,.C11.C 1 3
Cohen, 1livst, 77unx, Chem, Soc.,, 1893, 67, 8206.

6o grms, benzene,
30 5 benzyl chloride.
I alomimun-mercury couple,

The benzene is placed i a flask attieched to an apright con-
denser®  The aluminiin-mercury cauple is then added. It is
prepaaed hy ponving a satmted solation of mercuric chloride
on ta dnnmimim foil, which is cut into stnps or formed into rolls.
After abont 2 punnte, the snrlace af the aluminium is coated
with a1 filin of metallic mereury.  The solution is poured off, the
fal well washied with water, then with alcohol, and finally
with a little benzene, This must be done quickly and the
peces of comple dropped inta the lhienzene.  The Dbenzyl
chloride 15 added slawly from a tap-funnel inserted through
the top of the comdenser. A Drisk cliervescence oceurs, accom-
panied by a considerable rise of temperative, and fumes of
hydrochloric aeid are evolved.  When, in the course of an hour,
the benzyl ehloride lies been added, the flask is heated on the
wiater-bath far ten to fifteen mmutes. The contents of the flask
are now shaken up with water containing a little caustic soda,
and the Dbenzene solution  separated in w tap-funnel.  The
aqueans portion 1s again extracted with benzene, and the whole of
the'benzene solution is deliydrated over cideimm chlaride. The
henzene 1s then distilled aff, and whea the thermometer veaches
1007 the distillation s continued 7z @ercro. At 8o pun. diphenyl-
nwthance bails at 174---176%  T'lhis fractian solidifies completely
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on cooling, and is pure diphenylmethane ; m. p. 25—267,
Yield, 14 grams.
CyH;CH,Cl + CoHy = GLCILGIL + T1CL

Properties.— Colomless needles ; mu 1 262775 hopo 262 .
On boiling with potassium dichromilte and sulpharice acid it is
oxidised to henzophenone, C,H1,.C11L,CH;, + Oy = Cyll,. CO.CiH
+ H,0. See Appendiv, p. 312

PREPARATION 102,
Triphenylmethane, CH(CGH.),

Friedel, Crafts, Compt. rend., 1877, v450 ; I .md O. Fischer,
Annlen, 1878, 197, 252 5 Biltz, Ao, 1893, 26, 196,

200 grms. (230 c.c.) henzene.
40 , (26 c.c.) chlorafarm.
30 , alummium chlonde.

The benzene and chloroform are mixed tagether and
dehydrated over calcium chloride overmight before use. The
liquid is then decanted into a retort canneeted with an upright
condenser,* and the powdered aluminium chloride added in
portions of aliout § grams at a time wt mtervids of five minutes
and well shaken. On the addition of the chloride the rewection
sets in spontaneously, and the liquid hegins to boil with evolu-
tion of hydrochloric acid. The alumimum chlovide gradnally
dissolves, forming a dack-brown Liquid. The reactian is com-
Ileted by hoiling for half an hour on the sand-bath. When
cold, the coatents of the retort are poured into an equal volume
of cold water, which decomposes the aluminium compound with
evolution of heat, and the free hydrocarbon dissolves in the
excess of lienzene with a reddish-lirown colour. The upper layer
of benzene is separated from the aqueous portion, and the former
dehydrated over calcium chloride. The cxcess of benzene is
distilled off on the water-hath, and the dark-colowred residuc
fractionated up to 200°. It is then distilled 722 evwrno from i
retort without condenser. At first an oil distils, which consists
of impure diphenylnethane. When most of the diphenyl
compound has passed over, the distillation suddenly slackens.
The receiver is now changed, and the retort more strangly
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heated.  An arnge-colonred oil poasses over, which crystallises
in the receiver. The distillation 1s continued until the dbstillate
nolonger solidifies on cooling. A black, resinous mass remains
in the retorl. The crude triphenylinetbane in the receiver is
recrystallised from hot henzevne, with which it formsia crystal-
line compound of the formula CytlCyH,  This is again
orystollised. By heabng the substimee on the water-bath it
loses henzene, and the hivdrocarbon is fally crystallised from
hot alcabol.  Yield, 25 30 grons.

CHCl 4= 3G~ CH(C L), + 3HCL

JYynpertix. - Colowrless plates @ mu p. 92”5 b . 3007

Neartiony. Synthesis of Pararosaniline.- Dissolve a
gram of the hyidbocarbon in bout 5 e eold faming nitde acid,
pour into water, Blter, wash, dry on porons plate, imd dissolve in
5 e glacial aeetie acid. Add a grian of zine dust an the point
of a knfe gricdnally, jaxd shake upe The colonr changes to hrown,
and the leaco-hase of pariaos:ailine is formed. 10 1s diluted
with water mud precipitated hy mmmania. 10 3s then fltered and
dricce On gently warning Hwe dry jreaipitate with a few draps
of concentrated hydrochlovie acid in a porcelain hasin wnd then
Glntng with water, amagenta colonration is prodnced from the
formation of pavirnsaniline’ hydrochloride (K. and 0. Fischer).
See A ffemdin P 32,

PREPARATION 103
Benzaldehyde Green (Malachite Green)

(Tetranethyldiaminotriphenylmethane),
Cull.

¢ GG N(CIL,
L N(CLTCL

O, Vischer, Anralen, 1883, 217, 250, 262,

50 grms. hinetbyloniline. -
20, benzaldehyde.
30 5, zine chloride (fosed and powdered).

A mixtwe of the abave is heated on the water-bath n a
poreelain basin until the smell of henzaldehyde has disappeared
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(4 hours). The viscous mass is melted in boiling water, trans-
ferred to a round flask (1} litre) and distilled in steam until no
more dimethylaniline passes over.  On cooling, the base adheres
to the flask and is washed by decantation. It is recrystallised
from absolute alcohol and is colourless, The yield is nearly
theoretical. This is the leuco-base, and is formed according to
the following equation :

CHN(CHY),
C;H;CHO + 2C;H;N(CH,), = C;H;CH{ - +H,O.

CsH N(CHy),

It is converted into the colouring matter by oxidation. Ten
grams of the base are dissolved by slightly warming with dilute
hydrochloric acid containing exactly 2°7 grams of hydiogen
chloride (made by diluting conc. hiydrochloric acid with twice its
volume of water and then determining the specific gravity or
titrating with standard caustic soda). Theliquid is diluted with
8oo c.c. water, and Io grans of a 40 per cent. acetic acid solution
added. The mixture is cooled with a few lumps of ice, and a
thin paste of freshly precipitated lead peroxide containing exactly
7°5 grams PbO, (estimated by dryinga small weighed sample on
the water-bath) is added in the course of five minutes with
frequent shaking. The product isleft 5 minutes, and :hen a
solution of 10 grams sodiun sulphate in 50 c.c. water is run in
and the solution filtered from lead sulphate. To the filtrate a solu-
tion of 8§ grams zinc chloride in a little water is added, and then a
saturated solution of common salt until no nore of the dye is
thrown down. It s filtered, and recrystallised hy dissolving in
water and adding salt solution. Yield, 8o per cent. of the theory

of zinc salt.
/ColLN(CHy), Gl
+0+HCl= CLCgHN(CI,), +H,0.

NC,H,N(CH,), NCeH :N(CH,)HCl
See Appendix, p. 313.

CeH,CH

Naphthalene, C,,H,

Naphthalene is obtained from the “middle o0il” in the distil~
lation of coal-tar. 1t crystallises in colourless, glistening plates,
which have a characteristic smell.

Properties—M. p. 806°; b. p. 218°; sp. gr. 1’145 at 4°% It
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suhlimes readily, and can be distilled in steam. It is soluble in
most of the comman organic salvents.

Renetion.~Nake strong solutions of abont equivalent quanti-
ties of naphthidene and pieric acid in acetic acid, or alcohol, and
pour thaw together.  On cooling, yellow, needle-shaped crystals
of naphthalene picrate separate 1 Cptly+ CyHL(NO,),0H ; m. p.
149>

PREPARATION 104,

Phthalic Acid, ¢,11, (500

Friedlnder, 7hecrfurbenfilvifation, iv, 164.

13 grms. naphthalene.
120 ¢ cone. snlphuriz acid.
7°3 yrms, mercuric sulphate.

The mixture of naphthaleae, sulphuric acid, and mercuric
sulplette is pheed inoa retort (300 c.c.). The retort is clainped
with the neck sloping upwards, and heated gently over wire-
gaoze with oceasional shaking wntl the liquid surface layer
of naphthalene dissolves.®  The retart is now placed in the
ordinary positon, with the neck sloping down, to which a con-
denser mbe is attached by means of a roll of asbestos paper, or
a Inte of plaster of Paris. The end of the condenser tube is
provided with @ receiver containing water (100 c.c.), and cooled
m cold water.

The retort is now heated (at first cantiously and then strongly)
aver the bare tlame, and the cantents distilled.  The ligquid
rapidly darkens m colour. At about 2507 oxidation hegins, with
evolution of snlphur dioxide, which becomes very vigorous as the
temperature of the ligmd rises to the holling-point. A little
naphthalene lirst distils, and dfter a time erystals of phthalic
anhydride appear in the condenser tube, whilst phthalic acid
collects in tho receiver. The distillation is continued antil the
residne becantes viscid ar even dry.  The contents of the
receiver, when cold, are filtered and washed, and then dissolved
in canstic soida. Any undissolved naphthalene is removed by
filtration, and the acid reprecipated by hydrachloric acid.  The
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acid may hie recrystalised rom water or dilme aliohal Yield,
about 7 grams.

CioHy+oHuS 0= Gl COOLT, F2Cel, SO, - nllh,

Propertivs.—Crystallises in plates with no debmire meling.
oint, as the acid passes into the anhydride on hean. Solable
m alcohol and in hot water, shightly solulde s culd water,

Reactiony.—Snublime a little of the acid i tesk-inbe or ing
clock glass .covered with a tilter paper ol Tunnel. Phihalig
anhydride sublimes in long necedles, m. p. 128,

oy
CACOOM), - Gl a1
)

Heat ahout o235 wramm of the anhydride witli ves vion of
resoreinol in a test-tabe over qe snall e for o toe nanates,
so that the taaperahme remains al alonn sa o Cool, dissoive
in dilute caustic soda solntion. iul poar into wores. .\ yreey
fluarescence is prodoced, due o the fornation o duorcaeen
(p. 187).  See dApfendiv, 14,

PREFARATION 103
(- Naphthalenesulphonate of Saditm, 171511 Na
Merz, Wath, e, 1370, 3 1o,

50 grs. naphthalene,

Go  ,,  conv. sulpburic o,

The nixture 15 heated inccromued tlask £250 ¢ the metal-
bath to 100—170" for fowr or live hours.  The hguid i then
poured into a basin of woter (1 litre), whichiis heanad npr and
neutralised with clalk or shaked hme e form of o tick
creun. The hot liquid is filtered throngh clodh, speezed
and washed with hot water. The Tloote B evaperabad oo 4
ring-burner intil ausample crystallises on cooling, The vrys-
talline mass of the caleiwm Isalt o napbtholeov <nlphonn dd
is Altered md well pressed. 103s redissolvel in bat water, and
a solution of sodim carbonate added, il the celepm s
Just preapmtated.  The Liquid is wgzain 1ilGered thirongh oth, ar
atthe pump, washed and well pressed, The nlirate is evaporated
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to erystalbsabion ws before. The sodimn naphthalene sulphonate
is separated by Glorahon, and driedin a basin on the water-bath.
‘The mother-liquor, on- evaporation, yvields a furtber quantty of
the salt. Yoeld, abant 60 grims,

1. ( .]ul Ih+ | I;‘S( ).]"—' ( "]lll I:S‘( ):;II + 11-_»().

2. 20 R1LSO QT+ a0 = (Cl1.50,),Ca+ 11,0.

30 {CpllN0,Cad NayCo, =20 11:50,Nue+ CaC O,

Droperdice-Tolated  crystals 3 soluble  in water, See

Appendin, . 16,

PREPARATION 100,
B-Naphthol, (411,011

Ellr, <dden, 1860, 152, 275 5 . Vischer, Anleitung z. d.
e lrafurate.

30 grns, g-naphthslene snlphonate of sodivn,
9o, eanshc sy
1 c.coowatern

The canstie soda and wider arve heated i a nickel 6r silver
crpvible, and stivred with a themunometer, protected as deseribed
amder the preparadon of phenol (D 1708 When the temperamre
reaches 250, the powdered naphthalene sulphonate is added a
little at a tme. When all bas bheen added, the temperature is
rosee. AL whont 3007 the mass roths up and becames light
yellow in colonr, which indicates the conmencement of the
reaction.  “The temperature is mabitamed at 310 —320° for a
few mivutes, and the end al the process is indicated hy the
vellow mass becoming thinner and also darker m colour, and
separating Into two layers.  The stiming 18 now stmpped and
the flame withdiwn,  The product, when cold, is dissalved in
w bitle water, and acidified with a mixture of cqual volumes of
concentrzded iv-leoehlorie acid and water.*

The napldhol is filtered off when cold, and is recrystallised
ram waler. Vield, 15 grams.

Cral SONL - NaO1l - Cll,ONa 4+ Na 1150,

.
Dropertios—Colourless leatlets 5 m. p. 12275 I 286
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2

Reactions.—Add to a solution of the naphthol in water a few
drops of ferric chloride, A green colonration is produced, and
after a time a flocculent precipitate of dinaphthol, C,H,,0..

See also Reaction 6, p. 163

3-Naphthyl methyl ether.—Dissolve 3:6grams B-naphthol
in 12°5 c.c. 10 per cent. canstic soda solution, add 3 c.c. methyl
sulphate, warm the liquid gently and shake vigorously. In a
short time the naphthyl methyl ether separates as a solid masx.
The product is heated for ten minutes on the water-bath, a little
water is added, and the naphthyl ether filtered and washed with
water. It is crystallised from alcohol and deposits in lustrous
plates; m. p. 70—72°% The yield is theoretical. It may be
used for analysis iy Zeisel’s method.,

Zeisel's Method.—The method consists in estimating
methoxyl or ethoxyl groups by decomposing the substance with
strong hydriodic acid and eliminating the alkyl group as alkyl
iodide. The alkyl iodide is passed through an alcoholic solutio:
of silver nitrate, which dccomposes the alkyl iodide and thc
silver jodide is weighed.

ROCH,+HI=R.OH +CH,lL

The apparatus devised by W. H. Perkin, senior, is shown in
Fig. 83 (Proc. Chem. Soc., 1903, 19, 1370).

It consists of a distilling flask (100 c.c.) with a long neck ; the
distance between the bulb and side tube is about 20 cms. (§ ins. .
It is provided with an inlet tulie which terminates ahove the
surface of the liquid and is attached at the other end witly o
carbon dioxide Kipp and wash-bottle containing silver nitrate
solution to remove traces of hydrochloric acid or hydrogen sul-
phide.  The side tube of the distilling flask is attached to two
small 100 c.c. Erlenmeyer flasks, provided with doulle-bored
rubber corks. The first bent tube which is attached to the sicle
tube of the distilling flask is cut off hielow the cork, the secorl
terminates just above the surface of the liquid in the first flask
and dips below the liquid n the second. The third or outlet
tube is bent at right angles and is cut off lielow the cork.

Thedistillingflaskisheated in a basin containing glycerol. T'lie
first Erlenmeyer flask is charged with 20 c.c. alcoholic silvar
nitrate, and the second with 15 c.c. of the same solution which
is prepared by dissclving 2 grams of fused silver nitrate in 3
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c.c.owiderand adding 43 coabsolute aleahiol. An accurately
wesghed ynanoty (o3 o gramiol substance is introduced in o
sl weighing tabe mto the distilling ek and 15 c.c. of strong
hydriodic acud (acid aof sp. ur. 177 for Zeisel’s estimations can be

unrchasedl  When the appardus has been carcfully  fixed
rogether the glycerol bath is heated to 130—140" and 2 slow
current of cwbon dioxide (two bubbles a second) is passed
through the appamtus. The temperatnre of the glycerol bath
is slowly raised wntl the hydriodie acid begins to boil gently. A
white deposit (1 compaund of silver jodide and nitrace) hegins to

far an the surface of the first flask and graduoally scttles to
thie battong, bat usmilly only a4 trace appesrs in the seeond vessel.
T'he operation 1s generally completed in one hoar; but hefore
stopmng the process it is advisable to test the vapour passing
tlwough by removing the flasks and attaching the small bent
U-tbe (shown in the iy and containing « little alcoholic silver
nitrate solution) to the end of the side tube.  1f in the course af
ten minates no tarbidity appears; the operation may be con-
sidered at an end, otherwise it is necessary to connect up the
flask and cantime the heating for another twenty minutes.
About 50 ¢.c. ol water are heated to boling in a heaker (250
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e.c) and the contents of both flasks gradually added and well
washed out with hot water. The white precipitite changes to the
yellow iodide and tlie alcohol is driven off.

When the top liquid is no longer opalescent but clear, the
precipitate is collected in a Gooch crucihle and dried and
weighed as descrihied on p. 2.

For volatile suhstances like anisole this method cannot be em-
ployed.

Exantple.—0'3150 gram naphthyl ether gave 0468 gram Agl:

31 X0°468 X 100
235X 0°3150

Caleulated for C))H;OCH,:CH;0 =19.6 per cent.

B-Naphthyl Acetate.—Boil gently 5 grams 3-naphthol and
10 grams acetic anhydride for } hour with air condenser and
pour the product into water. Crystallise from dilute alcohal ;
n. p. 70°

A. G. Perkin's Acetyl method. (Proc. Chem, Soc., 1904,
20, 171). The method consists in hydrolysing the acetyl
derivative in presence of alcohol and distilling off the ethyl
acetate and then estinating the quantity by hydrolysis.

R.0.COCH, +C,H,0H =R.OH + CH, COOC,H,,

The apparatus is shown in Fig. 84. It consists of a small
distilling flask (200 c.c.) with bent side-tube which is fitted to a

=196 per cent.

Fua. 84.

long condenser A tap-funnel is inserted into the neck ancl the
flask is heated over wire-gauze. Abont o5 gram of naphthyl
acetate 15 accurately weighed out of a small sample tube by
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ditference and any dpst adlering to the neck of the Hask washesl
down  with 3 coan pure cone sulphurie acid and 30 ..
pare alealol, which are slowly runin with shaking, A small
fragient ol porous pot is alsa added.  “[wenty c.c. half-nonnal
alcoholic potash (see p. 210) wre introduced into the raund tlask
{200 c.c.) which serves as recciver und 20 c.c. pure alcohol are
pauredinto the tap-funmel. The Liquid inthe flask is slowly distilled
whilst the aleohol 1s debivered drop by drop from the tap-funnel
at about the same rate is the hgnid distils.  The distillation is
contimued until about half the balk of hquid originally present
in the flask remains.  This residue shanld he guite colourless.
The recaver is naw attached o a reflux condenser and boiled
an the woter-bath for £ hour and finidly Gtraded with lalfanormal
sulplunic acid, using pbenolphthalem as indicatar.

The method does nat give gaod results with acetamida-
enmpounds like aceranilide, &c.

LLaonple--0603 gram naphthyl acctate required 775 c.c.
N/2 KO

"5 X 0°0.13 X 100
75 t3 =230 per cent.
2X0033

Caleulated for Cill. O.COCH, ; C,H,0=23"¢ per cent.
Tschugaeff's Hydroxyl Method.--This method rests

upan the aetion of hydroxyl compounds on magnesinm nwetbyl
jodide by which methane 1s evolved.

ROI + My P11 = RMgI + ClH,

Theapparatus is an ardinary Lunge nitrometer filled with
mercury, which together with the attached Erlenmeyer flask
is kept at constant temperature by a flow of water throngh
an outer jacket. The three-way cock 1s cannected with the
Frlenmeyer flask (150 c.c.) Dy stout rublice tubing. A stock
solution of magnesinm methyl dodide 18 first prepared by
mixing  together in a flask connected  with a retlux con-
denser 100 grams  amyl ctbher distilled  aver sodium, y6
grams clean magnesinm ribbonand 355 grams dry methyliodide
and a few iodine crystals. After the first reaction is aver the mix-
twre 1s heated far 1--2 haurs on the water-bath with condenser ta
expel unchanged methyl dodide, and preserved in a vaselined
stoppered vessel.  About o'1---0°15 yram S-napbthol is aceurately
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weighed in a tube which is of such a length that it rests against
the side of the nitrometer flask. About 10 c.c. of the reagent are
powred into the flask ; the tube containing the substance, which is
dissolved in a little amylether, is slipped in ; the flask is attached
to the side tube of the nitrometer and is then cnt off from the
nitrometer tube by tuming the tap. A little moisture and
oxygen in the flask are absorbed by the reagent and the pressure
falls. After standing for } hour the nitrometer tube isnearly filled
up with mercury, the tap is withdrawn for a moment to readjust
pressure and the tube then conpletely filled with mercury. The
tap is now turned so as to establish communication between the
flask and nitrometer tube and the mercury reservoir lowered.
The tube containing the solution of the naphthol is inverted
and shaken. Evolution of methane rapidly occurs and in a
short tiine the voliine remains constant. The volume, tempera-
ture and pressure are read off and the percentage of hydroxyl
calculated,
Example—o'120 gram B-naphthol gave 20 c.c. methane at
N.T.P.
20 X 17 X 100 _
2240 X 0120
Calculated for C,¢H,OH ; OH = 118 per cent,

(Tschugaeff, Ber, 1902, 35, 3912 ; Hibbert and Sudborough,
Proc. Chem. Soc., 1903, 19, 285 ; Zerewitinoff, Ber., 1907, 40,
2023.) See Appendiy, p. 315.

12°6.

PREPARATION 107,
OK
5031\"/ \l/ \|NO¢
AVANY
N.O:,
Friedlinder, Theerfarbenfabrikation, 1, 322,11, 215; Cain
and Thorpe, The Synthetic Dyestufs, p. 226.

Naphthol Yellow,

20 grms. a-naphthol.
8o ,, (45 c.c.) conc. sulphuric acid.
40 ,, (30c.c.) conc, nitric acid (sp. gr. I'4).

The mixture of a-naphthol and sulphuric acid is heated for
2 hours to 120° and then dissolved in 120 c.c. water. The solu~
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tion is cooled to 20° and stirred nechanically whilst the nitric
acid is run in drop by drop. As the temperature should not
rise aliove 40° it will he found necessary at the heginning to
cool the vessel in a freezing mixture.  Afler the nitric aud has
been added the stirring is continued for another £ hour and the
product is then left overnight. The naphthol yellow crystallises
out and is filtered and \vashed with small quantities of a cold,
saturated solution of salt.  The wecipitate is then dissolved in a
large basin of hot water and potassium carbonate solution added
until the liquid gives an alkaline reaction. On cooling, the
potassium salt separates in small orange needles, and is filtered
and dried on a porous plate.  Yield, 20 —25 grams.

CyH;OM + 3H,S0, = C,(H,(OH)(SO,H),
CH(OH)(50;H); + 2HNO, = C,;H(OH)NO,),SO,H
“+2H, S0,
2C, Hy(OH)YNO),SOH + K,CO, = 2C, H(OH)(NO,),S0,K

+ CO, + H,0.
Sec Appendix, . 315.

PREPARATION 108,
; 7 CON
Anthraquinone, CGH,,\CO/,CGH4

Graehe, Liebermaun, Annalen, Spl., 1869, 7, 284.

10 grms. anthracene (pare).
120 c.c. placial acetic acid.
20 grms. chiromum trioxide dissolved 1n I5 c.c. water, and
then 75 c.c. glacial acetic acid added.

The anthraceneis dissolved in the acetic acid by loiling them
togethier in a round flask (§ litre) with upright condenser over
wire-gauze. The solution of chromium trioxide is then dropped
in from a tap-fimnel pushed into the top end of the condenser
whilstthe liquidis kept hoiling. The operation should last about
an hour. The solution becomes a deep green. It 1s allowed to
cool and poured into water (500 c.c.), which precipitates the
anthraquinone in the form of a brown powder. After standing an
hony, it is filtered through a large fluted filter, washed with a little

COHEN’S ADV. P, 0. C. o}



226 PRACTICAL ORGANIC CITEMISTRY
hot water, then with warm dilute caustic soda and water ayain,
Yield, 10-—12 graws.

Sublimation.—A portion of the dry suhst:mcc may Dbe
purified by sublimation. It is placed (2—3 grams) on a large
watch-glass, which is heated on the s:pul-hath over a very sl
flame, The watch-glass is covered with a sheet of !ﬂtcr piper,
which is Lept flat by a funnel pleced ahove.  After h‘ic minutes
or so pale yellow, needle-shajied crystals of anthraquinone will
have sublimed on to the filter pajer.

4

.CH <
Gt | H>CGH4+2Cr03+6C._,H,|O:,=CGI-IA,:\CO/ SCH, +

L0 4 Cra Col 1,0 ),
Properties.—Yellow needles: m. . 277 ; sublimes at 250 ;
b. p. 3827 ; insoluble in water, solalile in acetic acid, less solulde
in lienzene and other organic solvcnts:. .
Reaction.—Add a little dilute caustic soda to a small quantily
of anthraquinone, and then a little zin¢ dust.  Ou beating to
boiling, an intense red colouration is produced, which disappears
. T B CO-——— .
on shaking. Sodium oxanthranolate, (’“1'1‘1<.<21I (()N:1)>('"11“’
formed, which oxidises in the air to anthraquinone. Sec
Appendix, p. 316.
PREPARATION 109.
Anthraquinone g-monosulphonate of Sodium,
CGH4<(C:8>CGI-I:,.S OyNa+ 11,0

Graebe, Liebermann, Aznalen, 1871,160, <31; . G. Perkin.
Private conmmunication

30 grms. anthraquinone.
30, funing sulphuric acid (4o per cent. SO,

The 4o per cent. faming sulphuric acid is removed from he
Liottle by cautiously melting it in a sand-hath, and it is then
weighed out in a flask (} litre). The anthraquinane is added,
and the flask attached by a cork to an air-condenser. Tl

1 As fumirg salphuric acid is difficalt @ keep Iw an ordiviaey siopperenl bt

without absorbing moiscure, it s advisable 10 coat 1be sloppwy ol i layer uf
paraffin wax, aud a substawaal covering of plaster of Piris above this
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mixture is beated in a parafin or metal-hath to 150 —160° for
8 hours. The dark coloured mass is poured wii/st kot nto a
Lirge hasin contaming ahout a litee of cold water, and hoiled
for an hour. The unattacked anthraquinone, which does not
dissolve, 15 removed ly fillration at the pump.  The precipitate
is then replaced in the basin and hoiled up again with zhout
L litre of water, filtered and finally washed once or twice with
Loiling water.  The combined filtrate and washings, which have
a deep hrown colour, are evaporated with the addition of 02 gram
af potassinm chlorate uantil about ¥ litre of liquid remains. It
is now nearly neutralised with sodium carbonate solutiors (about
20 grams soda crystals) hut not completely, as the sodium salt
of the monosulphonic acid is less soluble in piresence of acid.
It is therefore convenient to pour out half a test-tube of the
acid bqud, and praceed toneutralise the remainder.  The small
quantity of acid Liqumd is then replaced.  The liquid 1s evapo-
rated on the water-bath until 2 scum covers the surface, and it
is then left ta coul. The sodium salt of the sulphonic acid
crystallises in pale yellow, silky crystals, and is separated at the
pump.  After being washed three or four times with a very little
slightly acid water, it is dried on a porous plate.  Yield, 20—25
grams. A further quantity of the salt niay he obtained by
cvaporating the mother-liguor, but it is liuble to contain sodium
sulphate.
CH 0,4 11,50, =C,;H;0.50,H + H,0.

Propertics,—The sodium salt of the sulphonic acid crystal-
lises, when pure, in colourless leaflets, slightly soluble in cold
water, insoluble in alcohol.

PREPARATION IlO.

/S CON\,
\.CO/
Grache, Lichermann, Aunalen, Spl, 1869, 300; Perkin,Eﬂg‘l.

Patent, 86y, No. 1948; A. G. Perkin, FPuvate commun-
cation. ) .

20 grms. anthricuinone monosulplonate of sodium.

90 ,, caustic sodn

5, qotassium chlorate.

/0OH a

Aljzarin, CyH, L OH g

cH
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The caustic soda is dissolved in ahout half its weig¥t of water,
and is added hot to the anthraquinone sulphonate ©f socdium,
previously mixed into a paste with the JPotassiu1d  chlorate
dissolved in about 50 c.c. of water. The 113ixture, wlilcly forms
a stiff naste, is transfered at once toa small Mmetal pressure ube
of steel or phosphor-bronze of the shape ancd (limenslOils 51}0“‘}1
in Fig. 85! The mixture fills 1t
about two-thirds full- A sheet
of asbestos Caardboard 1s inserted
between the body arcl  the top
of the vesscl, and thhe tretal top
is then screwecdl firmly on. The
[ressure tulde is heatedd for three

hours in a Parafin ©1!- oil-batly,
D so that the thermometer in-
The thickiess of 1he wetal is 1 cut. serted into thie inner tulse, which
FiG. 8. contains a little pearetffin, regis-
ters Igo—200°. The <lan-k violet
coloured mass, afier cooling, is scraped out and digested with
boiling water for an hour. Milk of lime is addec wuntil the
violet calcium alizarate is all precipitated.  This can Irc ascer-
tained in a small filtered sample by adding & Iittle 113 ilk of limg,
when no violet precipitate should be formed.  The precipitate is
filtered at the pump and washed with boiling water wuntl the
filtrate is no longer red. The red filtrate contains & littlce wmono-
hydroxyanthraquinone, which may be precipitatecd 1>y hydro-
chlovic acid. The calcium alizarate ory the filter s sny-
pended in a large quantity of hot water, ancd decornprascd by
adding hydrochloric acid. The alizarin, which separatces as an
orange, flocculent precipitate, is filtered cold, washed al>out cight
times with cold water, and finally dried annd crystalliscd from
alcohol or preferalily cumene. Yield, 10—1 § grams.
3C4H;0,50,Na+9NaOH +2KCl0,=3C;  HO0,(O WNa)+
3Na, SO, +2 K CI +6I1,0.

Propertics. Orange needles; m. p. 289—2907 ;3  sublimes
completely at 140” without decomposition 3 soluble  irx alkals
with a deep purpile colour (sodium alizarate). . It is raduced to
anthracene on heating with dry zinc dust.

PR

2vm

1 The apparatus was titade for us by West's Gas Improvement Co., M ilaes Plattiug,
Alanchicsler.
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ey e

Reaction.—Make a small quantity of solution of alizarin in
caustic sodi, and pour into a beaker containing a strong solution

of alum. The insolulile aluminium alizarate is precipitated as a
red lake.  Sce Appradix, p. 310.

PREPARATION 111,

Isatin from Indigo, C,H,{ (OH)

\

Erdmann J. prakt. Chem., 1841, 24, 11 Knop, Jakresd.
1865, 5%0.

100 grms. indigo (in fine powder).
§0 c.c. conc. nitric acid diluted with 10 c.c. water,

Mix npi the mdigo into a paste with 300 c.c. of boiling water
in alargebasin. - Heat to boiling and reinove the flame.  Then
add the nitrie acid to the Lot liquid from a tap-fimnel at the rate
of a drap or twa a second, so that it is all added in the course
of twenty mumtes, and stir well all the time.  The mass, whicl.
is at hrst pasty, fraths up, and towards the end becomes thinner.
Bail up for ahont two minutes, as soon as the acid has a!l been
added, and then pour out alout half the liquid into a second
large basin and add a litre of boiling water to each.  Boil up
oy Tive munates, and decant froin the floating lumps of tarry
nuetter throngh a large fluted filter paper previously moistened
with water.  Addanother litre of hot water to each basin, boil up,
and filter.  Evaporate the combined red coloured filtrates to
abont ¢} litre, and filter again, if necessary, from a further deposit
of tar.  On cooling, a quantity of red crystals discoloured with
tar will separate.  Filter and concentrate the filtrate.  Re-
dissolve the crystals in the siallest quantity of boiling water,
and let the liquid cool somewhat, so that some of the tarry
matter may scparate ; filter and evaporate the filtrate, until
crystals of 1satin nearly cover the surface ; then cool and filter
off the red crystalline deposit. A further quantity of crystals
may be obtained by evaporating the mother-liquors, which
must be frequently filtered from tarry deposit. The crystals
obtained in this way may le purified by dissolving them in
caustic 1otash solution, and adding concentrated hydrochloric
acid to the clear l¢quid so long as a black precipitate is
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—— PN S

formed. The liquid is then filtered, and the purified isatin
completely thrown down in the filtrate with more acid. The
substance is then filtered and recrystallised from water. Y ield,
about 1o grams.

CioH N,0,+ 0,=2C¢H,N O,

Propertics.—Red monoclinic prisms ; . p. 201°; soluble m
hot water and alcohol.

Reaction.—Dissolve a few crystals in concentrated sulpliuric
acid in the cold and shake up with a little coal-tar benzene. A
biue colour due to thiophene is produced.  See Appendiv, P- 318

PREPARATION 112,

CH CH
Quinoline, [ PN
HON (A _/CH
CH N

Skraup,47onatsh., 1830, 1, 316 ;5 (881, 2. 14¢; Konigs, Ber~., 1 58,
13, 91 ¢ .
24 grms. mtrolienzenc,
38 ,,  aniline
120 ,, glycerol.
106 ,, conc sulphuric acid.

A large round flask (13—2 Iitres) is attached to an upright
condenser. The mixture of nitrobenzene, aniline, glycerol, and
sulphuric acid is poured in and heated on the sand-bathh until
thereaction sets in (ten to fiftcen minutes), £.c. until white vapours
rise from the liquid. The flask is now raised from the saund-
bath or the hurner extinguished, and when the first reactioa is
over the contents are gently hoiled for two to three hours.  "1'he
dark coloured product is diluted with water, and imchnngacd
nitrobenzene driven over with steam. The residue is miade
strongly alkaline with caustic soda, and the oily layer (qulnoline
and aniline) distilled off with steam. In order to remoyv-¢: the
aniline present, the distillate 1s acidified with sulphuric acicl, el
sodiunr nitrite added, until a sample of the liquid ceases to
give the aniline reaction with sodium hypochlorite. 1t 1s then
boiled. whereby the aniline is converted into phenol.  T'he
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bgaid is agein made alkaline with caustic qod‘t, and submitted
toa thicd distillation with steam. ‘The distillate is extracted
with ¢ther, dehydeated over solid caustic potash, and, after
derinting and driving off the ether, the residue is distilled.
Yickl, 40 grams of a pale yellow oil.

CilLNTL+Cl1(011),+0 = CoH;N+4H,0.

Properties.—Colaurless liquid; I p. 2377 5 sp. ¢r. 17108 at
o ; insoluble n water ; soluble in alcohol and ether.

Revrliony.—1. Dissolve a few drops of quinoline in a little
hydrochloric acid and add platinic chloride.  Orange crystals pf
thc chloroplatinate are depasited (Cy11:N),H,PICL + H,0.

Add to a solntion of guinoline in acul potmqsmm cliromate
:,olntmn ; the dichromate, (Cy[1;N),11,Cr,Oy, is precipitated.

3 Add o 1 ceo of quinoline 1 c.c. of methyl jodide and
warm. A rewtion sets in, and on cooling, the quaternary
anuwoninm jadide, C,11;N.C111, erystallises in yellow crystals.

A4 To a few draps af gamoline add a salution of liromine in
chiloroform. A rrystalline compound CyH;N.Lry, is formed.
See cAppendiy, po 8.

PREPARATION (13,

Quinine Sulphate fromn Cinchona Bark,
Cpl1,N.0,80,1,+8H,0
Pelletier, Caventow, Awu. Chim. Phyx., 1520, (2), 15, 291.

100 prms. cinchona hiark (ground in a coffee mill).
20 ,  quicklime.

Slake the guicklime, and mix 1 mtoa thin crean with 200 c.c.
water.  Pour the liguid into a hasin contaimng the powdered
hork and stir np the niss well.  Dry the mixtare thoroughly
on the water-bath, taking care to powder upt the lumps that
hadl together. When cold place the powder in a flask, pour
over it 200 c.c. chlorofaray, and let the mixture stand over-
night.  ilter hrongh a porcelain funnel and wash with a
further 200 r.c chlorofarm.  The chloroform solution, which
has now 2 faint yellow colour, 1s shaken up well with 50 c.c.
and again with 25 c.c. dilute sulphuric acid, and then with water
antl the aqueaus solution has no longer a blue fluorescence.
‘The combined acid and agueous extracis are carefuily neutralised
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with ammonia and the liquid cancentrated on the water-balh
until crystals of quinine sulphate hegin to form on the surface
The liquid is allowed to cool and filtered. A further quantity of
crystals may he ohtamed from the mother-liguor by evaporation,
but the product is not so pure. The erystals are parificd by
recrystallisation from water.  Yielkl, 1 to 2 grams, or more,
according to the ¢uality of the bark.

Properties—The free base, which is precipitated with sodium
carbonate from a solutian of its salts, crystallises with 3110,
The anhydrous base melts at 277" ; soluble in alcobol and ctler,

Renctions.—Use a solution of the hiydrochloride prepared by
adding a few drops of hydrochlaric acid to the sulphate mixed
with watew.

1. Add to a little of the solution a few drops af iodine soln-
tion ; a lwown amorphous precipitate is formed.  This reaction
is given hy many of the alkaloids.

2. Add chlorine water and then ammoniit in excess.  :An
emcrald green colouration is produced.

3. Add sodium carbonate solution and then shake with ethor,
The free basc is preoipitated and dissalves in the ether. Deciut
the ether on to a watch-glass and let it evaporate.  Crystials al
the base remain. ‘

4. Dissolve in a few drops of acetic acid and add a large
volime of water. A Dblue fluorescent liuid is abtamed.  See
Appendir, p. 3¢0.

PREPAQATION 114

. o AN
Diazobenzolimide, C,1. N7 &
N

Phenylmethyltriazole carboxylic Acid,
NCally

N’/ N, e,

N L C.COOH
Dinroth, Zer, 1902, 35, 1,029.

30 grms. phenylhydrazine.
45 c.c. conc. hydrochloric acid (in 400 c.c. water).
24 grms. sodium nitrite (in 50 c.c. water).
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The phenylbydrazine and hydrochloric acid are nixed

together, strred merhanieally and cooled with a few lumps of
ice whilst the mitrite solution s added, until the test with starch-
jodide paper shows that a cexcess is present. The hydro-
chlovide dissolves, and diazohienzolimide scparates out as
oil.

N

<T(,11;,N’II.NII._,+1]N().;:C‘,YI;.,N<” +21,0.
N 4

Part ol the water is removed by a syphon and the oil is
extracted with ether s after removing the ether, the diazobenzol-
imiele 1s porilied by distillation in steam. It is again extracted
and separatal with ether as hefore. Vield, ahout 25 grams.

4 mgrms. sodim,
68 c.c. absolate alcohol,
22 ¢1s, acetoacetic estew,
20,  diazobenzalimide,

The sodimm 1s dissolved in the aleohol, and to the cold solu-
tion a mixtire of the acetoacetic ester and diazohenzolimide
i added, and then wanped ta hoiling with reflux condenser.
As soon as this ocenrs, the flask 1s removed and cooled, if the
action hecomes tao violent,  After the rveaction 1s over, the
noxtare s lieoted for an honr on the water-bath with reflux con-
denser, when the contents of the flask become almost sobd.  The
mass is ssolved in the smallest quantity of hot water, and the
Liguid, if nentral, made strongly alkaline and hoiled again for an
hour.  Abant 130 c.c. hot water are added, and sufficient hydro-
chlorie acid to precipitate the triazole carhoxylic acid. It is
lltered aned wasbed with a little water, and is then nearly jmre ;
m. p. 155" Vield, abont 27 grams,

NG N.C.H,

/ .
N/ 3 . _ N (C.Cl,+2C,H0H.
/7<>-<21';= + GNONa= |

It/
Nt N---C.COONa
Cl1,COOGI, .

Sce Afpendix, . 320



APPENDIX
NOTES ON TIIE IMRETARATIONS
PREPARATION 1.

Ethyl Potassium Sulphate.— The combinmion hetween
alcohol and sulphuric acid s not complete, a condition «l
cquilibrium beiny reached hicfore cither constitnent s coune-
pletely converted.  ‘The reaction i1s known as a senerdéle one
and miay be represented thns

C.ALOI 1150, 7 CoIL SO -4 11,0,

which implies that the alkyl sulphote reacts with water, o
generating aleohol and sulpburic acid. The free alkyl aend
sulphates are, as a rule, viscid lignids, which caunol he i
tilled withont yiclding the olebne. On hoibng with walter,
the alcohol is regenerated.  The salts are used for preparing
various alkyl derivatives, such as mercaptans, thio-cthers iand
cyanides.

oy SOUT YT . e
50,701 1 KIS = CALSIT + KS0,
Byl wewaptian
Ly O, S . \ - e
280),7 0K RS = (Ca S b 2KSO,
' Byt eliysactlnee,
. SOCE oG . ot
SO, O =15 I KCN — CJLON 1 KUSD,

T LOK
IDhyl eyuish:,

Campare the action of sulphuric acid on phenol fsee Prep.
74 D 177)-

PDREFARATION 2.

Ethyl Bromide..—The replacement of the hydrogen by
hadogen (Cl) Bir) may he effected by the direct action ol the
halogen on the paraffin.

Collg + Cl = Gyl T;¢1 -+ TTCL



APPENDIX

A simpler method is to replace the alcohol 7 ydroxyl by halo-
gen by the action of hydracid (HCl, Hhy, H1),

CALOIT + HCl = CILC + H.O.
Or by that of the phosphorus compound (PCl,, PHry, P1,),
3GILON + ICl, = 3C,ILCI + P(OII),

The preparation of ethyl hiromide may lLe taken as an ex-

ample of the first method, in which the hydracid is liberated hy
the reaction, ‘

KBr + IL,SO, = IIBr + KIISO,.

235

A further example is that of isopropyl iodide: see Prep. 31,
P. 110, 1n which the hydriedic acid is obtained by the action of
water on phosphorus iodide,

PL; -+ 311,0 = 31T + POl

The action of I Clis mach more sluggish than that of HBr
or 111, and n the preparation of ethyl chloride a dehydrating
agent (ZnCly) is usnally added to the aleohol, which is kept
boiling whilst the HCl gasis passed in.  In tlre case of poly-
hydric alcohols, all the hydroxyl groups cannot he replaced by
Cl hiy the action of HCL.  Clycol gives ethylene chlorhydrin and
alyceral yields the dichlorhydrin (see Prej. 32, p. 1¢1).  The use
of PDr,, Pl;does not necessitate the previous preparation of
these substances.  Amorphous phosphorus is mixed with the
alcohol, and hromine or iodine added as in the preparation of
methyl iodide (see Prep. 6, p. 68). PCl; or I’Cl; will always
replace O by chlorine in all hydroxy-compounds, including
phenols, on which HCI does not act.

The alkyl halides are utilised in a variety of reactions,
examples of which are given, ethyl iodide being taken as the
tyqpe.

1. Agucous potash or water with metallic oxide (Ag,0, PbO)
yields the alcohol (see Prep. 87, p. 195),

C,ILI -+ KOII = Gyi1,011 + KI.
2. Alcokolic potash gives an olefine,
GILI + KOII = GII, + KI + ILO.
3. Sodium alcoholate gives an ether,
CAI,l + NaOG,II; = ColL,0C,I1;5 + Nal.
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4. Alcaliolic ammonia forms a mixture af primary, sceondory
and tertiary amines,

CaLl 4 Ny = CJILNTL 1T
20, 11,1 + NU; = (G LN 1211
3G+ N = Gl N3,

The tertiary amines unite with the alkyl jodide to forn the
quaternary ammonium iadide, which is produced at the same
time as the ather praducts.

(CULN -+ CALLT = (Caly), NI
5. Potassium cyanide forms alkyl cyanide,
Coll.] + KCN = CI1LCN -+ KL
6. 'otassium hydrosulphide gives the mercaptan,
Call,] -+ KSIT = G LS+ KL
7. Potassium sulphide forms the thia-cther,
2C,1 151 4 K8 = (Cul 1,8 1 2KI

8. Silver mitrite gives the nitro-parafiin,

Col 5L b AN, = GlNO, - Agl

9. Silver salts of organic or norganic acids yield the alkyl
csters,

2CI LT - AGSO, = (ColL)S80, + 2:gl.
Co LI -+ ClILCOOAE = ClCOOC, 1, + Al

PrEPARATION 3

Ethyl Bther.—This reaction is of a general character. 1%y
using a different alcohol in the reservoir Irom that m the ask,
a mived ether may be ohtained.  Thus, cthyl aleohol and aneyd
alcohol may be combined ta form ethyl anyl ether,

CILOIL  + ILSO, = C 180,11 ¢ 11,0
CATIISO, + Gyl 10O = Cyl 150G T, -+ TSt

That the sulphuric acid acts in the above manner mul net
merely as a dehydrating agent appears not only from the
formation of mixed ethers, but alsa from the fact that the
sulphuric acid may Dbe replaced Dby phosphoric, arsenic amdl
benzene sulphounic acids.
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The ethers wre also farmed by the action of socimn alcalholate
on the alkyl iodde (Willianson),

CollONzt 1+ il Bl =2 G, 0.Cal 1y 4+ Nal,
and by this method mixed ethers may also be prepared.

The wertness of the ethers wwises prabably from the fact
that the whole of the hydrogen present is umited to carhon.
Note the action of sodiwn and PCL. an alcahiol and on ether.
The cthers are not decomposed with PCl exeept on hieating,
when they give the allyl chilorides,

(Cl kO 4 DCly — 2C11,61 + POCL,
Hydracids, espeaially 11, have a siimilar action—
(Cal 1)) 4 2110 == 20,110+ 11,0,

1lot, strong sulphuric acid breaks npnether into ethyl snlphuric
qaid and water,

(Cal 1,10 1 211,80, - 2G0T S0,11 1 11,0.

Compare the wetion of caustic alkalis on ethers, esters and
anhydndes,

’ Call, ./( Wl /,('()‘('”;;

O ) O
Sl NCOLCN, O,
Diehyl erher. byl acetage. Acoric anbyelvide,

PREFARATION
Ethylene Bromide. --The formation of olefines by the
action of cone. 11,50, and other dehydrating agents an the
aleobols is a very general reaetion. Among the higher :dcohols
the action of hieat alone snffices 5 cetyl aleohol, Cgll, O, gives
cetylene, Cpp, 11, on Leating,  The olelnes are also obtdned by
the action of alcoholic potash on the alkyl hromides and
1wdides,
CMBr -+ KON = T -+ KBe 11,0,
and Dy the clectrolysis af the dibasic salts ; patassinm succinate
‘gives cthyleng,
Col L{COOK ) =2 Cully 4 2C0, -k K1),
The oletines combine with :
(1) 1ydrogen in presence of platinum black, or inely divided
nickel (sce Prep. 78, p. 31).
ClatClly + Ty 2= ClClle

Lithivleue. Eduine.
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(2) The hydracids (HCL, H13¥, H1), in which case the halogen
attaches itself to the carbon with the least number of hydrogen
atoms,

CIL.CH:Cll, + I = CIL,CILClI,

Dropyleuc, lsopopy! iodide,
73) The haloyens (Cl, Iir, I),
CIL:Cll, + Cly = CI1,CLCILCL
Iithyleuc. Ltlyleue chiloride.

(4) Conc. sulphuric acid,

OI1 OCIL.Cil,
Clly:Clly + o._s< = 08¢
oIl Noir
Lyl iydrogen sulpliale.

(5) Hypoclilorous acid,

CIL:ClL, + 110CI = CILOILCILCI.
Ethipleue clidorhydriu,

Potassinm permanganate oxides the olefine, forming m the
first stage the corresponding ylycol. By further oxidation the
molccule 1s decomposed ly the parting of the carbon atoms at
the original doulile link,

ClI.CIL: ClIy -+ 11,0 -+ O = CIL.CHIONL.CIL,O11.
Propyleue, Pegyleue glycol.
CI CITOILCILON 4 20, = Cl1,COOIT + CO, 1 2114).
Acetic wciel

Alkylene chlorides and hromides with both lhalogen atom-
attached to the same carbon are ohtained by the wction of
PCl; and 1 Br, on aldehydes and ketones.

ClI.CO.CI1; + I'Cly = CIL.CCL.CIT, + 1'OCl,.
BB-Dicliloroprogiiue.

PREPARATION §.
Acetaldehyde.—The formation of aldchyde from alcohol
prohahly occurs by the addition of oxygen and subscquent
elimination of water,
CHCILOIT + O = ClL. CIH(O), = ClL.CO.11 1 11,0.

The aldehydes may also be obtained hy the reduction of acid
chlorides and of anhydvides m some cases, but the method is
rarely adopted.  Aldehydes can only be obtained directly fromn
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the fatty weids hy distilling the caleinm salt with calaum form-
ate; but in no case by divect reduction, unless in the form of
lactones,

(C11.CO0LECY © (11COO),Ch = 2CTL COLTT 1 2CaCO,

The aldehydes are readily reduced to the aleohals.  Chariee-
teristic properties of the aldehydes are the formation of :ddehyde
ammpomas, Schill’s reaction, the reduction of met:llic salts and
the praduction of aecfi/y by the action of aleohol in presence of
hydrocblovic acid gas (I£ Fischer).

CHECOT 4 20,1101 = CHACH{OC ), 4 11,0,
Acetad.

They :dso polymerise readily. These reactons should be com-
pared with those of henzaldehyde (I'rep. 88, po196). There are
miny reactions which are common o both aldehydes and
ketones, Zas, to all spbstaces which vontain e ketone CO - group.
Such, for example, are : (1) The Tormation of an additive cam-
pound with sodiam bisidphite.

A
A

R crecy eSOl

R A

(2) The action of 1'Cl;, which replaces oxygen by chloring,
N RIS RPN
/.(_.() - PCl, ~/<,<,

(3) The formation of a cyanhydrn with hydrocyanic acid,

Lt POC,

sl
LN

SO0 4 IEN < ¢
which an hydralysis yiclds a luydraxy-acid.
(4) ‘The formation of an oxime with hydroxylamine (see Preps.
g, P. 71, and 8y, oo 1y7).
><:<> L IENOT = SCNOIT 4 10,
.(5) The formation of 2 phenylhiydrazone with  phenylhydr-
aane,

>(.‘<> 1 ILN.NILGI, ;>C:N.NIICOII:, - 10
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(6) The fornidion af a semicarbazene with senncalieide
(see Deep. 100,y 212).

NCO E INNUCORT,  CCNNTLCON I, § 11,0,

Loth aldehydes minl ketones readily undergo coudeaxatiog,
ad a yreat variety of syntheses have heen ettected i this way
(see Treps. 94, D2 204, and 103, po 2130

The aldehydes umte with zime alkyl (Wigner: and mag-
nesium alkyl halie (Grignand, see p. 200y o form additive cong-
pounds, which decompose with  water, yviclding  secondary
aleohiols.

N VAT

CHRCOTT 4 Z(Cl)s = CHLCL
NN,

A7,
CNL ey i 2110 = CILLCTHONLCH, § 20O, 1 ClT,
N ] Larprapy Laesuliols
T Propy
Nyl
CHLCOTT 4 MpClD = CHL T
# LN ; L
“Cllg
SOMgl
CHLCl ULO L CHOTLETT,  Zn@l ]y, t Cl
MO
Accetaldehyde, in presence of  HCL polymerises,  fovming
aldal.  With zine chlonde the reaction poes a step lurther and
crotonaldehyde is Tormed,
CULCON = CHLCOT e CLCTHO T L CTHL OOt
RN R
CHLCHTOTLATLCDI = CHCHECILCOTT 1,0,
Crotounldeliygle,

PREFARATION O
Methyl Iodide.—Read uotes om Prep. 2, o 234

IrEpARNTION 7.

Amyl Nitrite. - The nitvites of  the general  formula
RLONO e isomeric with the nitro-paraliing R'NO,. Whereas
the nitrites are hydrolysed witle KO11 like other esters into the
aleohol and the acid,

C1LONO 1 KO . CILOIT | KNO,,

and are decomposed by reducing agents o the alcobol ad
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ammonia (and in some cases hydroxylianine), the primary nitro-
paratfins are not hydrolysed by potish, Lut dissolve, forming
the soluble potassium salt, :nd on reduction give the primar;r
awine,
CANO, 31, = C1LNIL, v 211,0.
Amyl nitrite is used n the preparation of diazo-salts (see Prep.
62, - 101). .
PREPARATION 0.

Acetyl Chlovide,--Either 1I'Cl, or PCl, are almost in-
variably used w the preparatian of acid chlorides,  In the case
of PCl, only a portion of the chilorine of the reagent is utilised
(see Prep. y8, p. 208), POCL being produced in the reaction,
The ase of one or other reagent is detenuined by the nature of
the product. 1f the latter has a low boiling-point the trichloride
is preferred, if o high boiling-point, the pentachloride may be
used and the oxychlonde expelled hy distilling 772 #acre from a
water-bath (sce Prep. 16, p.85). The pentachloride is more
frequently nsed m the reparation of aromatic acid chlovides,
but there are occasions, which experience can only determing,
when the trichloride 1s preferable.

Phosphorus oxychloride and the sodium salt of the acid can
also he usad.

2011 COONa & POC) 22 2011, COCH -+ Nal’O), ++ NaCl,

Also thiony! chiloride, SOCL, may often be used with advan-
tage in place of the chlorides of phosphoras,

Cl1,,COO+50CL, < CHuCOCT+ HCl+ 80,

Acid chlorides reaet with aleohols and phenols, and in general
with substances containing a “hydroxyl” (OH) group. Acid
anhydrides have a similar chaviour, and both substances may
be nsed i determining the number of such groups in a
campouad.  Thus glycerol farms a trincetyl derivative, whilst
glicose yvields a pentacetyl compound. Iy hydrolysing  the
acelyl devivative with alkali, :aid then estimating the amount of
alkali nentalised by Gtration, the number of acetyl groups can
he estimated (see . 222).

The presence of the “amino” (NEL,) group is deternnned by
a similar reaction. :

The synthesis of ;womatic ketones may be effected with the

CABEN’S ADV, 1L (L. C R
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acid chlorides, using the Friedel-Crafts’ reaction (see Prep. 100,
p. 210), also of aliphatic ketones and tertiary alcohols with zic
methyl and ethyl, &c. (Butlerow) or mnagnesium alkyl halide
(Grignard).

_0ZnCH,
(1) CH,COCl + Zn(CH,), = CH,.C4CI
\CI1,
_O4nCl, Q
CIl,. C£Cl + H,0 = CH, CO.CH, + Zn{__ + CIL,-
\C H. Acctoue, Ol
(8) CILCOC! 4 22n(Cllyy = CHL,CLom ™ 4 2ad <
2) & + 2Zn 3)y = CIH;.C&CII, + Za
’ NG Nl
0ZnCl,
CH, CTCIL +211,0=CH, C(OH)(CH,), + Zn{OI),+ C I,
CIL, Tertiary butyl alcohol.

An additive compound with zinc methyl is formed, n the
first reaction with one mnolecule, in the second with two ole-
cules, and the product in cach case is then decomposcd with
water. The reuction with magnesiim methyl iodide s
similar.

PRIZPARATION 11,

Acetic Anhydride. —The anhydrides may e regarded as
oxides of the acid radicals, just as ethers are the oxides of the
alcohol radicals, aud, like the ethers, both simple and mixed
anhydrides may be prepared. The latter, lowever, on distilla-
tion decompose, giving a mixture of the simple anhydrides.

CON A _ ClLON 4 |, ClI, 0N
20,0 = CiLo, 0t Gino )°

Anhydrides may also he prepared by the action of POCI,, on
the potassium salt of the acid in presence of excess of tlic
latter, the reaction occurring in two phasecs:

2C11,.CODK + POCl,  =2CIH..COCI + KPO, + KCl.
CH..COOK + CyLOCI = (C,H,0),0 + KCI.

In addition to the reactions described under the I'reparation,
the anhydrides undergo the following changes :

1. With HCl, HBr, and HI they give, on heating, the acid
chloride and free acid,

(<11,L0),0 + HCl = CH3COCI + CH,.COOHE.,
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2. With Cl they form acid chloride and chlorinated acid,.
(QILORO + Cly = CILCOC! + CH,Cl.COOH.
3- With Na amalgam they are reduced to aldehydes,

PREPARATION 12,

Acetamide.-—The acid wnides, or simply amides, corre-
spond o the amnacs, beiny ammonia in which hydrogen is
replaced by acid radicals, and, like the amines, exist in the form
of printary sccandary and tertiary aimides.  The  following
methods are used for obtaining the amides; in addition to that
described under the preparation :

1. The action of ammonia on the acid clilorides or anhy-
drides (sce Prep. 98, p. 209).

ClRCO.CL 4 2NT1, = Cl1,.CO. NI, + NH,CL

L O

al CO /O 1 2Nl = ClLCONIL + CIL, COONH,.

I,
Cll
Tl

3
2. The action of unmonia on the esters (see Prep. 26, p. 102).
CNECOOC, -+ Nl = CII.CONIL, + CILOTL

3 Partial hydrolysis of the cyanides by conc. hydrochloric
or sulphuric acid,

Cl CN + 11,0 = Cliu CONIL,

The alkyl amides ar snbstituted ammonias, with hoth acid
and alkyl radicals, also exist, and are formed hy the first two
ol the above reactions and by heating the salt of the amme
(see Prequ 54,11 151).

Cly CO.C 4 NILC, = ClI CO.NIIC,1 I + 1ICI.

Avaahybauide.
ClHLCOOILNILGT, = CIL. CONIL.Cyll; + H,O.
Auiling aeGre. Acetiiuilide.
With the exception of formamide, which is a viscid liquid, the

majority of these compounds are crystalline solids,  The lower

merabers are soluble in water, and they all dissolve in alcoho!

orether.  Many of them distil without decomposition.  They

are neutral snbstances uniting with both mineral acids and

a few of them with caustic alkalis and alkaline alcoholates

to form compamds which are rupidly decomposed by water.
The hydrogen of the amido-group is also replaceable by

R 2
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metals, and derivatives of .acetamide of the following formulae
are known :
CH,CONII¥a, CH, CONHAg, (CH,.CO.NII),IIg.
They are converted by nitrous acid into the organic acid,
and in the case of substituted ainides into nitrosamides,

CH,CONII, + IINO, = CH..CO.OII + N, + IL,O.
CH,.CO.NHC,H; + HNO, = CIL,.CO.N(NO).Cgli; + I1,0.
Acctanilide. Nitrosoacetawilide.

With the latter class of substituted amides, PCl; forms the
imidochlorides, a reaction which is usually farmulated in two
steqs,

CH,.CO.NHC,H, + PCl; = Cli,. CCl,. N1C,H; + "OCl,.
CilL,.CCl, NIIC,iI; = CILCCl : NCli, + IICI.

The substitated amides give both imidochloride and the
cyanide with PCl,

Cl1;. CONH, + PCl; = CH,.C{ N

CI;Is.c{IC"I” = CH,CN + 11CL.

+ POCl, + TICl.

PREPARATION 13

Acetonitrile.—The various reactions by which the nitriles
or alkyl cyanides are olhtained have already been mentioncd
in one or other of the previous notes, but they may Dbc
recapitulated.

1. By the action of KCN on the alkyl indide or alkyl
potassium sulphate,

C,H.I + KCN = CII,CN + KL

502<8%Hs + KCN = GILCN + K,S0,.

2. By the action of PCl; (as well as P,0;) on the amide,
CH,.CONI1, + PCly = CH4CN + POCI, + 211CL
3. By heating the aldoxime with acetic anhydride,
CH,.CH : NOII + (CI11,C0),0 = CILCN + 2CH,.COOLL.
They are compounds which are, for the most part, insoluble

in water, possess an ethereal smell, have a neutral reaction, znd
may be distilled,
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The fact that they are eminently unsaturated conpounds s
evidenced by their general behaviour towards a great varety
of reagents.

t. On reduction they yive the primary amine (Mendius),

CILEN ¢ 211 = CHLLTLNT L,

2. With HCL, 1By, and 111 they form inidohalides (Wallach),
QIR ERIEEGINE L

3. With aleohol and 11¢71 they form (le hydrochloride of the
midocthers, from whveh canstic alkali bberates the base
(I'muer),

CILEON 1T CALON 4 110 = Cre, ¢ N

QU
. CONTLTC . AN .
e S Mon = a5 N oo,

These imidoethers nuite with ammonia and amines and form
the amndines,

Cgel M N, — a7 enon.

OGN,  NIIL,
Awrtanidine.,
4. The latter are alsa formed by the direct action of ammonia
on the eyanide,

7
Cl.CN 4+ NI = Clcl N
: NI,
5. llydroxylamie unites with the cyanides, forming amid-
oximes,
ay oy o/ NOI
ClLECN 4+ O = ¢ e gy
6. With 16,8 the thiunides are formed,

CHLCN 11,8 = CHL.CS N,

PREPARATION 14

Methylamine Hydrochloride.--This reaction, which
yields the primary aimine, is applicabie, not only to the aliphatic,
luat alsa to the aromatic amides. The fermation of anthranilicazid
from phthalimide is a process of technical importance. By the
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action of bromine and caustic potash, phthalaminic acid is first
formed, which then yields the amino-acid,

_CONI
Cl,IL/ \\Iu + 11,0 = Gt i
Nco COON
CONIL, CONIIBc
CgH4< +Br, = c6114< + HBr
COOH COOII
_/CONIEr
oo = Gl + IIBr
NCO . N
+ =C, + CO,
A I ““Ncoont

The primary amines may also be obtained by the following
reactions :
1. Action of alcoholic ammonia on the alkyl iodides and
nitrates,
CyI1,I + NII, = C,HNH, + HI. (Ilofnwno.)

Secondary and tertiary amines are also formed (sec p. 150),
C,H,ONO, + NIl = Gl NII, + IINO, (Wallach.)

2. Reduction of the following classes of compounds :
nitro-con:pounds
cyanides
oximes
phenylhydrazones
C,H,NO, + 3, = C,H,NH, + 2H,0. (V. Meyer.)
CJILCN + 2II, = CIL,CH,NI1, (Mendins.)
CH,.CH:NOII + 2H, = CH,.CII, NII, + H,0. (Goldschiiclt.)
CH,.CH:N.NHCgH; + 2H, = CH, CH,NH, + CylI;.Nil,. (Tafcl.)
3. Hydrolysis of the isocyanides with conc. HCl, which occurs
i tyo steps :
C,H,NC + H,0 = C,II,NIL.COH
C,H,NH.COH + II;0 = C,H,NII, + HCO.OH.

T'h= three classes of aliphatic amines (primary, secondary, and
1ertiary) may be distinguished by their behaviour with nitrous
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acid and alkyljodide. “The primary amine is decomposed with
HNO,, forming the aleolwol, and nitrogen 1s evolved,

CAENTL 1 HINO, = GO+ Ny + 11,0
The seeondiay amine forms the nitrosamine, insoluble in water

(CalLNTT 1 TINO, == (Gl 1).NNO 11,0,
Dictby it enszaniue,
The tertiary amine is unacted on hy nitrons acid, hut, unlike
the other two, unites with an alkyl 1adide and forms the
quaternary ammoninn iodide (ofinum),
(Cal1eN -t Clgl = (C,11,).NCIIL
‘Triethyluethy kaanouim folide,
The Dbehavionr of nitrous acid with the aromatic amines is
somewhat different (See Preps. 60, 11572, and 62, p. 161).

The primary amies may also be distinguished from second-
ary and tertiary sunines by the isocyanide reaction (p. (50), which
consists m heating the amime with a little ebloroform and alco-
holic potash solntiun.  An intolerable odaur of isocyanide is
enitted,

Col LN 1 CHECL 4 ZKONT = CLNC 4 3R+ 31,0,

VREFARATION 15,

Ethyl Acetate. —Isters may be obtuned by the direct action
of the alcohiol on the acid as ia the case of methyl oxalate.
(Prep 26, p.o1o1). A certain quantity of ethyl acetate 1s also
obtained Irom ethylalcohiol and acetie acid,bnt the action, which
18 a vz xible ong, stops when a certain proportion of the con-
stitnents ave combined (. 234). It is represented thns :

CAlN 1 CHZ COOT Z Cl e COOCIT, + 11,0,

which siynifies that the ester and water react and regenerale
alcohol and acid, whilst the reverse process is in operation. Dy
removing the witer as it is formed by weans of snlphuric acid
or by distillation, this condition of cquilibriim is disturbed and
the reaction s conpleted.  This does not, bawever, explain the
fact, first discovered by Scheele and afterwards investigsted by
Fischer and Speier (see Preqi gy, p. 209), that a very Limited
guantity af conc. sulphuric or hydrochloric acid will produce
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the same result.  According to Henry the reaction with HCI
takes place in several steps,

CH,.COOH + CH,;0H = CH,C(OH),0C,H;.
CH,.C(OH),0C,I1, + HCl = CILC(OIN)CIOC,H; + H,O.
CH,. C(OH)CIOC, I, = CH,.COOG,II, + HC.

Other mnethods for the preparation of esters are by the action of
alcohol on the acid chloride or anhydride (see Reactions, p. 75),
or by boiling up the dry powdered silver salt of the acid with the
alkyl iodide,

CH,COOAg + ColI;I = CH, COOG,II, + Agl.

The esters are, for the most part, colourless liquids or solids of
low m. p., with a fruity smell and insoluble in water. They are
hydrolysed by potash (most readily with alcoholic potash) and
give amides with ammonia,

.CH;.COOC,H,, + NH, = CH,.CONH, + C,IL,0H.

Acetantide.

PREPARATION 16.

Ethyl Acetoacetate. —The cxplanation of the manner in
which this substance is produced has been given in the account
of the preparation. The result was arrived at, not hry the isola~
tion of the intermediate compound formed by the union of
ethyl acetate with sodium ethylate, but by analogy with the
behaviour of benzoic methyl ester with sodium benzylate, which
gave the same additive product as that obtained by combining
benzoic benzyl ester with sodium methylate, showing that such
combinations could occur,

/ONa
CsH;C<OCH,
N\OCH,.CH,

Also by the fact that sodium only attacks ethyl acetate in
presence of* ethyl alcohol, although the quantity of the latter
may be very minute. Similar reactions have been effected
with either metallic sodium or sodium ethylate by Claisen,



APPENDIX 249

W. Wislicenns and others, af which the following examples
nmst saltee s

¢

CALCOOCT, 1 ClHLCO0CAT, = Col1,C0.CIL.COOC,I,

Thotveois v, Averie ser. Homreplliewnsic esrers -1 Col1,01.
Ncaod,Il, 1 (‘II;-;(‘_()()(‘....II:, = 11L.COCHLCOOC T,
Tty estet, Ay msier. Frrtylieeetic’ estar, A Cul 1,011,
C 1,000 COO000, . = CJLOCO.CO.CIL.COOCIT,
Tlealiv ever. 1 ClLCex )(,'__,’I 1= OxalyLai: ester, G I:’.()l 1.

A iy vster,

Frow this it would appear that condensation might always be
effected between an ester on the one band and a compound
comtaming the gronp C1L,.CO on the other.  This scems very
generally to he the ease, and Clhusen bas succeeded in pro-
dueiny; condensation prodnets Detween esters and ketones o
aldehydes containing this group.  (See Urep. oo, p. 212.)

The forianla for ethyl acetoncetate would imply the properties
of a ketome, aview which s borne out.hiy its reduction to a
hydroxy-aad,

Cly. CHONLCIL COOCIT,,

B Uploaxyhutyr: cater,

and by its behavionr with pbenylhydrazing and hydroxylamine.
The latter rewtians wive rise ta the formation of the usual
phenylhydrazone and oxime, whilst a moleenle of alcohal is also
removed resulting in a closed chidn, in the famer case phenyl-
sicthylpyrazolone, and in the latter methybsoxazolone heing
farmed,

ClpCCTRCO Cll,C.Cl.CO
1 l Il l
K- NGyl Ne——-0
Phenytunthylpyrazolwe. Meahylisoxazshne.

The “methylene” group (CIH,) standing between two CO
groups, such as occurs i acetoacetic ester, is characterised by
certain properties, which are shared hy all compounds of similar
struetnre, viz., by their behaviour towards nitrous acid, diazo-
henzene salts, and metallic sadivm ar sodium aleoholate,

The first reaction leads to the formation of isonitrosaacetone,

Cl13.CO.Cl1LCOOC T 4+ 1INO, = CIL.CO.CIENOII + CO,
+ GO
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The second yields, in acetic acid solution, fornazy/l derivatives,

CH,.CO.CH,.COOC,H; + C,H,N,Cl = CIT,.CO CI:N.NILC, I
+ CO,y+ CILOH + 1N CL
CH,.CO.CH:N.NIICIIL, + CelH,N,Cl

_ /N:N.CJII,
= ci, co.c NN T, + 116

Acetyl diplieuy! forawzyl.

The third is capable of the utmost variety, since the sodium
in the sodium compound may be removed hy the action of :

1. lodine, which leads to the formation of acetosuccinic
ester,

CH,.CO.CIINa.COOG,II, CIL.CO.CII.COOG,II,
+ I, = | + 2Nal.
CH,. CO.CHN:.COOCGC,lI, CI1,.CO.CIL.COOC,II,

Acetosuccillic ester,

2. Alkyl iodide, wherehy two atoms of hydrogen may be
successively veplaced by the same or different radicals,

CIH.CO.CIHNa.COOGC,iL; + CIII = CH; CO.CII{CII,)COOC,I I
+ Nal.

Cl1,.CO. CNa(CH,).COOC,I1; + CH,I =CIl,.CO.C(CIL,),.COOC,] 1,
+ Nal.

3. Acid chloride, which is of similar character to the fore-
going process, but gives rise in some cases to the simullancous
formation of two isomeric compounds, a fact which at one tiine
threw considerable doubt on the ketonic character of acecto-
acetic ester. Thus chloroformic ester and sodiam acctoacetic
ester produce the following two derivatives, of which the second
predominates :

CH; CO.CH(CO,CHy)e.  CH,. C(OCO,ColL,):CILCO,C, 11,

Acetylmalonic escer. B-Carboxethylacetoacetic ester.

The synthetic capabilities of this compound are not yet
exhausted. Acetoacetic ester and its alkyl derivatives undergo
decomposition in two ways, according to whether dilute
alkalis and acids or, on tlie other hand, strong alkalis are
employed.
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v Wath i/iée aqueous or aleoholic caustic alkalis, or haryta,
or sblphurie acid, a ketone is formed (ketonic decomposition),

CH COCL COOC, 4 ILO = CL,.CO.CM, + CO, + CIL,0H.

2. Cancentrated alcoholic potash decomposes the ester into
two moleenles of acid (acid decomposition),

CN CO.CH COOC L -+ 21,0 = CIT.COON 4 Cli,COOH

+ GO,

If the alkyl derivatives of the ester are employed, it is
possilile ta cffect the synthesis of a series of ketones and
satnrated aliphatic acids, according to whether the one or other
reaction is nsed.

Of the other synthetic processes which have licen studied in
camnection with this suhstance, the followiny may he inentioned :

«. The manoalkyl derivatives yield with nitrous acid the
isontroso-derivative, from whicli the ortho-diketone may be
obtaned (v. Pechmann),

CleCO.CIC,).COOCT + TINO, = Cl CO.C:(NOT).CH,

+ GO + 11,0,

(N COCANON).CI, 4+ 11,0 = Cl1, CO.CO.CI, + NILOII.

Dince(yl.
These compaumds readily condense, forning  derivatives of
quinone,

b feoening cn:.lc.co.lcu
LCOLC ok, CILCO.Cl,

Diwelliyl quinwtie.

2. Ahlehyde-ammonias and acetoacetic ester yield pyridine
derivatives (1lantzsch),

R \I1
Lo A
<‘Ila-(l'§ O 1oaC CIL.C C.Cll,
; : i = “
Cyl0C0.C T TN SC.CO.0C 1y c,_,n_,,().cu.c[ 'L'*.C().()C.A;Ls
R N/
PO CH
Sy '
¢Nn ¢,

. Dihydrocollidinellic:rbuxylic estr.
Cll,
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3. Orthoformic ester and acetoacetic ester in presence of
acetic anhydride form a hydroxymethylene ester (Claisen),

CH, CH,
|

Co |o

|

CH, + HC(00G,ll,)y = C:CILOC,IL, + 2GIL,0IL

COOC, 11, CQOC,,

4. The derivatives of acetosuccinic ester are very numerous
the compound lending itself readily to the formation of Aetero-
¢yclic componnds (pyrrole, farfurane, thiophene, pyridine, &c.,
derivatives).

The impartial way in which acetoacetic ester was found to
behave, sometimes playing the part of a hydroxy-compound,
sometimes that of a ketone, has led to much discussion on the
merits of the formulee proposed by Geuther and Frankland,

Cli,. C(OH):CIL.COOG,I,. CIL,.CO.CIL.COOC,II,.
Geutlier's fornwla. Frauklawd’s forwula,

From its pliysical properties and from its close analogy with
compounds which are known in both desmotropic forms, there
is now little doubt that the liquid is a mixture of both com-
pounds, the proportion of each being determined hy temypiera-
ture and other conditions. Tt is a typical example of lZeuzomcr-
st

PREPARATIONS 17—18.

Monochloracetic Acid and Monobromacstic Acid. —
The action of chlorine on the aliphatic acids takes place in
presence of sunlight, also on the addition of small quantities of
the “halogen-carriers,” iodine, sulphur, and red phosphoras. By
the action of iodine, IClis formed, which decomposes more readily
than the molecule of chlorine, and hydrodic acid is iberated,

CH,;.COOH + ICl = CI1,CI.COOH + III.

Tle hydriodic acid is then decomposed by chlorine, and ICl
regenerated. Phosphorus acts by forming the chloride of
phosphorus from which the acid chloride is produced, which is
more readily attacked by chlorine than the acid. Sulphur
behaves in a similar fashion, sulphur chloride converting the

! For a full discussion of the subject of tautomerism, see the author's Osganic
Chemistry for Advanced Studerts, E, Arnold, London.
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acid into the acid chloride. Dromine in presence of phosphorus
forms i the same way, first, the acid bromide, and in the
sceond stage of the rexction, the bromine substitution product.
The bromine i all cases attaches itsdf to the a-carbon (i.e.,
next the carbaxyl).  Where no free hydrogen exists in this
pasition, as n trimethylacetic acid, no substitution occurs.
lodine can be intraduced by the action of KI on the bromine
derivative,
ClL I COOI 4 K] = CHLL.COON + KBr.
Monohalogen dervatives may also he ohtained from the
uansaturated acids Ly the action of the hydracids (HCl, HIr,
HI). In this ease the halngen attaches itself to the carbon
farthest from the carboxyl. Thus acrylic acid gives with ABr
the B-bromopropionic acid,
CHECILCOON e - ClLBeClLLCOOIL

The action of the hydracids, PCL;and PBrg, on the hydroxy-
acids also yields the halagen derivatives,

Cl CTIOT.COOlT -+ Tk, = Cl CHBr.COOH + 11,0.
ClHLCHON.COONT - 21Cl, = ClI; CIICL.COCI + 2POCI,
- 211C.
In the latter case the acid chloride must he sulisequently
decomposed by water ta abtain the acid.
‘Ihie increase in the nuuber of balogen atoms in the acid
raises the Doiling point as well as the strength of the acid as
deterunned by its dissociation constant K.

L9 N K

Acervacid . 0L L L0 18 ‘0018
Monoelloreetic sedfd . . . 185° ‘155
Dichloecedeancid . . . . . 190* 514
Teivhloraceny weid . . . . 195° 1

Some of the transformations of monohalogen acids are
illustrated by the following equations :

CILULCOOTT - 1140 CILONLCOOT 4 TICL

CHLCLCOOIT 1 KCN = CHLCN.COOTN 4 KC)

CHLOLCOOI U 2N = CHNTLL.COOTT - NILCL
Cl1, COOT

2CNBRCOON U Ay, = | 4 2AgBr
Cl1..COOTI

CILLCILLCOO0N + KOIT = CHuClLLCOOH + KI + IL0.
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PREPARATIONS 19—20.
Glycocoll,—By the action of primary and secondary amines,
corresjionding amino-acids are foomed.  Chloracetic acid and
methylamine yield sarcosine,

I NHCH,
CH, + NH,CH, =ClI, + HCI.
\COOH Ncooir

The amino-acids are further obtained by the reduction
(Zn and HCI) of nitro-, oximino- and cyano-acids, thus :
CIL(NO,).COOII + 3, = CHNIL)COOII + 211,0,
CH,.C(NOI1).COOH + 2H, = CIl,.CII(NH,).COOII + 11,0,
CN.COOII + 211, = CH,NIL,).COOH,
and by the action of NH; on the cyanhydrin of aldehydes and
ketones, or simply of ammouium cyanide.  The product is then
hydrolysed with HCl,

IS N Lo coon
CH.COH + CIL.Cu = céu 3 c.ci
NoH w1, NI,

The amino-acids are crystalline compounds usually of a sweet
taste and soluble in water.  They are neutral compounds, from
which it may be assumed that an inner anumonium salt is
formed —

By the action of an acid chloride on the amino-acid, the hydro-
gen of the amino-group may be replaced by an acid radical.
Hippuric acid has been synthesised in this way.

NII, NILCO.CJL,
CH, + C4I1,COCI = CH, + 1ICY .
\cooii N\coon

The amnino-acids are not acted on by a hot solution of caustic
alkali, but on fusion with caustic soda or potash, yield the
amine and CO,,

NH,
CH,.CH = CIL.CH,NH, + CO,.
\COOH
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With nitrous acid the hydroxy-acid is formed,
NH, _OM
CH. + IINO, = CH, 4+ N, + H,C.
“Cooll Ncoon

PREPARATION 21,

Diazoacetic Ester. —The pirimary amines of the aliphatic
scries differ from those of thearomatic group in the fact that the
former yield no diazo-compounds with nitvous acid. 1t is other-
wise with the amino-csters, the ester group prohably furnish-
ing the acid character (represented iy the nuclens in the aromatic
series) necessary to give stahility to the compound. It should
lie pointed out that the two classes of coinpounds have not an
identical structure. The formation of diazoacetic ester from
pyruvic ester and hydrazine and subsequent oxidation with mer-
curic oxide indicates that both nitrogen atoms are attaclied to
carbon,

I, qu\ NH
CO + NII,NH, > //| -
CILO.CO CHOCO \NH
Clin
B
ci,0.co” <

In addition to the rcactions described in the preparation
diazoacctic ester unites with unsaturated acids and forms cyclic
compounds. Fumaric ester, for example, combines in the
fullo\vilw way i—

NN “ + GH.COOR <o.oc.nc'/ NN >
coox\ Lt cooxr R0.0C.HC— 'CI1.cOOR
KO.CO.CH
\ - Ny

KO.CO.CII—CILCOOR .
When bisdiazoacetic ester is heated witly water or dilute acid
it Dbreaks up into hydrazine and oxalic acid,

COOH

=N o
nooc.ci’ CH.COOH + 4H,0 = 2 + 2NTi, NH,
\nN=n COOH
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PREPARATION 22—23.

Ethylmalonic Acid.—Like acetoacetic ester (see p. 83),
diethylrhalonate contains the group CO.CH,CO. By the
action of sodium or sodium alcoholate, the hydrogen atoms of
the methylene group are successively replaceable by sodiuin.
The sodium atoms are in turn replaceable by alkyl or acyl
groups. Thus, in the present preparation, ethyl malouic ester
is obtained ly the action of ethyl iodide on the monosodium
compound. If this substance be treated with a second mole-
cule of sodium alcoholate and a second molecule of alkyl iodide,
a second radical would be intvoduced, and a compound formed
of the general formula

X
N
v - C(COGH),,

in which X and Y denote the same or different radicals.

These compounds yield, on hydrolysis, the free acids, which,
like all acids containing two carboxyl groups attached to the
same carbon atom, lose CO, on heating. Thus, ethyl malonic
acid yields butyric acid. In this way the synthesis of mono-~
basic acids may be readily effected. Malonic ester, morcover,
may be used in the preparation of cyclic compounds as well as
of tetrabasic and also dibasic acids of the malonic acid series
(Perkin). To give one illustration : malonic ester, and cthylene
Liromide in presence of sodium alcoholate, yield trimethylene
dicarboxylic ester and tetramethylene tetracarboxylic ester. The
first reaction takes place in two steps,

CIINa(COOC,H), + Cy}1,Br, = CH,Br.CIL,. CII(COOC,H;), + NaBr.
CHNa(COOC,H,), + CH,BrCH, CH(COOG,II;)
CH

= "">c<cooc._,x—15)._, + NaBr + CH,(COOC,H,)..
CH,

In the second step a second molecule of sodaim malonic cster
exchanges its sodium with the substituted malonic ester and a
second molecule of NaBris then removed.

The formation of the tetracarhoxylic ester occurs simultane-
ously,

2CHNa(COOC,Hy), + C.H,
= (COOG,H ) ¢t CH,.CH,.CH(COOC,H,), + 2NaBr
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The free acid derived from the ester by hydrolysis loses two
moleeules of CO, on heating, and gives adipic acid,
(CHONLLCTLCHLCHy CHCOO ),
= COOI1.CI,.CH, Cl,.C11,.COOH + 2CO,.

Cyanaccetic ester has similar properties to malonic ester, inas-
nuich as the methylene hydrogen is replacealile Ly sodium and
thus by alkyl groups.

CN CN CN

| |

¢, < ClINa > éux

| | |
COOC, COOCT, COOG,IH,

P REPARATION 24.

Trichloracetic Acid.-~This acid may also be oltained by
direct substitnion of acetic acid by chlovine (Dumas) (see Prep.
17, - 87). The oxidatian of the corresponding  aldehyde is,
Lowever, the more convenient method.  Trichloracetic acid
deconposes with alkalis on heating into carbonr dioxide and
chlorofarm,

CClL, COON = CHCly 4+ CO.,
The reaction resembles the formation of methane from sodium
acetate when heated with soda-lime.

On redivtion with soduun oc potassium amalgam, trichlor-
acetic acid 1s converted mto acetic acid (Melsens),

CCleCOOTT 1 311y = CII COOM + 311CL
Dicbloracetic acid miay alsin be oltained from chloral by the
action of potassium cyunide and water,

CCLCOTT 11,0 + KCN = C1CL.COOT + RC + TICN,
Wherens mona- and tri-chilaracetic acid are solid, dichloracetic
aaid is a liquid at the ordinary temperature.

P REPARATION 235.

Oxalic Acid.—The prepruation of oxalic acid by the action
ol mitric acid on sugar was introduced by Scheele, and was used
for some time as a teehnical process.  Fhe vanadium pent-
oxide acts as caurrier of oxygen, being altemately reduced to
tetroxide and re-oxidised.  The present commercial method is
to heat sawdast with a mixture of caustic potasl and soda on

COHEN’S ADV. . 0. C. ]
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iron plates to 200—220°% and to lixiviate the product with water.
The acid is precipitated as the calcium salt, which is then decom-
posed with sulphuric acid.

PREPARATION 27.

Glyoxylic and Glycollic Acids,—The process of electro-
lytic reduction has heen applied successfully to a large number
of organic compounds, and has not only been found to have
definite practical advantages in many cases over other methods,
but, on account of the ease with which it may be controlled, has
elucidated the various stages in the mechanism of some of the
more conplex changes. The reduction of nitro-compounds is
illustrated in Preps. 49 and 50. The reduction of organic acids,
ketones and carbonyl compounds generally has been developecl
by Tafel and others, and in these cases it is found advantageous
to use a mercury or lead electrode. An essential feature of the
process is a clean metallic surface at the cathode and the absenc¢e
of foreign metallic npurities. The reduction of the carbonyl
group proceeds in three steps :

v v
>CO + zH = C(OIT) — C(OlI)
>CO + 2H = > ClIOII
>CO + 4ll = =CH, + 11,0

PREDPARATION 28.

Palmitic Acid.—This acid, together with stearic and oleic
acids, in the form of the glycerides, are the chief constituents of
fats. Palmitin (glyceride of palmitic acid) is also found 1
certain vegetalle oils like palm and olive 6il. The acid occurs
also as the cetyl ester in spermaceti and as the myncyl ester
in bees-wax. It may be obtained from oleic acid by fusion
with potash,

Cisl1;0, + 50 + SKOH = CyH,0,K + 2R,CO; +4I1,0.

In the analysis of oils and fats, where the quantity of fatty acicl
is the chief olject of the determination, it is customary to
hydrolyse the sulistance with a standard solution of alcokolic
potash in place of aqueous potash, and to estimate the excess
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of free alkali with standard acid, using phenolphthalein as
dicator. Thedifference gives the amount of alkali neutralised
by the fatty acid (see . 210).

PREPARATION 29.

Formic Acid.—In addition to the method described, the
acid is formed in the decomposition of chloral (see p. 9),
chloroform (see Prep. 8, p. 71), iy the action of conc. HCl on
the isocyanides,

CJLNC + H,0 = C,H;NH, + HCO.0H,

by the decomposition of aqueous hydrocyanic acid, which yields
the amanonium salt,

HCN + 2I1,0 = HCOONH,,

and hy the oxidation of methyl alcohol with potassium bichrom-
ate ancl sulphuric acid. It is present in the sting of ants and
nettles, and is also occasionally found among the products of
bacterial fevmentation of polyhydric alcohols and carhiohydrates.
The commercial method is to act on solid NaOH with CO
ander pressure and at a temnperature of about 100° ;
CO +NaOH =IICOONa.

The calcium salt is used in the preparation of aldehydes hy
heating it with the calcinm salt of a higher aliphatic acid,

(IICOO0).Ca + (CH,COO0),Ca = 2CH,CO.11 + 2CaCO,.

The reclucing action of formic acid and: formates on metallic
silts may be ascribed to the presence of the aldeliyde group
(OH)CHL:O in the acid.

PREPARATION 30.

Allyl Alcohol.—Note the difference produced by the
change in the relative quantities of glycerol and oxalic acid,
and the temperature at which the reaction is brought about.
In the case of formic acd, it is the oxalic acid alone wlhich
underyoes decomposition, and theoretically a small. quantity of
ulycerol will effect the decomiposition of an unlinuted amount
of axalic acid. But at the higher temperature it is the glycerol
which yields the main product. Allyl alcohol being an un-

52
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saturated compound, forms additive compounds witly halogens
and halogen acids. With permanganate solution it may be
converted into glycerol,

CH,:CIL.CIL,OH + HyO + O = CH,OH.CIIOH.CII,0H.

On oxidation with silver oxide it yields the corresponding alde-
hyde (acrolein) and the aad (acrylic acid).

PREPARATION 3I

Isopropyl Iodide.—The replacement of hydroxyl by iedine
@ the action of phosphorus and iodine on alcohols has alreacly
been described (see Prep. 6, 1. 68), but here (he presence of an
excess of hydriodic acid, which is due to the action of water oun
the phosphorus iodide,

PI, + 311,0 = P(OM), + 311,

exerts in addition a reducing action on certain of the lydroxyl
groups. By diminishing the proportion of phosphorus and
lodine to glycerol, the reaction may he interrupted at an earlier
stage, when allyl iodide is formed.  This is probably due to the
splitting off of iodine from propenyl tri-iodide,

CILLCHICH,I = ClI:CH.CH,I + L.

On the other hand a larger iroportion of phosphoras and iodine
or conc. hydriodic acid will reduce allyl iodide to propylenc,

CHCILCILI + 111 = CIL:CILCH, + I,

The action of hydriedic acid on glycerol is typical of the
polyhydric alcohols. Hydriodic acid converts erythritol into
secondary hutyl iodide, and mannitol into secondary hexyl
iodide. The normal iodides are never formed.

PREPARATION 32.

Epichlorhydrin.—It is a noteworthy fact that although
hydrochloric acid can replace hydroxyl by chlorine in the case
‘of the monohydric alcohols, the number of hydroxyl groupns which
are substituted in the case of polyhydric alcohols is strictly
limited. Like glycerol, ethylene glycol gives a chlorhydrin,

CH,OH.CILOHM + IIC] = CH,0H.CILC! + iLO.
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The remaining hydraxyls can always be replaced by chlorine
hy the action of PCl;. - The chlorhydrins may also e ohiained
by the action of 110CI on the olefmes. It is a general [roperty
of these emvpiounds to form the oxide when heated with caustic
alkalis.  Iithylene chlorhydrin gives ethylene oxide in this way,

CIHLLLCIOI 4 NwOII = Cliy.ClI, + NaCl + 11,0.
AN ;
Q

Compiounds bke cthylene oxide and epichlorhydrin may be
regarded as inner cthers,

CII, CH,

o ol *

“CII, ClI,
Ethylene neide. Diwtethy!l ether.

These oxiden are casily decomposed. With water, cthylene oxide
forms glycol; with bydrochlorie acid, the chlorhydrin; with hydro-
cymie acid, the eyanhydrim. Epichlorhydrin belhaves similarly.

PREPARATION 33.

Suceinic Acid.—Tartaric acid, like nalic acid, is converted
into snceinie acid on reduction with HI, and the relationship of
these three acids 1s thereby estahilished.  The constitution of
surcinic acid itself has been determined by its synthesis from
cthylene (Maxwell Simpson).  Ethylenc unites with hiromine,
forming cthylene bromide, which yields cthylene cyanide with
potassium cyanide.  The latter is then hydrolysed.

Cll, Cll, e CIICN CIL,.COOH

i > > , > |
Clly CILBr CI1LCN CiL, COOII

1t is an mteresting fact, not yet fully explained, that the
alkyl succinic awids give anhydrides more readily than succinic
acid, and the greater the number of alkyl groups, the more
readily is the anhydride jroduced. Thus the anhydride of
tetramethyl succinie acid is sa stable that it is not decomposed
Ly water.

The symmetrical dialkyl succinic acids exist in two forms,
each yiclding a separate anhydride. From their similaritv to
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the anhy dndes of he‘cah) d]Ophll]dl]C acid, they are distinguished
as cis- and trans-commpounds (see Notes on 'rep. 37, p. 265).

CH, Cil,
: N
CIL.CO 1,c~ CILCO
NO No
e
CH.CO H,C CII.C/O
CH, CH,
Dimechylsuccinic Hexahydroplithalic
anhydride, anhydride.

PREPARATION 34.

Ethyl Tartrate.—The speculations of Pasteur (1860) on the
cause of the optical activity and hemihedry of tartaric acid and
its salts, and of Wislicenus (1873) on the existence of three
lactic acids, have developed in the hands of Van’t Hoff and
Le Bel (1874) into the present theory of stereo-chemistry or
atomic space arrangement. Optical activity is found to be in-
variably associated with the presence in the substance of an
asynunelriz carbon atom, e one linked to four different groups.
Now every asymmetric (unsymmetrical) ohject like a hand or
foot has its fellow ; but the two do not precisely overlap, and
every substance containing an asymmetric carbon atom, round
which the four groups are distributed, not, as usually repre-
sented, in one plane, hut in space of threec dimensions, is
capable of existing in two forms, whicli correspond to a left and
right hand, or to an object and its reflected image.

This is represented Ly mnaking the carbon atom the centre ot
a tetrahedron and attaching the four different groups to the

A

c B

four solid angles. The two forms will then appear as ia the
Fig., in which ABCD represent four different groups. When
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nsing setnal models, 10 will he found that they cannot he turned
seeas o comeide ntil two of the gronps In one model have been
merelimged.

The mam difierence hetween tw such substances lies in their
action on polansed bght, the ome turming it to the right (dextro-
rotatory) andd the other to the left {laevo-rotatory), when in the
Liqid or dlissolved state. Althongh ev ery optically active sub-
stance contams at least ane asynonetric carban atom like amyl
aleohol and malic acid, or two like tmtaric acid (the asymnaetric
carbon 1s represented i heavy type),

11

ClL,,CO0N |
| | 110—C--COOH
Col ¢ T NG - |
l

11Q--C—-COO0IL
Cllall canil |
Il
Artiov auyl alyndusd, Mudie acil, ‘lartaric acid.

the converse daes not always hold 5 for there are many com-
potnds which possess an asymmetrie caubon atom and show no
rolapion. The vamse af this may be, either that the substance is
a mixture of cqnal qamtities of the two forms, which hy having
oppasite rotations nentralise each other’s effeet as in the case of
racemic ackl, whieh cansists of equal quantities of dextro- and
laevo-tortaric aekd and praduces what is termed “external com-
pensation,” or the twa sinmilar asymmetric carlion atoms exist
within the same woleenle and neutralise each other’s effect by
“internal compensation,” as in the case of mesotartaric acid.
External compensation 1s generally exbibited by artificially
prepared compamds as distingnished from natiral products.
Thus, glveerie acil from glyeerol 1s mactive, though it contains
an asymmetric earbon aton,

CILOTI
|

1--C-- O
COOTI

becanse it consists af a4 mixture of dextro- and lacvo-glyceric
acid in equal guantities, whereas tartaric acid, which occurs m
grapes, nalic acid, which is obtained from monntain ash Lerries,
and also the sugars, terpenes, alkaloids, and a number of other
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natural products are all active. One of the great achievements
of Pasteur in this line of research was the separation of inactive
" externally compensated” compounds into their active com-
ponents or “optical antipodes” or “enantiomorphs” One
method of separation is described in Prep. 35. For details of
other methods a book on stereo-chemistry must be consulted.

On the formation of ethyl tartrate, see notes on Prep. 15, p247.
Ethyl tartrate may also be obtained by the method describedl
in Prep. 86, which vather curtails the operation and does not
necessitate the use of more than half the quantity of ethyl
alcohol required by the earlier process.

PREPARATION 35.

Racemic and Mesotartaric Acids.—These two acids
represent two inactive types of compounds containing asymmet)rc
carbon atoms {see above). Apart from cevtain wellaunarked
differences in physical properties they also differ in onc
important feature ; racemic acid can be resolved into its optical
enantiomorphs, whereas mesotartaric acid cannot. The latter
belongs ta what is termed the inactive indivisible type. If we
examine the structural formula of tactaric acid it will be seen
that it possesses two asymnetric carbon atoms, denoted in the
formula by thick type.

l
Ho—(':—coon
HO—(IJ—COOI—I

H

Each asymmetric carbon atom is attached to similar groups.
Let ns suppose that each asymmetric carben with its associatect
groups produces a certain rotation in a given direction. We
mayimagine the following combinations of two similarasymmetric
groups. Both produce dextro-rotation, or both produce lacvo-ro-
tation. They will representthedextro and laevoenantiomorphs,ancl
the mixture of the two will produce inactiveracemicacid. Raceniic
acid is said to be nactive by external compensation. Suppose,
finally, that the two asymmetric groups produce rotation in
opposite directions. They will neutralise one another. The
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resnlting compound will he inactive by 7uternal compensation.
Snch a componnd cannot be resalved by any process ito its
active components.  The above compounds may be represented
by the following prrojection formnlie, in which the groujs mnust
be assmmed ta ocenpy three-dimensional space (the asymumetric
carbon atoms beinyg denoted hiy cross-lines),

COOl Cooll COOII
ol 1 -t —Olr H——0
1 l -0l Oll--|—11 I—|—0u
Cool) COON coon
d. :l"ul'l.:kl'i(: wril. 4 Panric weid,

Riauie bl Mesolartaric acid.

The conversion of active tartacic acid into the inactive forms
is known as swceniefion, and secording to Winther is effected
Dy the interelionge of the graups romd each asymmetric carlion
atom snecessively so that part of the active acid is first con-
verted inta mesatartarie acid, which then passes into the laevo
variety,

’REPARATION 37.

Citraconic and Mesaconic Acid.—The theory of Le Bel
and Vaw’t 1offl has heen extended to unsaturated compounds
Like famarie and naleic and the above two acids, which form
isomerie pairs, These two pairs of acids bear a close resemilance.
It has already been observed in the course of the preparation
that eitraconic is readily converted into mesaconic acid. More-
over, they both vield pyratartarie acid, on reduction, lut only one,
citraeonic acid, forms an anbydride.  Maleic acid in the same
way Is easily converted into fumaric acid by bromine, both
maleie and fumarie acid yield snecinic acid on reduction, but
only malaie acid forms an anhydride.  The explanation is as
follows : in cach pair of compounds there exists two carbon
atoms linked to one another by a double bond and each attached
o twao dilferent gromps. Vaw’t Hoff refers the isumerism of each
pair Lo a space arrangement, which may be represented by
snpposing two  teteahiedra ta he jained by a common edge.
As the centre af each tetrahedron is occupied by a carbon atom,
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and the four honds are directed towards Fhe four cormers of
the tetrahedron, this space arrangement will correspond to a
donhly-linked carhon. If the two spare corners Qf each tetra-
hedron arc now occupied by different groups, 1t 1s possible to

A B B | {A
A B A B8
produce two forms by transposing one pair of groups.  Suppios-

ing A and B to represent two different groups, the above forms

will resnlt.
The two pairs of acids will be represented as follows :-—

HO-CO " 1 C0-0H HO-CO CHy CHy

i CooH A TooH  H coon A
Fumaric acid. Malcic acid. Mesacenic acid. Clrracouic aciel.

Isomerism in this case is not characterised hy optical activity,
as the groups lie in one jlane and no structural asynunetry is
possihile ; but is exhihited by such physical differences as solu-
bility, melting-point, electrical conductivity, and hy the fact that
in the case of dibasic acids only one of the pair yields an anhy-
dride. Maleic and citraconic acid form anhydrides, hut fumaric
and mesaconic acid do not. In the case of the acids which form
anhvdrides, the carboxyl groups are supposed to be nearer
together, Z.e. on the sane side (¢Zs) of the molecule, in the other
case on opposite sides (#ans) of the molecule. Maleic and
citraconic are “cis” acids, fumaric and mesaconic are “trans”
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acids. The follewing tahle yives the various physical proper-
ves, salnbility, melting-pamt, mud dissociation constant K of the
two pairs al aods,

’

8. i M. C. K.
Madede o . S veey solulde ! 130" 11y
Fyowete . .. F mmel ess sanble. shblinwes at 200° 093
Olnemie . . L0 very silolle. $o° 340
Mesteonie . . neh less solnble. 202° 079

I'REvARATION 38,

Urea.—1n addition to the method described in the prepara-
tion, nrea way be obtaiced Ly the oxidation of amhydrous
potassinm - ferrocymnde with potassiom hichrowate (Willinms),
or numganese dinxide at a ved heat, or hy the action of per-
nnpgniite on a colld solntion of potassium cyanide (Volhard).
It s been synthesised by the actian of ammonia on (1) phos-
wene, () urethiane, ( p ehlorolormic ester, and (4) ethyl carhonate.,

1. COCly NI~ NLLCONTL, 1 2NTLCL

2. NILLCAoctl, ¢ NI - NHLLCONITL, 4 1,010,

A ClCONCIG 1 3N = NTLLCONIL + CI1011 1 NILC)
4 CAaOULI, 2N - N1 COUNITL, 4 2C0 1,011

also (5% by the action of dilnte acid on cyanamide, and (6) by
heating guanidine with dilate sulpburie acid or baryta.

5. CNNI, 1,0 = N1 CO.N,,
60 NITECNTL, 11,0 = NTLCONT, + NI,

The synthesis of urea by Wabler in 1828 is usually regarded
2t oa tuming-point in the history of organic chemistry, when
oryimic componnds censed to he merely products of a vital force,
associated with Byving animals and plmts. They now assmmed
fear the first time an ndependent 7484 as substances eopable of
synthiesis by ordinary chemienl means.  In point of fact this 1s
not strictly true, forr Scheele had prepared  oxalic acid, only
previously known in wood sorrel and other plants, from cane
stgar, and Diibereiner had obtained the formic acid of ants by
the oxidation ol tatarie scid. The formation of urea offers an
interesting example of mtrmnolecular change of which many
cases are uow known.  See the formation of benzidine from
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hydrazobenzene (Prep. 51, p. 148) and aminoazobenzene from
diazoaminobenzene (Prep. 70, p. 172).

PREPARATION 30.

Thiocarbamide.—This is an example eof a reversible
reaction, in which either ammonium-thiocyanate or thiourea
when heated vields the same equililrium mixture. It may be
shown by melting a little thiourea for a wminute, when the
presence of thiocyanate is indicated by the addition of 17eCl;

PREPARATION 41

Alloxan.—The decomposition of uric acid into alloxan and
area renders the constitution of alloxan of value in elucidating
the structure of uric acid. The constitution is derived from the
following facts : Alloxan is decomposed with caustic soda or
potash into mesoxalic acid and urea, and with hydroxylamme it
combines to form violuric acid, which points to the presence of
a ketone group (Baeyer). Barbituric acid and nitrous acid
also give violuric acid, and seeing that barbituric acid has
been synthesised from malonic acid and urea by the action of
phosphoras oxychloride (Grimaux), it is unquestionably malonyl
urea. The relationship of these substances must therefore be
represented as follows :

NII—-CO NH—CO NII—-CO

| | i ' I l

?o T‘o Ico lC:NOH CO CH,

NH—CO NH—CO N H—(l:O
Alloxan. Violiwric acidl. Bacbituric acid.

A renewed interest attaches to alloxan since E. Fisclier’s dis-
covery of the new synthesis of uric acid. The steps in the
synthesis are briefly the following. Alloxan and ammonium
sulphite form thionuric acid, which is decomposed by liydro-
chloric or sulphuric acid into uramil.

NI1—-CO NH-CO NII--CO

I, | | | /NH-.’ | |

cO CoO - Co C\ CO CIL.NH,
| | | | “SO;H | |
NII—CO NH-—-CO NH—-CO

Alloxan. Thionuric acid. Uramil.
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Uramil and potassinm cyanate unite to form potassium pseudo-
urate,

NI—CO NII-CO
I |

(I:O CIINMH,+0C.NK = CO CH.NH.CO.NHK.
| |

NII—-CO NII—-CO

Potassium pseudourate.

When free pseudouric acid is heated with 20 per cent. hydro-
chloric acid it yields uric acid,

NII-CO NH-CO
l l l |
CO CIILNH.CO.NII, =CO  C—-NH.
| | | g >CO + H,0.
NI—CO NH—C—Ni/
Pscudouric acid. Uric acid.

Other synthetic methods are also known for which a book of
reference must be consulted.

PREPARATION 42.

Caffeine.---The close relationship existing between uric acid
and caffeine haslong suggested the possibility of converting uric
acid,a comparatively plentiful material,into caffeine,an important
and costly drug, occurring only in small quantities in tea and
coffec.  The problem has been solved hy E. Fischer, who has
succeeded in synthesising caffeine in a variety of ways. Fischer
found that by using the samne series of processes as described
aliove in the synthesis of uric acid, but substituting dimethyl-
alloxan for alloxan, and methylamine sulphite for ammonium
sulphite, trimethyl uric acid is formed, and is identical with
hiydroxycaffeine,

CI-I3N—~—CIIO
&o C— b{(CHa)
/CO
CHyN —C—NII

Trimethy!l uric acid (Hydlroxycaffeine).

Hydroxycaffeme is converted into caffeine by acting upon it
with a mixture of phosphorus pentachloride and oxychloride.
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This forms chlorocaffeine, which is then reduced with hydriodic
acid to caffeine, .

CH., \———-CO CH,N (i‘O
CO C-—1\(CHJ) CO C—N(CIiy)
e | e
CI‘I;,N--—C—N' CH;,N———(,—..
Chlorocaffeine. Caffeine.

The same result may be obtained in a simpler way Dby
nethylating uric acid, and converting it mnto trimethyluric acid
and then into caffeine ; or by preparing the inono- and ¢li-inethyl
derivatives of uric acid, reducing these to the corresponding
mono- and di-methylxanthines and introducing acdditionad
methyl groups into the product.

PREPARATION 44

Tyrosine, Leucine.— 1t has long heen known that mincral
acids and alkalis possess the projierty of hireaking up allaninoid
substances and resolving them mto the simpler amino-acids.
The recent introduction hy Fischer of a mnéthod of separating
the amino-acids hiy converting them into volatile esters followed
by fractional distillation 22 acreo has led to the recognition of the
wide distrilmtion of such acids as alanine, serine, and phenyl-
alanine, and to the discovery of two cyclic acids, pyrrolidine-
carhoxylic acid and hydroxypyrrolidine carboxylic acid.  The
following is a list of amino-acids from albuminoid substances
which have been separated ly fractional distillation of their
esters under reduced pressure :

Echy! ester. ‘ b. p. Pressure iwmm.
i
Glycocoll 5i'5—52°5° 10
Alunine o 48'5° 10
Awinoisovaleric acid . | 635 S
Lewcine . . . ... .1 815 12
Aspanicaciel . . . . .0 1265 I
Glutaovicacid . . . . .) 139 —140° 10
Uhenylalanine . . . . .1 143° 10
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PREPARATION 43.

Grape-sugar.—Although grajie-sugar yields neither a bi-
sulphite compound nor gives Schiff’s reaction under ordinary
conditions, its Jroperties are for the most part those of an
aldehyde.  In addition to its reducing action on copper and
silver salts, and its combination with phenylhydrazine, it forms
an oxime with hydroxylamine and a cyanhydrin with hydro-
cyanic acid.  On reduction it gives the hexahydric alcohol
sorbitol, and, on oxidation, the corresponding monobasic acid,
&luconic acid, and the dibasic acid, sacciaric acid, '

CIL,OIKCIIOI),COOH. COOH(CHOH),COOH.
Glucouic acid. Sacclaric acid.

The presence of five hydroxyl groups in glucose is determined
Ly the existence of a pentacetyl devivative. These and other
facts, which cannot be discussed in detail, have led to the adop-
tion of the present formula. The discovery of the optical
antipode of yrape-sugar (which is dextro-rotatory) has deter-
nined the present name of dextro-glucose to distinguish it from
laevo-glucose, which is laevo-rotatory.  For the synthesis of
these two sugars and the other mono-saccharoses, a text-book
must be consulted.

The other commmon sugars, which reduce alkaline copper
sulphate, are fructose (laevulose), galactose, maltose and milk-
sugar, the two latter being disaccharoses. They are most
readdily 1dentified iy the microscopic appearance and melting-
paint of thewr phenylosazones.  Cane-sugar is readily dis-
tinguished fram the majority of the common sugars by its
mdifference towards alkaline coppier sulphate, until previously
bailed with a few drops of dilute sulphuric acid. It is then
mverted and gives the reactions for glucose and fructose.

PREPARATION 4.

Bromobenzene. - The replacement of hydrogen by the
halogens Cl and Br, in the nuclens of aromatic hydrocarbons, is
assisted liy the presence of a “halogen carrier,” the action of
which has been referred to in the Note on the preparations of
chlor- and lhram-acetic acids, p. 252, lodine, iron, iron and
aluminium  chlorides and Ilwomides, the aluminium-mercury
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couple, and pyridine all behave in this way. The action of
iodine has already been explained on p. 252,  Iron and its salts
are supposed to act by alternately passing from the ferrous to
the ferric state, the ferric salt delivering up its halogen in the

nascent state,
2FeBr, + Bry, = 2FeBr,.
FeBr; = FeBr, 4 Br.

The action of aluminium and its compounds is not fully under-
stood. Dyridine probably acts by the intermediate formation of
the perbromide, as explained.

Unless a large excess of the hydrocarbon is present, the
action of the halogen will effect the substitution of a second
atoin of hyrogen. By increasing the proportion of halogen,
all the hydrogen may be ultimately replaced by chlorine or
bromnine. The second halogen atom enters the ortho- and para-
positions, never the meta. Another kind of compound is
obtained if the halogen is allowed to act in resence of sun-
light. In the case of benzene, the additive compounds, benzene
hexachloride and hexabromnide, are then formed. They wre very
unstable compounds, and readily give off hydrochloric and
hydrobromic acid. If boiled with alcoholic potash they are dc-
conmiposed, forming trichloro- and tribromo-benzene,

CelI;Cly + 3ROII = C4H,Cly + 3KCI + 311,0.

If chlorine and bromine are allowed to act upon an aromatic
hiydrocarbon like toluene, which has a side-chain, substitution
may occur in the nucleus or the side-chain, according to the
conditions.  Generally speaking, in the cold and in presence of
a “halogen carrier,” nuclear substitution occurs, lut at a high
temperature thie halogen passes into the side-chain (see Prep.
86, p. 194).

The halogen derivatives of the aromatic hydrocarbons, like
those of the aliphatic series, are colourless liquids or solids,
denser than water, and possessing an agreeable smell, unless
the side-chain is substituted. The latter substances can often
be distinguished by their irritating action ou the eyes and mucous
membrane of the nose (see Prep. 86, p. 194).

The halogen in the aromatic nucleus is much more firmly
fixed than in the case of the aliphatic compounds, ¢.g. bromo-
benzene is quite unaffected by most of the reagents whicl: .act
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upon cthyl bromide.  The presence of uéfro-groups, however,
distivhs this stability, and the halogen in a substance like
dimtrachlorobenzene s veadily replaced by hydroxyl with
potash, or by N11, with ammonia,  When the halogen is in the
side-chain, the snbstance behaves like an aliphatic compound.

I'RIEPARATION 47,

Ethyl Benzene.—* Iittiy’s reaction,” so-called from ils
discoverer, 1s analogaus to the synthetical method emyployed by
Wartz Tor the preparation of the aliphatic hydrocarbons, as in
the formation ol hutane from ethyl hromide,

201, Be - 2Na == C,l1,, -+ 2Nalir,

In the case af the aromatic hydrocarbons, a sccond side-
chain may be introdaced  fram a- dilivamo-derivative either
simnlt:areonsly with the first, or subsequently by a repetition of
the process.  Both dibromobenzene and monobromotolacne
may be canverted into xylene.

Calllrg -+ 2011 1 N e Gyl 1(Clg)s - 2Nalir 4+ 2NgLL

CULICTl, + Clgl taNa = Cal (G, + Nal 4+ NaBr.

The wcton alsa takes place between aromatic hydrocaabons
substituted cither in the nuclens or side-chain.  Brmmobenzenc
yiclds diplienyl, whereas henzyl limmide yields dibenzyl,

20l Lol 1o 2Nse: Cgl 1 Col [ 4- 2Nalbr,
2C 15CNL,Dr 1 2Na 22 Cyl 1y ClHg Clp Gyl s 4 2Nalr,

This reaction does not, hawever, occur with the same readiness
in all cases, nar daes it always yield exclusively the anticipated
product.  Para-bromotoluene and sadimm  give tolyl phenyl
methane and dibenzyl as well as ditolyl (Weiler),  Axain, 7~
Dromiotoluene gives a goad yield of A-xylene, the ortho-compuund
reacts slngpishly, whilst the ineta-derivative gives no xylene.
Ocensionally the action is vigaraus, and has to be moderated by
dilution with an indifferent solvent. At other times it is slupyish
and lias to be promoted by raising the temperature.  Cften the
addition of 2 little ethyl acetate will start the decompasition.
I'ar the synthesis of some of the aromatic hydracarbons, it is
preferable to use the I'riedel-Crafts’ reaction (see I'req. 102,
LR AR

COHEN’S ADV. I 0. C. T
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PREPARATION 48

Nitrobenzene.—The formation of nitro-compounds, by the
action of strong nitric acid on the hydrocarhon, is a distinctive
property of aromatic compounds, although recent researches
have shown that dilute nitric acid under pressure will convert
some of the paraffins, especially the tertiary hydrocarhons, into
mono- and di-nitro-derivatives. The production of nitro-com-
pounds is usually effected liy strong or fuming nitric acid, or
solid potassium nitrate, in Jwesence of conc. sulphuric acid.
Where the action is vigorous, as in the case of the phenols, it
is necessary to use moderately dilute acid. The numler of
hydrogen atoms replaceable by the nitro-group (NO,) is imited.
In benzene the first nitro-group is introduced with great ease,
the second less readily, and the third with some difficulty. The
position taken up by the nitro-groups may be briefly stated as
follows: When a negative group (nitro, carboxyl, cyanogen,
aldehyde) is already present, the nitro-group enters the meta-
position to the first group. In the presence of other groups
{alkyl, hydroxyl, halogen, amino), the nitro-group attaches itself
to both ortho- and para-positions. DBenzoic acid and henz-
aldehyde give, on nitration, mainly meta-compounds, whereas
toluene, phenol, and aniline form simultaneously ortho- and
para-derivatives.

Nitro-compounds have often a yellow or red colour, are with
difficulty or not at all volatile, possess a muwch higher boiling-
point than the corresponding halogen derivatives, and are
denser than water, and insoluble in that liquid.

PREPARATIONS 49—51.

Azoxybenzene, Azobenzene, Hydrazobenzene.—
Nitro-compounds yield a series of reduction products according to
the nature of the reducing agent. Alkaline reducing agents:
sodium methylate, zinc dust and caustic soda, stannous chloride
and caustic soda, produce azoxy, azo- and hydrazo-compounds.

CeH NO. CGHsN\ CGII;,Il\I CyIINIT
| >0 |
CH:NO,  CHN C,I1,N C,H,NH
Nitrob Azoxyb Azobewzene. Hydrazobenzene.

The sodium methylate acts as a reducing agent by taking up
oxygen and forming sodium formate.
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fn the prepamtlous, the nitrobenzene is converted lhy suc-
cessive stepis into azoxy-, azo- and hydrazo-benzene ; but, by
bt]]t‘tbly modifying the conditions, the intermediate steps may
lLic omitted. Thus, nitrobenzene may be converted with alcoholic
caustic soda and zinc dust directly into hydrazobenzene.

If the reduction of nitrobenzene takes place i meutral
solution with zinc dust and water in presence of a little calcium
or ammonium chloride, or with alaminium-mercury couple and
water, S-phenylhydroxylainine is formed (see Prep. 52, p. 148).

CylizNO, + 21, = CJHNIIOH + H,0.

Reduction in acid solution produces an amine (see Prep. 53,
. 149).  The mechanism of the change, although giving rise to
suclt different products when carried out in alkaline, neutral, or
acid solution, is not essentially different in the three cases. The
first reduction product is nitrosobenzene, C,;H,NO, followed by
that of B-pherylhydroxylamine. In alkaline solution the twe
compounds unite with elimination of water to form azoxybenzene,
which may undergo further reduction i a normal fashion giving
rise to azo- and hydrazo-benzene. In acid solution, on the
ather hand, phenylhydroxylantine does not combine with nitroso-
benzene and can then undergo further reduction. The reduction
af nitrabenzene i alkaline and nentral solution 1s also effected,
as already descrihed, by electrolysing the liquid in contact with
the negative electrode.  If the process is conducted in presence
of conceatrated sulphuric acid g-aminophenol is obtained
(Gattermann).  The latter is produced by intramolecular change
from phenylhydroxylamine, which is first formed,

CoINIIOII = OHCGH NIL,

Azobenzene, thougl. not a colouring matter, may be regarded
as the mother substance of the large family of azo- colours,
which are, however, prepared hy a totally distinct method, viz,
by the action of a d]azo salt on a phenol or hase (see Prep. 62,
1 163).  The intramolecnlar chanye from hydrazohenzene to
Lenzidine is one of great technical importance. The change
occurs by the transfer of the link lhetween the two nitrogen
atoms to the two carhion atoms in the para-position,

<__/\N|I NII\_—/ }Im\ o< >NH2
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If one of the nuclei of hydrazolenzene is already substituted
n the pgrro-position, the reaction may give rise to diphenylamine
derivatives, which are known as ortho- or para-semidines
(Jacobson),

x h>NII—-NII )

N
174 N NI,
TN i TN il T
X N NI, X SeNn=C 2
Para-senuidine. Onlw-sewidine,

Benzidine and its homologues are used in the manufacture of
viluable nzo-colours, congo-red, benzopurpurin, &e. (sce p. 291).

PREPARATION §2.

Phenylhydroxylamine. — The necessity for conducting
the reduction of nitrohenzene in neutral solution has heen
explained in the previous nole. In addition to the reagent
named in the preparation, the aluminium-mercury cauple in
Jresence of water or ammonimn sulphide in aleoholic solution
may be also used. The conversion of nitrobenzene nto
p-aminophenol on electrolysis in acid solution will also be
evident from the fact that phenylhydroxylamine rcadily under-
goes isomeric change. Phenylhydroxylwnine reacts with
nitrous acid, forming a nitroso-derivative,

C4HGNHOII + TINO, = GJ,N(RO)OII +IL,0.
It also condenses with aldehydes it the following way :
CelINHOI + CGH,CHO = CII;N—-CIL ClIL,.

N

Nitrosolienzene, which shares the general character of nitroso-
compounds in giving rise to a green vapour or solution, 1is
readily reduced -to phenylhydroxylamine and aniline. It
condenses with amino-compounds, yielding azo- or diazo-
derivatives.

CeH,NO + HLN.G,IL, = GII,N = N.C,IIL, + ILO.
CeH,NO + H,N.OH = C,II,N = N.Oll + H,0.
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PREPARATION 53

Aniline.—The reduction of a nitro- -compionnd in an acid
solution s a very general method for prepiaring primary amines.
For lahoratory purpioses it is custosnary to use tin and hydro-
chloric or a solution of stanmous chloride crystals (SnCl,+2H,0)
in conc. hydrochloric acid or zinc dust and acetic acid. The
manufacture of aniline on the industrial scale is effected by
means of iron horings and hydrochloric acid ; but of the latter
only a fraction of the theoretical quantity, required hy the
equatian I'e + 2HCl = FeCl, + H,, is employed. The main
reaction is probably represented by the following equation,

CILNO, + 2Fe + 41,0 = CiILNII, + Fe,(OH),.

When the base is volatile in steam, as in the present case,
the simplest method of separation is to add an excess of alkali
and to distil in stean.  Otherwise the hase may be separated
by shaking out with ether, or the tin nay he precipitated in the
warm solution by H,S and the filtrate evaporated to dryness.
If the compound contains more than one nitro-grou), the
reduction is carried ont with one of the above reducing agents
in the manner descrilied, but if it is necessary to reduce only
one of the nitro-groups, it 1s effected by the action of H,S in
[resence of ammonia (see Prep. 58, p. 154). Another method,
whiclh may also be used for determining the number of
nitro-groups, 15 to prepare an alcoholic solution of the nitra-
compowd, and to add an alcoholic solution of the calculated
quantity of stannous chloride. In this way the reduction of the
groups may be carried out in succession and estimated.

The aromatic amnines are colourless liquids or solids, which
may be distilled without decomposition. Although they form
salts with acids, they are much weaker bases than the aliphatic
amines owing to the negative character of the phenyl group.
The salts have an acid reaction to litmus, whilst the free bases
are neutral.  ‘The zzentralisaiion of an aromatic base by acid is
usually determined by the use of maethyl violet, magenta, or
congo-red paper. The first is turned green, the second colour-
less, and the third blue by free acid.

Aromatic amines, containing the amino-group in the side-
chain, have the basic character and properties of aliphatic
afines,
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PREPARATIONS 54—55.

Acetanilide, Bromacetanilide.—Primary and second-
ary bases form acetyl derivatives with acetic acid, acetyl
chloride, or acetic anhydride (see Reactions, pp. 76, 77 n
Tertiary hases are unacted on in this way. As the acetyl
derivatives arc much less volatile than the criginal hases, the
method is frequently used for separating a tertiary base from
niixtures cantaining the other two (see Prep. 59, p. 156). The
anilides are very stable compounds ; they can be distilled, as
rule, without decomposition, and may be divectly hrominated,
chlorinated and nitrated. 1n these reactions, either the ortho-
or para- or both derivatives are formed. The remaining
hydrogen atom of the amino-group may be replaced by (1) a
second acid vadical, by the action of acetic anhydride, (2)
sodimm, by the action of the metal, (3) a nitroso-group, with
nitrous acid, and (4) chlorine or bromine, by the action of hypo-
chlorous or hypobromous acid,

CoLI;N(CO.CI,), Diacetanilide.
C4l1;NNa. CO.CIi, Sodium acetanilide.
GHNINO)CO.CH,  Nitrosoacetanilide.
CHZNCI.CO.CH, Acetchloranilide.

The mechanism of the change effected in producing substitu-
tion products by halogens appears to occur in two steps, the first
being the addition of a molecule of halogen, prohably to the
nitrogen, the second being an isomeric change accompanied (if
water is present) by the elimination of halogen acid.

Col I NILC,ILO + Br, = CIINILGILO
7\
Br Br
CyH,NHBr,.C,I1,0 = C4lI,BrNIL C,I1,0.1IBc.

All the anilides are hydrolysed by strong mineral acids or
alkalis and the acid radical removed (see also Beckmann’s
reaction, Prep. 100, p. 212).

Fonnanilideis a fraetomeric compound, Z.e., it reacts as though
it possessed the alternative formulz,

CeHN:CII(OIT) C;H;NH.CO.II,
for it yields two isomeric ethers, the one, by the action of
methyl iodide on the silver salt, and the other by the action of
methyl iodide on the sodium compound (Comstock). Acet-
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anilide: 15 known in pharmacy as antifebrin, and is nsed as an
anbpyrete.

I"REBARATIONS §7—58,

m-Dinitrobenzene. 1n the Notes an Prep. 48, p. 274
it s mentioned that the second nitro-gronp enters the meta:
posiion o the lirst. This is usually the case where two
actd proups are sneeessively introdneed into the hydrocarbon.
Thas, benzenedisnlphonic acid, obtzined hy beating henzene
sniphonie acid (see Tvep. 74, . 177) with fuming snlphuric acid,
is o meta-componnd,

m-Nitraniline.—The reduction product of z-dinitrolienz-
ene is naturally w-nitrniline. The o- and A-nitranilines can
he obipined by acting upon aniline or, preferably, acetanilide,
with faming vitrie acid,

Whereas the first witro-gromp of a tri- or di-nitro derivatives is
rapidly and completely redneed by ammoninm sulphide, the
second 1s very slowly attwked.  The rvate of change appears to
De determinesd nunly by the acidic nature of the molecule as a
whole, the halogens and cawhoxyl playing a similar 70/ to that of
the nitro-gronp.  In all these cases hydroxylamine compounds
ave produced as intermediate praducts.

PDREPARATION 50.

Dimethylaniline.-~1t is a well-knawn Hact that the alkyl
halides canvert the primary amines into secondary and tertiary
hases (1lofmann).  The formatian of dimethylaniline is prob-
ably dne to the actian of CI1,ClL which 15 formed, as an
Intermediate prodoet, by the action of hydrochloric acid on the
methyl aleohal. There is always a small quantity of mono-
methylaniline, Cpl1;N11Cl, produced at the sanie time.  The
three Dases ranmnt well be separated hiy fractional distillation,
as their boiling paints lie too near together,

Anilaay . . .. o oL L. L 180
Metbylailine . . . . . . . . I92%
Dimethylaniline . . . . .. . 192°%

1¢ is for this reasan that the action of acetic anhydride is
utilised, which only unites with the primary and secondary base.
Diwiethyliline is 2 weak base, which, like aniline, is neutral
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to litmus, but gives no stable salts. It isnsed in the prepara-
tion of malachite green (henzaldehyde g‘regn) ‘by heat.mg
together dimethylaniline, benzaldehyde, and sohldlzmc c}llonde.
The product (leuco-malachite green) is then oxidised with lead
peroxide and hydrochloric acid (see p. 216),

/Cnl I
No

T /C(;I'I,,
I CHNCH), > HC<(C:G”4§JL(EHK)Q
11 {CIIN(CHy)s & LN(Clg),

Leuco-malachite green,
C0H5
> IIOC<CGH4N(CIL,)2
C,H N(CH,),
Base of malachite green.
The latter, in presence of the hydrochloric acid, is converted

mto the hydrochloride,

/CGH;'r /CGH:;
HOC(CCI-IJ\I(CI-L;)2 + HCl = C§C0}14N(CPI:;).3 + ILO.
CH,N(CHy), CglT:N(Cl,),Cl

Hydrochloride of
walaclite green.

Dimethylaniline is also used for the preparation of tetra-
methyldiaminobenzophenone (Michler’s compound), which forms
the basis of many colouring atters, and is obtained by acting
upon dimethylaniline with phosgene (see p. 314),

o /CGI'I4N(CI"I;,)2
COCL, + 2CHsN(CH,)s = OC
bt oG ' NG H,N(CH,),

Michler's conipound.

+ 2HCI.

PREPARATION 6o,

Nitrosodimethylaniline.—It is a peculiarity of the
tertiary aromatic amines, which distinguish them from the
corresponding aliphatic compounds, that they are capable of
reacting with nitrous acid. Here the nitroso-gronp replaces
hydrogen in the para-position to the dimethylamino-group.

The subistances, thas formed, are bases, and form salts with
acids, which dissolve in water with a yellow colour. The solu-
bility of the hydrochloride of the nitroso-bases in water
distinguish them from the nitrosamines of the secondary bases,
which are insolublé.
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Nitrosodimethylaniline is readily axidised to nitradinaethyl-
c11abine.

It 3 an interesting fot i the nitrosamines af  the
sacvomlny luses wulergo uoleenlar change wlhen acted  on
svith sendiolie hydvorldurie acid. e nitroso-group is thereby
¢ ransferred to the piva-position in- the nmoclens (0. Mscher),

CA LNINOYC T, = NO.Cl 1. NIICI

The para-nitroso derivatives af both secondary and tertiary
sunines e decomposed with caustic soda into nitresophenol
srind adkylimnpe.

The formatiem of  methylene blue may be explained as
follows : Iy the aciion of ammonium sulphide on nitroso-
< lbvethvlaniline, the nitroso-proup 1s rednced to an amino-
grp. Two molecales o Zaminodimethylaniline then cambine
with the cimimation ol ammonia to form a diphenylamine
clervative,

COTLNCT NG, THETINCITLN(CLL),
(CHDNCI L NTLCTN(CT),

The salpdiar o the hiydrogen snlphide then enters the mole-
cnle ineder the oxidising inflnence ol the ferrie ehloride, Torming
¢ tnadiphenylamine devivative,

9]
(CUANGI . N Gl N(CH
tl 11
th- s 1
) (@]
- (G NCl 1y NGl LN (T,
N’

:\]--t‘l):lru-- bl

[H EPARACION (I
Thiocarbanilide, Thiocarbimide, Triphenylguan-

idine.- Whereas earbon bisnlplinde reacts with aromatic amino-
compomuls yiellig a thocarbanilide, with primary abphatic
aanines die reaction takes a dilferent aurse and thocarbamates
are produced,

L SILNTLCIT
CSy 1 20,11 NTT, = 8¢ .
SNILClly
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The product can, however, be converted into the nwstard oil
Ly treatment with a metallic salt which removes hydrogen
sulphide. .

SILNIL Gl
SC .
\NILCH;

Among the reactions appended to this preparation, the for-
mation of phenylcarbimide from phenyl mnustard oil1s described,
It should lLe noted that phenyl carbimide, like the thiocarbimide,
unites with ammonia, amines, and more especially with alcohols
and phenols. The bases yield urea derivatives ; the alcohols
and phenols form urethanes.

CoH,N:CO + NH, = CH[,NII.CO.NH, Pheayl nren.
Cyl;N:CO + NIL,CH; = CHN.CO.NHCII; Methy! phenyl urea.
C,M3N:CO + CIL;OH = C,M,NI1.CO.0C,li, Pheayl ucethane

C,lI;N:CO + GII,OH = GIINIL.CO.OC;i1, Phenyl carbamic
phenyl cster.

= ILS + NIL,.CH, + SC:NC, .

The latter two reactions are frequently used for detecting
the presence of a hydroxyl group (Goldschmidt).

PREPARATION 02.

Diazobenzene Sulphate.—Whereas nitrous acid imme-
diately decomposes the primary aliphatic amines with evolution
of nitrogen,

CH,NII, + HNO, = CiI,OH + N, + 11,0,

no nitrogen is evolved if nitrous acid is allowed to act upon a
salt of a primary aromatic amine 7 #e cold. The solution then
contains a diazo-salt, which is readily solulle in water. It may
already have been observed that in the salts of diazobenz-
ene, the radical, diazobenzene, C,H,N,, plays the part of am-
monium, NH,, in the ammonium salts. Diazobenzene chloride,
nitrate, sulphate, &c., correspond to ammonium chloride, nitrate,
and sulphate.

CelI;N,.Cl NII,.CL.
ColIzN,. NO, NI, NO,.
C,lI,N,. SO, T NH,.SO,H.

The hydrate of diazolienzene, C;H;N,. OH, which would be
analogous to NH,OH, is also known as an unstable oil. Con-
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siderabans  uf s kind have saguested  (he alternative
fornmba,

i which X stunds for the acid radieal (Blomstrand).  The
witrogen whicleeanbines with the aeid vadieal is therchy quin-
quivalent, as m e caomnowam salts. On the other hand, &-
szobenzene hydrte forns twe Isomerie potassimn salts, one of
which is obtaned by adding eavstic potash o diazolhienzene
chlovidie. This campomd 15 unstable, and upites in the axdi-
nary way with phenals to form hydroxy:eabenzene derivatives
(e Reactun 6, o103, The seeond one, which is obtianed by
Leatimy the Arst L1307 with canstie potash, is very stohle, and
does not combine divectly with phenals (Schranbe and Schmide).
Other derivatives ol diazobenzene exist in twa fonus, such as
the vy:anade and solpbite,. The difference has been explidned
m two wivs, Accarnding o one theory, the two potassinm com-
ponmls represent two - different space configurations similar o
At ol citraconiv and mesaconic acld (sce . 266) and the
ovmes viee e ok mud are distingnished by the terms ¢syn’
mul Comtn”? (L lantzsely),

Gl Col 1N
i_l
RK¢LN N.ONK
Svtebes e sl o presinu, Aurisbewze liagioe of pytissinue,

The secoml thewry asevibes  the diference o stmetimal
arangenient, amd the conpomuls are termed diazo- and 1so-
Dazo-compands - Bpberger).

IS

JLN:NDK, Col I,NK.NO.
[ TERITICIN PRYANI U B (AR RRARTTI TN I uzene isudinzadye o poGessiui,

It obe naw generally admitted thot the diwo-salts of the
“hnger acids, which hiave wuly one representative, are most
sabshactorly representidd by the € diazoniam,” or Blomstrand
fornla, and the salts are known as dipzonin. salts.

A few of the mmurons changes which the dinzanunm salts
andergo are illnstrated e the series of reactions which follow
the preparation, and are anwong the most important in organic
chengstry.  Some of these reactions are carmed ont on a larger
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scale in Preps. 63—69. It will there be noticed that it is
unnecessary, as a rule, to isolate the diazonium salt, but that
the substance is prepared in solution, and is decomposed hy
the specific reagent.

With few exceptions, all aromatic compounds which contain
a nuclear ammino-group may be diazotised. At the same Ume
there are notable differences in the ease with which the process
1s effected.

PREPARATION 63.

Toluene from Toluidine.—It is often desirable to obtain
the hydrocarbon from the base. The process of diazotisation
offers the only convenient method. The diazoninm salt may he
reduced by alcohol (Reaction I, p. 1G2) or, as in the present in-
stance, by sodium stannite.  Less direct methods are the con-
version of the diazonium compound into (1) the hydrazine (see
P-174) (2) the acid and distillation with tine (p. 200), (3) the
halogen derivative and reduction with sodiuin amalgam, or,
finally (4) the phenol and distillation with zinc dust,

PREPARATION 64.

p-Cresol.—This reaction resembles that of nitrous acicd on
an aliphatic primary amine; but the liquid requires to be
warmed.
PREPARATIONS 65—066.

p-Chlorotoluene, p-Bromotoluene.—The action of cu-
prous chloride, bromide, and cyanide on diazonium chlorides was
discovered iy Sandineyer, and is known as ‘Sandmeyer’s re-
action,’

ClN,C = GIL,Cl + N,
CJI,NyBr = G,JII,Br + N,
CylI;N,.CN = CI1,CN + N,.

Some of the cuprous chloride compounds of the diazonium
salts have been isolated and analysed, and correspond to the
formala C;H;N,CLCu,Cl, (Hantzsch). The formation of a
crystalline copper compound is rendered very evident in the
present preparation. A odification of Sandmeyer’s reaction
15 the introduction of precipitated metallic copper in place of
the cuprous salt (Gattermann).
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The preparation of potassinn 1odide-starch paper 1s made
by dipping strips of Blter paper into a thin solution of starch
paste to whiel a e patassimu iodide has been added, and
dryiy the paper.

The oxnlation of a side-chain by means of permanganate
solnton 1s one which is conmnonly employed where the acid is
required. The monohidogen devivatives are readily oxidised in
this way, but greder difienlty is experienced if two halogen
atoms oy other avid groups qae present. The diclilorotolucnes,
for example, arc only slowly attacked.

I'REFARXTION 67,

Iodosotoluene. The most interesting of the compounds
helonging o shis priap, whick were carefully investigated Ly
V. Meyer, is the substarce prepared by shaking a mixture of
sadosolynzene mul jodoxybenzene (obtained by the oxidation of
he iodasu-compound)  with moist silver  oxide.  Diplenyl-
jodonimm oxide is thus produeed, whicly in basic properties
resembles mmownm hydeate,

IO 0 Cll T, 1 AgOl - (CulT, LWL OTT - Al O,
With Liydriodie acid it forms the iodide, (Cyll),1.1

I"REFARATION O,

Diazoaminoboenzene. Diazumuno-componnds are  also
Jormed by the acion of diazonion salts on primary  and
secondary mmines ol both the aliphistie and aronuitic series.
The method given in the preparation must then be modified.
The diizoniwn salt is frst prepared, and the amine stirred in
with the addion ol sodinm acetate. The sodium combines
with the mineral acid, Iiberating the weaker acetic acid, which
thereby assists the separaGon o the  diazoamino-compound.
Compomnds ol the Inllowing lTormulie have been prepared in
tlas way.

CJLNIN.C Tl Diazobenzene-aninolohene
ColLNNONTICU, Dinmobawepe-etlylsuine.

Col ILNNGN(CT ), Diazobenzene-dimethylamine,
Col LNNCNG T, Diazohenzene-piperidine,
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The last compound has been utilised for the peeparation of
fluorobenzene, and its congeners by the action of conc. hydro-
fluoric acid,

Cy ;N:N.Csllyg + 2HF = GGHLF + Ny + I NILHT.

Diazoaminohenzene underyoes the following reactions : —

1. The hydrogen of the imino-group may be replaced by acid
and alkyl radicals. In the latter case the sodium compound is
treated with an alkyl iodide.

2. Phenyl carbiinide forms a urea derivative,

CoILN:N.NHCH; + C4II:N.CO = C,I1 N:N.NC,H,
CO
ClINi1”
3. With strong hydrochloric acid, decomposition nto iazo-
ainm salt and amine takes place,
CyHaM: N NIICGH; + 1CI = CoH Ny Ol + CelIsNIl,
If nitrous acid is added, the second ntolecule of hase is also
converted into diazohenzene chlovide. In presence of cuprous
chloride, chlorohenzene is formed.

4. On hoiling with water, diazoantinobenzene decomposes
into phenol and base,

CeHN:N.NH. GyH]; + IL,0 = CGH O + CILNII, + N,
5. On veduction, it splits up into phenylhydrazine and aniline,

CyHN:N.NHCH, + 2H, = CgH NH.NH, + C,II,NH.,.

PREPARATION 70.

Aminoazobenzene.—The conversion of diazoaminobenz-
one into aminoazolienzene resenibles the formation of benzidine
from hydrazohenzene (see p. 148). The diazo-nitrogen scizes
on the carbon of the nuclens in the para- poamon to the amnino-
group,

’ >—I\'N‘ML / = < —_>—N:N—<—_>NI-I,_,.
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11 the para-position s already occupied, the nitrogen takes
the ortho-position to the MNIMO-yrou,

‘ NN sy TN NN
o NN L NlN—

N1l

hat the reaction only takes place readily where the para-position is
Tree.  The wanner in which the change is Dbrought about has not
heen satislactorily explined, althongh from the fact that p-diazo-
amotohene yields, on warming with aniline hydrachloride,
A-toloene azomnimobenzene and g-toluiding,

ng’ /i\.N.MI\ Sl \ /NII.,
Clly NN NI 4 ClY LN
AN PRI w Nl

it would appeia as if the hydrachloride of the hase were the
chiel Tactor In the devomposition, and that the change was
vather Zufer- than Zefr-molecular. Ammoazobenzene, nnder
the wame ol auiline velloze, has heen used as acolauring matter.
Lis cluel technival appbeation at present 1s m- the manafacture
al'a class ol dark blue voloars, known as Zadzelinex. On redue-
v with il hivdrochlorie aeid, it decomposes into two
ymwlecnles of Lase, aniline ad A-phenyleredianine, a reaction
which is shared by most of the azo-compounds (see 1. 176),

ClloNaNCI NI o CNTT, - NTLC NI L,

PREPARATION 71.

Phenylhydrazine, Phenylmethylpyrazolone. -- The
nse ol plhenylbydiazne of, in some cases A-hromo- or Zepilro-
phenylhydrazine, as a veagent Tor the detertion af aldehydes and
ketones, has been albistrated in the reactions oa Do 70
Chae of its most important teclmical uses 1s 1 the prepara-
tion of antipyrine, in which the product, obtained by the action

»
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of phenylhydrazine on ethyl acetoacetate, is acted upon with
methyliodide. The two reactions are represented as follows ;—

Cl1,.CO.CH,.COOC,H,; CIL.C—~CH,.CO
= | + H,0 + G011

+ NH,NH.G}l;  N——N.CH,
Pheuylneethylpyrazoloue.
CH,.C—CH,.CO CH,; C=CH.CO
| +CH,I= | | +HI
N———N.Cyl; CII. N N.CH,
Pheuyldiwethylpyrazolone
“(antipyriue).

The variety of syntheses into which phenylhydrazine enters
cannot be described here; but reference must be made to the
text-boolr.

It should be noted that the action of phenylhydrazine on
the ketone group, and of diazobenzene salts on the methylene
group situated between two CO groups, are analogous to that
of hydroxylanune and nitrous acid upon these two groups, of
which the following are examples :—

COOC,H;
+ NH,NHGII, = CG:N.NILCyH; + H,0
CO.0G,H, 7
I COOC,H;
1. CO
| COOG, M,
CO.0C,H, I
Mesoxalic + NH,0H = C:NOII + H,0
esier.
COOGC,H,
lcooc._,us
+ CIN:N.CylI, = C:N.NILC4H; + HCL
COOC,IT, 7
| COO0C,H,
2. ClHl,
1 COOC,H,
COOC,H; |
Succitic + O:NOH C:NOH + I,0
ester. |
COOC,H,

Ellenylhydrazine has Dbeen used in the synmthesis of indole
derivatives. The hydrazones of aldehydes and ketones contain-
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inga meth.yl group are decomposed on heating with zinc chloride,
indoles beiny formed with climination of aimmonia. (E. Fischer.)

Cil,
ClI, |
R UNIT—C
CALNILNC = C1 I+ NH,
| ———CII
ClI,
Acetone-plienyllyydrazone. AMethy! tudole.

PREPARATION 772,

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

N :
el
$0..0
Diazobeuzeue sulphouic acid.
The formatian of suphanilic acid is probably preceded by the
sulphonation of the amino-group,

CyII,N11.S0,11

A compound of this character has been oltained which
decomposes with acids into o- and p-aminosulphonic acid by
a process of intramolecular change (Bamberger). The fact of
the para-compound heing exclusively formed at the Iigher
temperature may account for the production of this substance
in the present Jireparation.

PREPARATION 66.

Methyl Orange—-The first point to nutice in this reaction
is that the diazonium salt forms no diazoamino-compound with
the dimethylaniline, but at once produces an azo-compound.
This is always the case with tertiary amines, some secondary
amines like diphenylamine and the phenols. The reaction may
be regarded as typical of the formation of all azo-colouring
matters. At least two substances are requisite in this process ;
on the one hand an aromatic compound containing an amnino:
group in the nucleus, and, on the other, a hase or phenol

COHEN’S ADV. P. 0. C. u
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The first is diazotised and combined or coupled with the second,
The coupling takes place, in the case of amines, in a faintly
acid or neutral solution, in the case of phenols, in an alkaline
solution (see Reaction 6, p. 163). In all cises the diazo-group
seizes upon the carhon in the para-position to the amino- or
hydroxyl group of the coupled nucleus.  When the para-position
is already appropriated, the ortho-position serves as a link, but
no coupling ever occws in the meta-position. The sulphonic
acid derivatives of the hasc or phenol are frequently preferable
to the unsubstituted compound.  The dyes formed have in
consequence of the presence of the SO;H group anacd character,
which renders them capable of forming soluble sodiunt salts,
and adapts them letter for dycing purposes. When an azo-com-
llound is formed by coupling the diazo-compound with a primary
amine, the new product is capahle of being diazotised and
coupled a second time. Thus a tetrazo-compound is fornwd
containing a donble diazo-group -N:N-.  Aminoazobenzene,
when diazotised, forms diazo-azobenzene with nitrous acidl, which,
like a shinple diazo-compound, reacts with the plienols,

CoHN:N.CILNILHC! + HNO, = Gl N:N.CGH N, CI -+ 21L,0.
Col,N:N.C,IN,.Cl + CylI;0Na
= CylIN:N.CIIN:N.CII,01 T -+ NaCl.
If aminoazobenzene is sulphonated with fuming sulphuric acid,
and the product again diazotised and coupled with 3-naphthol,
Biebrich scarlet 1s formed,

5

N.GIL 3
\N:N.C,, 1,011

Biebricl scarlet.

0,1

CGH4<N

If in the last phase the different sulphonic acids of B-naphthol
are employed, various shades of red, known as Croceszzs, are pro-
duced. Thus it appears that the colour deepens from orange to
red with the introduction of a second azo-group.

This is not the only method of forming tetrazo-compounds.
Each amino-group of a diamine may lie diazotised and coupled.
Benzidine and its homologues, which have heen utilised in this
way, have a special value for the cotton dyer, as the shades pro-
duced are not only very brilliaut, but, unlike the muajority of
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("nlmn'in‘g 1)1:1ll‘c1's, e Snbhint i iy sy L, Possess the pro-
perty oladaching themselves o the colton fibre without the ajd
of a wmordmt - Conga rede il bensepurpurine are combina.-
tions wl henzidine vl its howolognes with the sulphonic acids
ol maphthol and naphthylamine.  Che following is the constity-

tun ol Congo ral, the shiuplest of these compounds, whiclt is
unced M the i of 1ts sadiom salg ;-

N,
NN
SOLNR
o '
1
Lo
NI,

G
NN.C)l

) 50N

Atenpen slumld be  drawn o the fact that azobenzene,
althomgh i Ioightly coloured snbstancee, is without dyeiny piro-
perties, Ze., 3 18 not a colouring matter, whereas aminoazolicus-
ene il methyl orange are trae dyes. They all three contain
the asepronp £ NoNoy, valled by Witt o chromophore, united
to two aromatie nuelel s bt m the case of mminoazohienzene
wandd methyl orange, one of these naclel contains a hasic group,
N1, or Nt Ie will also have heen oliserved that the
combimations with pbhenols lkewise vesnlt in the production of
colowring wmatters. 10 would appear, therefore, as if there were
al least two essentials to a dye, 2 findamental or mother suli-
stee ke azobewzene, termed a ohremagenic componnd, and
an amio- ar Levdronyl group, called an wwvockzome.  The same
thing has beene obsevved e case of ather colouring matters
{>ee Note on Prep. oy, D 313)

Most ol the azo-colonrs split at the double Iink, on reduction
with stamums chloride and hydrochloric acid, forming two
molecules ol hase. Methyl orange yields sulphanilic acid and
dinnethyl Z-phenylmedizoning,

SO LCITNNCLN (T,

. o2l

2= SO LCENTIL, + N11,Cyl 1,N(CH ),
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e mn ———————

PREPARATION 74.

Potassium Benzenesulphonate.—The formation of sul.
phonic acids by the action of sulphuric acid, &c., on thearomatic
hydrocarhion is a special property of aromatic hydrocarbons,
although, in a few cases, paraffins have heen found to reactin a
similar manner. The process is called “sulphonation.” In
place of conc. sulphuric acid, fuming sulphuric acid, 7., an acid
containing varying proportions of sulphur trioxide (see Prep. 109,
p. 226), and, occasionally, chlorosulphonic acid, CISO,OH, are
used. In the two latter cases sulphones are sometimes formed
as a hy-product,

2C¢H; + SO, = (C;H,),S0, + ILO.
2C,H, + CISO,0H = (C4iI;),80, + HCl + H,0.

The sulphonic acids are also obtained by the oxidation of
thiophenols, a reaction which, at the same tine, indicates their
constitution,

CH;SH + 0, = CI,SO4I1.

The wajority of aromatic sulphonic acids are very soluble in
water, and are difficult to obtain in the crystalline form. On
the other land, the sodinm or potassium salts generally crystal-
lise well, and it is customary to prepare them by pouring the
sulphonic acid directly after sulphonation into a strong solution
of sodium or potassium chloride (Gattermann).

The sulphonic acids decompose on heating into the hydro-
carbon and SO; This reaction is greatly facilitated hy heating
with conc. hydrochloric acid to 150—180° (Jacohsen), or hy
passing superheated steam into the sulphonic acid mixed
with moderately strong sulphuric acid (Armstrong).

This method is sometimes used for separating hydrocarbons,
one of which is more easily sulphonated than another. The
sulphonic acid is separated from the unchanged hydrocarbon,
and the hydrocarbon is then regenerated from the sulphonic
acid.

The salts of the sulphonic acids undergo the following re-
actions :—

1. By fusion with caustic alkalis, phenols are prepared (see
Preps. 106 and 219),

CeH,SONa + NaOH = C,H,OH + Na,SO,.
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2. Iy distillation witle patassium cyanide, the nitriles are
obtamed,
CaLSDLK 1 KCN = CILON 4 K80,

4

1 Dy fusion with sodinm farmate, the sulphonic group is
replaced by earhoxyl,

CLRANa ¢ TTCOOR = ClTLLCOON + Nid IS0,

1 By the actin of plosphoras pentachlonide the salphonic
chlovide s abtamed,

CA 8041 1 e, = C1LSOLL 4+ 1'OC + KL

PREPARATION 75.

Benzenesulphonic Chloride.—The sulphonic chlorides
difter from the carboxylie cblorides in being very slowly decoin-
posed by water.  Uhey react, however, in an analogous fashion
with aleohols, phenols, and amines i presence of caustic soda.

The Delvionr of primary, sccandary, and tertiary amines
Lias heen sngpested as 4 basis of separation of these three classes
ol vompounds, “The primary amines usually form compounds
with the salphonice chloride, which dissolve in caustic soda ; the
derivatives ol the secondary amine arce insolulle, whereas the
tertiary amnes do not react. with the sulphonic chlovide (Hins-
Derg). The method cammot always he cmployed.

O reduction of the sulphonic ebloride with zine dust and
wieler, the zine salt of the sulpldnie acid is formed,

201,800 -+ 271 = (Col 180,70 + ZnCly

The avid is separated fram the zinc salt liy hoiling with
sodimn carbonate, Gltering from zine carhonate, and decom-
posing the soluble sodium salt with sulphuric acid, which pre-
cipitites the snlphinie acid,

The sulphinie acids arc astable compounds.  They ave readily
oxidised 1o sulphonic acids 5 on fusion with alkalis they are con-
verted into the hydrocarbon and alkaline sulphite,

Cul15.80,Na + NaOIT = NaySOy + Clly,
an reduction they form thinphenols,

Collu ST 2ty = Gl 1S4 21,0,
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PREPARATION 76.

Phenol.—Fusion of the alkali salt of the sulphonic acid
with caustic soda or potash is a common method for preparing
phenols (see Prep. 106, p. 219). Phenols correspond in consti-
tution to the tertiary alcohols of the aliphatic series, but differ
in their more negative character. The phenols dissolve in
caustic alkalis, forming alkaline phenates, which are, however,
decomposed by carhion dioxide. In this way a phenol may be
separated from an acid. The solution in caustic soda is satu-
rated with carbon dioxide, and the phenol is then extracted
witlt ether or filtered off. The entrance of nitro-groups into
the nacleus converts phenols into strong acids (see Preps. 79
and 8o’

The various reactions which the phenols undergo are illus-
trated in Preps. 79—84.

The technical method for ohtaining phenol is hy shaking out
with caustic soda the “ middle oil” of the coal-tar distillate, after
some of the naphthalene has crystallised out. The phenol dis-
solves n the alkali, and 1s then removed from msoluble oils.
The alkaline liquid is acidified, the phenol separated, distilled,
and finally purified by freezing. i

~PrREPARATION 77.

Anisole.—The preparation of anisole from phenol 1s analo-
gous to Williamsow’s synthesis of the ethers (see p. 236), but the
ethers of phenol cannot he obtained by the action of the alcoliol
on the phenol in presence of sulphuric acid.  This reactian can,
however, lie effected in the case of the naphthols (see . 316).

Another method of replacing hydrogen by mnethyl, in addition
to the use of alkyl halide and alkyl sulphate, is by the action of
diazomethane on the phenol :

T

CALOII + 1| SCH, = C,I1.0C
o1 +%\|T/cu_ C,I1,0CII, + N,.

The methyl group in anisole can le split off, and the ylenol
regenerated by heating with HCl or HI,

CH;0CTI; + HI = Cl] + CILOIIL,
The latter veaction has been made the hasis of a quantrative
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method Tor deterimng the mmber of methoxyl gronps (OCH,)
present ma compound (Zeisel, sce p. 220).

PrerakarioNn 78,

Hexahydrophenol— The method of Sahatier and Sen-
devens for the rednction of organic compounds is very generally
applicable. 1t cansists in passing the vapour of the organic
compound mixed with - hydrogen over finely divided metals,
espevially mickel, s e the example given.  Aldehydes and
ketanes are rednced to aleohals, olefines to parafiins, and, in
the sromihic series, Tiydvogen s taken up in the nucleus and
bydrovyelic compeands result.  The hydrocarbons form  cyclo-
parafins 3 the phenols, cyclic aleohols 3 the bases, cyclie
anones, &,

PREPARATION 70,

o- and p-Nitrophenol.- The action of nitric acid on
phenol in much more cnergetie than it ds in the ease of
lenzene. 1o obtain the mono-derividives, the acid has, in
conseynence, ta e diluted.

The entranee of the mitro-gronp renders the phenol more
srongly acid, so that the nitrophenals; unlike the phenols, form
stable salts with alkaline carbanates. It shonld be nated that
the: nitro-gronp enters the ortho- and para-position, but not the
et posiion o the O11 group, accarding to the general rule
expliied on e 2700 Moreover, the ortha-compound is more
volable than the par-componnd.  Camprae o- and g-hydr-
uxyhenzahbhyde (Prep, 83, p. 188).

I'REpARATION SO,

Picrie Acid.- “The presence of three nitm-groups converts
the phenol into a strong acid. Pieryl chloride, which 1s formed
Ly the action of Pl on the acid, bhehaves Tike an acid chloride,
is decomposed Dy water and alkalis and forms picrumide or
trmitzaihne with anunoni,

CaLNOYCT 1 NIy = Gl LNONI, + TICL

Note tbat the three wtra-gronps occupy meta-positions n
regiad 1o one another ; artho- or para-positions in reference
ta e hiveroxyl gronp,
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PRFPARATIONS §1—82.

Phenolphthalein,—The action of phthalic anhydride on
phenol takes place in two ways. When equal molecules of the
substance react in presence of conc, sulpluwic acid, iydroxyan-
thraguinone is formed (Baeyer),

O CO.
it SN0+ G0 = Gt O NCALOT + TLO.
“co” Nco” ’

It is Iy a similar process that alizarin has been synthesised
witl: the olject of ascertaining its constitution (see Notes on
Prep. 110, p. 316). When two molecules of phenol and one mole-
cule of phthalic anhydride are heated together with conc. sul-
phuric acid, then phenolphthalein is formed (Baeyer). Its
constitution has been determined by its synthesis from phthalyl
chloride and benzene by means of the “ Friedel-Crafts reaction”
(see Notes on Prep. 100, p. 309). Phthalyl chloride and benzene
yield in presence of AICl, phthalophenone,

Phthalopliellone.

Phthalophenone is then converted successively mto dinitro-,
diamino-, and, finally, by the action of nitrous acid, into dihydr-
oxyphthalophenone or phenolphthalein,

c Gl c<CeHNO, Cu c 11N,
N Cells N (,LILNO, /-'\ bll \II_,
Cgliy 8 /() > CGIL\/O > ClL ./ (9]
CO (61¢] )
Phtlulophewoue. Diwitrophthaloplieuotie. Diznducplithaloplieuous.
<G
> CGH4<>O
CO

Phenolphthaleiw
An important group of colouring matters, known as the
“rhodamines,” is obtained from phthalic anhydride and -
aminophenol and its derivatives. They liave a constitution similax
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to that of NMuorescem. The simplest of these ‘compounds is
represented by the following formula ¢ ---

CILNTL,
[ - )
L N

O
Llnbawsinge,

Purerarariax 83
Salicylaldehyde, p-Hydroxybenzaldehyde.—“Reimer’s

reaction ™ for the preparation ol hydroxyaldehydes from phenols
is appbexble to a very Targe number of monohydric and - paly-
lydvie phenols. The subsntution of two 11 atoms by two alde-
hiydde graups sometbnes oceurs, as in the case of resorciaol. An
analogovs reaction s that of caustie potash and carbon tetr
chloride an phienol, which yields ehietly #-hydroxyhenzoie acid,
L0
CALLI L CCY 1 sKOTT - Gl e 1 4RCl - 311,0.
“COOK

I'REPARATION 84,

Salicylic Acid.-~The reaction was discavered by Kolbe,
and 15 known as " Kolbe’s synthesis” 1t will have been ol-
served that 1t okes plese in two steps. Sodiwm phenylearhonate
is lirst Tormed, which then mndergoes intramolecular change
aith the production o sodimn salicylate (Schmidt). The tech-
nieal process bs cmriad out i antoclaves, i which carbon
dioxide 1s passed into the sodum phenate ander pressire at
120 130 1tis a enrious faet that the nse of potassium phenate
yields, espeetally at a high tanperature (220 ), almost exclusively
the p-hydroxybenzoate of potassiun.,

The above reaction may be applied in the case of other
pheneols,

PREPARATION 83,

Quinone and Quinol. Quinone, which was originally
obtaiped by the oxilation of quinic acid (the acid associated
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with quinine in cinchona bark), is now prepared from aniline.

The aniline, in process of oxidation to quinone, HAIPCars to pass
through the following intermediate stages,

NI,

11, 2
C,I1,NIL, > CIiNL SClI,N 1.011—>C0Th< ON > Gl1,.0,
%0

The aniline is first oxidised to phenylammomim oxide, whicly
changes into phenylhydroxylamine. The lthtc!- also under-
goes intvamolecular change, being converted  Into pgamino-
phenol, which is finally oxidised to ¢uinonc (Damberger).
It may also hie obtained by the oxidation of para-derivatives of
aailine, such as p-phenylenediamnine, sulphanilic acid, .
aminophenol, &c. Other amino-compounds and phenols yield
corresponding quinones, and it can even De P"Cl)ﬂ}‘(?d from an
amino-compound or phenol, if an alkyl group accujnes the para-
position, as in the case of mesidine, which los¢s a methyl grou)p
and yields m-xyloguinone. Quinone is sonretiimes regarded as a
superoxide (Graelie), sometimes as a parn-diketane (Iitig).

C O
7N\, s
e’ o N n(:',/ \I\i(:n
I j +
: ) P8
N TC, (o
IIC\ O /CII FIC N ’/ 11
N N
C K9
Superoxide formula, Tiletoue fisruula,

The facts in favour of thefirst are that cuinone, like aperoxide,
has a strong oxidising action, that on recdluction it vields, not a
alycol, but a dihydroxybenzene ; moreover, with 1'Cl; instead
of a tetra-chloro-dervivative, a dichlarobeuzene is formed.  In
favour of the ketone structure is the fornwuition of a mono- and
di-oxime (Goldschmidt),

co C:NOII
nes ci ne " e
i i
nc: o nci ,,‘un

énorr
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Ihenylhydrazones ave not formed, as phenylhydfazne acts as a
rednemg agent and prodaces quinol, -

The consbution of quinhydraisg, thye termediate product
formed Dy the redaction of quinond™ay, dsidasian af; quifekis.
repyesvated by the formala,

“wc
/()——f,\(.)l 1)
. 7o e
Cel1 g oo
e Q1L
\\‘ N
QO ——(O11),
Ior the tormation of dimethylquinone, see p. 251.

lerpararion 86,

Benzyl Chloride.--The actian of chlorine on doiling
toluene 15 qmite distinet from the action which occurs in the
cold ar o presenve of a *halogen ciarier ” (see . 252, 27)).
In the jresent mstance substitution tdkees place in the side-
i, 10is o omrians fact, however, that chlorine produced hy
cleenulysis o presenve of bolling  tinluene mainly enters the
navlens,

Iy poalenged action all three hydragen atoms of the side-chain
way he replaced, amd the following compounds abtained :—

CJaLONCE Beazy] Chluride.
Gl CNCL Benzal Chlovide.
C10Cl, Benzarichloridy.

I ydrocarbans containing the halogen in the side-chain may
Dhe generasty, thongh not invariably  distinguished, Ly their
nriting action on the eyes and nmcaus membraie of the nose,
feom those - which tle halogen is present in the nuclens.
Morcover, the halogen in the side-chain is much more readily
snbstitted or removed thim when it occurs in the nuclens.  In
this respect the above componnds resemble the members of the
abphatie series (alkyl and alkylene halides).  Denzyl chloride is
decomposed by wiler, annmonia, and potassium cyanide, forming
Denzyl adeoliol, ruzyl eyamide, and benzylamine.

COLCTLECT 1 TLO = Gl LCTLO1M 4 TICL
Lennyl abenliol

CALCTLUD t KON = G CHLON 4 RCL
Beuzyl eyzanidde,

CALCTLLT T 2Ny = CtzCTINTL, 1 NITCL

Leneylaoine,
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It is also much more easily oxidised than toluene to hienzoic

acid, i
CyII,CILCl + O, = C411,C00IT + HCL.

Benzal chloride and benzotrichloride are also decomposed by
water, the former in presence of calcium carbonate, and the
Iatter at a high temperature, yielding. in the one case, benzalde-
hyde, and in the other, benzoic acid,

CylI,CIICl, + IL0 = Cal1,COil + 21101

Hewrzddehyde,

CyIL,CCl, + 211,0 = C,1,CO.01I + 3IICL

Bewzoic acid.

PrREPARATION §7.

Benzyl alcohol may be also obtained by the action of caustic
potash on benzaldehye (see Reaction 4, p. 197). This reaction
1s specially characteristic of cyclic-compounds containing an
aldehyde-group in the nucleus, although some of the Ilngher
aliphatic aldehydes hehave i a shnilar fashion (Cannizzara),

2CgH,COI + KOI = C4H,CH,OII + C,11,COO0K.
Beuzyl alcohol.  Potassiuu betezuite,

Benzyl alcohol has the properties of an alipkatic alcohol, and
not those of a phenol. On oxidation, it gives benzaldehyde
and lienzoic acid, and it forms henzyl esters with acids or acid

chlonrdes,
Cyl1:CO.0CI1,. Cyl1,.

Beuzyl bewzotile.

PREPARATION 88.

Benzaldehyde.--Tbe aldehydes of the aromatic series
may also be obtained by the oxidation of a methyl side-chain
with  chromium  oxychloride.  The solid brown product,
C¢H;CH4(Cr0,CLy)y, formed by adding CrO,Cl, to toluene,
dissolved in carlhion bisulphide, is decomposed with water, and
benzaldehyde separates out (Etard), Other methods for pre-
paring aromatic aldehydes are (1) the Friedel-Crafts reaction, in
which a mixture of carbon monoxide and hydrogen chloride are
passed into the hydrocarbon in presence of aluminium chloride
and a little cuprous chloride, -

CH:.CH, + 1ICLCO = ¢, 4+ HOl;
“CHO
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(2) al§o by passing a mixture of hydrogen cyanide and hydrogen
chloride into a henol ether in presence of AICL,

. OCl1,
CilI,0CIL, + HCN.IIC! = 11,0 + 1ICI.
NCIENI
The product is then hydrolysed with hydrochloric acid
{Gattermann),
OCIL, OCll,
iyl so=cnd "
~CIT:NII ~CIIO
(3) Grignard’s reaction can also lic used for preparing aromatic
aldehydes (p. 308).

’l’hf: numerons reactions which lenzaldehyde undergoes are
described in this preparation, and in some of the subsequent
ones (see Preps. 93-97).

On reduction, henzaldehyde yields, in addition to benzyl
alcohol, a pinacone known as Zydrobenzoin,

C,11,COIT Cel1;CLHOH

+ 1 |
Cgl1,COH C,LCNONT

Hydrobeuzouw

PREPARATION 89.

a- and B-Benzaldoximes.—The existence of two 1someric
henzaldoxiines was first ohiserved Ly Beckmann in 1889, who
explained their relation hy a difference in structure.

Cyl,CH:NOH C;H;CH.NH
N
O
a-Benzaldoxinte. B8-Eewzaldoxime.

In the following year Hantzsch and Werner published their
theory, by which the greater number of isomeric oximes both of
aldchydes and ketones have found a satisfactory explanation.

These compounds were not structurally but stereo-isomeric, the
relation being similar to that which exists hetween fumaric, maleic
or mesaconic and citraconic acids (p. 263), or again between the
two diazotates of potassiun (p. 283), and which may be

represented as foilows :
CeHyC.H CH,C.H

HO.N N.OH

a-Benzaldoxiwe. B-Beuzaldoxime.
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It will be easily understood from thiese formula why the 8-com-
pound should yield benzonitrile with acetic anhydride whilst the a~
compound does not. The proximity of hydrogen and hydroxyl in
the forarer case facilitates the formation and elimination of water-
In this way the configuration of most of the aldoximes may he
ascertamed.

PREPARATION go.

Bengzoic Acid.—The oxidation of the side-chains in aromatic
hydrocarbons is a matter of considerahle interest, as ilnstrating;
the difference of stability of the side-chain and nucleus, andalso
the influence which the relative positions of the side-chains,
where more than one is present, exert in presence of oxidisings
agents.

The oxidation of the side-chain of an aromatic hydvocarbon,
when more than onc is present, takes place In successive steps.
Thus, mesitylene is converted into the following comjiounds on
oxidation :

K. CylI,(CI1,,CO.011  Mesitylenic acid.

Mesitylene, Col I(CIly); —= CHLCIL(CO.011),  Usitic acid.
lH,CO.0H), Trimesic «cid.

The reagents usually employed are (1) chromic acid or
potassium bichromate and sulphuric acid, (2) dilute nitric acicl
-and (3) potassinm permanganate in alkaline or neutral solutio 1.
The action of these upon the side-chain, when more than one
side-chain 1s present, depends upon their relative position.
Thus, for example, potassium bichromate and sulphuric acid
cither does not act, or completely destroys the compound when
the side-chains occupy the ortho-position (Fittig), whereas the
para- and meta-compounds yield the corresponding carboxylic
acids. "This is true also of substituted hydrocarbons with one
side-chain ; thus with nifn'c acid m- and p-nitrotoluene give
- and p-nitrobenzoic acid, whilst the ortho-compound is either
unattacked or destroyed. If, however, the substituent 1s =«
halogen and the oxidising agent nitric acid, the meta-compound
is least, and the para-compound most acted on. Dilute nitric
acid or alkaline permanganate are most serviceuble for oxidising
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side-chains where only one side-chain is to he converted into
carlioxyl on account of their less cnergetic action.

The oxidation of a halogen-suhistituted side-chain by (he usual
oxidising agents is much more readily accomplished than that
of a simple alkyl group. A similar case is that of naphthalenc
tetrachloride, €\ HCl,, which, though an additive compound, is

nmuch more readily converted into phthalic acid than naphthalene
itself.

PKEUVARATION 9I.

m-Nitro-, m-Amino-, m-Hydroxy-benzoic Acids.—
This series of compounds merely furnishes an exercise in the
processes previously described and illustrates the application of
the same reactions in the case of a sulistituted benzene derivative
containing a nitro-group. It also illustrates the manneria which
meta-compounds of henzoic acid may be indirectly prepared
where a direct method 1s inapplicalile.

PRECARATION 93.

Bengzoin.-As a small quantity of potassinm cyanide is
capalile of converting z large quantity of benzaldehyde into
benzoin, the action of the cyanide has been explained as Tollows :
The potassium cyanide first reacts with the aldehyde and
forms a cyanhydrin, which then condenses with another molecule
of aldehyde, hydrvogen cyanide being finally eliminated
(Lapworth),

P [ ,OI—I
CyIT5 (,II< CyH,CHO = Gy, C \C CH(OIM)G,l1;.

= Q;IIS.CO.CI{(OH).CGPIS + HCN.

The same rcaction occurs with other aromatic aldehydes
(anisuldehyde, cuminol, furfurol, &c.).

Benzoin yields hydrobeazoin on reduction with sodium
amalgam, and desoxybenzoin, C;H,CO.CH,.C;H;, when reduced
with zine and hydrochloric acid.

The latter, which contains the group CO.CH,.C;H;, Liechaves
like malonic ester, the Liydrogen of the methylene group being
replacealile by sodium, and hence hy alkyl groups.
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PREPARATION 94.

Cinnamic Acid.—The reaction, which takes place when an
aldehyde (aliphatic or aromatic) acts on the sodium salt of an
aliphatic acid in presence of the anhydride, is known as
“ Perkin’s reaction,” and has a very wide application.  Accord-
ing to the result of Fittig’s researches on the properties of the
unsaturated acids described below, the reaction occurs in two
steps, The aldehyde forms first an additive compound with
the acid, the aldehyde carbon attaching itself to the a-carhon
(¢.¢., next the carlioxyl) ofthe acid. A saturated hydroxy-acid is
formed, which is stable, if the a-carbon is attached to only one
atonm of hydrogen, as in the case of isobutyric acid,

ClI,
Clly
GHLCIO +  “SCILCOOH = Cll,CH(OI1).C.COOI L
Cly |
Cll,

If, as in acetic and propionic acids, the group CH, is present
in the a-position, water is simultaneously spht off, and an
unsaturated acid results,

CHy
C,I,CHO + CH..CH, COOH = CsliﬁCI--I:C':.COOI-I + ILO.
a-Methylciiuwmic acid.

That a-methylcinnamic acid is formed and not phenyliso-
crotonic acid accordink to the equation,

C4l1;CHO + CH,.CH,.COOH = C4H,CH:CH.CH, COOH + IL0,

Dheuylisocrotonic acid.

follows from Fittig’s researches, and depends upon the marked
difference exhibited by the two principal groups of unsaturated
acids, viz., the af acids, which have the double link between
the first and second carbon from the carboxyl, and By acids, in
which the double link lies Dbetween the second and third
carbons.  Methylcinnamic acid beélongs to the first group,
whereas phenylcrotonic acid belongs to the second group.

It may be noted in passing that this reaction bears a .close
resemblance to that studied by Claisen, which occurs in
presence of caustic soda solution between -aldehydes or ketones
on the one hand, and compounds containing the group
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CH.,. CO Denzaldehyde and acetone combine under these
conditions to form benzylidene- and dibenzylidene-acetone,
CgH COH + CH,.CO.CI; = C4H,CH:CH.CO.CH,.
Bewzylidene acetone.

2CH;COM + CH,.CO.CH, = C;H,CH:CH.CO.CH:CH.C,H,,
Dibeuzylideue acetone,

All the unsaturated acids have the following properties in
conunon. They form additive compounds with nascent
hydrogeun, halogen acids, and the halogens. On oxidation with
alkaline permanganate in the cold, they take up two hydroxyl
groups to form a dihydroxy-derivative, and, on further oxidation,
ultimately divide at the doulle link. Cinnamic acid may be
taken by way of illustration. On reduction it forms phenyl-
propionic acid, with hydrobromic acid, 8-bromophenylpropionic
acid (the bromine attaching itself to the B-carbon, see p. 253},
with bromine aB-dibromophenylpropionic acid, on oxidation with

permanganate, phenylglyceric acid and then benzaldehyde and
benzoic acid,

Co I,CH:CHLCO.0OH + H, = C4H,CH,.CH,.CO.OH,
Phenylpropionic acid.
CJI,CH:CH.CO.OH + HBr = C,H,CHBr.CH,.CO.OH.
Pheny!l B-bromopropiouic acid.
CyI,CI:CH.CO.OH + Br, = CH;CHBr.CHBr.CO.OH.

Pheny! ap-dibrownopropiouic acid.
Cyl,CH:CH.CO.0M + H,0+0 = CgH,CHOH.CHOH.CO.OH.
Pheuylglyceric acid.
C,/LCII:CH.CO.0H + 20, = CyH;COH + 2CO, + H,0.
Beuzaldehyde.

The chief difference between the two groups of a8 and By
ansaturated acids lies in the behaviour of the additive compounds
which they form: with hydrobromic acid and bromine.

In the case of the aB acids, the hydrobromide of the acid, on
boiling with water, yields the corresponding 8 hydroxy-acid,
and, on boiling with alkalis, a mixture of the original acid and
the unsaturated hydrocarbon, formed hy the elimination of
carbon dioxide and hydrobromic acid,

1. CyH,CHBr.CIIL.COOII +H,0 = C4l1,CHOH.CH, COOH + HBr.
B-Oxyphenyl-propiouic acid.
2. C,I,CHBr.CH;COOH + NaOH = C;H,CH:CH.COOH + NaBr

Ciuuawic acid. + H,_,O,
3. GILCI [Br.Cll,.COOII +NaOIl = GI,CH:CIL, + CO., + Nz]}_—Br
- Styreue, + 11.0.

COHEN’S ADV. P. 0. C. X
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The hydrobromnides of By unsaturated acids like S-phenyl-
crotonic acid behave quite differently. On hoiling with water,
lactones are formed, 7.e., inner anhydrides of oxy-acids,

C,l1,CHBr.CH,.Cl1,.COOII = cﬁusfu.cng.cln2 + IBr.

O0——-0

Plenylbutyrolacioue.

The readiest method for distinguishing a By-acid, especially
of the aliphatic series, is to heat the acid with a mixtwre of
equal volumes of conc. sulphuric acid and water to ahiout 140"
The lactone is formed if a By-acid is present, whereas an «f3-anid
remains unchanged. By diluting, neutralising with sodinm
carbonate, and extracting with ether, the lactone 1s separated,
the af-acid remaining in solution.

An interesting relation exists between the two groups of acids.
It has heen found that, en heating By-acids with caustic soda
solution, a shifting of the double link on the «B-position takes
place,

Cﬁl-I5CH:CpI~-I.CH2. COOH = C,H,CH,. c;»lzcn.coon.
Y a a

PREPARATION 5,

Hydrocinnamic Acid. —The preparation illustrates the use
of sodium amalgam as a reducing agent. 1t should lLe noted
that hydrocimnamic acid may be also olitained from malonic
ester hy acting upon the sodium compound with benzyl chloride,
then hydrolysing and removing carhion dioxide,

CsH;CH,Cl + NaCH(COOC,H,), > C,11,CIL,CH(COOC,1;),
- CsH;CH,.CH(COOH), + C4tI,CH,.CH,COOI.

PREPARATION 96.

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



APPENDIN 307

Mandelic acid was originally derived from bitter almonds, and
can le obtained hy the action of lharyla on amvgdalin, the
glucoside of hitter almonds, which hreaks up into glucose and
mandebc acid.  Mandelic acid contains an asymmetric carlion
atom, rad is capable, therefore, of being resolved into optical
enanliomorphs (p. 262). This has heen effected by fractional
crystallisation of the cinchonine salt, from a solution of which
the dextro-rotatory comjionent first separates. Another method,
known as the hiochemical method, is to cultivate certain low
organisms in a solution of a salt of the acid when one of {he
components is destroyed or assimilated. Thus ordinary green
mould (praseillinn) assimilates and removes the lievo component,
leaving a dextro-rotatory solulion. These two methods, together
with the separation of the enantiomorphous crystalline forms
described on p. 123, comprise the three classical methods devised
by Dasteur for resolving inactive sulistances into their active
comyponents. Mandelic acid may also be resolved hy partial
hiydrolysis of its esters by the ferment “lhpase” (Dakin) a. d
also Dy the partial esterification of the acid with an active alcoliol
such as inenthol (Marckwald).

PREPARATION 97.

Phenylmethylcarbinol.—The inethod of Grignard, of
which this preparation sexrves as an illustration, has veceived a
very wide application.  The following is a hrief and incomplete
list of these reactions, in which the organic radical (R) represents
within certain wide linits lioth an alkyl and aryl group :

Hydrocarbons. The magnesiom compound is decomposed
by water,

’ RMgI + IL,O = R.I + dMgl{Ol).

Alcokols may be obtained from aldehydes, ketones, esters,
acid chlorides, and anhydrides,

R R_ OMgl R _.OH
NCO + RMgl > NC. > !
R R ONR R “R
;4 - Oyl Mgl . <I')||
R.CK F RAMgI->R.CEOCH=RCER  SRCK
“WNoc, T \R KK R

X n
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- e v

Aldehydes can be prepared from dimethylformamide,
HCO.NRR + RMgI > HCR(OMgI)NRR > RCHO + N1 KRR +
. MO,
and from formic and orthoformic ester,
HCO.0C,H, + RAgl => RCHO -+ MgLOC, I,
Cefones may be obtained from cyanogen, cyanides, oy- gmides,

NMgl
RCN + RMygl - R.C< > R.CO.R + NHy + Mg(OIDI

N

Acids are produced by passing carhion dioxide into t]he ether
solution of the magnesium alkyl comjlound,

_/OMgI .OH
RMgI + CO, = R.C/ > RC + Mgl(O11).
.0 o
In addition (o the aliove, Grignard’s reagent has bee;y utilised
mn preparing olefines, ethers, ketonic esters, hydroxy-acids,
quinols, amides, hydroxylamines, &c., for details of which books
of reference must be consulted.!

PREPARATION ¢8.

Benzoyl Chloride.—Tlhe formation of esters iy tlie action
of benzoyl chloride or other acid chloride on an alcohol o1~ phenol
n presence of caustic soda is known as the ** Schotters - I3aumamn
reaction.” The reaction may also lie employed in the prepara-
tion of derivatives of the aromatic amines containing an acid
radical, like benzanilide, C;H,NH.CO.CyH,,

CeH;COC! + NH, CgH; + NaOH = C,11,CO.NHC;H; + NaCl + ILO.

PREPAKATION g¢9.

Ethyl Benzoate. —The method of Fischer and Speier for
the preparation of esters, by boiling together the acid with the
alcohol containing about 3 per cent. of either hydrochloric acid

1 Schnddt, Ahreus” Fortrige, rgos, 10, 68.
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ov conc. sulphuric acid, can he adopted in the najority of cases
with good results, and has many advantages over the old
method of passing hydrochloric acid gas into a mixture of the
alcohol and acid until saturated. Read Notes on Prep. 13,
- 247.

PREPARATION Io0o,

Acetophenone.—The “Friedel-Crafts’ reaction,” of which
this preparation is a type, consists in the use of anhydrous
aluminium chloride for effecting comhination between an
aromatic hydrocarban or its derivative on the one haml, and a
halogen {Cl or Br) compound on the other. The reaction is
always accompumied by the evolution of hydrochloric or hydro-
hiromic acid, and the product is a compound with AICl,, which
decomposes and yields the new suhstance on the addition of
water. This veaction has lieen utilised, as in the present case,
(1) for the preparation of ketones, n which an acid chloride
(aliphatic or aromatic) is emploved,

C,lls + CI.CO.CII, = CeH;.CO.CIH; + IICL

Acetophewoue.

Cll, + CLCO.CylI; = CyH,. CO.CyIL, + TICI.

Lewzopliwie,

If a substituted aromatic hydrocarhon is used, the ketone
group then enters the para-position, or, if this is occupied, the
ortho-position. Substituted aromatic acid chlorides may also
be used, and if the acid is dibasic and has two carboxyl chlornde
groups, two molecules of the aromatic hydrocarlion may be
attached. 1f phosgene is used with two molecnles of benzene,
benzophenone is obtained,

2CH; + Cl,CO = C4l;.CO.C;H, + 2HCL.

Beuzophetolie.

(2) This reaction may be modified by decreasing the propor-
tion of the hydrocarbon, and an acid chloride is then formed,

CylI, + C1COCI = Cy11;.COCI + IIClL
Benzoy! chloride,
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(3) With an aromatic hydrocarbon and a halogen derivative
of an aliphatic hydrocarbon or aromatic hydrocarbon sulsti-
tuted in the side-chain, new hydrocarbons may he built up (see
Prep. 102, p. 214),

Cullg + ClLPr = Coli, CH, + 11D,
Feliyibenzeue.,
CeHg + CICH.Cll; — CotICl,Clls + 1CLL
Liplieuy luetlcue,
3C.H, + ClIC = CINCII), + 311CL

Triplieuyluiethane,

Anthracene has lieen. synthesised fromn tetrabromethiane and
Lienzene by this methosl,

G, I,

Awhraceue.
(4) Amides may he prepared liy the use of chlorofarmamide,
Cgll; + CICONH, = C4H,.CO.N1i, + IICI,
The chloroforinamide is olitained by passing HCl gas over
heated cyanuric acid (Gattermann),
ITIOCN + IICl = CI.CONIL,

(5) Hydroxyaldehydes have been obtained indirectly by the
use of the crystalline compound HCLHCN (which hydrochloric
acid forms with hydvocyanic acid) acting upon a phenol ether,

OCH,
CelI,OCH;, + HCLHCN = Cal,{
\CIL:NH.

Tlie aldime is subsequently liydrolysed with dilute sulphuric
acid (Gattermann),

.oCH, _oct,
csm\czNHﬂL ILO = cﬁm\coH + Nl

In addition to the Friedel-Crafts’ reaction, the aromatic
Letones may be obtained by distilling the calcium salt of the
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aromatic acid or a mixture of the salts of an aromatic and
aliphatic acid. The reaction is precisely analogous to the
1rocess used for the pireparation of aliphatic ketounes,

2C,H,COOc” = CgH,CO.CH, + CaCO,

Bewoplieuoue,

G H4COOc' + CII3CO00c" = Cyl1,.CO.CH, + CaCO..

Ac e]opheu.ou.e

They possess the usual properties of ketones of the aliphatic
series (see p. 69), which are illustrated by the various reactions
described at the end of this preparation.

A special inlerest attaches to the oximes of those ketones
which  contain  two different radicals linked to the CO
groul. Many of these substances exist in two isomeric
forms, which are readily converted into one another. Phenyl-
tolyllcetoxime exists in two forms and benzldioxime in three
forins, which cannot be explained by stimctwral differences
of constitution. They must therefore represent different
space configurations of a type analogons to that of citra-
conic and mesaconic acid (Hantzsch, see p. 265). They
are distinguished by the terms “ syn” and “ anti,” corresponding
o *“cis” and “ trans® among the wnsaturated acids.  “Anti”
significs away from the group, the name of which follows ;
“syn” signifies the position near that group (see pp. 283 and
301),

Coll,;.C.CII,.CII, C,IL, C.CylIL.CII,
IIO.N N.OHO
Sys Phenyliolylketoxime. Aeti-Phenyleolylketoxime.

Benzl forms three dioximes which are distinguished Ly the
names “ syn,” “anti,” and “amphi.”

ClI.C.C.Cili, Cyl;.C—— ? CHH, CylI,.C ——(ﬁ.csﬂ 5
IIO.N N.OH HO.N HO.N N,OH 1IO.N
awd, amphi. sy

The action of PCl, on these substances, known as Beckmann’s
reaction, 1s of great nnpoxtanLe in distinguishing the different
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forms of ketoximes. The two isomeric phenyltolylketoximes
vield two different amides,

Colly C.ColI,.Clly  CyH,.C.ClI,CH, OC.CH,CII,
- T
HON CLN CH,HN

Tohiic auilide,
Ci;C.CHLCH, Gl C.CI,.CH, Cy,CO
-> - .
NOII N.CI NUCILCIL,

Pewntiy yoluide,

Toluic anilide, on hydrolysis, forns toluic acid and aniline,
wlhereas benzoic toluide yields benzoic acid and toluidine. It
follows therefore that, in the original compound, the first con-
tains the hydroxyl nearer the phenyl group and the second
nearer the tolyl group.

For further details on the stereoisomerism of nitrogen com-
pounds, the text-book mnust hie consulted.

PREPARATION I0I.

Diphenylmethane.—This reaction is analogous to that of
aluminium cliloride on a mixture of benzene and henzyl chloride
referred to n the notes on Prep. 100, p. 310, The reaction is
also effected Dby the nse of zinc dust or finely-divided copper
(Zincke).

PREPARATION I02.

Triphenylmethane.-~—This is another example of the
“ Friedel-Crafts’” reaction, which has already been referred to
in the notes on Prep. 100, p. 309.

The synthesis of pararosaniline from triphenylnethane is one
which has gone far to solve the problem of the constitution of
the hnportant class of triplienylmethane colouring matters.

Rosaniline or magenta was originally obtained by oxidising
with arsenic acid a mixture of aniline with o- and p-
toluidine. ~ The product was then lixiviated and treated with
common salt, which converted the arsenate into the hydro-
chloride of rosaniline. Pararosaniline was prepared in a similar
svay from a mixture of aniline and p-toluidine. The series
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of reactions iy which tr 1phcn) linethane is converted into para-
rosaniline may le xeplesented as follows :—

/C / /C NH, C¢H NIIL,

II(,\C,;H > HCL CGILNO > HCE& CGI-LNH (MO)CLCH.NH,

CeH, NuCoH N NG NIT, NCiH N
“Cripliewylniethaue. Trlu.;reo‘}t];lé):enyl Paraleucauiline. Par'ui)o::elflllue

By the action of hydrochloric acid on the base, the hydro-
chloride of pararosaniline is formed, which is the soluble
colouring matter,

110.CICAINT), + TICL = C(CIINH,),CI + TLO.

The constitution of the hydrochloride is doubtful ; but the
so-called guinonoid structure, by which the substance is vepre-
sented as a derivative of quinone, is generally accepted,

GCHEIL,
|
¢
/N
e/ eI
)

4 I
IIC.\ /-(,II
N
|

NILICL
Pararwaniline hydrochbuide,

The formation of rosaniline from a mixture of aniline, o- and
p-toluidine is represented hy assuming that the methyl-group
of p-toluidine acts as the link which connects the nucler of
aniline and o-toluidine.

CILNIL, C,ILNIL,
nC I GINIL 4 50 = HOCSCLNIG + 210
I CGU,QI‘{’ Colt ey

Rosaniline base.

PREPARATION 103.

Benzaldehyde Green.—The formation of malachite
green (benzaldehvde green) hy the action of benzaldehyde
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upon dimethylaniling in presence of zinc chloride, and sulise-
quent oxidation of the product, may be interpreted on similiar
lines, and has already been referred to. (See notes on Prep. 59, p.

279).

/C,tH
HC."H: CILN(CIL), Gl
O ~> HCCy H N(CII )
H5 CoIN(Cl,) NCHN(CHy),
et ‘i,euLob'x\e of

SCHs
[IC&CJIIN(CIL), + O =
NCILN(CH),

nilacldte gree

Clls
II0. C—COILN(CII )
SCelIN(CI 1),
Dase of u.mlulmc
areell

The preparation of “ crystal violet” from Michler’s compound
and dimethylaniline in presence of POCI, nay be explained ina

similar fashion,
0C:

/CoILN(CIL,)
NGyl I,N(CH,),
+ HCGIN(CIT,),

/C IT,N(CI1.),
= IIO. C—COI'LN(C“ o)
NC H,N(Clly),
Pase of cr)sml
violet.

2
3

(o

The constitution of the hydrochlorides of malachite green and
crystal violet will appear as follows : —

L 7Cyll;

/CHN(CIL),

Ic\csnu\(cn e ﬁ CHIN(CIT),
C
~ /\
nc‘/ NI Hcl_/ \”CII
c e net  Jeu
\C/ \C/
1|IL(CHs)2 1|\:I(CH:;)2
Cl ol

Malachite green.

Phthalic Acid.

Crystal violet.

PREPARATION 104

In the formation of phthalic acid by the

oxidation of naphthalene with sulphuric acid, the mercuric sul-
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phate acts as acealyst. The Latter reagent has been used success-
flly i other oxilising processes, slthongh the monner of its
avtinnis nuadyet explined. The Tormation of phithalic acid from
maphithalene represents the il stage in the manufacture of
artilicialindigo lrom cond-ta. Tlhe subsequent processes consist
i copverting the acid into e anhydride by sulilimation, the
anbiydride into phthaltimide by the action of immonia gas, and the
phtbalimide into authranilic avid by the action of sodium hypo-
Lrannite (Holhinn's reaction, see p. 8u).

O O /C()l\'lll“»r
T O - Gl NI -> Gl >
(D] O OO

N1l
Colly”

SCOOI.

The atlranibe  acikl is then converted nto  indigo hy
ombining it with ehlovaceti ackl and fusing the product with
caustic alkal, which gives indoxyl and Tnally indigo by oxidi-
tion,

NI, /NII(ZII.:CO()II
ol 1 CICILCOOT =,

Corn ~COOL
SNHCHLLCOOT] NI
Colly N A I K NI,
10 S I

Tyl
SN CNTIL
e C-C” S,
O (KSR
Lwlign.

D REPARATIONS 105 and 100,
Naphthalenesulphonate of Sodium. #-Naphthol.—

The formation of the snlplonic acid of naphthalenc and the
corresponding pihenal by fusion with caunstic soda is analogous
to that of henzene sulphonic acid and phenol (see Prep. 74,
D 177, and 76, . 179. 1t should be noted that naphthalene
fonns two series of mono-derivatives distinguished as a and $
compounds, By the action of sulpluric acid on naphthalenc,
Doth « s B sulphonic acids are formed. At a lower tempera-
turg (100 ) the product consists 1aainly of the o compound ; at a
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higher temperature (170°) of the 8 compound.  8-Naphthol and
its derivatives are used for the preparation of azo-colours (see
Reaction 6, p. 163), and for that of 8-naphthylamine. The latter
is obtained by the action of ammonia under pressure on {-
naphthol,

CeH;OH + NH, = C,,H,NH, + H,0.

This reaction is resorted to for the reason that naphthalene
forms only the a-nitro-compound with mitricacid. The methad,
similar to that used for preparing aniline from nitrobenzene,
cannot, therefore, lie employed for the production of B-naphthyl-
ammine. a-Naphthol is mainly used for the manufacture of
yellow and orange colours (Martius and napbthol yellow) by
the action of nitric acid, and are similar n canstitution to picric
acid (see Prep. 107).

The naphthols differ from the phenols of the benzene series
in forming ethers after the manner of aliphatic alcohols, viz, by
the action of sulphuric acid on a mixture of the naphthol and the
alcobol, which the other phenols do not,

C,,H;OH -+ CH,OH = C,lII;OCHy + I1,0
Naphthy! niethy! ether.

PREPARATION 108.
Anthragquinone.—The constitution of anthraquinone is
derived from various syntheses, such as the action of zinc dust
on a nixture of phthalyl chloride and benzene, or by heating
benzoyl benzoic acid with 1',0,,

,Cocl Lo
Gl + Cilly = GlL__ SGIL + 211C)
~CoCl NCOo
0.C,H, €O
e = Gl I+ 1LO.
C,IL\COOH C“H‘\co DCL + 11,0

Unlike henzoquinone, it is not reduced liy sulphur dioxide
(see Prep. 85, p. 193). Heated with HI or ‘zinc dust it is con-
verted into anthracene.

PREPARATION 11o.

Alizarin.—The first synthesis of alizarin is due to Graebe
and Liebermann (1868). The present inethod was discovered
simultaneously by these chemists and by Perkin, By the agion
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ol fuming sulphuric acid on wnthraquinone, the main product is
B-anthracuinone monosulphonic acid,

[/\1/ v “\150 i,
\/\Co/\/

BBy fusion of the sodium salt with caustic soda and potassium
chlorate, the hydroxyl groups enter the a and 3 position.  The
constitution of alizarin is therefore

OIl
CO

-
N Neo NV
Alizari
The constitwtion has hicen determined by its synthesis from

phthalic anhydride and catechol in presence of concentrated
sulphurc :tcid (Baeyer),

OH 1 co OH 1
/0N 1 = C.H NeH
114\ /o + CH Lou s Coly / s _\OH )

Other colouring matters have been obtamed by the oxidation of
alizavin (purpurin), and by fasion of the disulplonic acids of
anthraquinone with caustic soda (anthrapurpurin and flavo-
purpurin). - Itisan nteresting fact that, among the numerous di-
and poly-hydroxyanthraquinones, only those which have the two
hiydroxyls in the «f position are colonring matters (Liebermann
and Kostaneck),

Cq

co (92¢] . COo. O
1/ \1/ \1/\101-1 no/ \l/ 1 o
) |
N0 N \NNco NV
Parptiiie Awhrapurpurin,
O
VRSN
t ) O
H !
HO\ AoV

Flicvopurpuric.
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PREVARATION III.

Isatin.--The formation of isatin from indigo may be
represented as follows :—

CO N % CO CO
Ce II4\ C = (4\\ /Csl[.; = 2Ch}{4\ /CO
(O3 fo Pwuulo isatiw
ludigo.

This compound represents the unstalile pseudo- or lactam-
form, and passes into the stable or lactim-form (Baeyer),

A0,
Coll SCON).
\ ]\‘ =4
1ssitiw (stable forw).

There exists, however, some uncertainty as to which formala
represents the stable form. Derivatives of both forms are
known, and the compound offers an example of Aurtoimcrism
(see Notes on Preps. 16,p. 252), or, as it has been also termed,
pscudomerisin,

The constitution of 1satin has been determined by its synthesis
from o-nitrophenylglyoxylic acid,

,CO.COOH ,CO.COOH Co.,
CiH 4\ - GH DN C(,n\ Lo,

which passes on reduction into the amino-compound, the latter
forming the anhydride or isatin (Claisen).

PREPARATION 112.

Quinoline.—The formation of quinoline by “Skraup’s
reaction” may be explained as follows: The sulphuric acid
converts the glycerol into acrolein, which then comlines with
the anline to form acrolein-aniline. The latter on oxidation
with nitrobenzene yields quinoline.
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CHLOLCHONLCHLOM = ClL: CHLCON + 2110
Acrolein, ¢
CollNT1, £ OCTLCH €My =GN CHLCIT: CIL, 4 11,0

Acroleiu auiliue,

o
;\': N ;\*(:II - /\/\_
e ] ] o+ o
Quinolire.

The renction is a very general one, and most of the primary
aromatic amines and their derivatives can be converted into
quinoline derivatives, provided that one ortho-position to the
amna-group is free.  o-Aminophenol, for example, yields
o-hydroxyquinoline in the same way,

N VAVAN
\\ /1\ i \\/\\/\
O N onx
o-Autinophetiol, o-Hydroxyquiwoline,

PREPARATION II3.

Quinine Sulphate.—Quinine belongs to the group of
“vegetahle hases” or alkaloids. These substances are widely
distributed among different orders of pluts, and are usually
calourless, adaurless, and crystalline solids. A few, however,
wre liquids (conine and nicotine), and nossess an unpleasant
smell.  There is no general method hy which the alkaloids can
be isolated from the plants in which they are found. They
usually exist in comlunation with acids, such as malic, lactic,
and other common veypetalile acids,  Frequently the acid present
is peculiar to the plant in which it occurs. Quinine and the
otlier cinchona alkalaids are found in comhination with quinic
acid, morphine with meconic acid, aconitine with aconitic
acid, &e. A camman method far separating the alkaloid is to
add an alkali. I the base is volatile in steam, like conine, it
is distilled with water; if, as gencrally hapjpens, the sulistance
is ren-volatile, it is extracted by mcans of a suitable volatile
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solvent, such as ether, chloroform, alcokol, amyl alcohol, &c.
The solvent is then distilled off, and the allaloid, which remains,
s either crystallised or converted into a crystalline salt.

The alkaloids are strong bases, which turn ved litmus blue, and
are very slightly soluble in water. They form soluble salts and
double salts with platinic and auric chlorides. The principal
general reagents for the alkaloids are :

1. A solution of iodine in potassium iodide, which forms a
reddish-brown precipitate of the periodides.

2. A solution of phosphomolybdic acid in nitric acid, which
gives yellow precipitates of different shades.

3. A solution of potassim mercuric 10dide, which forms white
or yellowish-white precipitates.

The constitution of quinine is not vet elucidated. Its relation-
ship to quinoline has long been known, since it gives this
substance on distillation with caustic potash (Gerhardt),

PREPARATION 114.

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

NH NH NIH NI
N \‘N N \ﬂCH NeH uc/ N\cu
IICl-:—-‘-'CH N e HC“—“N N“—“N
Pyrro-ad™-diazole.  Pyrro-af-diazole. Pyrro-af' -diazole. Pyrro-gg -l le.

Pyrro-af-diazole was first obtained by the oxidation of azinido-
:oluene, which in turn was Jirepared by the action of nitrous
acid on o-toluylenediamine,

NII NI \ | I
1/ \1/\1 ‘/ AYNY HOOC. c“
HO.0C\ /=N O0C.C—
Anmxdotoluene. Azimidobenzoic acid. “Criazoledicarboxylic acid
IIC“ \
nct—

I’yrro'aﬁ-duuolc.



APPENDIX 191

It 15 a colourless oil, L. 1. 280, with the properties of a weak
secondary base, dissolving in acids, and forming easily hydro-
lysable salts.

The veaction described in this preparation is of a general
character, and furnishes a useful method for preparing members
of this series of heterocyclic compounds, Diazobenzolimide
condenses in a similar fashion with ketones (acetophenone) and
dibasic esters (malonic ester) as well as with ketonic esters, as in
the present case. These substances possess the usual properties of
cyclic compounds ; carboxyl may le removed as CO,, and alkyl
side-chains oxidised to carlioxyl ; they may be sulphonated and
nitrated, and the nitro-group reduced to an amino-growp ; the
phenyl group attached to the nitrogen may also be removed by
oxidation, Thus, phenylinethyltriazole carboxylic acid loses
CO, on heating, and ou oxidation the methyl group becomes
carhoxyl and can also lie removed in the same way. The
resulting product is phenyl triazole. The properties of the
individual triazoles are influenced, like other cyclic compounds,
by the groups attached to the nucleus, and to some extent also by
the basic character of the mother substance.

COHEN’S ADV.P.O.C. v
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HINT5 ON THE

INVESTIGATION OF ORGANIC
SUBSTANCES

Provide yourself with a good book of reference, or chemist’s
pocket book which contains tables of physical constants.
Homogeneity.—Detemnine if the substanceishomogeneous.

A Liquid.—If it is a liquid, distil a

few c.c. from a mimature

d]St]ul]]“ flaslk with along side-tube, but no condenser, or with

Fu

. 86.

the apparatus shown in
Fig. 86, in which the con-
densing surface is sup-
plied liy an inner tuhe
through which water per-
colates,?

Use a thermometer and
collect the distillate in a
test-tube. Note the boil-
ing-point, and observe if
it fluctuates or remams
constant and if any solid
residue remains, A low
boiling - point  generally
denotes a low molecular

- weight. A portion dis-

tilling in the neighbour-
hood of 100° 1nay indicate
the presence of water.

It is useful to shake a
known volume (5 c.c.) of
the liquid with an equal
volume of water and to

note if the substance dissolves, or if any marked change in the

volume of the liquid occurs.

A convenient apparatus for this

1 This apparatus caw also be used as reflux condenser or for collecting evolvéd gas
if the side piece ts furnished with a delivery tube dipping under water or mCreury,
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purpose is shown in Fig. 87, which is merely a small and narrow,
graduated cylinder holding 10 c.c.! The solubility of a portion
of the liquid is an indication of the presence of a
mixture.  Furthermore, the specific gravity of the in-
soluble portion (its floating or sinking i the water)
will be roughly indicated and should be noted.

A Solid.—If the substance is a solid, examine a
few narticles on a slide under the microscope, or,
better still, vrecrystallise a little if possible and nolice
if the crystals appear similar in shape. If it is a
wixture, try to separate the constituents by making a
few trials with different solvents, water, alcohol, ether,
benzene, petroleum spitit, ethyl acetate, acetic acid, et
If it appears homogeneous, determine the melting-
point, the sharpness of which will be a further con-
firmation, If it turns out to be a mixture, it must
be further treated in the manner described under
“mixtures” (p. 343).

The Action of Heat.—We will assume in the first
place that the sulistance is homogeneous and consists
of a single individual. Heat a portion on platinum foil and
notice if it volatilises, chars, or burns with a clear, luminous,
non-lurninous (aliphatic), or smoky (aromatic) flame. Detennine
the nature of the residue, if any, when the carbon has burnt
away.

Metal or imetallic oxide or carbonale may indicate the presence
of an organic acid, phenate, or double salt of a base.

Sulphnte, sulplite, ov xulphide may indicate a sulphate,
sulphonate, mercaptan, or bisulphite compound of an aldehyde
or ketone,

Cyanide may indicate a cyanide or ferrocyanide, etc.

Heat a little of the substance in a small, hard-glass tube and
observe whether the sulistance melts, chars, explodes, sublimes,
or volatilises ; whether an inflammable gas, water, etc., 1s evolved ;
also notice the sinell.

Carbohydrates, polyhydric alcohols, higher organic acids (e.g,
stearic), dibasic and hydroxy-acids (s, tartaric), certain amides
(e.g., oxamide), alkaloids, and azo and other organic colours char

6. 87.

¥ Both pieces of apparatus (Figs. 86 and 87) cau b obtained front Mr. O. Baua-
bach, ®, Linte Grove, Oxford Street, Mauchester.

Va2
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and give off water or {if nitrogen is present) ammonia or hasic
constituents. DBut a great number of common organic com-
nounds are volatile without decomposition.

The Elements.— Test for nitrogen,! sulphur, and halogens. If
none of these are found, carbon and hydrogen are present and, if
the subistance has given off water or is solulile in water, it may
be assumed that oxygen is present as well. The action of sodium
on the snbstance, if liquid, or on its solution in benzene arligroin,
if solid, should be tried in the apparatus, Fig. 86, and the gas
evolved : tested for hydrogen, whiclh if present, may wmdicate
hydroxyl, ketone, or ester groups.

The presence of nitrogen may indicate an anmnonium salf,
organic base (awnine ox wllaloid), amino-acid, amide, cynmide,
180¢ ventinhy, oxime, nitroso- ov witro-compound, azo-conrpoiind, elc.

The presence of sulphur may indicate a sulphate of wu orgunic
base, nllyl sulphalte, sulphite, sulphide, mercaptan, sulphonic add,
bisulphite compound of nidvhyde or ketone.

The presence of a halogen may indicate a laloid salt of n
baxey alkyl, adlylene, or aryl halide, acid halide, halold derivative
of an aldelyde or acid. Some substances. like wustard oils,
winino-sielphonic acids and thioantides, contain hoth nitrogen
and sulplhnr.

Solubility.—Try if the substance dissolves in hot or cold
water. Apart from the salts of organic bases and actds, many of
which are very soluble in water, the solubility of simple organic
substances is generally determined by the presence of the OH
group (including CO.OH and SO, OH groups) and to some
extent by the NH, group. The greater the proportion of OH
groups to carbon, the greater, as a rule, is the solubility in water,
The lower alcohols, methyl, ethyl and propyl alcohols, are
nuscible with water ; normal butyl and 7sobutyl alcohols (fermenta-
tion) dissolve in about 10 parts of water at the ordinary tempera-
ture ; amyl alcohol (fermentation)in about 4o parts of water. The
first two may be separated from solution by the addition of solid
potassium carbonate. The addition of common salt is sufficient to

L It is sonietintes difficals to detect nitrogew by the sodium test. The result should
not be regarded as conclusive, especially if 1he substance is volatile, uuless it has
been dropped in snwall quantilies at a time fwo the melted nielal, which should be
heated In a hard-glass tube clamped in a retor1-sstand. Special care nust be used with
witro-contpounds, which may explode and shacter tlte Lube.
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separate the Tust three (prapyl, butyl, and amyl). The poly-
Lydricaleohols,glyeol, glyceral,and mannitol, and also sulistances
like the sugars ive extremely soluble, for the proportion of OH
wroups Lo varbon 1s izl Ordiry phenal requires for solution
15 juts ol wider, whereas the di- and tri-hydric phenols readily
dissolve. The siane appbes 0 acids. The lower monabasic
alipluaic acids (Gvniie, wweetie, prapionic, and normal butyric)
are easily salvhle 5o water, whereas swbutyric requires 3 parts
el volerie abont 3o parts of water.  The last three separale
Troor water on the addition of salt. The dibasic and hydroxy-
wils, wheve the prapartion nl' earhon s small (succinic, tartaric,
amd ootey are natwally more soluble than the monobasic
aends Leevpry tlie same mmber of carboun atoms.

The nigority of aromatic acids are nut very soluble v water
@ the ondimary temperature, for the proportian of carhion to
carhuxyl 35 lugh s the Tiydroxy- and polybasic and also amino-
s are more soluble thun the unsubstituted monobasic acids
Ao i sabstimted, where the substituents are halogens or nitro-
sronps, which diminisly, a5 amle, the solubility).  One thousand
piatonf water dissolve ahaut 2} parts of benzoic, 23 parts of
salievlie, & parts ol phthalie, mul 159 parts of mandelic acid.
Aenlsaely as pallie waed tannie acids swe readily saluble in water,

The sulpbonie acids and alsa numy of their sadts are very
~ulnble.

The lowrr aliphatie amines and amices are saluble m water,
Dut uot the bigher ntemhers, nor the shimple aramatce ;onines ;
Dt <ome diamines, s;anino-phenols and amino-acids are moder-
ately soluble. Shany ol these soluble  compaunds may  be
estivled with ether afier saltng-ont (adding comman salt to
satnrations. 17 the suhstanee is saluble i water, it may be one
af 1he above-named componnds, or a lower aldehyde ar ketone,
ar i bizulphite compound of these snhstances, or the salt of a
e o1 actd,

e Tollowing 35 4 List of the arore solnble organic campounds
their Doiling -points, meltimg-points wad solnbilities, which are
yoarghly imdieated by the letters s, (soluble i cold water) A
Sinble m hop waters
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>
SoLuBLE Liouins AND SOLibs,
Soluble. | Melting- | Boiling- !
pouu poittt. |
= e R
.~I/ml/w{1.f— :
Methyl ¢p. 67) S it
Ethyl(p. 49). - v - ?g
selropyl L. o oo e e " — 9
Y N — ;:,7
7/-Ru|.yl .................. 5 — u;
.................. — 4
audipden LT " - o7
senzyl (. 19;,) .............. X »” — 207
Glyeol . o v . v oo oo oo 3 " — 1
Glycerol (p. w6}, . . . . . . ... H . — :33
; g
Ablehydes— t |
Fornaldelyele . . . . 0 . 0.0 L. N s, — ~at
Acelaldehyde(p.64) . . . . . oo : " — =
Cl»lor'ﬁ’ aumowin . ... L. ... f o decounp. —
.................. R .- 1)
Chloral hydrate{p. g9} . . . . . . . . . .. ,’ H
Buwtyl chloral hy dnu? e e v e e e 1 ! Sé | ?7
{crolelu | * 7 { eLOln‘).
IR NN W - 52
A’ef—»\mes— ;
Acetore {p. 69} - . . . ... . ] —
Aethyl erg)l kelone j, — f‘f
Pisulphite compouuds of aklehyles aurd L'ctou.esi - decowup. -
Acids—
Forudc(p. ¥08) . . . . . . .. ... ... ) —
Acetic(p.74) . . . .. oL 4 \, - :?o
Propiou.ic ................. :, — 142
weBanyric(p. g8) . . . . Lo oL o | I — 163
(ldomceuc‘(p. S ) ............ " 6 &2
Dichloracetic .7 ........ ] i 6: isg
Trichloracetic (p. gg) ) ; 5 o
Bromacetic - 8¢) . . . . .. .. . Ll o 50 :gé
Amiuocacetic (G I\LO(.O“) (p.oo) . . .. ... i :i 236 - l
Aminocaproic (Leuciue) (p. £33} . . . . . . [ T 4 - !
Acry lic . ... T ! S 10 140 !
(l»la{c‘::i:lllc p.to2l. . ..., ) " So deceaup.
Glyox; “lic acid ( N DR ! » = ot
P)ru(?u(p ¢241 P. ‘o.)' RS " — d::gil(p.
E)l\;;llu (p( ioo)) Guhydraws) . . ... .. L ! ” oS =
alowic{p. 97) .« . . . ... . ... 12
f Fabyl nalowe . | " )l‘f; decourp.
A v - o
5 SuccinicIp. TE3). .. ... ... i » o |! f‘f}r]'"j ],.l
Malicgp. ¥12) . . v v oL L L. H Ldeconp. |
“Tavtaric (p. reg). . oL .. L L L L :I n ;.go decoutp. -
Citric(p. t24) . . . . . . .. .. ... .. " 1-9 3 "
Citraconic (p. 825) . . . . . . . . . .. .. " 53‘)» 'lllh”'l
Benzoic(p. 302) . . . . .. ... ... .. ll.’:. Lz e
o-Chlorobewzoic . . . .. .. . ... ... n; - ,
o-Uronwbenzoie . . .. L L. L " 13 — :
..... " 50 . i
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SoLnBCE Liyuibs ANIL SOWDs (continned).
g .| Meliug- ¢ Boiling-
p Sobuble. ])Uillt.b poiuf
Acids—
o-Hydroxybewzoic (Salicylic) (p. ro) lLa 55 athyel.
= B e et e e e e e e e ’ I 200 i
L » 20 — '
o '\lllllmlul/mr (Awthiawlic) . i i [ _.
Usel ap e e e e e e e e ! I LZ;‘ -
i Bt e e e e e e e e e ¢ - (B -
oToluive . oo oo L L } 3 Loz
L | - O -
Y T L 23 S . - £79 -
allic . o. o oo . ,' 4 222 -
Fawde . .00 00 e e e e " <lcc-)lup —
Mawdelic(p. 208} . . . . . ... .. 1 . ud — :
Bewzilicqp. 200) . . . ..« o o oL L. L350 -- :
Ciwantic(p. 204} . . . . . o . o ... i » L33 — :
Hydrociwuuwic {p. 204) . . . .. o0 L i i 17 :
Pluliabic(p. 27 « v . . v o 0oL i . 213 anbiyd. 3
Bewzeue swlplowic (p. 177} « . o 0 L. L L. \ EN 31 -- i
a-Naplahalete sulphou.lc .......... " oo —
B- TS 3 . i 160 - {
8- N’xph]lwl6 sulphmuc .......... H N r2;° -
5 6 8. (ll\ulpll.')ll.lt.i; ........ i o — — H
........ ! u — -
Qulplmlullc(p L 2 J 15, decowp.
Alkyl acid sulplines (p.oso) . . . o oo L ) s “ -
Sulphowal .. ... ... ... h.s 126 e
Phenols— ; )
Pliewol (p. 479} « « v o v v oo o oL y s 43 St 1
atecliol . oL . e e e e e e 1 5. 104 245 |
Qesorciwol . . . . .. e e e e ! i e 276
(ol €0, 193) « v v v v o v e " LG9 suhl. |
Ovcinol {erya€) - oo L . e e ,, 50 — l‘
5 (athydt). o 0. oo o o 107 — i
Pyrogallol . . . . . .. .« i 132 29} i
Pldorogluciuol « . « v v v v w o oL n 217 aubl.
eAuniwpliewol (0. w461 . . . o oL L I 134 - ;
wNaphtlol « oo . .o oo oo . 95 —
- . [T 1T ) S . 122 — 1
Carbohydrate—
Glucose{p. 138) « - v o o v o o oo oL s 146 --
Galactose . . v v v e e e e e e e - 101 -
Lapvadose . o v v o v e e oo " 93 -
Cauessugaer . o . 0 oo o o 1%} -
Tacvose . . . o v o L " w3
Miltose . -« v v v o v o Lo e i —
LIEXERTIL & & v o 0 o o o e o e e " —
Searclt .. v e e e e e e e | h.s. — - !
3
Clncosides— l 1
Alygdalin oo ) s, 200 - H
Arbittie . . . o v e e ) hes 187 -
Helicit « « v v o v v v v v i e e e : " 175 -- .
Salicin e e e e e e i N 208 -- :
L. il .
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SocvRLE LIQUins AXD SoLlos (continued).

e e i i memn -
I : . | Meliug- | Boiling-
i Soluble. | T poitrt.
Dases— i
Methylambie (p. 8) . . . . . . .. ... s — L gEas
Limethylaniue . . . . ... ... N — . "
ITrimeclylawive « . . . L oo o — . .
Kelglawrine . o . o o 0oL 0oL o - ? [
Diethylawive . . . . . . . ... ... o - %
. Urethaue . . . . . 52 80
Bewzylandue . . . . . . . " - -8
o- Plienylewsliautine lLa T2 —
. Jrre R » [ —
Vs po¥za) o oo " 147 -
; 4oAuuu»)ph< ol AU W) e v o v oo " 1 —
N 1*3 vicdle - . . L L L EN — i
: Caffeine (p. va0) . . . . . . . ... » 234 —
o Arrides apd Cranides—
i Porncuwide . . . . . . . .. .. ..., S — 152
Acetamigde (. 77) . . . . .. L L » 2 aw2
’ Ure'x(p 120) . . . o o e e e e N 122 decooy.
Thivurea (. 128} . . . . . . L. oL b.s. <72
Succiwdwide . . . Lo s, 126 —
Rewzautidle(p. 209} . . . . o . ... L. s, 28 —
Forwawlide . . . . . .. .00 » 46 -
Acetanilide (0. 5s0) . . oL 0oL . " 112 —
: Acerowitrile (P, 79} . . . Lo L S, — Yo
Salts of bases awl acids.
Acil anlpdriges awd chlorides dissolve gradually
N o wanuiug aud yield the acid.
e e e e oot et ma— e I .

T'he above prelininary investigation will determine the further
course of investigation, but the following rongh planmay serve
as a guide.

§ I. SINGLE SUBSTANCE SOLUBLE IN WATER :—

1, Contains only Carbon, Hydrogen and Oxygen.—
The number of such substances, as seen fromn the ahiove table, is
comparatively small. It may be an a/cokol, aldelyde ov Fetone
of low molecular weight, acid, phenol, carbohyidrate or gluroside.

Acids.—Make a solution (if not already dissolved) and test
with litmus. If the liquid is acid, a free e/ is probably present.
If the liguid is neutral and a metal has heen found, a metallic
salt is probably present. If the liquid is alkaline, it may be the
alkaline salt of a phenol or an alkaline cyanide, both of which
are hydrolysed in solution. The separation and identification of
the acid is not a very simple matter. If the acid is an aromate
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ot an aliphatic acid of hight molecular weight, in short, any acid
which either does not appear in the table or is marked as only
solulile in hot water, a few drops of conc. hydrochloric acid will
usnally precipitate it, and it may then be filtered, or removed
with ether, and its melting-point determined. If no precipitate is
formed, but the solution turns brown on the addition of an alkali,
tannic or gallic acid may be present. If the acid is volatile
and has a distinctive smell (fornic, acetic, butyric, etc.), the
solution should] be acidified with sulphuric acid and distilled.
The distillate will contain the free acid, which will probably
have a distinctive smell. Individual tests may then be directly
applied, but it is preferable to neutralise the distillate with
caustic soda and evaporate to dryness on the water-lath, so
as to ohitain the sodium salt hefore testing. The free acid may
be soluble and non-volatile, like oxalic, tartaric, succinic, citric,
etc., and then special tests must be applied (see tests for these
acids).

Phenols.—If it is a free phenol, ether will extract it from its
aqueous solution. If it is presentin alkaline solution, the solution
should first be satwated with carbon dioxide. (N.B.—The alkaline
solutions of catechol, quinol and pyrogallol darken rapidly in
the air.) The following tests should then be applied.

Ferric chloride reaction.—Dissolve a drop of the free phenol
in water and add a drop of neufral fervic chloride. A green
(catechol), Dblue (orcinol, pyrogallol) or purple (phenol,
resorcinol) colouration is produced, which is often destroyed by
acid or alkali. Quinol is oxidised to quinone, and tums brown
(p- 193). The naphthols give precipitates of dinaphthol (p. 220).

Sclotten-Baumann reaction (p. 209).—This may be applied to
the pure phenol in order to obtain thebenzoyl derivative, and the
melting-point deterniined, or the acetyl derivative may lie pre-
pared by boiling for a minute with acetic anhydride with the
same object.

The action of bromine water (p. 180), Liebermann’s nitroso-
reaction (p. 180)and the phenolphthalein reaction (p. 186), using
cone. sulphuric acid or zinc chloride, may also be applied.

Acohols.—It may Dbe a liquid alcohol (methyl, ethyl,
propyl, etc., glycerol, benzyl) or a solution of it in water. In the
former case its boiling-point will have already been determined.
Itemay De further identified (1) by converting it into the benzoic
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ester by the Schotten-Baumann reaction, and determining the
boiling-point or melting-point ; (2) by oxidation with excess of
bichromate mixture (o grams of K,Cr,0; in 100 cc. dilute
sulphuric acid, 1 : 3y volume). The alcohls ave boiled for some
tine witl reflux condenser, and the product distilled, neutralised
with alkali and evaporated on the water-bath and the sodiwm
salts tested.  Glycerol will be identified by its viscid character
and reactions (p. 106). If the alcohol is in aqueous solution, it
should first he fractionated and potassium carhonate added (o
the distillate, when the alcohol will separate. (lycerolor glycol
in aqueons solution may be separated by evaporation on the
watev-Dath.

Aldehydes and Kefones are detected in the first nstance
by: (1) Shaking with a cold saturated solution of sodium
bisulphite (see Reaction 2z, 1. 67). (2) Adding to the aqueous
solution g-bromo- or p-nitro-phenylhydrazine acetate solation
(see Reaction 2, p. 70).

The aldehyde may be distinguished from the ketone by its
reducing action on alkaline copper sulphate, ammonia-silver
nitrate and by Schiff’s test (see Reactions, p. 67).

Carbohydrates will char on heating, and give off waterand emit
a simell of burnt sugar. The substance is tested with alkaline
copper sulphate, ammonia-silver nitrate, phenylhydrazine acetate
or Molisch’s test (see p. 136). Cane-sugar will not respond to
these reactions until it has been boiled for a few minutes with a
few drops of dilute sulphuric acid and mverted (see Prep. and
Notes). Special tests may then be applied to identifr the
particular sugar. A few glucosides are soluble in water, and give
the sugar reactions after boiling with dilute acid.

2. Contains Nitrogen.—First test the original solid or
liquid by heating in a hard-glass tube with soda-lime (p. 2), and
notice if the smell is that of ammonia (ammonia salt, amide or
cyanide), an amine (amine or amino-acid) or a pyridine base
(alkaloid).

Dissolve the substance in water, add caustic soda solution and
warm.

Ammoniun 01 amine salfs, if present, emit the smell of
ammonia or amine; if the salt of an insoluble organic hase 1s
present (amine, alkaloid), it may be precipitated as a liquid or
solid.  Salts of aliphatic bases and bases such as benzylanvne
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and pipericine are neutral; salts of aromatic bases (ammo-
group m the nucleus) are acid. A soluble organic base (lower
amine, ben zy‘l amine, yridine) will be detected by its smell. Most
aromatic 2tMino-compounds and alkaloids are insoluble in water,
Some aroMatic diamines and aminophenols are moderately
soluble. "Fhe nature of the amine, whether primary, secondary,
or tertiary’> should then be investigated as described under § 11.

~

Awmino-crcicls of both thealiphatic and aromatic series will also
come uncler this head. Sulistances like glycocoll, alanine, etc., are
very soluldle in water, giving neutral solutions, and may be
identified 1y means of the copper salt (see p. 91). Amino-acids
of the aliphatic series also evolve nitrogen when treated with
sodium nitrnte and hydrochloric acid, and give off amines when
heated with soda-lime. Amino-acids of the aromatic series
may be cliazotised and coupled with phenols, like aromatic
amines (see . 151).

Amides arzed Cyanides.—Many amides and a few cyanides are
soluble i1 water. They are decomposed by hot concentrated
aqueous ©r alcoholic caustic soda solutions, by concentrated
hydrochloric acidorsnlphuric acid (equal vols. of acid and water)
on long vreflux boiling. In the first case, ammonia is evolved ; in
the latter two cases, salts of ammonia are formed, which yield
ammuma  on heating with excess of caustic soda. Anilides
behave s11milaily, but aniline in place of ammonia is liberated and
nmust be loolcedfor. Some amides are difficult to hydrolyse with
any of these reagents. In such cases, gently heating with
a mixtuve of one volume of conc. sulphuric acid and two
volumes of ethyl alcohol will yield the ester of the acid and
ammonium  sulphate. The ester can then be separated by
adding @t little water and extracting with ether, aud can be hydro-
lysed ancl the organic acid identified (see p. 333), whilst the
aqueous solution, after driving off dissolved ether, will give the
smell of :ammonia on wanuing with excess of alkali.

3. Contains Halogen.—It may be a Zalogen acid (e.g.,
chloracetic acid) or its salt, or the Aydrockhloride of « base or
anino-ceeidy, or a substituted aldeliyde (chloral, butyl chloval).
If it is 2t free halogen acid, the solution will have an acid reaction,
and the solution will remain clear on adding caustic sodi.  1f it
i® the hhydrochloride of a hase, it will give a precipitate with
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AgNO,, and the addition of caustic soda will cause the base to
separate (if insoluble) as solid or liquid, or, if the base is volatile,
will produce a strong ammeniacal smell. The further examination
of the base is the same as that described under § 1,2 Acid
chlorides are usually insoluble in water, but rapidly decomipose,
and may pass into solution as the free acid, giving at the same
time free hydrochloric acid.

4. Contains Sulphur.—It may he the sulphate of a base,
m which case the solution will give a precipitate with liarinm
chlorvide, and the process of examination is that descrilied under
§ 1, 2. Heat with dilute hydrochloric acid. The &isulphite
compond of an aldehyde or ketone will he decomposed and
sulphur dioxide evolved. An a/ly/ acid sulphate will also be
decomposed, and free sulphuric acid will be found in solution
(see Reaction, p. §4). Distil with dilute sulphuric acid, and
test the distillate for volatile aldehyde or ketone. A.-Bromo- and
p-mitro-phenylhydrazine are useful reagents (see § I, 1). An
acid ester of sulphuric or sulphurous acid will also he decomposed
Ly dilnte sulphuric acid, and the distillale may be tested for an
alcohol.  If it is an arommatic sulphonic acid, it nay be distilled
in steam with the addition of conc. sulphuric acid, when
the hydrocarbon will distil (p. 292), or fused with caustic potash,
when the phenol will be obtained (p. 179). Z/iourea will alsa
appear under this head, and should be looked for. Heat a little
af the substance to the melting-point for a minute, and test for
thiocyanate vith HCl and FeCl,.

§ 1. SINGLE SUBSTANCES, INSOLUBLE OR
SLIGHTLYSOLUBLE IN HOT OR COLD WATER.—This
category includes the majority of organic compounds.

1. Contains only Carbon and Hydrogen, or Carbon,
Hydrogen, and Oxygen.

Liquids.—It may be a Zydrocarbon (paraffin,olefine,aromatic)
higher alrohol (e.g., amyl alcohol), aldehiyde (e.g., benzaldehyde;
kelone (e.¢., acetophenone) acid (e.g:, valeric acid), ether, ester,
Phenol (e.g., carvacrol) phenol ether (e.g., anisole).

Hydrocarbons.—The action of sodium when testing for the
elements will already have indicated the hydrocarhon by its
inertness. The immediate decolourisation of hiromine water will
identify it as an unsaturated hydrocarbon. A paraffin may be
distinguished from an aromatic hydrocarbon by treating tife
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liqaid with 4 mixture of concentrated sulphuric and nitric dcids.
{p- 1422 The oduct is then poured into water. If the product
sibs s e yellow ligmid or solid it is probahly a nitro-compound
and the originad hydrocarhon is sromatic.  If it floats unchanved
on the sucface of the water, it is prohably a paratfin. Ciku
aronatie ydracarbon also dissolves in funiing sulphuric acid on
\\~:u')\‘1in;.;~ and shaking and does not separale on pouring the
solntion mto water. A paraffin is unacted on and separates on
the sirface. Theve is also a maked difference in the smell of
the two classes of hydeocarhons. 4

Iiher dicohols and Phenol.--The subistance will  react
with metallic sodium  yieldy hydrogen, with  phosphorus
pentachlonide  giving HCL 1t can be identified hy its
boilimg point and hy the lup. or m.p. of the benzoic ester (p. 208).
In the case of & phenol it will possess a phenolic sinell and may
wive a distinctive colour reaction with FeCly (. 180).

Aldrlypdex wnd  Netones. — The usual tests  are  applied
(0 330)

Arids.--The number of liquid, imsoluble acids is very hmited
el is confined to the aliphatic series. They possess distinctive
L.pts and smells and dissolve readily in a solution of sodinm
carbonate.

Lithers and Phenol FEithers Tave usnally a pleasant odour
and 1f the methyl ar ethyl ether is present are decomposed on
heating with strong hydriodic acid. The evolved gas passed into
aleoholic silver nitsate will give a precipitate as m Zeisel’s method
(p. 270).

Iixtrry possess a fruity sinell and  wsually distil  without
decamposition.  Boil with reflux for § minutes on the water-hath
a few c.c. of the liquid with 3 to 4 volumes of a ten per cent. solu-
tion of caustic potash in methyl alcohol and pour into water.
Notice if the liquid dissolves and has lost the odour of the ester.
An ester will be completely hydvolysed, and if the alcohol is
solulle in water a clear solution will be obtained. If the alco-
hol is volatile and the solution neutralised with sulphuric acid
and evaparated on the water-bath, the alkali salt of the organic
acid mixed with potassinm sulphate will he left and the acid
may be'investigated as described under §I. If it is required to
ascertain the nature of the alcohol in the ester, hydrolysis must
¢ cffected with a strong wgueous solution of caustic potash
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(1 KOH,311.0).  Then distil the lignid, nsing a thermoneler,
The alcohol, if volatile, will pass mta the ceceiver, whilst the
acid rewains as the potassimn salt in the vessel. The hoiling
point will give some indication of the former.  The distllate
should he fractionated and debydrated with solid  potassinm
carhonate. s -hoiling-point and that ol the benzoice ester is
then determined.

Glyceridex.—-1f the snbstance 1s a lignid fat or o1l (7. non-
volatile, which decomposes on heating, trning brown aned
evolving the smell af acrolemn) then the hydrolysis s effected
with methyl-alcaholic potash as desceribed. After hydrolysis, the
alcahol 1s driven off on the water-bath, the residue dissolved in
water, and the organic acid set free with hydrochlorie acid. The
acidil solid is filtered, if liquid extracted with cther, oril solubie
and volatile (butyric acidl distilled and the remaming liguid
neutralised and evaporated ta dryness. The glycerol is then
extracted with alcohol and the aleoholic solution evaporited on
the water-bath. The tests for glycerol may then he applied
(p- 106).  The following 1s a talile of common msolnble Banids
with their boiling-points and specific grivities. Where the
temperature 1s not mdicated the specific gravity has been deter-
mimed at 6",

Qreane Lagams, INnsonsLe 1y Warke,
(Containing Cand 11 or C, 11, axl )

Ihaling-
1AL

v Lyl artpns—
o e-levtaue ] {
- L Presenl iu Pwenly Tvaule

i Z:ll\tr\.]u:l\u J cti, Exlier, sunl Ligeniu l

#-Oclicue

Petolewm (aup oily . . o L. L L

fAmylene . oo 0000
Pewzeve (p. 136} . . . o . ... L .
Toluewe (p. 163) . . . o oo L
Eahpl bewzene (po v} .. oL L
o-Xylewe . . oo Lo

PP e e e e e e e e e e e

Psewdocyvwenwes . . . o .70 0L L.
Mesitplew . 0 00 0 Lo L

\

i
/’_’ I e e e e e e e e e e e e e e e
Cunene (Lsepropyl bewzeue) . . . . . L .
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e T
Ouane Luanws, INSOLUBLE (N WaTER (corttinued).-
Boiling - |
l)omt. ; Sp.gr. 8 |
I ydrocarhons (vowtinued)— '
FWCne Lo oo e 175 l 0833 B i
Twpenmtwe vil (Pivene) « o o o0 L. 155—160 :{ 83‘7’3 -
Lowou oil (Liwoueite o« o o v v . . . 16o—165 ),{_ Zgg‘: - :
Ry o\/a)/, — H
/ \lll)l()l [<75) SN e s 131 oSz ~y
ayl .0, e e e e e e e £90 o030 [T}
I.ul:dol ..... e e e 193 868 3
Beuzyl(p. 195) . . . . . e e e e e e e 206 1'043 20
Aldehydes— ! ;
Paciddelipde (. 67) « « « o o oo - 124 1 o'ggo o |
Civesel o0 . wag o 0897 -
Deuzddehyde (p. 1096) 0 o - o 0 v v 0w 179 [ rods 20
Coauvdmdilehyde 00000000 =37 . 0983 —
Auiaabdebyde L Lo 248 [ Y 200
(& lu..uuluu. whlebyde © . 0 0000 o0 247 1 1049 20
Salicylailehyde (oo #88) . . . o L Lo oL 196 Bl 0
b'eletes -~
Merthyl wougl bkevone .« . . o o v oo . 0'37g v )
Arevapiicnoue . =) uep. @), .o ERCRE] - ¢
CHUVDUC o« v v v o o e o o v e v e e s o s 0953 '3 1|
Avidy -
~Vaderic 4 L L. L e e e s B 176 0°'947 —
Capraic . v o 0 o . . e e e . 2035 0°945 — !
clukydides— ) ;
AeGe(p. 70) ¢ v v v e e e e e e 138 1°08 3 |
Phenals—
Plunol (p. ¢79) (uep. 43") < o o oo 182 1°070 20 I
vesol uep. ) - e e 1g¢ 1'037 20 {
T I AR N e e e 202 1°033 20 )
heap (PeBa) e L e e e e e 202 1033 20 :
ol {utqr. Jo) .......... 205 112 —
Citevsicrol + 4 . e e e e RN :3§ 0'g83 w3
Bugetol v o v v o v e e e e e N 248 1'0g 8
Isoctgesol « v v v v v e e e e 260 108 6 :
Lithers and F ’/zz'/ml _/): thers—
Bty ctlier (P 59) « - o o s 0 o v e e 35 0'713 3
AWYL 4 o e e e e e e e PP 176 o800 —
Muhylal e e e et e e e .. 2 0'850 20
Acetal v o . e e e e e e e e 104 o 83r 20
/\lusolc(p 1B). . ... e e e e e . rs4 0:988 30
Plhienevole « . o o o v v v e e e e e e e N 172 0’973 5
Auellole  « . o o o e e e e 232 1022 20
Safrole . o v e v e e e e e e e 232 ELig —
Lsters— . .
Methyl formate o -+« - o o v e e et 32 o'geo —
- ”» acetale . . . . . e oot e s e 57 o'y 20
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Orcaxic Liguips, TysoronLe N WATER (contdnnerd).

)

Boiliug- S eer
poiut. Sp- 50 L

Jirters Cconlinned ) — ,'

Methyl propiowie . - . . ... L ; 79 v'937 —
3 buwyrate . . . . .. [ o Sgn e
" fralerate . . . . . . . ... .. .. 17 0070 BN
" suceliate v o .. w e . L 13 yoe26 [
" jartrate . . . . .. e e * a8 L340 --
o benzoate . . . . . . . ... ... B 1+ 1°086 o~
. salicylate .« . . . . ... L. . ERY 118 -
Eihylfornace . . . o .. o oL ) 54 Qe o
» acetate (. 81} . . .. L. L | 77 o'gow ny
. dcetoacefale (|n L2 St — —
I TOPIOIALE « « 4 o v o 4 b v o 0 . 99 1'om) s
o yuyrate . . . . . . e e e e 120 o896 ¢ -
oo dvalerate ..o .l Lo Y w8l e
. oxalate . 186 1860 | e
" lualou:.\te (p.od) . . w8 voBo e
oosucciiate ... e . v . e l a0 vozh -
s TiNTAUte (P LI3) ... L. .. .. ) decowup. o7z —
;» henzoate(p. 200) . . . .. .. .. L 213 1°047 2
salicylate . . . . .. ..o | 2o 18y ! —
2= Prup)l formate . .+ . .o ... .. ) i3 o' -
i S l 77 088 --
e " a;:et:ue .............. Lot ‘885 =
s o propiouate. ... L L. yor 9ot - -
o butyrate. . . ... ... Yoy 7893 —
bewzoare . . . .. ... .. .. | s L'03t% —
n-Puq\tf OTMULE « & o + o o + v v v o o o ' 107 oglo —
[ 33 h e e e e e e e e e 08 o'goo ) —
f- gy DCCLAE « o 4 v e e e e e e e Y23 0’866 —
i~ ,, proplovate . . . . . ... e . 156 0887 i —
;oobutyrate ... ..o oL L 157 0'£87 —
fvalerate . « . . 0. .. L 169 0875 —
i —\lLLyl formate . . . . . .. ... ..., 123 0'880 20
o QCetate oL oL ... L. 30 086 | uo
" propionate ............ 160 0887 ! —
o butyrate ... .. 0oL L 178 0882 -
n dvalerate ... ... ... 190 o870 1 —
;0 benzoate .. ... oL 26% £'004 -
salicylate . . . . .. oo 0oL 270 — —
Gl)gel)l triacetate . . . . .. ... . L 2358 153 ) —
" trioleate « . . . .. ... L. decorup. o'gr T -
Plienylacetate . . . . . . o . ... 93 vogy | —
Beuzylacetate . . . . . . ... L. 206 vos7 4 B
5 bewzoate(unp.20’) ... .. L. L. 325 [ —

Sohds —It may be a Zydrocarbon (cg., par afﬁn way,
naphthalene) Ziigher alcokol (e.g., cetyl alcohol) i aldehyde (0.0,
#-hydroxybenzaldehyde) fAefone and guinone (eg., benzo-
phenone, canphor) acid (higher fatty, e.g., palmitic acid or
aromatic acid) esze» (of glycerol, phenols or aromatic alcohols)
phenol (eg., thymol),

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

INSOLUBLE SOL(DS.
(Containing C and H, or C, H, and O.)

; Meltiug- Melting-
1 point. | potnt.
I iypdrocarbons— - Acids—(continned) ! l
: Paraffin wax. . . . . . 45—b60 | Anisic. . . . . . . .. 184
Naphthaleue (p. 216) . 8o o-Toltic . . .. ... 02
Awhraceue (p. 223) . . 2¢7 ey e e e e s to .
Phenawthrene . . . . . 99 2 5 (p. 170) . . 179 ’
Stitbewe « . .. L L. 125 Pheu.il acetic . . . 76
o-Phehalic (p. :n) 261 R
Aleohols— : m- " (Lsophthalu. .o subl.
Cetyl Alcolw! . . .. 50 5 (terephthall.c) s "
N Mewhol . . . . . . .. 42 L (p 171) 1
H A[dc/zydc:— Anlydrides— ;
i Vanilliw . « . . .. .. 3t Beuzoic o . . o oo
Piperoual . . . . . .. 37 Phthalic (p. 218). . . .

Netones— Pheuols— :
Bewzopliewone . . . . . 48 o-Cresol [
Bewzl (p. 202). . . . . 95 ?:h o 36
Bewoin (p. 203} + . - 137 Thyucol hol . 11
Cautphot . . . . . . . 173 a-Naphihol . . 93

0 By . (2

lllllaﬂbé—'
Beuzoquinoue 192 <6 Estors— !
o- Na;?uhaquufgue? ) . 123 Methyl oxalate (p. ror) . {34
B- 0 L | =20 Cetyl palmitate (Sper- |
(leconq) maceri) . . . . . b3
-\tuhraqulnone (p. 225). =05 Myricyl palmitate (Bees ;
Phenawhraquivone . .| 205 Wax) ...l G2—63
l Glyceryl  “tripalmitale
' leids— | (Palminin) (p. 104). 62
Palwitic (p- t04). . . - 62 . Glyceryl  «tristearate i
Slearic .+ . . ... . 69 p (Stearin) . . .. . . 7% i
: Bewzoic (p. ¢99) - (B3 i Pheuyl benzoate . . . o 39 )
! o-Hylloxybeluom(p zqo) ¢35 1 n  salieylate ... 43 ;
N o o . "Oi) 200 Beuzyl benzoate . . . . EN
i ~ 2 " .. 210 ' 5 salicylate . . . ‘ —

COHEN’S ADV.P. 0. C. zZ
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2. Contains Nitrogen.

Organic base—If it is a base or e, amino-phenol or
amino-acid, it will prohably dissolve in dilnte hydrochloric acid
and vyield a chloroplatinate with platinic c¢hloride-  Some
aromatic bases like diphenylaine are not very soluble in dilnte
acids. Amino-phenols and acids may be extracted with cther
from an acid solution to which ammonia has been added till
faintly acid and then sodium acctate. DMany amines and
amino-phenols give quinones on oxidation with Jatassivm
bichromate and sulphuric acid having a characteristic smell
(p- 192). Many of the comnton al&afoids when dissolved 1o
hydrochloric acid (avoid excess) give a Drown norphons
precipitate with iodine solution wid respond to other generul
reactions for the alkaloids (see p. 320). To identily the
individual alkaloid, special tests must be appbed.

Primary, scvonrlury, and Lertiny aminexy vy be distinguished
as follows : T'o a solution af the hase in dilute hydrochlorce acid
add a few drops of sodium nitrite solution.  In the case of
primary aliphatic amines, a rapid evolution of nitrogen will at
once occur; a primary aromptic amine at first gives a clear
solution of the diazonitm-salt, which evolves mitrogen and tnrns
darker on warming. The effervescence, die to the liberation of
nitrous fumes, is easily distinguished fram that of mirogen,
which goes on uninterrupiedly, cven when the liquid is ronaved
from the flame.

After the solution of the diazonium salt has been decomposed
by waravng, the phenol which has bheen produced may he
extracted with ether, the cther cvaporded, and the phenol
dentified by special tests. A salntion of the dinzonium salg,
when poured into a solution of B-naphthol in canstic soda, will
nsually give a red azo-colour. The original aming, if lignid, moy
sometimes be identified hy warming with a little acetyl chlande
and converting it into the solid acetyl derivative, which is
recrystallised and the melting-point determined (see Reaction 3,
p- 76).

In the case of a sccondary hase, the abave treatment with
hydrochloric acid and sodium nitrite will pive an insoluble
nitrosamine (liquid or solidl), which is frequendy yellow. It may
be separated by ether and, after removing the cther, tested lay
Liebermann’s nitroso-reaction (seec Reaction 3, p. 159).  Nitrfus
acid hasno action on tertiary aliphatic amines, but forms nitroso-
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bases with tertiary aromatic amines (see p. 157), which dissolve
in water in presence of hydrochloric acid, with which they form
soluble hydrochlorides. Tertiary amines also combine wilh
methyl iodide on warming (see Reaction, p. 157), hut not wilh
acetyl chloride. Primary amnines give the carhamine reaction
(p. 150), and unite with carbon bisulphide (p. ¢59).

Oximes.—1t should he remembered that oximes act s bases
as well as acids, and dissolve in both caustic alkalis and acids.
On reduction in acid solution (with tin or zmc) they yield
amines.

Cynnides and Amides are hydrolysed hy caustic potash
(aqueous or, better, alcoholic), conc. hydrochloric or sulphuric
acid as mentioned pireviously under § 1, 2. It should he mentioned
that some amides are attacked only with difficulty, and must then
lie treated as described under § I, 2.

Nitro-compounds ave frequently yellow or orange in
colour. Heated with stannous chloride in conc. HCl or zinc
dnst and glacial acetic acid they dissolve and remain in solution
on the addition of water. The base which 1s thus forined may be
separated by adding an excess of caustic soda™until the metallic
oxide dissolves and then shaking out with ether. \When the
ether 1s removed, the base remains. If liquid, the base should
be converted into the acetyl derivative by warming with acetyl
chloride for a few minutes and pouring into water. The free
Liuse or solid acetyl derivative, as the case may be, should he
recrystallised and the melting-point determined. 1t ¢can also he
diazotised and coupled with B-naphthol.

Alkyl Nitratex are hydrolysed like other esters, and yield
alcohol and nitric acid (p. 82).

Nitro-phenols nnd Nitro-ncids dissolve in caustic alkalis
as a rule with a decp vellow otr orange colour. On re-
ductian with stannous chloride or zinc dust, as descrihed
above, they yield the amino-derivatives. In the case of the
amino-phenol, the solution is made alkaline with caustic soda,
saturated with CO,, salt added and extracted with ether. In
the case of the amino-acid, the method used is that descrihed
under Prep. 91 (p. 201).

Azo- and Acoxy-compounds. Both classes of compounds
are ushally highly coloured and are rapdly decolorised by
wdrming with a solution of stannous chloride and hydrochloric
acid, forming amino-compounds (see Reactions, pp. 173, 177)-

z2
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INSOGOBLE SUBSTANCES.
(Continang C, 1, 00d Noor O, 11, O, aul NU)
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suiplicuold | B9 1 B-Leus Uehinite (p i H
Auisi live .. ke wy) . Lo -
Pheustivling cal wd T Avuiople: Wit Aitne 3 l
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INSOLURLE SUBSTANCES (conzfinued),

Meltiug- Boiling- Meliiug- Boiling-,
point. | point. poiut. i poits.
1
Nitro-conpornds{cou. [ Nitroso-conpounds—
tinued). ! ; #-Nitrosodimethyl- _
Trinutrobenzene . .3 22 -} anilive {p. 1371 . 33 | -
o-Nitrotolitele — 223 |» p-Nitrosodiethyl _
- " el = 230 |l awlive . . . .. Sy -
|34 238 Nitroso-g-uaplithal o -
»2.1 Duuxrotolu.ene‘ 7¢ — ) \
a»Nerou'xphth'xleue . 6 — ;
o-Nurnvetaunilile ' S - i '
e U (TR l.5‘§) 207 — | Ay Nitvites aml !
Nitrates— ¢
7\’///0/’/(2:/0/¢, Aldp. Fuhyl wicviie . . — i a6
fes awl Acids— : o DitTAtE .. T
o-ﬁ‘um.pheu.ol(n 183) 45 - Awy! witrice (p. 69) — 1 g3
"e " a6 — : 5y Uilrare . .. - L7
7 p.i83) rig - )
Truuuopll.eml (p :
183) . . . ; 1o — |
Nltl’oalu\Olc . — — ! dze- awl Azocpcom-
-Nilrobeuzalde: : powndi—
hyde . .. .. . qS — A/\)\)belueu.e Ip.
o-Niulrobewzoic aciil s — ) J 36 -,
e " . | .-\/olwlueu.e Ip. 45t 0% — 1
(P, 200} . v . oy E4t — |'  Hydrazobeuzene (ju | |
;SNurobeumlc 'u:ul 238 — 46) . ... | 23 0 —
1-2-¢-1intitrobewzoic Diazoanduslietueye }
acid . ..., . P19 — (p. t79). . . 92
¥e vq-llul.urol)mumcl '\uulu)a/ol)elucue
) S i 203 - (po 172} o o . 127
)

3 Contains Halogen.—Halogen compounds inay be a/4y/,
alkylene, aryl ov acid halides or helogen arids (e.g., ethyl bromide,
ethylene liromide, bromobenzene, benzoyl chloride, or chloro-
benzoic acid).

Albyl, Alkylene and Aryl” Halidee are usually liquids or
solids specifically heavier than water and with a sweet penetrating
simell, or if aromatic compounds substituted in the side-chain,
they have a sharp penetrating smell and attack the eyes. They
are for the most part colourless, but the bromine and iodine
compounds usually acquire a brown colour on standing. Iodo-
form is naturally yellow. In the case of alkyl and alkylene
halides and aromatic compounds substituted in the side-chain,
alcoholic silver nitrate will, on warming, yield silver halide.
Strong methyl-alcoholic potash will, with the same compounds,
produce olefines and acetylenes (p. 64). The experiment should
be tried with the apparatus Fig. 86, and the gas collected
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and tested.  Aromatic compounds substituted m the nuclens
are not, as i rale, acted on by these reagents unless nin‘()--»r()ul)s
are also present ; many of these react with maguesimm
presence of dry ether (. 200).

I NSOLIELE SITESTANCES,
(Containiag C, 11 and Tadogens or ¢ 11, O ad Tadogens, )

Meltivn. | :.\I-4I}$|-J I_l:--ih:----
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Fahyl ewoirhe (. i A-TULanleny . oy
P P L o s Cbbasstoves L I
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s - Doopy T ehlietole W dpereed U
) " Leswnde ! o l.)-»w--l- liw-uee o Yoy
¢ N bl | L it " L Y
\l - shboeinhe L ya . u-;); [ TN
l " Droandvly ' wl® lll-)lc)ll(])ll)llk {
Lolivle . L4 b . o oL Ve
Yo <l])l vhhaide . o (Cledversmapdicha-
5 Levaivde Iy .. . o .
: v bbb ol e Beapeaagbthe
o bl l. ol I : =
, W Leouticde [OCEE B B HER T TS .]»l)ll\\ l !
. wolole . L FECE I Toge . IO
FAwyt vl oL ree ] : :
w boiele L - | [T AR l 5
Galnle .. L voms ] T blaepdewed (S
Al A Leetticls | L ot Trilweaus gelevad .
o alich vy
Aty Do -l»l-.wl- a4 B VAR T AT AN
Lrvauiyle . Nl bl i
1 ll)\l'll- chlstinle . I JHET R A I I
Doy o lobans |, PR ; .
o abvbhue L Lok : il Lodds ;
WP L AT S B 11 TR L P PO S
- Peylidhvo lunluvl- i [TTF - Ve R T )
Vo Chibhwduean (. ,--) ¢ /7 R
i Devawlbewe — 3 e e Buwdrnea oLy gy
| Tewlolwew o . L . . g ! Y IR [ TRRRS AP
Carbat telio bori e - } /e - [N N
i Bouzyl chibnidv (. :
) e o o0 - W ioxtere
Ueuzicl - Mutbyl rllovsfiewm
Rewmnrichiride L. . ot
Chibsrobenzsae Mesbyls iloreyone EY
Browoebeuzewpu ]n) w broutg G Lo
Iodobenaan: . b tll)l vilsrolawione g
o-Dichlprabeuzmu: RN [ HIED Ry R
S " . N s bowsanGay | (g}

Acid Chlarides amd  Rromidex wae also specilically heavier
tha water, but reveal thielr presence by lunfig o moidt



air. - They are decomposed by water more or less rapidly,
ad give the corresponding acid and hydrochloric acid, which
mway be tested for, They are alsa acted on rapidly by strong
armwma, and give the andde, the melting-point of which may
he ascertained [p. 209).

Lalogen Aridy and Jexters.—Most of the insoluble halogen
acids belomy to the aromatie series, and have a distinctive
melting-pomt. For farther canfirmation, they may be converted
into the acid chlovide and anide.  Insoluble esters containing
halogens may beloug ta hoth series, aind the acid aud alcohol
nmst then be separated wd separately nvestigated.

J- The Tollowing among the ware common organic snbstances
cuntan sniphur or suljlagr and nitrogen in addition to carbon,
Liyilrogen and oxygen.

(NSOLIBLE SDBSTANCES.
(Ui UL 1 S or G, 11, O, §) and NL)

Ml iling? Meltiug-| Boiling-
Copolwt | qmiw. poiwl. | poiut.
. | - o S N
‘I-’(A. \:’.‘-;-'v
MV ulpbile L 1 Ly Thiocyerneley—
[ HUTEN . PR allyDibiueysanee .| — ¥t
Y, . ) Plieuyl "
. el Dl (\CHESD IR o ! »3?
il Qo I hipuweides-- : !
R PRI . Thicknebimide (g ,l 1
Nl il = =) L. .| ars L o—
1k Nipbily Lwtue “Ulhiveecbanilitde (. | !
~alpleuds l .o 7S et l 8
I Nl hy fivuany ' : - 4
A bty weil no o Sulphonamides— )
Rawih o te N Leuzenesalplou- )
o e . sl (‘]). 170) | 150 -
ulpligsivs ; . Vezews sulplungei- l l
Abethy Lendplads L8 = 74 lih u 1gm). .| 100 = |
tabyl " - l 13 | ,

Mixtures. A prelininary investigation carried out as
deseribed on e 322 will determine roughly if the sulistance is a
mixture. Defore proceeding to identify the sulistances present,
it 1= cssential that they should Trst be S(ql:t]’ztt(::d. This may be
a long aund dillienlt operation, but the followmg methods may
lead to the desired resnlt. '

1£ the sale e cannot be satisfctorily separated Ly fractional
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distillation (if a liquid) or by crystallisation (if a solid), shake
with caustic soda solution. This will dissolve the acid or phenol,
and the insoluble constituent may be removed mechanically or,
if volatile, by distillation in steam, by extraction with ether or, if
solid, by filtration.

Acdd and Plenol, if present together, may be separated by
adding sodium bicarbonate in excess and extracting with ether,
or by dissolving in caustic soda solution, saturating with carhon
dioxide and then extracting with ether. The ether extracts the
phenol, which is insoluble in sodium carbonate, leaving the acid.

Fster and Hydrocarhon may be separated liy hydrolysis, which
decomposes the ester, but not the hydrocarbon.

Parafin and Aromatic Hydrocurbon may be separated by the
action of fuming sulphuric acid, which forms the sulphonic acid
with the aromatic hydrocarbon. The product is poured into
water. The sulphonic acid dissolves readily in water, whereas
the paraffin is insoluble.

Amine or Base may be separated fromn the majority of
insoluble organic substances by shaking it with dilute hydro-
chloric acid, with which it forms the soluble hydrochloride.

Aldeliyde or Kefonne may be separated from the other
constituents by shaking the liquid, which should be free from
water, with a saturated solution of sodium bisulphite, and de-
canting or filteving the liquid residue. If the liquid 1s soluble
in water, like ethyl alcohol, it may precipitate the bisnlphite of
sodium. This is prevented by adding a little ether Dbefore
introducing the hisulphite into the liquid.

In separating two liquids in a test-tube, for examnple, an
ethereal from an aqueous solution, either the ether may be
decanted or it may be desirable to withdraw the lower aqueons
layer. Thisis done by sucking the liquid into a sinall pipette
furnished with a mouth-piece of rubber tubing, which may be
nipped when the requisite quantity is removed. The pipette is
then withdrawn, keeping the rubber tube tightly closed, and the
liquid transferred to another test-tube. It is often advisable to
adopt this method previous to decanting the top layer, which
is much more effectivély separated from a small than from a
large quantity of the aqueous layer,
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L —TaBLE oF THE AtoMtc WEIGHTS OF THE ELEMENRTS,
O =16.

I __l | A 1 i
» townic - &
Element, %ym.bol i Weigh. | Elemnews. ' Weight.

) H
Almwidin AL Y ety Neow ... Ne. 20
Auttivony Sb. | 2072 ii Nickel . .. .. Ni. 337
Argow . . .., . Av. 399 - Niebiw . Nb. N
Avsewic ., || As. 73 Nitrogew . N, l 1401 '
Barbime .. ., Ba. | 137°4 Oswiaw ., . . . . Qs ¢ ot :
Beryllium Be. | g't i Oxygew . .. .. o | w |
Bismuth . ., , . . Bi. 08 Palladinm Pd. 06°5 !
Borow . ., . ., . 1. 113 Phosphoras P. st |
Bromine . . . . . Br. 79'6 ~ Platicum. . . . . Pr. 1948 !
Cadmivue Cd. 112y, Potassinw K. 39715
Caesiunt . . . . . Cs. 133 . Radiume .. . L. Ra. 22
Calcium . . ., . Ca. | 4o IKhodiune . Rh. €03
Carbouw ., . .. C. |} &2 Rubilliuw . Rb. 855
Ceritun, . . ., ., Ce. | 40725 Rutheuinoi . , . . Ra. w17
Chlorive . ., . ClL : 3545 ] Scandiunt .. Se 4470
Clirotnium Cr. 52°t » Seleniunt . . . . Se. 79"
Cobale . . .. .. Co. i 59 . Silicon . ... L Si. =84
Copper . . . . .. Cy. 636 ;i Silver Ag. €07°93
Fluotine . . . . . F. 19 1 Sodiaw . ... . [NES 2305
Gallivae . . . L, ¢, . 70 ]l Strowiu Sr. 876
Cernaninu . Ge. ! 725 | Salphur ... L. S. szco0b
Gold . . .. .. Auw. |97z Tawalaw . . . . T 181 :
Helivue . . . . . He. | 40 Pelluritaw . . . L[ Te yo7'6 )
Hydrogew . . . ., H. 1008 Thallimn. . . . . T 204°1
ludiver . . ., . lw 115 Y Choritun ., L .. th. 2¢2°3
lodiote . , . . .. I. 12697 llu ....... Su. 110
Ieidiwu ., oL Ie. 193 Ticaiaae, .. L Ti 487
frou . . .. L. Fe. | 5579 Tuugaten W, 124
Lanthanvw ) Ta 1389 Urawm u, 238°5
Lend . o 0L boph. 2069 i Vzoadiu \2 SEe
Krypow . .. . Kr. 818 ¢ Xewow. . .... X. 128
Lichivenw . . . . . Li. 7703 '+ Vwerbiauw . . .. Yb. 173
Muaguesivm . . .+ Mg 2456 ) Vitviuw V. 89
Miuginese . . . . Mu 55 ¢ Ziuc e e e Zn 65°4
Mercury . . . .. i Hg. 200 ; Zircouiuw . Zr. go'6 )
Molybdenunt . . . i Mo | 96 i
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Vapowrk TeENSloN OF WATER FROM 5° TO 207
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Varaar TrNstox ar Causte PoTasit SULPTLIONS FRON 16°—20°.

347

;:ul{(.‘]l.
wollLL

40K OH,
woH.0.

49KOH,
rwoH 0.

H O WG C
4 8NES

7
7
3
g-
g
9




348 PRACTICAL ORGANIC CIHEMISTRY

Il.—Tae.E oF Sprciric GRAVITY AND PERCENTAGE OF S)yLpHuplc ACID
N AQUEoDs SoLuriox. (Kolle.)
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saldelyde, 64

wide, 77

tlide, i

cidd, 74

uhydrole, 76

8 cther, £t

Aveaupn brpucadede, 8o

Aretnzentiv ester, 81

Acrtuue, (g

Acetmuicrile, 2y

Avetupliupue, wro

2iuplictyue we, My

Aecelnplusupnescwicirlkuone, woz

Acetoxime, 71

Aretyl chlorule, 74

Aevipleue, 64

Aotety L wethonl (Perkin), 222

Avmleiu, 93

Alolol, 49

Alceliyele-s

Alizarin, vy

Alluxan, o

Alloxiding 12y

Allyl ailiolod, wy

Alintuinwemercury couple, 213

Awiw et

Al sizoben ¢y 17

ar=-Awinolenzin acid, 26¢

Z-Awingplicunt, 146

Annupatisl cuprous cliboritle, 64

Aruyl sileolol, 0

Ayl Liveike, fiy

Auiline, 14

Audsolye, 1H1

Auscliiicz chegmuometer, so

Authraguinoue, 225

:\l)]llr:«luiu()lw B-wtonosulplionale o1
seacdtuny w2l

Awtifebrin, 15

Appeneix, 214

Azoheuzeun, 145

Azoxybeweite, 143

mwnonia, 66

I

Livckman freezing-poin agparatus, ;33
byiliug-point apparsius, 38
theerinpuiel er, w4

Heckpranu's reaction, 21z

Bewstlaniling w7

Deuzaldehyde, 196

Licnzzldelyde greew, 21

COHILEN’S ADV, I, 0. C.

a-Bewzaldoxsnie, rg7

B-Beuzsddloxine, g7

Bewzunide, 109

Bevzene, 136, 162

Benzeue eyl sulphouate, 179

Beuzeue plieuyl sulploiene, 179

Bewzene salpliowmiide, 179

Bewzene sidplouanilide, 179

Bienzeue sulplouic acid, 177

Eewzeue sulphouic clloride, 178

Dewzilline, 148

Dewil, 203

Lewzilie acid, 203

lZenzoic acid, vgg

Leuzdic ester, 209

Benzoii, 202

Beuzoy! chiloride, 208

Newo 'lnlcet}:nkc. 2%

aleohol, rg3, 197

Beuzyl cllloride,? 4 °

Bisdizzoucettc ncidd, g6

Diccer slmond oil, 190

Riurel, 127

Loiling-poit methoil, 37
dleterinacion of, 58
correction for, 59

p-romicetanilide, 152

Browacetic acil, 89

Lrowisicetyl browmide, 8g

Brouwbewzewe, 140

71« Bronaohewzoic acid, 20t

N wnoeresol, 165

Z-Branotoltieus, 167

Biuyric acid, g9

C

Caffeiue, 131

Carbaniide, 126

Ciarbstmive reqaciion, 71
Carbnlic acid, 170 N
Carbm, quitlitative analysis r
Cirbou, quautlitative nualysis 4
Carins’ method, 22, 28
Cluttnrray’s reaction, 174
Clibsracetic acld, 87

Cldoral, 99

Chlural hyurale, g9
Chlorlyedrin, cir |
A-Clloroliewzsic acid, 166
Clloroform, 70
ACldorotulicete, 165
Clwginie acid, 204
Citriconic :cid, 123



Citric acid, rag
Claisen flask, 85
Claisen's reaction, 2r2
Combustion furnace, 4
Combustion, 4
carbon and hydrogen, 4
nitrogen compounds, 3
substances containing ~halogens and
sulphur, 13 X
substances containing nitrogen, ra
volatile and hygroscopic substances,

133

Correction for boiling-point, s
Creatine, 132

#-Cresol, 164

Cryoscopic method, 32
Crystalltsation, 52

Cuprous chloride, 166
Cyclohexanol, r81

D

Depressimeter, 37 .
Determinalion of boiling-point, 58

freezing-point, 33

meltiug-poie, 72

rotatory power, 116

specific gravity, 56
Dextrose, 233
Diazoacetic ester, 94
Diazoaminobenzene, 17r
Diazobenzene perhromide, 162
Diazobenzene sulphate, 16t
Diazobeuzolimide, 232
Dichlorhydrin, 1r2
Diethyl malonate, g6
Diechyl artrate, 1t5
Dihydroxysuccinic acid, 114
Dimethylaniline, 156
Dimethyl oxalate, so1
Dimethyl p-phenylenediamine, 177
Dinaphthol, 220
an-Dinitrobenzene, rsy
Diphenylhydrazine, 146
Diphenylmethane, 213
Diphenyl¢iiourea, rsg
Distillation in steam, 107

L vacuo, 84, 94
Drying apparatus, 4

E

Ebullioscopic method, 37 =,
Electrolytic reduction, oxalic acid, o2

nitrobenzene, r44, 145
Eosin, 187
Epichlorhydrin, ir1
Estimation of carbon and hydrogen, 4

halogens, 22

nitrogen, 13

sulphur, 28
Ether, 59

commercial, 61
Ethy! acetate, 8r
Ethy! acetoacetate, 83

Ethy! alcohol, 49

Ethyl benzene, 141t

Ecthyl benzoate, 209

Fehyl broniide, 54

Echylete bromide, 62

Ethyl ether, s9

Ethy? malonate, 96

Ethy!l malonic acid, g7

E'thyl potassium sulphate, so

Ethyl tartrate, 115
rotatioll of, 120

Lyknian depressimeter, 37

F

Filter-pump, 44

Filiration through clovh, 3t
under rediiced pressure, 43
with flwred filter, 53

Fischer's ester method, r33

Fluorescein, 187

Fluted filter, s3

Formic acid, 106

Fractional distillation, 136

Fractionating columns, 137

Freezing-point method, 32

Fri:a’cl-cg'aft:‘ reaclion, 2ro

Furnace, combustlon, 4
tube, 23:

Fusel oil, 69

G

Gattermann’s furnace, 24
diazo-reaction, 167
Gelatine, hydrolysis of, 93

Cilucose, r3s
Glyceric acid, toc
Glycertn, 106
Glycerol, 106
Glycine, go
Glycocoll, g0

ester hydrochloride, g2
Glycollic acid, o2
Glyoxylic acid, yo2
Grape-sugar, 135

H

Halogeits, qualitative determination, 3
quantitative " 32

Heating under pressure, 78

Hexahydrophenol, 18¢

Heltanthin, 151

Hempel fractionating column, 137

Hofsnann's bottles. 30

Hot-water funuel, 53

Hydrazobenzene, 146

Hydriodic acid, 113

Hydrobenzamide, >g6

Hydrobromic acid, T40

Hydrochloric acid gas, g3

Hydrocinnamic acid, 204

Hydrogen, qualitative determination, ©
quantitative R
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Hydrolyais of viliyl acetate, 82

Tlydeoquiumine, e

e Hyplroxyleuzaldehyde, ¢88
132

Hydrxpbenzeue, 7o

o- [ydenxybewrsic wwid, o-

TS " o o2 )
Hydexyl wethod (selugacf), 223
1yououe, 2to,

lotlobeunme
Leledorui o, so
Toddeswtnluetne, 1
A-Ladoolucue, 168
Isanting 239

Inopropy! tualide, ru)

K
K jeldahl's wietlunl, 20

L

Lanreu$'y oolaviummlr; 6
Leuciue, 13 N X
[.icberman)i’s uitraso reactiw, 159

M

Mitkichios grmu s
Miliv :
Michin sl
Miauleliv: o bl w3
Meltiiyswiut beteridearivig, 72
Blesjanue ncid, vag
Meslartiai: i, Lo
Mtluxyl wetlunl (Ledsed), =
Methyl wstae, 3t
Melliyl shmbol, #7
Dethyl it olulic pogash, g7
Merliy budus hyereclilborish, @
Mlethy el spirie, parilicition sf, 44
Methyl vyenile, 70
Mutkyleneuuiv eecetonierile, iy
Methyl balice, 8
Methyl orauge, 170
Methyl nxainer, tu
Medeyl phenale, uh
Methyl yodasaiwn sulplito, e
Mdecubir rutitiou 1oy
Mudeculir weigly

vilpour teusity, 20

feevaiug -polut, )3

bpitingepolul, 34

avgau: wbis g

oraui: basw
Molisch's v
Moo lrou 8 [
Moaovlilarzeetic wbl, 37
Mbunehbuhylrin, o1t
Mugexile, w9

N

Naphthaleue, 216
Naplulaleue picrale, 217

Naplahaleie sulphouave of'sotliem, 2:8

A-Nephthul, 219
Nuphtliol yellow, 22
#-Naphtliyl acetate, 222
#-Napheliyl metliyl ether, 220
A-Nitracetauilide, 153
w-Nitravilive, rsq
peNitrauiliue, 133
Nitric acid (i’umiu.g), ”
Nitroheuzene, 142
»-Nitrobeuzoic acid, 200
Nitrogen, qualitative estimation, 2
guanilative estiination, 13
Nitropliewol, 183
Nitrosobenzene, 146
A-Nitrosodiwetliyluline, 157
Nitrosopleenol, rsg

(o]

Orgauic analysis, 1

Oxilic acitl, ico

Oxauwide, oz

Oxauthrauoliste of sodium, 226

P

Pahnitic acld, o4

Piclw uit, tog

DParaldchyde, 67
Pararosaudilive, 255
Lrerkin's acelyl werkiad 222
LDerkin’s pykngwerer, s7
I’hendd, 179
Pheuolpltlislein, 188
Plienylacetauide, 15t
Plieuylsterylie neil, 204
Plieayl browide, 140
ae-Plhicuylenelinniue, 1sg
APhenylencdiawiue, 173
Uheuyl souyauste, 160
Pheuyllinitraziue, t73
Plienylliydroxylamine, 148
Plicuy! wustard oil, 166
Plicuyl suithyl cirlwl, 206
Plicuyl wetlyl ether, 18:
Plieuyl methy! ketoue, 210
Pheuyl mc;h?/l pyrazolorte, 175
VYlenyl raetliyl * irinzolecarboxylic

273

Phepylpropivoic acid, 204
Micuylthinearbimide, be
Uhicuyltliogrethane, 16 N
lhospliorus, yusditative aualysis, 3
Plalalic acitl, 7

Vierie acil, 135 »

Jieia & Schiff's ntetlod, 27
Polariuwler, 116

Potasl apparalus, 4

acid,.



(¥

356 INDEX

Potassium beuzene sulphonate, 177
Potassium ethyl sutphate, s0
Potassiuin methyl sulphale, so
Preparatious, general remarks, 47
Pressure tube, glass, 24, 78
firuace, 24
melal, 227
Purificaliow of ether, 60
melhylated spirit, 43
Pykuometer, 57
Pyruvic acid, 124

Q

Quantitatire estiniation cf carbon and
hydrogeu, 4
halogelws, 22
nitrogeut, 13
sulphur, 26
‘Quinine sulphace a5r
Quiuol, 193
Quinoliue, 250

({uilwne, roz
Quinoueoxime, 39
R

Racemic acid, «¢22,
resolution of,-ta3
Ring-burner, To8
Rotation of ethyl tartrate, 120
tartaric acid, 120

S

‘Salicylaldehyde, 188
Salicylic acid, rgo
Sandueyer's reaclion, 163, 167
Saponificatiou of el hyl acetate, 82

palm oil, 104
Schiff"s azotometer, 14

reaction, 67
Schotten-Batnans’ s reaction, 209
Sealed tube furnace, 23
Sealed tubes, 24
Sodium b?su‘phi&e, 67

knife, 61

press, 61 L.
Spectfic gravity determination, g6
Specific rotatioly, 119 .
Spirits of wine, purification of; 49
Sprengel’s pykuometer, 57
Succinic acid, ri3 j
Sulphanilic acid, 175
Sulphur, estimatiou of; 28

R CLAY
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Tartaric acid, 114
Terephthalic acid, t7:
Tetrabrontocresol, 165
Thiocarbamide, 128
Thiocarbanilamide, 159
Thiocarbanilide, 159
Thiourea, 128

#-Toly! bromide, 167
/r—%olyl chloriccile, 855
#-Tolyl cyanide, r6
Tolyllyodochlori.de, ?69
Toluene from toluidie, 163
#-Toluic acid, 170
Tribromopheuol, 180
Trichloracetic acicl, 99
Trimethylxawhiue, 13r
Trinitrophendl, 183
Triphenylguanidine, téo
Triphenylmethane, 214
Ischugacsf s hydroxy! method, 223
“Tube furnace, 23
Tyrosine; 133

v
I/manet’s reactian, 180
réa, 26
Uric_acid, 128
v

Vacuum-desiccator, 45

Vacuum distillation, 84, 94

Vapour density method. 29
Victor-Meyer Apparatus, 29
Vigrewx's fractionatiug colunin, 137

W

Water-jet aspirator, 44
Waier turbine, 91

v
Young and Thouas fractionating column
137
T z
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