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PREFACE

THIS book is intended for those students and dyers who
have a good knowledge of general chemistry, and some knowl-
edge of organic chemistry.

The object is to present, briefly, the origin and history
of coal-tar production, and a discussion of the intermediate
products between the coal-tar and the dyes themselves.

The methods of making the dyea are taken up, followed
by a study of the relations of the great classes of dyes, and
also the individual dyes themselves, to one another in the
same class. The development of one color from another by
a change in its composition is explained, and tables showing
the variation of color accompanying change of composition
are include^. The proof of constitution is in many places
given in such detail as to allow the student to comprehend
the bases for the structure of the complex molecules of the
dyes.

The significance of the chromophors and chromogens in
the different classes of dyes is discussed. The use of mordants
and the character of the union between the dyes and animal
and vegetable fibres are also included.

A few manufacturing processes are introduced here and
there in detail, to give clear conceptions of this phase of the
subject. Socie practical experience to assist in compre-
hending the theory of the subject is made possible by a course
of experiments, the performance of which aids in vivifying
this difficult and interesting subject. It is hoped that this
feature of the work will produce a more tangible result than
could otherwise be possible.

The terms sulphonic acid and sulpho acid are used inter-
m



iv PREFACE

changeably in indicating those compounds containing the
SO3H group. The author wishes to acknowledge the kindly
and helpful suggestions received from Dr. Arthur C. Langmuir,
Professor John C. Olsen, and Dr. Bernard C. Hesse, in the
preparation of this volume.

Among the many sources drawn upon may be mentioned:
Chemie der organischen Farbstoffe von Dr. R. Nietzski; Tabel-
larische, I'ebersicht der kiinstlichen organischen Farbstoffe von
Schultz uud Julius, also Arthur Green's translation of the same;
A Dictionary of Dyes and Mordants, by Rawson, Gardner and
Laycock; Cain and Thorpe's Synthelic Dyestuffs and Inter-
mediate Products; Chemistry of Dyestuffs by Georgievics.
Practical Methods of Organic Chemistry by Gattermann.
Organic Chemistry by Bernthsen; Organic Chemistry by
Riehter; and Cain's Chemistry of the Diazo Compounds.

IRVING W. FAY.
BROOKLYN, N. Y., December, 1910.
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C O A L - T A R D Y E S

CHAPTER I

INTRODUCTION

ORIGIN OF THE COAL-TAR DYES

THE discovery of the first coal-tar dye was the result of
an accident; one of those happy accidents without which
many of the strides of chemical science could never have
been taken. If an unusually alert mind had not been making
the observations this accident would have passed unrecog-
nized and "the opening of a new department of the science
postponed for no one knows how many years.

In 1856 a young English chemist, W. H. Perkin, was
working as an assistant to the celebrated German chemist
A. W. Hoffman, who at that time held a position in London.
As the Easter vacation of that year approached Hoffman
planned to be away from the laboratory for the holiday.
This leisure time afforded young Perkin opportunity to try
some experiments which had greatly aroused his interest.
He wished to produce synthetically no less a substance
than the valuable alkaloid quinine.

For this purpose he brought together a nitrogenous sub-
stance known as allyl-toluidine, bichromate of potash, and
strong sulphuric acid. The attempt was a failure so far
as obtaining quinine or anything like it, but he noticed that
a colored product had been formed. The most interesting
feature of this work was the quick perception of some possible
value for the new substance. Few chemists would have
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pondered the result, or in the disappointment of the moment
have paid any attention to the unexpected product.

On the contrary, it aroused the curiosity of Perkin to
such a degree that he resolved to investigate the peculiarity
of this strange reaction by using simpler substances. He
then employed in place of allyl-toluidine, the simpler body
known as aniline. This was treated with bichromate of potash
and sulphuric acid. An unpromising black residue was the
only result. Extraction with alcohol however dissolved out
a lilac coloring matter which was later to become the first
commercially successful coal-tar dye.

During the pi^eliminary stages of its purification, Hoffman
returned from his vacation and Perkin showed him the
new dyestuff. As it was not crystalline, and as Hoffman
had a horror of substances that would not crystallize because
of the difficulty in obtaining them in a state of purity, he
advised Perkin to throw it away and have nothing to do with
it. Pcrkin's interest was, however, by this time too thor-
oughly aroused to give it up.

The dye was iinally purified and given the name of mauve,
by which it became familiar in England. Upon the continent
it was known as aniline violet or Pcrkin's violet. It is now
more often called mauveine.

The dye appeared upon the market in the form of an
alcoholic solution. It was too expensive save for the dyeing
of silk for which it was greatly prized by the manufacturers.
At the present time it is used only to a slight extent in the
form of a sulphate called rosolan for bluing white silk and
for printing the English penny postage stamps. (This use
ceased at the end of the last reign.) In this way England
maintained for half a century a unique memorial to her
celebrated chemist, perpetuated even in the remotest corner
of the world wherever its mail service may have penetrated.

Though the mauve never attained a very high "degree of
practical importance, none was ever of so much value in
exciting research for the discovery of other dyes.

Perkin's keen observation and his persistence in develop-
ing his new dyestuff were rewarded both with commercial
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success and with imperishable fame in the scientific world.
He had the rare good fortune to witness for fifty years the
cultivation of this entirely new field of dyestuff chemistry,
wherein the most magnificent scientific results have been
attained and enormous industrial fruits have been reaped by
the utilization of one of the most worthless by-products in
the technical world.

The processes of manufacture were in the early years of
the industry necessarily crude and the products impure.
Nevertheless by these very empirical methods great progress
was made, and research was stimulated to an unwonted
degree.

In the year 1S65, the theoretical side of the science was
enriched by the conception of August Kekule that the
molecule of benzene had the form of a six-sided ring or
hexagon with a single hydrogen attached to each carbon
atom. This extremely important and fruitful idea has given
its author imperishable fame.

From this time, the advances became gradually more
scientific and research could proceed on rational lines. The
chemical activity stimulated by repeated and brilliant
successes in the coal-tar dyes was not wholly confined to
this field, but invaded the domain of the natural colors. Four
years after this, the discovery by Graebe and Liebermann
of the constitution of alizarine, the color principle of the
madder root, used from time immemorial for dyeing the
famous Turkey-red, showed the fruit of the increasingly
scientific character of investigation. This discovery drove
the culture of the madder root out of Europe and replaced
it with a superior product made from the derivatives of
coal-tar.

Twenty years later, 65 tons of a 10 per cent alizarine paste
were produced in Europe each day. With the long continued
manufacture, the price fell from $1.60 per pound in 1S70
for a 10 per cent paste to 20 cents per pound in 1900 for a
20 per cent paste.

A similar fate is about to overtake the cultivation of
indigo in its stronghold in the fields of India. Since the
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oxidation by Nencki in 1S74 of indol to indigo-blue by the
use of ozone, unremitting studies to find its constitution have
been carried on. Adolph Baeyer and his students and
many others have brought out various successful methods
of making indigo from derivatives of coal-tar, some of
which are successful commercial rivals of the natural product.
To such a degree have the synthetical methods progressed
that one German firm in 1900 manufactured as much indigo
of a quality superior to the Indian product as could be
grown upon a quarter of a million acres of ground.

Following the discovery of rosaniline in 1859, dyes of a
great variety of shades were obtained and often of such
extraordinary beauty as to command fabulous prices. In
1874 the magnificent dye, eosin, discovered by Heinrich
Caro, sold for $100 per pound, and on account of its brilliant
dyeings upon silk, it found a demand even at that high
price.

In 1900, the combined production of benzene and toluene
amounted to between 25,000 and 30,000 tons. As these
form about one per cent of the' crude tar, it follows that
3,000,000 tons were subjected to distillation to obtain these
products.

From the early manufacture, of a nature so crude that
during suits, in Paris in the early days, of one manufacturer
against another for infringements of patents neither counsel
nor experts could either dispute or establish the identity of
products made by different oxidizing agents upon the same
raw materials, to the present day, when research is often
able to reveal .the actual structure and how the complex
dye molecule is built up, is a long history of processes which
have been improved by a most persistent and thorough
study, both theoretical and practical, by the celebrated
investigators of the scientific world.



CHAPTER II

COAL-TAR AND ITS PRODUCTS*

W H E N bituminous coal is thoroughly ignited in stoves and
furnaces and a draught of air freely circulates through the
mass, throe principal products are formed: one is water
vapor, a second carbon dioxide, and a third the ash.

If coal be heated equally hot, but inside a long cast-iron
or earthen retort shut off from all contact with the oxygen
of the air, then a great number of products is formed wholly
unlike those resulting from ordinary combustion. This
operation is known as destructive distillation and has been
carried on to an enormous extent in all civilized countries
for the production of illuminating gas.

An estimate made twenty years ago placed the amount of
capital invested in gas works in England alone at $35,000,000.

Four chief products result from the destructive distilla-
tion of bituminous coal as carried on in the gas works: coal-
gas, ammoniacal liquor, coal-tar, and coke. The coal-tar,
once a groat nuisance in the gas industry, is the only substance
obtained from the coal which is of importance to the dye
industry. I t contains more compounds than the other three
products combined.

In the distillation of coal, the tar leaves the hot retort as
a heavy vapor and condenses in the water of the hydraulic
main and in the scrubbers, while the illuminating gas passes
on through another train of purifying apparatus.

The tar itself is a deep black, opaque, syrupy liquid of
unpleasant odor, a little heavier than water and having an
average specific gravity of 1.08 to 1.20. Its black color is
due to finely divided free carbon which varies greatly in the
tar from different works, ranging from 7 to 33 per cent.
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Crude coal-tar is used to some extent for making "tar-
paper," for preserving timber, and coal-tar pitch as a protec-
tive paint for acid pipes and condensing vessels, and furthe]
as a cement in forming certain furnace linings.

The constituents of tar may, according to their chemica
reactions, be divided into three classes: first, the hydrocarbons
second, the phenols, third, the nitrogenous compounds.

The hydrocarbons as the name suggests are composed o
carbon and hydrogen. They are chemically indifferent sub
stances exhibiting neither acid nor alkaline properties. Tlurj
form at the same time the principal and most valuable portioi
of coal-tar. Benzene, toluene, xylene, naphthalene, am
anthracene are the most important of these hydrocarbons.

The second class comprises oxygenated bodies called phenols
they consist of carbon, hydrogen and oxygen. They an
weakly acid bodies and collectively are known as the "ta*
acids.7' They consequently dissolve in a solution of th<
caustic alkalies while they are insoluble in dilute acids. Car
bolic acid or phenol and cresol are the most important of thesi
bodies.

The third class is made up of bodies composed of carbon
hydrogen, and nitrogen. These are of a basic nature an*
dissolve in acids. A large number of individual substance
is comprised in this class, but none in sufficiently large amoun
to render profitable its technical preparation from this source

There remain a number of other substances among whicl
are sulphur, oxygen, and nitrogen derivatives of the hydro
carbons, and carbon disulphide, but those are not isolated
and occur chiefly as impurities in the other classes and serv
to make more tedious their ultimate purification.

The increasing employment of the 0 . W. Hoffman oven
for producing coke, wherein the volatile constituents of t h
coal are saved, augments the total annual product for th«
world which at present cannot be far from 3,000,000 tons
A large part of this is distilled for its various products.
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DISTILLATION OK OOATJ-TA.II

The separation of the constituents of coal-tar depends
upon the selective results of fractional distillation. This
process is based upon the fact that when a, mixture of two
substances having different boiling-points is heated, the one
having the lower boiling-point will be most easily converted
into vapor and escaping from the retort pass most rapidly
over into the distillate. After the greater part of the lower
boiling liquid has passed over, then boiling ceases for a time
until the temperature rises nearly to the boiling point of the
second constituent when the boiling recommences and the
vapor passing over is condensed and collected in a second
receiver.

In practice, if a mixture of absolute alcohol which boils at
78.3° C. and water boiling at 100° 0. were distilled, almost
pure alcohol would pass over first, then a mixture of alcohol
and water, and finally almost pure water. Approximately
complete separation of the mixture would require repeated
distillation. A Savalle still in the case of alcohol will yield
an almost pure alcohol in one or two operations.

The boiling points of the substances in coal-tar vary widely:
benzene boils at S()° 0. and anthracene at 870° 0. It is there-
fore feasible by separating the different fractious, to separate
the constituents effectually. The .first fraction will contain
different compounds from those in the second; the second
different from those in the third, and so on.

The process of distillation is carried on in enormous
vertical cylindrical retorts often capable of containing 35 tons
of tar for a single operation. The bottom of the still is
concave upward, allowing the heat to penetrate the mass of
tar and protected from direct flames by a curtain or arch
of bricks. This prevents the overheating of the residuum
and the burning on of a layer of coke upon the bottom of the
still. The still is entirely enclosed iu brick walls to prevent
radiation and to form passages so that flames may pass
around and half way up the vertical height of the still before
escaping to the Hue.
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The capital or head of the still has an outlet pipe 12 inches
in diameter diminishing to G inches where it joins the condens-
ing worm. The worm may be from 140 to 200 feet long,
4 to 6 inches in diameter, coiled in a tank of water, which is
allowed to become warm as the distillation progresses to
prevent its clogging with products that arc solid at the
ordinary temperature. To further prevent clogging a steam
pipe enters at the beginning of the worm and the rush of
steam melts and pushes onward any products which may
have solidified in the worm.

The still is provided with a large inlet pipe, the end of which
projects beyond the wall of the still, lest the ammonical
liquors of the crude tar in trickling down the hot iron cause
serious corrosion. The outlet pipe is at the lowest point
of the still, opposite to the fire. A safety valve or a cover
held in place by its own weight obviates any danger of
explosion and the fire and ash pit are so protected by masonry
that in case of an overflow the boiling tar may not be ignited.

A tell-tale pipe gives warning when the still is full and
a long stemmed thermometer surrounded by mercury and iron
filings in an iron pipe affords control of the temperature of
distillation. A circular perforated steam pipe passes around
the lowest part of the bottom near the outer wall and during
the latter part of the process superheated steam agitates
the thick tar and assists in carrying off the heavy vapors.
A manhole gives access to the interior of the retort for
cleaning.

Experience with thick tars has developed the use of
mechanical agitators which stir the heavy tar by the dragging
around of chains over the bottom of the still. So successful
has this improvement been that a run of fifteen distillations
of 25 tons each is recorded without burning on of a layer
of coke or need of interruption save as a precaution.

The process of distillation is carried on until a temperature
of 400° C. is attained, when about 55 per cent of the original
tar remains as a thick black pitch which turns solid on
cooling. I t is thus necessary to run out the pitch while
still warm enough to flow and yet cool enough to be secure
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against spontaneous ignition in the ^ i i ^ ^ . ^ ^ ^ ^
times softened by running in some of the w a ^ ' x A f rotif a
previous distillation.

The distillate is caught in separate receivers and they are
changed from time to time as the temperature in the still
increases so as to keep the fractions by themselves. Uusually
the distillate will be separated in live fractions. These
fractions have the following technical names:

First runnings, or "first light oil". to 1050 C.
Light oil to 2100 C.
Carbolic oil to 2300 C.
Creosote oil to 2700 C.
Anthracene oil, or " green o i l " . . . .27o°~4oo° C.

The temperature at which the distillation is discontinued
depends upon whether a soft or hard pitch is desired for
the residuum. Sometimes the distillate is caught in three
separate portions instead of five; in that case they have the
names and ranges of temperature given below:

Light oil to 1700 C.
Heavy oils to 2700 C.
Anthracene oil to 4000 C.

The first distillates from the tar are crude mixtures of
various substances mid they require agitation with \ilkalies
and acids and several washings with water to remove impuri-
ties. Finally they are subjected to repeated fractional
distillation to separate the individual substances in a state
of purity.

The "first runnings" and "light oils" yield benzene,
toluene, and xylene: the "carbolic oils77 give phenol, cresol,
and naphthalene; and from "anthracene oils>; or "green
grease71 is obtained anthracene.

In the further treatment of the "first runnings'7 and "light
oils" they are first subjected to fractional distillation. A
first low boiling portion (containing carbon bisulphide, fatty
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acids and acetonitrile) and a last high boiling portion (united
afterward with the carbolic oils) arc both removed. The
middle portion is thoroughly agitated with caustic soda
to remove phenols, then with sulphuric acid to eliminate
the bases (pyridine, quinoline), hydrocarbons of the acetylene
and ethylene series, naphthalene, and thiophene.

This purified middle portion is again distilled to obtain
so called "crude benzene.;; From this product pure benzene,
toluene, and xylcne are separated from one another by
rectification in a special apparatus known as the "Savallc"
still.

The carbolic oils on standing deposit solid crystalline
naphthalene. This is removed from the liquid portion by
centrifugal machines and then pressed. The same oil can
be made to yield more naphthalene, after the removal of
phenols by caustic soda. The crude naphthalene is freed
from adhering phenols by washing with hot caustic soda,
and from bases and other impurities by agitation with five to
ten per cent concentrated sulphuric acid: it is afterward
washed with very dilute alkali and distilled or sublimed.

The separation of the phenols and cresol from the carbolic
oils depends upon the fact that they dissolve in caustic
soda forming soluble salts. The "carbolic oils" are there-
fore agitated with dilute caustic soda, and the resulting
aqueous alkaline solution jdrawn off from the oil has steam
blown through it to remove small amounts of naphthalene
and other hydrocarbons which persist as impurities. Addi-
tion of hydrochloric or sulphuric acid decomposes the salts, and
precipitates the phenols which, after separation from the liquor,
are subjected to fractional distillation. The phenol or car-
bolic acid thus obtained chemically pure is a white solid
melting at 42° C ; the three isomeric cresols form a liquid
mixture. None of the higher phenols are separated; but
they arc used directly for preserving timber.

The last distillate from the coal-tar, the so-called "anthra-
cene oil" or "green grease" is a thick greenish buttery mass
which contains about ten per cent of anthracene mixed with
a large number of other substances which have so far been
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found of little value. The processes of purification whereby
the percentage of anthracene rises to 25 to 40 per cent, then
50 to 60, then to 80 per cent, and finally to chemical purity,
are explained later under the head of anthracene.

THE CONSTITUENTS OF COAL-TAR

A large number of compounds have been isolated from coal-
tar and their melting and boiling points ascertained and
their general character more or less investigated. They
fall naturally into four different classes: hydrocarbons,
other neutral bodies, bases, and phenols or acids. Of these
but few are separated and employed in dye manufacture;
by far the larger proportion are used as mixtures for various
industrial purposes.

CONSTITUENTS OF COAL-TAR

1. HYDROCARBONS

Formula.
Crotonylene C4HG
Hydrocarbons (ethylene

series) CnH2n
Hydrocarbons (methane

series) 0wH2n+2
Benzene CQH^
Toluene O7H8
0-xylcne C8H1()
m-xylenc 08H10
p-xylene CgHio
Styrcne OnHg
Mesitylone
Pseudoeumene
Naphthalene CK)H«
Methylnaphthaleno . . .. OnHU)
Diphenyl Ci2**io
Aeenaphthcne CioHio
Fluorene Gi3Hi0
Phenanthrenc C14H10
Fluoranthrenc C^HJO
Anthracene 0i4H10
Methylanthracene

Melting-point.
Fluid

Boiling-point.
20° C.

6°C.
Fluid

-28° C.
-54° C.

15° 0.
Fluid

a
< c

79° C.
a -20°, b33°C.

71° C.
95° C.
113° C.
99° C.

110° C. above
21,3° C.
190° C. above

80.4° C.
110.3° C.
142° C.
139° C.
138° C.
140° C.
103° C.
166° C.
218° C.
242° C.
254° C.
277° C.
295° C.
340° C.
300° 0.
351° C.
360° C.
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Formula. Melting-point. Boiling-point
Pryene C1GH10 149° C. 260°(60mm.)C
Chrysene C1SH12 250° C. 44S° C.(?)
Picene C22H14 364° C. 520° C.

2. OTHEE NEUTRAL BODIES

Carbon disulphidc CS2 Fluid 47° C.
Ethyl alcohol C2H5OH -130° C. (?) 78.3° C,
Acetonitril C2H3N -41° C. 81.6° C.
Thiophcne C4H4S Fluid 84° C.
Thiotolenc C6H6S " 113° C.
Thioxenc- C6H8S " 134° C.
Beuzonitrile C7H5N " 191° C.
Phenylthio carbimidc .." C7H5NS " 220° C.
Carbazole C12H9N 238° C. 351° C.
Phenylnaphthyl carba-

zole C16HnN 330° C. above 440° C.
Coumarone C8H6O Fluid 169° C.

3. BASES

Pyridine C5H5N Fluid 114.8° C.
Pyrrol C4H5N " 131° C.
Picoline 06H7N " 130° C.
Lutidinc C7H9N <c 157° C.
Collidine C8HnN " 171-172° C.
Aniline C6H7N -8° 184° O.
Quinolinc 09H7N " 239° C.
Quinaldine Cl0H9N " 247° C.
Acridine C13H9N 110° C. above 360° C.

4. PHENOLS

Phenol Cf)H6O 43° C. 183° C.
o-cresol C7H8O 31° C. 188° C.
p-cresol C7H8O 36° C. 198° C.
m-cresol C7H8O 4° C. 201° C.
a-naphthol C10H8O 95° C. 278-280 °C.
6-naphthol C10H8O 122° C. 286° C.
Xylenols and other high

boiling phenols
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THE HYDROCARBONS AND THEIR DERIVATIVES

Benzene CCH(5 is, when pure, a clear colorless liquid of
characteristic penetrating ethereal odor. It is very inflam-
mable and burns with a smoky flame, which sends up black
clouds of unconsumed carbon.

The soot rising from the flame is accounted for by the
large percentage of carbon present which is not supplied
with sufficient proportion of oxygen from ordinary air for
its complete combustion. Benzene boils at 80.4°; below
5.4° it is solid.

The illuminating power of coal-gas is partly due to benzene,
and it was first discovered in London illuminating gas and
not in coal-tar from which it is now largely obtained.

A London company in 1815 was engaged in manufacturing
illuminating gas and sending it out to their patrons com-
pressed in cylinders. In these cylinders an oily liquid con-
densed, and the company submitted some of it to Faraday
for examination. He happened just then to be at work
upon the compressibility of gases. The result of his investi-
gation showed that the new liquid consisted of but two
elementary substances: carbon and hydrogen. The former
was present to the extent of 30 parts and the latter 3 parts
by weight.

Faraday called the new body bicarburet of hydrogen and
gave it the empirical formula C2H2, which at the present
time would be written OoHo. The same oil was obtained
later from different sources; but it was not until twenty
years afterward, in 1845, that it was discovered by Hoffman
in coal-tar.

Twenty years more elapsed before an explanation of its
structure, as written in every text to-day, was attempted.

13
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I n 1865 K e k u l e p r o p o s e d a f o r m u l a for benzene w h i c h

h a s s u r v i v e d m o r e t h a n a g e n e r a t i o n of c r i t ic i sm. T h i s

f o r m u l a e x h i b i t e d t h e p o s i t i o n s a n d r e l a t i ons of t h e s i x

c a r b o n a n d s ix h y d r o g e n a t o m s in t h e molecu le of b e n z e n e

C e H 6 . A c c o r d i n g t o K e k u l e , e a c h of t h e six c a r b o n a t o m s

is a t t a c h e d b y t w o v a l e n c e s t o i t s n e i g h b o r o n one s ide , a n d

b y one va l ence t o t h e n e i g h b o r on t h e o t h e r s ide. A g l ance

a t t h e fo l lowing f o r m u l a wi l l m a k e t h i s c lear .

I

^0 Cx

f Y (3) Abbreviated formula
I I of benzene

H
(i) Benzene ring (2) Benzene

The six free valences of the ring, one upon each carbon
atom, serve as the points of attachment of the six hydrogen
atoms, and the complete formula of benzene is shown in
Fig. 2.

Benzene is one of the most stable compounds; attempts
to break up this ring and force a decomposition of the
molecule requires the most powerful oxidizing agents. Yet,
while the six carbon atoms of the benzene ring are so diffi-
cult to separate from each other, the six hydrogen atoms
are less firmly attached to the carbon atoms themselves 'and
they are with comparative ease replaceable by simple ele-
mentary atoms: chlorine, bromine, etc., or groups of elements
—the nitro group ( —NO2) or the amino group ( —NH2), etc.

A formula which thus exhibits the relative positions of
atoms in a molecule, as in the benzene molecule above, is
called a constitutional or structural formula. Other con-
stitutional formulas have been proposed by Claus, Ladcnburg,
Armstrong, and Baeyer to account for some of the properties
of benzene; but none have attained the consideration gi^en
to the Ivekule* hexagonal or ring formula.
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MONO-DERIVATIVES OF BENZENE

Nitrobenzene.—Of all the reactions into which benzene
enters, that with strong nitric acid loads in importance.
A single molecule of nitric acid acting upon a molecule of
benzene forms, according to the following reaction, a new
substance, nitrobenzene and water:

00H0 + HNO3 = C(,H5NO2 + H.O.
Benzene Nitrobenzene

There is only one product known as nitrobenzene, no matter
how the experiment may be carried out. This seems to show
that by the replacement of any one of the six hydrogens of
benzene the result would be one and the same product. By
a mass of other evidence, it has been proved that all the six
hydrogens arc of equal value and that the replacement of
any one of the six would produce the substance represented
by the formula,

NO2

H
Nitrobenzene

For convenience of reference, the carbon atoms have been
numbered as shown in the formula for nitrobenzene.

With other groups or elements replacing a single hydrogen
of benzene, the same rule holds that, e.g., only one mono-
chlorbenzene or one monobrombenzene is possible or has
ever been discovered. Nitrobenzene is a pale yellow liquid
heavier than water which turns solid in the cold and melts
at 3°. It possesses an intense odor of bitter almonds.

DlDERIVATIVES OF BENZENE

Dinitrobenzenes.—If fuming nitric acid be allowed to act
upon benzene, then two hydrogen atoms arc' replaced by



16 COAL-TAR DYES

two nitro groups giving rise to dinitrobenzcnc of the empirical
formula C6H4(NO2)2. Not one/only, but three dinitroben-
zenes are formed, and all possess the same empirical formula.

If we examine Kckule's formula for benzene, wo may
understand why there arc three and no more.

In the following formula,

A
H—C« ^C—NO2

II I
H—C5

H
Ortho dinitrobenzene

if we suppose one nitro group to replace the hydrogen atom
at 1 and a second hydrogen at 2 we shall have what is called
orthodinitrobenzene. The nitro groups are upon neigh-
boring carbon atoms, and, if the groups wore in the position
2 and 3, or 3 and 4, or 4 and 5, or 5 and G, or 0 and
1, they would still be attached to neighboring carbon atoms
and they would still form one and the same orthodinilro-
benzenc.

If the nitro groups replace the hydrogens in position I
and 3, or 2 and 4, or 4 and (5, etc., then the resulting coin-
pound is known as metadinitrobenzene, represented in the
following formula:

NO2

HC° ^C—H
II I

HC5 sC—NO2

H
Metadinitrobenzene

Lastly, when the substituting nitro groups take positions
1 and 4, or 2 and 5, or any other positions which are opposite
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to each other, the resulting product is paradinitrobcnzene
as shown below:

NO2

A
H—C6 2 0—H

II I
H—C5 sC—H

NO2
Paradinitrobenzene

Substances like the dinitrobenzones which have the same
empirical formula but a different constitution, are called
IsomerSj and they arc said to be Isomcric with one another.
The same atoms and the same number of each kind are
present in all three. Differences of structure alone account
for their being different substances. The 0- and ?n-com-
pounds are colorless, while the ?/i-compouncl is pale yellow.
All are crystalline solids. What has been said in reference
to the number and structure of the dinitrobenzencs applies
with equal force to all diderivatives of benzene, e.g., dichlor-
benzencs, or dibrombenzenes or dimethylbenzenes, etc.

TRIDERIVATIVES OF BENZENE

If three hydrogens of the benzene ring are replaced by
three nitro-groups, then, too, there an*, three triderivativos,
or three trinitrobenzenes. They are represented as follows:

N02 N02 NO

O2Nl JNO2

(V) Vicinal NO2 (S) Symmetrical
(A) Asymmetrical

Here then, arc three isomeric triderivatives of benzene.
If the three groups are unlike, then a larger number of iso-

mcrs is possible. With the substituting groups all alike, there
are three tctra, one penta, and one hcxa derivative of benzene.
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T o l u e n e , C 6 H 5 C H 3 , i s s o n a m e d f r o m t o l u b a l s a m , w h e n c e

i t w a s o b t a i n e d b y d r y d i s t i l l a t i o n . C o m m e r c i a l t o l u e n e

i s o b t a i n e d f r o m c o a l - t a r , I t m a y b e r e g a r d e d a s b e n z e n e

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

g r o u p — C H 3 . I n d e e d , t h i s m e t h y l g r o u p m a y b e p l a c e d

s y n t h e t i c a l l y i n t h e b e n z e n e r i n g b y t h e f o l l o w i n g r e a c t i o n :

C 6 H 5 B r + C H 3 I + 2 N a = C 6 H 5 C H 3 + N a B r + N a l .
Benzene bromide Toluene

T o l u e n e m a y t h e r e f o r e rightly b e c a l l e d m e t h y l b e n z e n e

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

a t 1 1 0 ° a n d i t r e m a i n s l i q u i d a t — 2 0 ° . A t 1 5 ° i t h a s a s p e c i f i c

g r a v i t y of . 8 7 0 . T o l u e n e i s v e r y s u s c e p t i b l e t o t h e a c t i o n

of a l a r g e n u m b e r of r e a g e n t s f o r m i n g m a n y i m p o r t a n t

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

O n l y o n e t o l u e n e o r m e t h y l b e n z e n e i s t h e o r e t i c a l l y p o s s i b l e

o r h a s e v e r b e e n d i s c o v e r e d .

O x i d i z i n g a g e n t s a t t a c k t o l u e n e i n a p e c u l i a r a n d i n t e r e s t -

i n g w a y . T h e ring p o r t i o n of t h e m o l e c u l e r e m a i n s i n t a c t ,

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

t h e r e a c t i o n :

C C H 5 C H 3 + 3 0 = C 6 H 5 C O . O H + H 2 O .
Toluene Benzoic acid

T h e o x i d a t i o n p r o d u c t i s b e n z o i c a c i d , a c a r b o x y l d e r i v a t i v e

o f b e n z e n e .

X y l e n e s , C 6 H 4 ( 0 H 3 ) 2 . W h e n t w o h y d r o g e n a t o m s i n t h e

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

a r e f o r m e d . O f t h e s e , t h r e e a r e p o s s i b l e a n d a l l a r e k n o w n .

T h e t h r e e i s o i n e r i c x y l e n e s h a v e t h e s a m e f o r m u l a , C 6 H 3 ( C H 3 ) 3 ;

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

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

i n t h e f o l l o w i n g s t r u c t u r a l f o r m u l a s :

C H 3 O H * O H *

- C H 3

lOrthoxylene Metaxylene Q j£

Paraxylene
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That portion of the light oil from, coal-tar which boils at
140° contains a mixture of the three xylenes, but the meta-
xylene is present in the largest amount. They all have
nearly the same boiling point, so they cannot be separated
from each other by fractional distillation. An interesting
and indirect method of overcoming this difficulty consists
in boiling commercial xylcne; with dilute nitric acid when
the ortho- and paraxylene become oxidized to the correspond-
ing xylilic acids, the metaxylene remains unacted upon.
By treating the mixture with caustic soda, t'he acids are
removed in the form of their sodium salts, and the meta-
xylene is obtained pure.

Pure paraxylene may be obtained according to Levinstein
when the commercial xylcne is distilled with steam. The
crystals of paraxylene which separate on cooling the first
portion of the distillate are pressed and redistilled.

By Jacobsen's method, all three isomers may be separated
from xylcne by shaking with strong sulphuric acid. The
paraxylene is not affected; but the ortho- and metaxylene
are converted into their sulphonic acids: the sulphonic
acids are then changed into their sodium salts and these are
separated from each other by crystallization.

Distillation of the salts with ammonium' chloride regen-
erates .the hydrocarbons.

Orthoxylene forms a colorless liquid boiling at 142°. I t
constitutes from 2 to 15 per cent of commercial xylene.

Metaxylene boils at 139°. I t is a colorless liquid having
a specific gravity of .SNC8 at 15° and is present from 70 to
87 per cent in commercial xylene.

Paraxylene is present from 3 to 10 per cent in commercial
xylene. It is a colorless liquid which crystallizes at 15°
and boils at 138°. From 3 to 10 per cent of paraffine hydro-
carbons are also present in ordinary xylene. Formerly,
use was made of it as a solvent by the name of " solvent
nap tha" ; but the manufacture of the azo-dyes requires large
quantities of it to be converted into xylidine and cumidine.

Naphthalene, C10H8. The structure of naphthalene has
been proved to consist of two benzene rings attached to
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each other, so that two neighboring carbon atoms are
common to the two united rings, as shown in the follow-
ing structural formula:

HC C CH

HC 0 CH

° !± Abbreviated formula
H H of naphthalene
Naphthalene

The prooi that this is the structure of naphthalene depends
upon a careful study of the reactions "which are capable of
producing naphthalene from other substances and also of
those in which naphthalene is decomposed, forming other
new substances. The line of proof is of such interest, and
clearness and so conclusive that it will be stated in detail.

First by energetic oxidation of naphthalene, phthalic
acid is- obtained—this is a bcnzenedicarboxylic acid; the
two carboxyl groups arc further known to be attached to
carbon atoms in the benzene ring which are in neighboring
positions. This shows clearly that one benzene ring at
least is contained in the molecule of naphthalene, as shown
in the following structural formula:

JcO.OH
Orthophthalic acid

How may it be further shown to contain a second benzene
ring? By allowing nitric acid to act upon naphthalene;
one nitro group replaces a hydrogen atom of naphthalene
and forms nitronaphthalene.

By oxidation of this nitronaphthalene nitrophthalic acid
is formed. This fact alone is of little assistance, unless it
is coupled with the following, viz., if nitronaphthalene
is reduced, the nitro group loses oxygen, gains hydrogen and
aminonaphthalene results. Now an interesting difference
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from nitronaphthaleno is shown when aminonaphthalone
is oxidized; for oxidation produces simply phthalie acid
in place of nitrophthalic acid. Does this not show that the
portion of the molecule containing the nitro group was in
the form of a benzene ring?

In the second oxidation the nitro group converted to
amino-group was destroyed, yet producing phthalic acid,
leaving us to draw but one conclusion, that the other part
of the molecule not containing tho nitro or tho amino group
also had the form of a benzene ring. The following indicated
reactions will clarify these ideas:

NOo

Oxidation

Nitronaphthalene

NE,

Oxidation

Amidonaphthalene

HO-OC

HOOCl
Nitrophthalic acid

I
CO.OH

CO.HO
Phthalic acid

For convenience in designating the derivatives of naphtha-
lene the carbon atoms are either numbered or lettered as shown
in the following diagram.

a

a a
All four of the positions lettered ex. or 1, 4, 5, 8, arc of

equal value when any one of these four hydrogens is replaced
by a substituting group. Likewise the four positions lettered
/? or 2, 3, 4, 0, 7, arc of equal value in a similar manner. Two
monoderivatives are therefore possible in naphthalene instead
of one as in benzene.

If an —OH group enter any one of the a positions, or each
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one in turn, only one substance a-naphthol will result, and
if any B position is occupied then /?-naphthol is formed and
nothing else. This method of designation is sufficient for
mono-derivatives of naphthalene, but not when there are two
substituting atoms or groups of atoms.

When both substituting groups are present in the molecule,
it becomes necessary to distinguish the letters from one
another, and this is done by numbering the letters as shown
in the diagram below.

a 4 a i

/v'YV

If two chlorine atoms, for example, in dichlornaphthalcne,are in the same ring, then the two letters are joined by asingle line: orthodichlornaphthalene CioHoĈOvi—/?i); t<hemetadichlornaphthalene CioHeĈCa'i—̂2) and paradichlor-naphthalene CioHgCUCai—̂2)-
If the two chlorine atoms are in different rings, then theletters are joined by a double line C10H0CI2 (a~~a) or(a=P), etc.The possible number of substitution derivatives, of naphtha-lene, when the atoms or groups are all alike, will be twomonoderivatives, ten biderivatives and fourteen trideriv-atives. When the substituting groups are different, thenumber of isomers is much larger.For representation of the structure of the more complex;derivatives of naphthalene, numbers alone are also oftenused to show the exact position of the substituting groups,as in the following diagram:

For example /?-naphthylamine disulphonic acid
C10H5(NH2)(SO3H)2 2:3:6
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is easily distinguished if it be borne in mind that the num-
bers are in the same consecutive order as the substituting
groups which are enclosed in the parentheses, then the above
compound would have the following structure:

NH2

/?-naphthylamine
disulphonic acid 2:3:6

Naphthalene was discovered in coal-tar by Garden in 1820,
but its great importance did not appear until the intro-
duction of the azo dyes. It is contained in that part of coal-
tar which on distillation passes over between ISO and 200°.
The purification consists in crystallization, pressing, washing
with caustic soda and sulphuric acid solutions and distil-
ling.

Naphthalene forms lustrous white nionclinic plates. The
crystals melt at 79.2° and the liquid boils at 216.6°. The
odor is pleasant and suggests coal-tar. It is volatile with
water vapor and it sublimes easily. A familiar form is
" moth balls " for domestic use. Large quantities of naphtha-
lene are consumed in the manufacture of the oxyazo dyes,
and of late for the synthesis of indigo.

Anthracene, 014H10, is obtained from coal-tar and it is
prepared in large quantity from those portions which pass
over between 340 and 300°. It is much more difficult to
purify than naphthalene. The first distillate called anthracene
oil or " green oil " contains but 10 per cent of anthracene, the
remainder being made up of other solid hydrocarbons, such
as paraffine, phenanthrenc, earbazol and ehrysene together with
liquid oils of high boiling-points. By cooling, the solid matter
crystallizes and is separated from the liquid portion by the
filter press or centrifugal machine. The crystalline mass
is pressed in canvas bags in a hydraulic press at a temper-
ature of 40°. The crude product from the press contains
30 per cent anthracene. It is pulverized and washed free
of the light oils by creosote oil or solvent naphtha. I t is
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then pressed again. This washing dissolves many contam-
inating substances but fails to remove earbazol.

These washings leave behind a diminished product in which
the anthracene has risen to 50 per cent. In this condition
it is sold to the alizarine manufacturer.

To purify it further, it is washed with a caustic potash
solution to take out the carbazol and then, sublimed in an
atmosphere of superheated steam.

Anthracene forms colorless plates which when very pure
have a slight violet fluorescence. It. melts at 213° and boils
at about 360°. Alcohol ether and benzene dissolve it spar-
ingly, but the best solvent is hot benzene. With picric acid
in it benzene forms the picrate C M H M C O M ^ N C ^ ^ ^ H which
crystallizes in shining red needles melting at 170°. Anthracene
is used extensively for the manufacture of the alizarine dyes.

HALOGEN COMPOUNDS OF THE HYDROCARBONS

When chlorine, bromine or iodine act upon a hydrocarbon,
benzene for example, a hydrogen atom is taken away and a
halogen atom substituted. These products are called substi-
tution derivatives of benzene. For every two atoms of a
halogen acting upon benzene, only one becomes attached
to the benzene ring, the other is required to remove1 the
hydrogen atom by combining with it to form hydrochloric
acid ; as shown in the reaction:

C6H6 + Cl2 = O6H5C1 + HC1.

Monochlorbenzene, O6H6C1. In most cases, the halogen of
the least atomic weight is most energetic, and in the order
of their activity they should be arranged, chlorine, bromine,
iodine.

In the case of methyl benzene (toluene), CoHsCH ,̂ there
are two points of attack for chlorine; for example: When
chlorine is passed into cold toluene, it replaces hydrogen only
in the benzene ring, forming C6H4C1CH3, C6H3C12CH3, etc.,
but if the chlorine be passed into boiling toluene, then it is
found that only the hydrogens of the methyl-group are
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replaced, and we obtain CGH5CH2C1, CoH5CHCl2, etc.,
bodies with very different properties from those formed in
the cold.

The following halogen derivatives are of most commercial
importance:

Benzyl Chloride, C0H5OH2C1. This compound is formed
by leading chlorine on to the surface of the boiling toluene
until it has increased in weight 38 per cent. After washing
the product with water, it is separated by fractional distilla-
tion from any unchanged toluene and from benzylidenc
chloride and bcnzotrichloride, which are simultaneously
formed. It is a colorless liquid of pungent odor which has a
specific gravity of 1.107 at l-i° and a boiling point of 178°.
By boiling with water and more easily with a solution of K2CO3
it is converted into benzyl alcohol, CoHsCHoOH.

Benzylidene Dichloride (benzal chloride), C()H5CHC12, is
produced by passing chlorine into boiling toluene. It is a
colorless oily liquid having a specific gravity of 1.25 at 15°
and a boiling* point of 200°.

Benzotrichloride, C(jH5CCl3, is also formed like the two
preceding compounds by passing chlorine into boiling toluene:
of course; the action of the chlorine must continue longer.
Its specific gravity is 1.38 at 14° and it boils at 214°. This
compound and the last are formed simultaneously and in
practice are not separated, but the mixture on heating with
milk of lime yields benzaldehyde and bentfoic acid. The
former coming from the bcnzalchloride and the latter from
the benzolriehloride as follows:

C0Hr)CHCl2 + 0aO2H2 = 00Hr>CHO + CaCl2 + H2O,
Benzalchloride Benzaldehyde

206H5CCl:i + 30aO2H2 = 2CCH5OOOH + 3CaCl2 + 2H2O.

NlTUODKRIVATIVBS OF TUB HYDROCARBONS

Nitric acid acts upon the hydrocarbons producing not
nitrates but nitro-compounds. The acid removes hydrogen
and in its place affixes the nitro-group — NO2 or — N=jj.
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The importance of the nitro bodies is very great, both as
intermediate products assisting later in making dyes and
as -actual dyes themselves. Dilute nitric acid has only an
oxidizing action; strong nitric acid substitutes. When the
most vigorous action is desired fuming nitric acid is employed,
sometimes alone, sometimes with concentrated sulphuric
acid. The latter acid simply takes up the water formed
in the reaction which otherwise by diluting the nitric acid
would diminish its efficiency. The reaction for the nitration
of benzene is shown here:

CGH6 + HNO3 = C(5Hr)NO2 + H2O.
Benzene Nitrobenzene

Sulphuric acid is almost always used with nitric acid in
manufacturing nitrobenzene: on a large scale 120 parts of
nitric acid of specific gravity l.-i and ISO parts of concentrated
sulphuric acid arc carefully mixed and allowed to How slowly
with agitation into 100 parts of benzene (thus, by keeping
the benzene in excess, avoiding the formation of dinitro-
benzene), keeping the temperature below 25° until most of
the acid mixture has been added, letting the temperature
rise finally to 50°. In practice the operation is carried out
in jacketed cast-iron cylinders provided with mechanical
stirrers and cooled by a stream of water flowing around
them.

If it is desired to form the di- or trinitrobenzene instead
of the simple mono nitro compound, then the benzene is
allowed to flow into the mixture of the nitric and sulphuric
acids.

The nitro compounds of benzene are either yellow or nearly
colorless; sometimes they are oily liquids, at others "crystalline
solids. If by reducing agents in an acid solution, the oxygen
of the nitro-group is removed, then hydrogen replaces it at
once and an amine is formed. No reaction in dye manu-
facture is carried out upon so large a commercial scale as that
of reducing nitrobenzene to aniline.

If instead of an acid solution, an alkaline one be employed,
then the nitrobenzene is not converted at once to aniline
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but a series of intermediate azoxy, azo, and hydrazo com-
pounds are formed and eventually aniline.

The yield of nitrobenzene from 100 parts of benzene is
150 to 152 parts, thus almost theoretical.

Nitrobenzene is a yellowish oily liquid with an odor
resembling benzaldehyde. As a perfume, it was formerly
used as essence of mirbane, though of late years its poison-
ous qualities have lessened the demand. It boils at 206-207°
and turns solid on cooling, forming needle-shaped crystals
which melt at 5°; the specific gravity is 1.208. Water "does
not dissolve it, but alcohol and ether dissolve it easily.
Nitrobenzene is itself a good solvent for mariy substances.
Nitrobenzene is principally used for the manufacture of
aniline. In commerce it is known as " nitrobenzole for
blue " or " nitrobenzole for red "; the first is principally used
in the manufacture of aniline for blue, and black and induline;
the latter is used in preparing aniline for magenta. " Heavy
nitrobenzene" consists chiefly of nitrotoluenc and nitro-
xylenes, little true nitrobenzene* being present.

Dinitrobenzenes, C^H^NC^^- Theoretically, there arc
three isomeric dinitrobenzenes; all are manufactured from
benzene by the action of strong nitric acid upon benzene
or nitrobenzene. The meta-compound is formed almost
exclusively, little of the ortho or para dinitrobenzenc resulting
from the reaction.

Metadinitrobenzene, OoH4(N02)2i is made commercially
by allowing 70 parts of nitric acid of specific gravity 1.428
and 100 parts of strong sulphuric acid to run into benzene
well agitated, keeping the temperature at 70° at the begin-
ning and allowing it to reach 100° at the end. The resulting
product on pouring it into water turns solid, and then it is
thoroughly washed.

The pure metadinitrobenzene, easily obtained from the
commercial article by recrystallizing from alcohol, forms
almost colorless needle-like crystals which melt at 89.8°:
the resulting liquid boils at 297°. This dinitrobenzene is
chiefly employed in the manufacture of phcnylcnediamine,
which is required for Bismarck brown.
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Nitrotoluene, CQHX . The two isomers ortho- and
XNO2

paranitrotolucne are formed simultaneously when 105 parts
of nitric of specific gravity 1.4 and 175 parts of strong
sulphuric acid are run slowly into 100 parts of well agitated
toluene which is carefully kept below 20°. 142 parts of
nitrotoluene arc produced of which about 63 per cent is ortho,
35 per cent is para and 2 per cent is metanitrotoluene.
These may be separated by distillation best under diminished
pressure. If the distillation is stopped when 40 per cent
have passed over, the distillation is almost pure orthonitro-
toluene. The residue on cooling yields crystals of para-'
nitrotoluene which arc freed from adhering oils by centrifuging.

/ 8 ( )
Metanitrotoluene, C^H^ has a melting-point of

XNO 2 (3)
16° and a boiling-point of 230-231°.

/ O H 8 ( 1 )
Orthonitrotoluene, CoH4<̂  is a liquid and boils

XNO2 (2)
at 223°.

/CH8 (1)
Paranitrotoluene, CGH4<̂  melts at 54°, and boils

X NO 2 (4)
at 238°.

Dinitrotoluenes, C6H3Q . The most important
X(NO2)2

isomer of the four theoretically possible dinitrotoluenes is
/ O H 3 (1)

the alpha compound, C6H3—NO2 (2). It is prepared in
\NO 2 (4)

the same manner as nitrotoluene except that the acid mixture
is hot. It forms long }'ellowish needles which melt at 60°.

Nitroxylenes, C6H3(CH3)2NO2. Of the six isomeric nitro-
xylenes which according to the theory may be formed, one
is of especial technical importance, and this is the alpha-
met anitroxylene, C6H3(CH3)2NO2 -1:3:4. A mixture of 90 parts
of nitric acid of specific gravity 1.4 and 150 parts of strong
sulphuric acid is run into 100 parts of metaxylcne, rapidly
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agitated and kept below 17° until most of the acid has been
added. It is a light yellow liquid boiling at 245° and having
a specific gravity of 1.126 at 17°. The product sold in com-
merce is usually a mixture of isomcrs having nitrometa-
xylene as its chief constituent. Without separation the
product is converted into xylidine.

NO<>

Nitronaphthalene, C10H7NO2

Nitronaphthalene is prepared by sprinkling 250 parts
finely ground naphthalene slowly into a mixture of 200
parts of nitric acid of specific gravity 1.375, 200 parts of
concentrated sulphuric acid together with GOO parts of acid
from previous nitrations. The mixture is kept constantly
agitated and at a temperature from 45° to 50°. When the
mixture has become cold, ttie nitronaphthalene forms a
solid cake from which the acids are run off. The solid product
is washed with hot water, and if wanted quite pure it is melted
with one-tenth of its weight of "solvent naphtha," filtered,
and the crystalline cake formed on cooling is subjected to
hydraulic pressure.

It forms long fine needles which melt at 61° and boil at 304°.
Alcohol and benzene dissolve it easily.



CHAPTER IV

THE HYDROCARBONS AND THEIR DERIVATIVES—
Continued

AMINODERIVATIVES OF THE HYDROCARBONS

THE entrance of nitrogen into the hydrocarbons brings
them at once nearer to the rank of dyes. Of all the compounds
of nitrogen known to the dye manufacture, none arc of so
great importance as the amines. These bodies may bo
regarded as substituted ammonias: a molecule of ammonia
(NH3), in which one, two; or all three of the hydrogen atoms
may be replaced by organic radicals, forms an amine. In
the amine, the character of ammonia is retained to a largo
degree; the amines form salts with acids the same as ammonia
itself.

The amines divide themselves into three classes, according
to the number of hydrogen atoms which have been replaced.
Primary amines have one hydrogen replaced, secondary two,
and tertiary three. The following structural formulas show
the relations of the three classes to each and to ammonia:

\ H
Ammonia

N ^ H H 5

\ H
Phenylamine

or aniline
(Primary)

N^CGH5

\ H
 5

Diphenylamine
(Secondary)

\ o ( } H 5
Triphenylamine

(Tertiary)

In the place of phenyl (—CeH5), any other organic radical
may be substituted: e.g., methyl (—CH3), ethyl (—C2H5), etc.

The group —NH2 occurring in the primary amines is known
as the amino group. Aniline is often called either amino-
benzene or phenylamine. The group (=NH) of the secondary
amines is known as the imino group.

30
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Nitrogen in these compounds is always in combination
with carbon and hydrogen.

The entrance of two or three ammo-groups into the same
benzene ring gives rise to primary diwnmics or tnamines, e.g.,
C G H ^ N E ^ ) 2 phenylene diamine; O§&,\ (NHo)3 triaminobenzene.

The nitro compounds of the hydrocarbons of the aromatic
group generally form the starting point for the amines.
Reduction of the nitro-group by nascent hydrogen produces
the amines directly,

C0Hr)NO2 + 6H = CoHr.NH^ + 2H2O.
Nitrobenzene Aniline

The nascent hydrogen may bo produced in a variety of
ways: 1. By hydrochloric acid acting on either tin or iron.
2. By acetic acid on iron. 3. By hydrogen sulphide acting
upon nitro compounds in ammoniacal solution.

Iron and hydrochloric acid are chiefly employed on a
manufacturing scale for complete reduction, while partial
reduction is effected by hydrogen sulphide.

Aniline, C6H5NH2. Aniline was discovered many times
by independent investigators and it received a different
name from each discoverer. Unverdorbcn first discovered
it in 1826 by the dry distillation of indigo, and named it
" crystalline ; ; because of the marked crystallizing power
of its salts. Runge obtained it from coal-tar in 1X34 and
named it cyanole from the blue color it yields with a solution
of bleaching powder. Zinin prepared aniline in '1841 by the
action of ammonium sulphide on nitrobenzene and called
it " benzidam." In the same year, Eritzsche in distilling
indigo with caustic potash, obtained a base which he called
aniline, from anil, the Portugese name of indigo. A. W.
Hoffman in 1843 proved that all these four were one and the
same substance which we know to-day as aniline.

Aniline was the first substance to be transformed into a
dyestuff, when in 1856 Perkin heated it with sulphuric acid
and bichromate of potash, obtaining the celebrated mauve,
used until the end of the last reign for coloring the English
postage stamps.
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Aniline is present in coal-tar, but in quantities too small
to pay for extracting it. I t is manufactured by reducing
nitrobenzene with hydrogen which is evolved from iron filings
and one-fortieth the amount of hydrochloric acid required
by the following equation.

C6H5NO2 + 2Fe + 6HC1 = 0GH5NH2 + 2FeCl3 + 2H2O.

This interesting process, whereby a certain amount of
hydrochloric acid may accomplish forty times the amount of
chemical work that would ordinarily be expected of it in
transforming nitrobenzene into aniline, may be explained ius
follows:

The first action of iron filings, hydrochloric acid, and
nitrobenzene would appear thus:

(1) C0H5NO2 + 3Fe + 6HC1 =
C6H5NH2 + 3FeCl2 + 2H2O.

Then the ferrous chloride reacting with more acid would
become ferric chloride and furnish more of the requisite
hydrogen for the reduction of another molecule of nitro-
benzene :

(2) C6H5NO2 + 6Fe012 + 6HC1 =
CGH5NH2 + 6Fe013 + 2H2(X

These two reactions would continue as long as the five
acid lasted which would not be for long; because the aniline
formed would begin to exhaust it by uniting with it producing
aniline hydrochloride C6H5NH2-HC1.

This aniline hydrochloride, however, in the presence of
nitrobenzene and iron behaves exactly as hydrochloric acid
and the aniline is set free:

(3) 6OGH5NH2-HC1 + 3Fe + 06H5NO2 =
7C0H5NH2 + 3FeCl2 + 2H2O.

(4) 6CGH5NH2.HC1 + 6FeCl2 + C0H5NO2 =
6C6H5NH2 + CGH5NH2 + 6FeCl3 + 2H2O
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The molecules of aniline set free, together with the one
formed simultaneously from the molecule of nitrobenzene, then
react with the ferric chloride and water, reforming aniline
chloride and turning the iron salt into an oxide:

(5) 6C{)K5NK2 + 2FeCl3 + 3H2O =
6CoH5NH2.HCl + Fe2O3.

The aniline hydrochloride is again ready to act upon iron
filings as in reaction (3) setting more hydrogen free to act
upon another molecule of nitrobenzene.

According to the theory, therefore, the reactions (3), (4), and
(5), may repeat themselves indefinitely. A small amount
of hydroehloride acid to bring the process up to this phase
is all that is needed, and with additional iron filings and
water is thus able to transform an unlimited quantity of
nitrobenzene into aniline.

Aniline is a colorless oily liquid, of a peculiar odor, which
turns brown on exposure to light and air. Water will dissolve
about 3 per cent, and aniline in turn takes up 5 per cent of
water. It has a specific gravity of 1.0261 at 15° and boils
at 184°; when once solidified by cold it melts at 8°.

Aniline mixes in all proportions' with alcohol, ether, and
many other ordinary solvents, and it is itself a solvent for
indigo, sulphur and phosphorus. When taken internally
the oil, which has a burning taste, is poisonous. The vapor,
when inhaled, acts similarly, causing a dangerous illness
(anilisme), which is not uncommon in aniline works. Aniline
has no action on litmus.

Ammonia expels aniline from its salts in the cold, but on
heating ammonium salts with aniline, ammonia is set free,
because of its greater volatility. Aniline is easily affected
by oxidizing agents: the resulting products being of great
importance to the dye industry. A solution of bleaching
powder causes a solution of aniline to assume a violet color.
A drop of aniline added to sulphuric acid and a little
potassium bichromate produces first a red color and finally
a deep blue.
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Commercial " aniline o i l " appears in commerce in four
different grades which are known as,

1. Aniline oil for blue and black;
2. Aniline oil for red (magenta);
3. Aniline oil for safranine;
4. Liquid toluidine.

The first contains almost pure aniline, that for red is made
up of 30 per cent aniline, 35 per cent orthotoluidine, and
3T) per cent paratoluidine; that for safranine contains varying
amounts of aniline and orthotoluidine. Liquid ioluidine is
a mixture of ortho- and paratoluidine.

Aniline is a basic compound and easily forms salts with
acids. As a derivative of benzene it may bo regarded as
aminobcnzene: as a derivative of ammonia, it is looked upon
as phenylamine. Since aniline exhibits the properties of
both benzene and ammonia, a good understanding of the
reaction of which it susceptible requires that both aspects
should be constantly kept in mind.

Aniline Salts. If a few drops of any of the common
mineral acids are brought into contact with aniline upon a
watch glass, solidification to a white opaque mass instantly
results with the formation of a salt.

Aniline Hydrochloride, C6H5NH2HC1. Of all the aniline*
salts the hydrochloride is most important. The nitrogen
in aniline ia trivalent and in the aniline salts it becomes
pentavalent and the formula of the hydrochloride may be
represented graphically thus:

CAHKN < H or thus

Aniline hydrochloride Aniline hydrochloride

Pure aniline (100 parts), with concentrated hydrochloric
acid (130-135 parts) is mixed in strong stoneware vessels.
The salt is allowed to crystallize out and it is freed from the
mother liquors by centrifugal force. Aniline hydrochloride
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forms colorless crystals easily dissolved by water and alcohol,
which sublime at 192° C. It is largely us"ed in the dyeing
and printing of aniline black.

Acetanilide, C6H5NH'C2H3O. If aniline is simply mixed
with glacial acetic acid, aniline acetate is formed. This salt
breaks up on boiling for some hours, water is eliminated and
acetanilide results:

CGH5NH2C2H4O2 = C0Hr)NH(C2H3O) + H2O.
Aniline acetate Acetanilide

This substance is the antifebrin of medicine which is used
as an antipyretic and antirheumatic. It forms colorless
crystals which melt at 112° 0. and the resulting liquid boils
at 295° C. Aeetanilide was used in the manufacture of
f lav aniline.

DlAMINOBENZENES, CoH4(NH2)2

Just as the single nit.ro group of nitrobenzene is reduced
by nascent hydrogen to an amino group, thereby forming
aminobenzene or aniline, so the pairs of nitro groups in the
dinitrobenzencs are likewise reduced by hydrogen to amino
groups. Three dinitrobenzenes are known and by reduction
with iron and hydrochloric acid, three corresponding diamino-
benzenes arc formed.

Metadiaminobenzene. Of these three compounds the meta-
diaminobonzeno is the most important, and it is formed by
the complete reduction of ordinary (meta) dinitrobenzene.
It forms colorless crystals which molt at 03° and boil at 2S7°.
By easily dissolving in water, it is distinguished-from dinitro-
benzene from which it is made. Metadiaminobenzene is
employed for the manufacture of ehrysoidine and Bismarck
brown.

Paradiaminobenzene or metaphenylcnediamine is not made
from the corresponding paradinitrobenzene but from para-
nitroacetanilide by reduction. I t is a crystalline substance
which melts at 147° C. and dissolves easily in water. If it
is melted with sulphur, then a thio-compound is formed
which gives by oxidation Lauth's violet.
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/CH3
AMINOTOLUENES OR TOLUIDINES, CGH4<^

XNH2

Three isomcric toluidincs are known. They resemble
aniline very closely and they may be obtained from the three
corresponding nitrotoluenes. However, on treating toluene
with nitric acid, chiefly ortho- and paranitrotoluene arc
formed and very little of the met a compound. Hence, by
reducing the nitrotoluenes to aminotoluenes or toluidines
only the ortho and para derivatives are formed to any extent.
From its scarcity and high cost, the. metatoluidine is not
employed in dye manufacture.

The orthotoluidine is separated from the paratoluidine by
treating the mixed bases with sulphuric acid insufficient to
fully neutralize them and then distilling. The stronger
para base remains behind as sulphate.

According to another method, the mixture of bases is
neutralized with hydrochloric acid and mixed with an excess
of sodium phosphate. The mass solidifies to a crystalline
paste which dissolves on heating; the orthotoluidine floats
as an oily layer on the surface and is removed. When the
aqueous solution cools, paratoluidine separates out completely
while a little phosphate of orthotoluidine remains dissolved
in the mother liquor. The bases are now set free from their
salts by caustic soda, when the sodium phosphate is recovered.

/ 0 H 3 (1)
Orthotoluidine, C6H4<f , is a colorless liquid

JN±t2 {A)
which becomes brown on exposure to light and air. It has
about the same solubility as aniline. Its boiling point is
197° C. and its specific gravity at 15° is .9978. Orthotoluidine
is found in all commercial aniline oils excepting " aniline for
black." Pure orthotoluidine is employed for making some
azo dyes.

• O.H.3 (1)
Metatoluidine, CgH4^ , forms a colorless oil boiling

X N H 2 (3)
at 199° C. It is too costly for use in dye manufacture.
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vOH3(l) .
Paratoluidine, C<jH4/ , is a solid substance forming

\NH2 (4)
leaf-shaped crystals melting at 45° C ; it boils at 198° C.
In the water it is slightly soluble, but in alcohol and ether
it dissolves with case. Large quantities of paratoluidine are
used for the manufacture of magenta.

ANILINE OILS CONTAINING TOLXJIDINE

Aniline Oil for Red. The aniline used for manufacturing
rosaniline is not a simple substance but a mixture of three,
aniline, orthotoluidinc and paratoluidine. One molecule of
each in proportion is employed.

Aniline Oil for Safranine. This aniline is a by-product
of the rosaniline manufacture, and it is the distillate recovered
from the rosaniline melt. Little paratoluidine is present,
and it consists principally of aniline and orthotoluidinc

Toluylenediamines, CGH3(CH3)(NH2)2. When, in the case
of benzene, two nitro groups were substituted for two
hydrogens, three isorneric nitrobenzene^ were formed and by
their reduction three aminobenzene or phenylenediamines
resulted. If two nitro groups are substituted for hydrogen
in toluene the next higher homologue of benzene, not only
three but six isomeric dinitrotoluencs would be expected
theoretically, and all in fact arc known. Of these six, alpha-
toluylenediamine is the most important and its composition
is shown by the formula,

(1)
(2)

2 (4)
Alpha-toluylenediamine

It is formed by reducing the dinitrotolucne (1, 2, 4). I t
is a colorless crystalline substance melting at 99° C. and
dissolving easily in water. Use is made of it in producing
chrysoidine and Bismarck brown.

Aminoxylenes, or Xylidenes, 0GH 3 (0H3)2(NH 2 ) . The six
isomeric xylidincs which arc theoretically possible are all
known. Two arc obtained from orthoxylene, three from meta-
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xylcne and one from paraxylene. The xylidine of commerce
is a mixture to a greater or less extent of all six, but about
50 per cent is the aminoorthoxylene (1, 3, 4). Xylidine is
an oily liquid boiling between 211-219° C, and it is employed
principally for the manufacture of the azo dyes.

Cumidine. By heating paraxylidine with methyl alcohol
in closed vessels to 300° C. one methyl group is substituted
for one of the hydrogens in the ring. The result is cumidine:

Cumidine

BENZIDINE (DlPARAAMINOniPHENYL)
C6H4NH2,
| i.e.,
CgH^Nxx2

Benzidine or Diparaaminodiphenyl

This substance aroused no practical interest at the time of its
discovery by Zinin in 1845 and it was not until nearly forty
years later in 1884 that through the discovery of Congo red,
it became of commercial importance. I t may be obtained
by boiling hydrazobenzene,

C6H6NH—NH—C6H5, i.e., <^ ^>— NH—HN<^ ^>
Hydrazobenzene

with hydrochloric acid, after which the solution is filtered
and the benzidine precipitated "by sulphuric acid or sodium
sulphate. The pure base is obtained by decomposing the
sulphate with caustic soda and distilling. Pure benzidine
forms large colorless silky plates which melt at 122° C. and
boil above 360° C. It is slightly soluble in cold water. It
is used in the preparation of cotton azo colors.

C6H3(CH3)NH2

| , or
06H3(CH3)NH2

Tolidine (Diparaamidonitolyl)
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Tolidine is manufactured by reducing ortlionitrotoluenc by
zinc dust and caustic soda; the resulting hydrazotoluene is
then converted into tolidine by boiling with hydrochloric
acid and purifying by a method similar to that used in benzidine.

It forms glistening plates which melt at 12S° 0. It dissolves
slightly in water and easily in alcohol. The sulphate, though
sparingly soluble, dissolves more easily than benzidine sulphate.

Naphthylamines or Aminonaphthalenes, C10H7NH2. Both
the isomeric naphthylamincs, theoretically possible are known
and both are commercially important.

Alpha-naphthylamine, results when alpha-nitronaphthalene
is reduced by iron and hydrochloric acid. Of a basic nature,
it combines with acids to form salts. The aqueous solution
of these salts, by. treatment with mild oxidizing agents,
yields a blue precipitate called naphthamein. Alpha-naphthyl-
amine is required for the manufacture of the azo dyes, e.g.,
naphthol yellow and magdala red. It forms colorless crystals
of a disagreeable odor which melt at 50° 0. and have a boiling
point of 300° C.

BKTA-NAPHTIIYLAMINK

Beta-naphthylamine

The nitrogen of the ami no group of thin compound is not
furnished by nitric- acid acting upon naphthalene as in the
preceding instance. It is supplied by ammonia, when
betanaphthol is heated with ammonia to a high temperature
in closed vessels. The reaction appeal's in the following
equation:

OI0H7OH + NH3 = 01()H7NH2 + H2O.
Beta-naphthol Beta-naphthylamine

Beta-naphthylamine amine is prepared on a manufacturing
scale by heating in a closed vessel at 100° C, 10 parts of beta-
naphthol, 4 parts of caustic soda, and 4 parts of ammonium
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chloride. The heating continues for 69-70 hours. The cold
melt is pulverized, the unchanged /9-naphthol is extracted
by the use of aqueous caustic soda, and the pure residue is
dissolved in hydrochloric acid. The solution is filtered and
then treated with soda, which decomposes the soluble salt
and precipitates the /2-naphthylamine.

/2-Naphthylamine forms white pearly plates which in the
commercial product are compacted into pinkish white pearly
lumps, almost without odor. It is slightly soluble in cold
water but easily soluble in hot water, alcohol, and other.
The pure substance forms colorless and odorless crystals
which melt at 112°. The demand for /9-naphthylamine arises
in the manufacture of red azo dyes.

SECONDARY AMINES

The secondary amines may be regarded as substituted
ammonia, i.e., a molecule of ammonia in which two hydrogen
atoms have been replaced by organic radicals. For our present
purpose aniline is chosen as the starting point. Aniline may
be regarded as ammonia in which one hydrogen atom has
been replaced by the organic radical phenyl. There are two
important methods of producing the secondary amines.

First. A primary amine is heated with the hydrochloride
of the same amine, e.g., aniline is heated with aniline hydro-
chloride,

6 5 2 + C6H5NH2HC1 = NH4C1 + NH(O0H5)2

Aniline Aniline Diphenylamine.
hydrochloride (Secondary amine)

Second. By heating together primary aromatic amines
with the halogen compounds of the alcohol radicals.

6 + OH3C1 = HC1 + NH(OH3)OflH6

Aniline Methylaniline

TERTIARY AMINES

All three hydrogen atoms of ammonia are capable of replace-
ment by organic radicals. When they are so replaced, tertiary
amines are formed. To prepare a tertiary amine of the
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aromatic series, primary amines are heated with the chlorides
of methyl, ethyl, propyl, etc.

CGHr)NH2 +- 2CH3C1 = C6HS(CH3)2N + 2HCI
Aniline Methyl Dimethylaniline.

Chloride (Tertiary amine)
The same result is attained by heating the hydrochlorides

of the amines with the alcohols and zinc chloride.
OGH5NH2HC1 + 2C2H5OH = C0H5(C2Hr>)2N1 + HC1 + 2H2O

Aniline Diethylaniline
hydrochloride

Dimethylaniline, CCH5N(CH3)2. For the manufacture of
dimethylaniline, 75 parts of aniline, 25 parts of aniline hydro-
chloride and 75 parts of methyl alcohol (acetone free) are
heated under pressure in a cast-iron autoclave at 230-270° C.
This is carefully kept under six atmospheres. From the above
proportions the yield is about 120 parts. The product is
purified by distillation.

NH2 N(CH:i)2

Aniline Dimethylaniline

PY HI DINK BASES

Coal-tar contains, together with the various hydro carbons,
bodies of a basic nature containing nitrogen. Of these bases,
pyridine in the simplest example. It is closely related to
benzene since its structure resembles that of the benzene
with this important exception that one of the carbon atoms
and its combined hydrogen is replaced by a nitrogen atom.
The following formula makes this relation clear:

H

/ \
HO OH

II I
HO OH
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Pyridine is also found in Dippel's oil, which is produced
by the distillation of bones. I t is a colorless liquid ot a
penetrating disagreeable odor. In Germany it is much used
for denaturing alcohol. Methylpyridinc, its methyl homologuo
called picoline, forms theoretically three isomers, all three
of which are known.

Quinoline, C10H9N. If one of the a'-carbon atoms of naph-
thalene with its hydrogen be considered as replaced b y
nitrogen, a new base quinolinc would result. The formula
exhibits its relation to naphthalene, in which it may be seen
to exhibit the relation which pyridine bears to benzene:

H H

HC G CH
I II I

HO C CHvvHQuinoline
It is a constituent of coal-tar. It may be separated fromthat part of the heavy oil which dissolves in sulphuric acid.Skraup suggested a successful method for its syntheticalformation in which aniline, glycerine and sulphuric react inthe presence of nitrobenzene:
O6H5NH2 + C6H5(OH)3 + 0 = Cl()H9N + 4H2OAniline Glycerine Quinoline
It is an oily liquid without color, which boils at 23S° C.and possessing a specific gravity of 1.094. at 20°. With theacids it forms salts of well-marked characteristics.Use is found for quinoline in the manufacture of quinolineblue, quinoline red, and quinoline yellow.Acridine occurs in the anthracene obtained from coal-tar,and it has also been prepared synthetically. It resemblesanthracene in its general structure and it may be regardedas anthracene in which one of the middle carbons with its
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attached hydrogen has been replaced by a nitrogen atom.
The formula shows its relation to anthracene:

/ \ / \ / \
HC C C CH

I I I I
HC C C OH

V V V
H H

Acridine
The acridines are very stable bodies but they are more

feeble bases than the pyridines and quinolincs. It melts
at 11° C. and sublimes at 100° C. A blue fluorescence is
characteristic of its solutions.DIAZO COMPOUNDS

These are nitrogenous compounds of the aromatic series.
The syllable azo (from the French azote-nitrogen) signifies
a nitrogenous composition. In all these substances the
characteristic group of two nitrogen atoms doubly bound
to each other occurs represented as follows:

—N=N— or —N:N—
On one side this group is bound to the carbon atom of a

benzene, naphthalene or other ring compound: the other
side is attached to an acid or basic, radical: as the following
formula shows:

C(iHft— N:N— Cl
Diazobenzene chloride

Such compounds were first produced by the action of
nitrous fumes (N2O3) upon aniline. Thus it will be seen
that one nitrogen atom in the ainino group of aniline is
attached to a carbon of the benzene ring while nitrous acid
contributes the second requisite nitrogen atom. The nitrous
fumes (from arsenious oxide and nitric acid)AS2O3 + 2HN0:i == N2Oa + H2O + As2O5


