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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
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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



2 COAL-TAR DYES

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
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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.



1 8 C O A L - T A R D Y E S

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



HYDROCARBONS AND THEIR DERIVATIVES 27

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
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passed into a cold aqueous solution of an aniline salt con-
verts the aniline into a salt of diazobenzene as shown be-
low: the nitrous fumes in the water, solution behaving as
nitrous acid:

C6H5NH2H01 + HONO = C6H5N:NC1 + 2H2O
Aniline hychloride Nitrous acid Diazobenzene

chloride
In practice the nitrous acid is formed in the cold solution

of aniline salt itself by adding the requisite amount of sodium
nitrite and the necessary amount of acid to decompose it,
forming nitrous acid in the immediate presence of t h e aniline
salt: the nitrous acid being generated as follows:

NaNO2 + HC1 = HNO2 + NaCl,

or 2NaNO2 + H2SO4 = 2HNO2 + Na2SO4

Different observers have ascribed different structural
formulas to diazobenzene salts, the latter of the t w o given
below being the more commonly accepted:

C6H5N:NC1 or O0H5N=N
Diazobenzene chloride I

Kekule Z. f. Ch. N.F. (1866), «i
2, 308: Chemie der Benzolde- KJl

rivate. Diazobenzene chloride
The view of Woomstrand, A.

Stroeiker and 1£. Erlenmoyor.
In the manufacture of the diazobenzene salts, ice is used

to reduce the temperature of the solution of the aniline salt,
during the addition of the nitrite and acid; for, if t h e tem-
perature rises beyond a certain point, the compound decom-
poses and all the nitrogen escapes and may be seen rising in
bubbles through the liquid.

The diazo compounds are very unstable, some dangerously
explosive when dry, especially the nitrates. Consequently
they are seldom prepared*in the dry state: they are used in
the cold solution where they have been formed, a n d are
converted then and there into the oxyazo or aminoazo dyes
for which they are required.

If the solution in which these salts are formed bo boiled
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all the nitrogen escapes and the corresponding phenols arc
left behind:

CGHr,N:NCl + H2O = OoHfiOH + N2 + HOI
Diazobenzene Phenol

chloride
By heating the solution with the salts of ammo compounds,

aminoazo compounds are produced from the diazo compounds,

CGH5N:NC1 + CoH5NH2HCl =
Diazobenzene Aniline

chloride hydrochloride
Cr)H5N:NC(}H4NH2HCl + HC1

Aminoazobenzene
hydrochloride

If phenols in alkaline solution be added to the diazo
solution, oxyazo compounds are produced,

C6H5N:NC1 + G0H5OK = 0(jHr)N:NOoH4OH + KC1

Great importance attaches to the last two reactions in
nzo dye manufacture.

HYDRAZINES

The hydrazincs arc derivatives of the substance known as
diaminc or hydrazine H2N:NH2. These derivatives were
known long before the hydrazine itself had been isolated.
Of commercial importance is

Phenylhydrazine, C(jHr)NH:NH2. This substance has been
of extraordinary service in the study of the sugars. It may
be made by reducing diazobenzene chloride with sodium
sulphite and zinc dust or stannous chloride in acid solution,

00H5N:N01 + 4H = O6Hr)NH:NH2 + HOI
Diazobenzene Phenylhydrazine

chloride hydrochloride
From this salt, sodium hydroxide sets free the phenyl-

hydrazine,
O6HSNH:NH2HC1 + NaOH =

Phenylhydrazine
hydrochloride

C«Hr)NH:NH2 + NaOl + H2O
Phenylhydrazino
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When pure and kept out of contact with the air7 it is a
colorless aromatic oil of poisonous properties. It forms
plate-like crystals which melt at 23°, and it boils at 24.1-242°
with slight decomposition. It is the important source of
antipyrine: and it is a valuable reagent for detecting alde-
hydes and ketones.

THE AZO COMPOUNDS

The azo compounds resemble the diazo compounds in
containing the double nitrogen group, —N:N—, but in the
azo compounds two benzene rings tire present, one at each
end of the double nitrogen group. The simplest of those
substances is azobenzene, CoH5—N:N—0^1 If,.

If nitrobenzene is reduced by nascent, hydrogen in an acid
solution, aminobenzene or aniline is formed; but, if the
reduction is carried out in an alkaline solution, azobenzene
is one of the products. Such an alkaline solution is furnished
by zinc dust and sodium hydroxide, or by stannous chloride
and sodium hydroxide,

206H5NO2 + 8H = CuHfiNrNHoHr, + 4H2O
Nitrobenzene Azobenzene

The azo compounds are much more stable than the diazo
compounds. Boiling them in the solution in which they
are formed either in the presence of acids or alkalies does not
decompose them nor are they explosive in the dry state.
Some may be distilled unchanged.

Mild reducing agents convert azobenzene into hydrazo-
benzenc as follows:

00H5N:N0fiHr) + 2H = 00Hr)NH—NH0aHr,
Azobenzene Hydrazobenzene

More energetic reduction fixes more hydrogen and causes
a break between the two nitrogen atoms, converting each into
an amino group and forming two molecules of aniline.

C6H5N:NC6H5 + 4H == 200H5NH2
Azobenzene Aniline
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By such a reduction aminoazobenzene would yield a
monamine (e.g., aniline), and a diamine (e.g., phenylene
diamine, CGH4(NH2)2,

C G H 5 N : N C ( I H 4 N H 2 + 4H = C6Hf)NH2 + C6H4(NH2)2

Aminoazobenzene Aniline Phenylenediamine

Oxyazo compounds by a similar reduction would produce
a monamine and an aminophenol.

CGHr,N:NC6H4OH + 4H = CeHgNHs + CGH4NH2(OH)
Oxyazobenzene Aniline Aminophenol

These reactions are of value in determining the composition
of the azodyes.

THE SULPHOSTIC ACIDS; OR SULPHO ACIDS

When the aromatic hydrocarbons are treated with concen-
trated sulphuric acid, a new class of substances termed
sulphonic acids is formed. The hydrocarbon loses only an
atom of hydrogen, while the acid loses a hydroxyl —OH
group, the two forming a molecule of water and the sulphonic
acid in question. The sulphonic acid group is —SO3H. These
acids are formed by heating together concentrated sulphuric
acid and a hydrocarbon. Such action is called sulphonation.
Fuming sulphuric acid is sometimes used for this purpose.
A higher temperature, or longer heating forms both mono
and disulphonic acids,

6 + H2SO4 = C6H5SO3H + H2O
Benzene Benzene

monsulphonic acid
O6H0 + 2H2SO4 = C0H4(SO3H)2 + 2H2O
Benzene Benzene

disulphonic acid
Of the three possible disulphonic acids of benzene itself,

the meta and para compounds are those obtained by this
method. The ortho benzene disulphonic acid is formed
from met a aminobenzene sulphonic acid by the further intro-
duction of a sulpho group and the replacement of the amino
(—NH^) group by hydrogen.
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Amines and phenols yield themselves more readily to form
sulphonic acids than do the hydrocarbons themselves. Some-
times the amino sulphonic acid may be obtained by simply
heating the sulphate of the amino compound to 1SO° C. The
free sulphonic acids are as a matter of fact less frequently
prepared than the sodium salts of the same which arc termed
sulphonates. The following general method will indicate
the process.

The hydrocarbon and the strong or fuming sulphuric acid
are heated together until the evolution of sulphur dioxide
shows that oxidation with consequent destruction of some
of the substances is taking place. The product containing an
excess of sulphuric acid is poured into water. Then, by the
addition of barium carbonate, chalk, or milk of lime the
acid is neutralized and precipitated: the sulphonic acid
combines with the lime to form a soluble lime salt. The liquid
is filtered and the soluble lime salt in the nitrate is changed
into a sodium salt by the addition of sodium carbonate, which
precipitates calcium carbonate and leaves a soluble sodium
sulphonate in the solution. The liquid is filtered off and
evaporated to dryness.

The following reactions have taken place:

2O6H5SO3H + CaO2H2 = 2H2O + (CGH5SO3)2Ga
Benzene Benzene

sulphonic acid monosulphonate of calcium
(C6H5SO3)2Ca + Na2CO3 = 2C6H5SO3Na + Ca0O3

Pure sulphonic acids do not crystallize well nor do they
have definite melting or boiling points and they nro usually
deliquescent. They may be sufficiently characterised, how-
ever, by converting them into chlorides or amides. The
chlorides are obtained by allowing phosphorus pentachloride
to act upon the free sulphonic acids:

C6H5SO3H + PC15 = C6H5SO201 + HC1 + POC13

The amides are formed by ammonia acting upon the
chlorides:

NH3 = CaH5SOaNH2 + HOI
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Benzene Monosulphonic Acid, CcH ŜO.̂ H, forms colorless
crystals which dissolve easily in water and alcohol. Caustic-
soda at a high temperature converts it into phenol C0H5OH.
Concentrated nitric acid changes it into the nitrophenol.
When treated in aqueous solution with nitrous acid, nitroso-
phcnol is formed.

Benzene Disulphonic Acids, C(jH4(SO3H)2. Three isomers
arc possible and all are known. The direct action of fuming
sulphuric on benzene or benzene monosulphonic acid produces
a mixture of two of the isomers, the meta- and para-disulphonic
acids. Large quantities of this mixture of isomers arc
prepared for the manufacture of resorcin: sometimes by
passing the vapor of benzene into strong sulphuric acid
heated to 240° C. or 1 part of benzene may be dissolved in
4 parts of fuming sulphuric acid and then the solution is
heated for two hours at 275° C. When these products arc
fused with caustic soda both the meta- and para-disulphonic
acids arc converted into resorcin (mctadioxy benzene),
CCH4(OH)2.

Naphthalene Monosulphonic Acids, O10H7SO3H. Naphtha-
lene, like benzene, yields to treatment of strong sulphuric
acid, forming sulphonic acids by the replacement of hydrogen
atoms by the groups (—SO3H). Unlike benzene, however,
naphthalene forms two different sulphonic acids by the
entrance of only one sulphonic group into its molecule. The
difference depends upon the position of the hydrogen atom
which is replaced by the (—SO3II) group. These two
isomers arc known as or- and /9-naphthalene monosulphonic
acids.

By the simple regulation of me temperature one or the
other of these isomers may be produced in excess. Thus,
by carrying on sulphonation at 100° C. the product contains
about 80 per cent of the a-sulphonic acid and 20 per cent
of the /? acid, but if the temperature be raised to 160-170°
C. only 25 per cent of the a acid will be formed, but 75 per
cent of the /? acid will be produced.

^-Naphthalene Sulphonic Acid, C1UH7SO3H, is manu-
factured by stirring 1 part of finely powdered naphthalene
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into 2 parts of strong sulphuric acid at 40° C. and keeping it
for several hours at this temperature (Gcr. Pat.). The
product is dissolved in water, filtered from any unchanged
naphthalene, and the soluble sodium sulphonate is precipitated
by the addition of salt.

The a acid forms deliquescent crystals which melt at
85-90° C. By heating it is converted into the .^-naphtha-
lene sulphonic acid. Its salts are more soluble than those
of the ft acid.

/^-Naphthalene Sulphonic Acid, C1()H7SO3H, is formed by
heating 1 part of naphthalene with 1 part of concentrated
sulphuric acid to 180° C. for several hours. The resulting
product is dissolved in water and some dinaphthylsulphone
filtered off, when the sodium salt may be precipitated by
adding common salt. Its crystals take the form of plates
and do not deliquesce.

Nitrosulphonic Acids. These acids possess both the nitro
(—NO2) group and the sulphonic acid group (—SO3H).
In converting benzene, for example, into benzenenitro sulphonic
acid, the benzene may be first nitrated by strong nitric acid
and then sulphonatcd; or the operations may be reversed,
first forming a benzene sulphonic acid and then nitrating
this. The chief product is that one of the throe possible
isomcrs which are called metanitrobenzene sulphonic acids.

NAPHTHALENE DISULPHONIC ACIDS

C10H0(SO3H)2

By controlling the strength of the sulphuric acid used and
the various other conditions, two sulphonic acid groups may
become attached to the naphthalene molecule forming naph-
thalene disulphonic acids. Ten isomcrs of disulphonic acids
are possible and all are known. Of these the two following
show the methods used:

Naphthalene Disulphonic Acid (1:5). Armstrong's Delta (d)
Acid, is made by adding 1 part of finely powdered naphthalene
to 4 parts of fuming sulphuric acid containing 30 per cent
of SO3 and keeping the temperature as low as possible. By
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dissolving the product in 3 or 4 times its weight of salt
solution, the sodium salt separates out, and the ispmers
simultaneously formed remain in solution. (Ger. Pat.) I t
crystallizes in glistening white plates.

Naphthalene Disulphonic Acid (2:6). Ebert and Merz's /?
Acid. This acid is produced on heating 1 part of naphthalene
with 5 parts of concentrated sulphuric acid to ISO0 C. for
24 hours. By maintaining these conditions, this acid is
formed almost exclusively. It crystallizes in plates and the
sodium salt forms needles containing one molecule of water.

AMINO SULPHONIC ACIDS

These derivatives of the hydrocarbons contain both the
amino group (—NH2) and the sulphonic acid group (—SO3H).
In some processes of manufacture, the amino group will be
put into the molecule first, in others, the sulphonic acid group;
as may be seen from the following methods:

1. Direct action of sulphuric acid on the amines.
2. By simply heating the sulphates of the amines to 180-230°

C, e.g.,
(C(iH5NH2)2H2SO4 + Heat =

Aniline sulphate
O6H4(NH2)SO3H + H2O + 0fjH5NH2

Aminobenzene sulphonic acid
3. By heating a sulphonic acid with nitric acid, thus

forming a nitro sulphonic acid, and then by reduction con-
verting the nitro group into an amino group.

Aminobenzene Sulphonic Acids, C(iH4.<' . The
N30;jH

three isomers theoretically possible are all known: the meta-
aiul para-compounds being of the greatest technical value.

>NH2 (1)
Metaaminobenzene Sulphonic Acid, C6H4 / , is made

NSO?H (3)
by the action of nascent hydrogen, evolved from iron and dilute
sulphuric acid, upon nitrobenzene sulphonic acid. It forms
fine needle-like crystals in its anhydrous state but clinorhombic
crystals when it crystallizes with 1J molecules of water.
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/NH2 (1)
Paraaminobenzene Sulphonic Acid, C()H4^ , is

\SOaH (4)
commonly known as sulphanilic acid, and it is formed
when 1 part of aniline is heated with 3 parts of strong sulphuric
acid to 180-190° C, or 100 parts of aniline sulphate may
be heated on trays with 105 parts of strong sulphuric acid
until on boiling a sample with caustic soda7 the odor of
aniline has disappeared.

The pure colorless crystals contain one molecule of water
of crystallization which, is lost on exposure to air, when the
substance falls to a white powder. I t dissolves slightly in
water and it forms salts with bases because of its sulphonic
acid group, and it forms salts with acids on account of its
basic amino group.

Aminotoluene Sulphonic Acids, C0H;i—NH2 . The ortho-
\ O H

toluidinemetasulphonic acid, C(5H;*(CH;* • NH2 • SO3H) (1.2.3)
may be obtained by acting directly with concentrated sulphuric

/CH« (1)
acid upon orthotoluidino C«H4< , or by heating the

X N H 2 (2)
sulphate of orthotoluidinc to 200° C. If fuming sulphuric acid
acts upon paratoluidine, two isomeric sulphonic acids result.

Xylidine Sulphonic Acids, GoH^OH^NELjKSOaH). Sev-
eral isomcrs are possible with those four groups attached to
a benzene ring; but. the one technically important is the
product from the treatment of ordinary commercial xylidine
(alphaaminomctaxylene) with concentrated sulphuric acid.

Benzidinesulphonic Acids. When hot fuming sulphuric
acid is allowed to act on benzidine several different sulphonic
acids result. If the temperature of 120° C. is not exceeded,
then the principal product is a sulphono of benzidine,
C6H3NH2

SO2; which is converted by heating to 150-160° C.

C6H3NH2
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into sulphonic acids of this sulphone; by a still higher tem-
perature benzidine sulphonic acids result.

SULPHONIC ACIDS OF NAPHTHALENE DERIVATIVES

H H

y c \ / ° v

HG C CH

HC C CH
H H
Naphthalene Naphthalene. Condensed formula

The formula of naphthalene CioH8, is expressed so as to
show its structure in the first figure above: the relative
position of each of the ten carbon atoms and each of the
eight hydrogen atoms. For the sake of simplicity the second
figure is all that is needed to represent the formula of naph-
thalene when we are either considering any of its numerous
derivatives or when it enters into the composition of a
larger molecule.

When an amino derivative of naphthalene contains a
sulpho acid group, it is at once identified by the numbers
written in the name of the compound itself. For example,
l-naphthylaminc-4-sulpho acid can indicate only the com-
pound whose formula is shown below. (In this instance, the
word amine forms a part of the name itself, and the number
indicating its position stands in front of its name):

NH2

SO3H
l-Naphthylamine-4-sulpho acid

This same derivative of naphthalene is often called naph-
thionic acid.

Suppose a derivative of naphthalene contains an amino
group, a hydroxyl group, and two sulpho groups. A very
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large number of different derivatives of naphthalene may
have these four groups substituting the hydrogen of naph-
thalene but no clue is given by this information as to which
one is meant. If, however, the name of the substance is
written so that the exact carbon atom to which the ammo
group is joined and also the carbon to which the hydroxyl
is affixed and the carbon to which the two sulpho groups
are joined; then the compound is at once separated and
distinguished with precision from all its isomers.

If in this instance we find the substance named as 2-amino
8-naphthol-: 6-sulpho acid, the position of ench separate
group which replaces a hydrogen in naphthalene is known
definitely and it need not be confused with its isomers.

The compound must have the formula:

OH

HO3S—'>

2-Animo-8-naphthol-6-sulpho acid (?-acid)

This compound is also known under the name aminonaphthol-
sulpho acid, j or "/--acid" for short.

For purposes of speech the names employing numerals
are clumsy and other names are given which attach the name or
names of the discoverers to particular compounds. Capital
letters form the briefest method of indicating a substance.
One sulpho acid of naphthalene is known as Neville and
Winther's acid: it is a l-naphthol-4-sulpho acid. The
hydroxyl (indicated "by the syllable " o l " in the name) is at-
tached to carbon No. 1 and the sulpho acid group to carbon
No. 4. I t must accordingly have the following constitution:

OH

SO8H
Neville and Winther's acid, or

i-naphthol-4-sulpho acid,
or aminonaphthol sulpho acid N. W.
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Another 'method used in naming naphthalene derivatives re-
fers to the positions a and /? which the substituting groups take.

As the following figure indicates, there are four positions
called alpha (a), and four called beta (/?):

The acid of Neville and Winther above is according to this
method called a:-naphthol, «-rnono-sulpho acid.

Since nearly two hundred derivatives of naphthalene are
known which include naphthol, and naphthylamine sulpho
acids, and* dioxy, amidoxy, and diaminonaphthalene sulpho
acids, the need of care and precision in distinguishing the
separate compounds will be at once apparent.

Two /?-naphtholdisulpho acids of great technical importance
are known as R-aeid and G-acid, and have the following
structure: R (from roth, red) because this acid is used in
making red dyes; G (from gelb, yellow) because this acid is
used in making yellow dyes:

SO3H

R-acid G-acid
The R-acid is a 2-naphthol-3.6-disulpho acid and the G-acid

is a 2-naphthol-6.8-disulpho acid. The methods of manu-
facture of these two acids will be given.

The patented method for making the R-acid consists in
heating 1 part of /?-naphthol, C10H7OH with 3 parts of
sulphuric acid at 100-110° for several hours. When the
melted mass is dissolved in water to which common salt
has been added, the sodium salt of R-acid, called R-salt,
crystallizes out while the sodium salt of the G-acid, called
G-salt, which is formed at the same time remains in solution.

The method for preparing the G-acid most economically
consists in using a larger amount of concentrated sulphuric
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acid, but keeping the temperature much lower than for the
R-acid and keeping up the process for a much longer time.

One part of /?-naphthol is dissolved in 4 parts of concen-
trated sulphuric acid and kept at a temperature of 60° for
4S hours, or at a temperature of 20° for S to 10 days.

The G-acid is the principal product mixed with 10-15
per cent of the monosulpho acid S. This is removed by
treating the alkaline solution with the requisite quantity
of diazobenzene to combine with it, and the orange dye thus
produced is filtered out of the solution of the G-acid. The
salts of the G-acid dissolve more easily in water than those
of the R-acid.

The most important amino and oxy, and amino-oxy deriv-
atives of naphthalene used in the following pages ef azo-dyes
are given here with names and constitutional formulas.

SO3H OH

HO;;S

OH

i?-Naphthol disulpho acid,
or 2-naphthol-6-8-disulpho acid,

or G-acid

OH OH

SO3H
Dioxynaphthalene sulpho acid S,

or 1.8 dioxynaphthalene-4-sulpho acid

SO3H
a-Naphthol sulpho acid N. W.

(Neville and Winther),
or i-naphthol-4-sulpho acid,
or Neville and Winther's acid

HO3S
R-acid,

or /J-Naphthol disulpho acid R.

NHo

HOQSI

SO3H
a-Naphthylamine disulpho acid D,

or i-naphthylamine-4-7-disulpho acid
SO3H

Naphthionic acid,
or i-naphtbylamine-4-sulpho acid
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THE PHENOLS

Phenol or Carbolic Acid. If a single hydrogen atom of
benzene is replaced by a hydroxyl group (—OH) the indifferent
character of the benzene is so modified that it becomes acid
in its nature. Common carbolic acid is such an acid whose
formula is CoHsOH. The hydrogen joined to the oxygen
is replaceable by metals and forms salts. The weak character
of the acid is shown from the fact that carbonic acid is able
to decompose the sodium salt.

Qj|rbolic acid is also called phenol and the sodium salt
sodium phenatc or sodium carbolate, CoH5ONa. The acid
nature of phenol is much strengthened by the entrance of
negative atoms or groups of atoms into the benzene ring, e.g.,
trinitrophenol, CGH^NOLO^OH, known as picric acid, is a
much stronger acid than phenol.

Phenol is present in coal tar and it is recovered therefrom
in large amounts. It may also be made from an alkali salt
of benzene sulpho acid by fusion with a caustic alkali.

C(;H-SOvjK +
Potassium

benzene sulphonate

2K0H = C0Hr,OK
Potassium
phenate

CGH5OK + HC1 = 0CH5OH + KC1
Phenol

Under the name of carbolic acid, phenol has been employed
in large quantities as an antiseptic. The acid consists of white
crystals when pure in the form of long needles. These melt
to a thick liquid by the addition of slight amounts of water
at the ordinary temperature; then on adding a large quantity
of water, the heavy syrup forms an oily layer under the water
and slowly dissolves. Water at the ordinary temperature,
however, will take up only G per cent of the acid.

Resorcin or Resorcinol is a substance which differs from
phenol in possessing one more oxygen atom. It is therefore
a dioxy- or a dihydroxybenzene. Of the three possible
dihydroxybenzenes, resorcin is the one whose hydroxyl-
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groups are in the positions 1 and 3, making it thus the mcta
hydroxybenzene, CeH4(OH)2;

OH

Resorcin is a white crystalline, substance of a pleasant
aromatic odor similar to phenol but not so strong. • Like
phenol it has antiseptic properties; but it is milder in i ts
action. Large quantities arc employed in the manufacture
of the eosine dyes.

Among many methods of preparing resorcin, one is the
fusion of the potassium salt of metabenzenedisulpho acid
with caustic potash.

O6H4(SO3K)2 + 4K0H = C6H4(OK)2 + 2K,SO3 + 2H2O,
Metabenzene- Potassium
disulpho acid resorcinate

C6H4(OK)3 + 2H01 = C«H4(OH)2 + 2K01
Potassium Resorcin
resorcinate

An aqueous solution of resorcin turns dark violet with ferric!!
chloride and violet with chloride of lime. Exposure to the
air turns the solution red.

Pyrogallol is the most important of the trihydroxy benzenes
to which it belongs. There arc three substances in this
class, but pyrogallol is the one having all its hydroxyIs in
neighboring positions as seen below:

0GH3(OH)i:2:3

Pyrogallol
It crystallizes in white plates which melt at 132° and

sublime unchanged.



HYDROCARBONS AND THEIR DERIVATIVES 59

One method of preparation is to heat gallic acid with three
times its weight of glycerine to 190-200° until no more carbon
dioxide is evolved.

06H2(OH)3COOH + heat = 06H3(OH)3 + CO2

Gallic acid Pyrogallol

Water dissolves pyrogallol easily and its solution rapidly
absorbs oxygen from the air and turns dark in color.

THE NAPHTHOLS

The Naphthols bear the same relation to naphthalene that
the phenols bear to benzene. "When the hydrogen atoms of
naphthalene are replaced by hydroxyl groups, the naphthols
are formed. As there are two kinds of hydrogen depending
upon their position in the molecule, it follows that a single
hydroxyl may produce two kinds of naphthol depending
upon its point of fixation. These two substances are dis-
tinguished as a- and /?-naphthol.

a-Naphthol is a solid substance which occurs in glistening
needles. It is almost insoluble in cold water and only slightly
soluble in hot; the sodium salt dissolves easily in a solution
of sodium hydroxide, for the sodium salt is formed and this
is easily soluble. ar-Naphthol volatilizes with steam. A
dnrk violet color is produced by chloride of lime. «-Naphthol
is made by fusing ^-naphthalene sulphonate of soda with two
or three times its weight of sodium hydroxide and a small
quantity of water at 270-300° in an iron vessel which is
provided with a mechanical stirrer. The upper layer of
sodium naphtholate is separated from the .heavier layer of
sodium hydroxide and sodium sulphite. After dissolving this
in water, the decomposition of the salt takes place by using
hydrochloric acid or even carbonic acid. Purification is
accomplished by thorough drying and distillation.

/9-Naphthol has a composition identical with ar-naphthol.
The difference is one of constitution: of the position of the
single hydroxyl group which in this substance occupies the
beta position. The method of preparation is similar to that
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for a-naphthol except that the initial substance for the fusion
with sodium hydroxide is ^-naphthalene sulphonatc of soda.

The difference in position of the hydroxyl group from that
in the a-naphthol develops differences in its behavior; it is
not volatile with steam nor does it show a coloration with
ferric chloride or with chloride of lime.

/?-Naphthol is white and crystallizes in plates which dissolve
in alcohol and ether but sparingly in water. I t melts at
123° and boils at 286°. The commercial product is nearly
pure, but a-naphthol may be detected in so small an amount
as .1-.5 per cent by dissolving it in alcohol, adding water
and then a few drops of ferric chloride, when a violet color
will appear.

THE ALDEHYDES

Formic Aldehyde is used in the dye industry for condensing
several benzene derivatives into larger molecules: furnishing,
for example, the methane carbon atom so important as the
ultimate nucleus of the triphenylmethane dyes. Its formula,
CH2O or HCHO, shows its simple composition and also tha t
it differs from methyl alcohol, CH4O, out of which, it is made
only by lack of two hydrogen atoms.

It is made by passing the vapors of methyl alcohol mixed
with air over heated platinum charcoal or coke, thus two
hydrogens are oxidized away, producing the formic aldehyde.
At the ordinary temperature, it is a gas which condenses
to a liquid only at —21° C. It condenses readily enough by
dissolving in water and an aqueous solution containing 40 per
cent of the aldehyde is the. usual strength of t h e commercial
aqueous solution. Formaldehyde is one of t h e safest and
best antiseptics known.

Benzaldehyde may be regarded as formic aldehyde, HCHO,
in which one of the hydrogens has been replaced by the
phenyl-group —C6H5; so as to form C0H5CHO. I t is, how-
ever, industrially prepared from toluene or mcthylbenzcne,
C6H5CH3, which requires that the methyl (—CH3) group
be transformed into the aldehyde group. This cannot be
done directly. The toluene is first chlorinated by passing
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chlorine gas into boiling toluene, producing thereby benzyl
chloride or bcnzal chloride, which on treatment with water
and lime in the first instance and with lead nitrate and water
in the second yield benzaldehyde.

5 } -> C(i

Benzyl chloride
Toluene Benzal chloride Benzaldehyde

Benzaldohyde is a pleasant-smelling liquid used in flavoring
cakes and confections. It boils at 129° and dissolves easily
in alcohol but only slightly in water. Oxidation even by the
air converts it into benzene, acid. I t is employed in tin* dye
manufacture for a purpose, similar to that of formaldehyde,
i.e., to condense benzene derivatives and furnish the methane
carbon as a nucleus for the developed dyes.



CHAPTER V

THE NITRO AND NITROSO DYES

T H E NITKO DYES

THE activity of nitric acid is so groat and its reactions are
so characteristic that it might be expected that the results
and products of its action would early excite attention in the
domain of color research.

It is so destructive of animal tissues, the yellow stains
which betray contact with it so irremediable, that the disin-
tegration would appear to be complete. In many instances,
however, when an organic compound is apparently destroyed,
the disintegration has proceeded only a certain and definite
portion of the way toward complete dissolution of the sub-
stance. At the point of arrested action, a new chemical
individual has been formed which the acid then ceases to
attack.

These new products have been investigated, their valuable
properties ascertained and put to the service of the manufacture
of both dyes and explosives.

Picric Acid. This yellow dye was discovered more than a
century ago, in 1771, by Woulfe, who obtained a liquid that
would dye silk yellow by allowing nitric acid to act upon
indigo.

Since that time, it has been rcdiscoverod by many different
investigators and it has been obtained from substances as
unlike as indigo, silk, wool, carbolic acid and a resin (acaroid
resin—yellow gum of Botany Bay), by the chemical action
upon these of nitric acid.

It was Welter who in 1799 found that picric acid was
formed when nitric acid acted on silk. He, however, did not

62
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know that his product was the same' as that obtained by
Woulfe and it was called Welter's bitter.

Licbig proved that indigo bitter and Welter's bitter were
one and the same substance. He named it " kohlenstickstoff-
saure " or carbazotic acid. Berzelius called it " pikrinsalt-
petersaure." Dumas analyzed the yellow compound and
gave the dye its present name picric (from mKpos, bitter)
acid. Laurent, in LSI2, found that it could be made from
phenol or carbolic, acid and still later in 1S(59 that it could
also be made and more easily, from phenol sulphonic acid.

Picric acid is the final oxidation product of many aromatic
substances; as oxalic acid is the final product of oxidation
of many fatty compounds. Its .production from silk, wool,
indigo, resin, and carbolic acid shows that the benzene ring
is present in them all. (Some doubt, however, has been
expressed that it is obtained from wool.)

Picric acid may be made direct from phenol by the action
of strong nitric acid, but the action is violent and the product
less satisfactory than when the manufacture proceeds in
two steps. At present, the phenol is first changed into
phenol sulphonic acid, O^USO^HtOH)., by allowing it to
run into and dissolve hV concentrated sulphuric acid: what
takes place is shown in the reaction,

C6H5OH + H2SO4 = 00H4(OH)SOaH -f- H2O

Both the ortho and the para phenolsulphonic acids are
formed by this procedure; but at a moderate temperature
the former is the more abundant, while at the temperature
of boiling water the latter is more largely formed. On heat-
ing the ortho product, it is transformed into the para product,
but both varieties are converted into picric acid when strong
nitric acid is allowed to work upon them as shown below:

OH OH
ISO3H

SO3H
Orthophenol Paraphenol

sulphonic acid sulphonic acid



3HN0, =

Orthophenol sulphonic acid
also

OH

+ 3HN03 = " I I + H2SO(l

SO3H NOL>
Paraphenol sulphonic acid Picric acid

In the phenolsulphonic acid, the sulpho group (—S()«II)
is replaced by a nitro (—NO2) group. Two hydrogen atoms
are also replaced by nitro groups, making the product a trinitro
compound. These three nitro groups always take up positions
tha t are symmetrically situated, e.g., representing phenol
with its hydroxyl in position 1, the nitro groups attach them-
selves, in positions 2:4:6.

The influence of the entrance of these three nitro groups
is seen in this: that phenol itself, though an acid, is too weak
to decompose the carbonates, while, after the nitro groups
have entered, the resulting picric acid does decompose the
carbonates.

Picric acid occurs in pale yellow lustrous crystalline scales
or in rhombic prisms, depending upon whether it was crys-
tallized from water or alcohol or from ether. I t is but
sparingly soluble in cold water; more easily soluble in hot water.
Alcohol, ether, and benzene likewise dissolve it. The solu-
tions color the skin and animal fibers a pure yellow.

The taste is intensely bitter and it has been said that
picric acid was once used to give a bitter taste to boor.
Twelve milligrams of the acid in a liter of beer impart to it
an unbearable bitter taste.

Picric acid is poisonous. Doses from .06 to .6 gram have,
proved fatal to rabbits and dogs.

Wool, silk, and leather have been dyed a pure yellow.
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The coloring power is very great. I t has also boon \ised to
combine with reds and blues for dyeing shades of orange and
gray.

The explosive character of its salts has caused it to bo used
in the manufacture of high explosives, and it is now far more
largely employed in this industry than for dyeing, wherein
it has been superseded by the later yellow dyes.

Picric acid unites with bemonc and other aromatic hydro-
carbons to form crystalline compounds, which on occasion may
serve alike for the identification of picric acid or the hydrocar-
bons with which it combines. With naphthalene there is formed
a very characteristic compound, CioH8+C<>H2(NO2),sOH,
which crystallizes in golden scales, melting at 149°.

Picraminic Acid. When picric acid is subjected to the
action of reducing agents, the nascent hydrogen will gradually
remove the oxygen atoms from all the three nitro groups
and replace them with hydrogen atoms, thus con verting all
the nitro (—NOo) groups into amino (—Nil2) groups. This
reducing action may be limited to the conversion of a singlo
one of the nitro groups into an ammo group by employing
the comparatively weak reducing agents, hydrogen sulphide
and ammonia. This partial reduction product is picraminic
acid.

C0H2(NO2)3OH + 6H = 00H2(NO2)o(NH2)0H + 2H2O

The structure may be compared with the original picric
acid as follows:

OH OH
11s

NO2 2

Picric acid Picraminic acid
Picraminic acid has become an important substance in

the manufacture of the azo dyes.
Martius yellow, 1864, has the distinction of being the first

very beautiful yellow obtained by the synthetic, processes.
This yellow dye may be prepared in several ways, but the
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simplest to understand is the action of nitric arid upon
a-naphthol. What takes place is t h e fixation of two nitro-
groups in positions 2 and 6 of the a'-ntiphthol.

010H7OH + 2HNO3 = C10H5(NO2)2OH + 2H.0
a-Naphthol Martius yellow (free acid)

The dye itself is the sodium salt, sometimes the potassium
salt of this acid, and possesses the following constitution:

ONa

NO2

Martius yellow
Martius yellow is an orange yellow powder as it appears

in commerce. When heated, the sodium salt deflagrates
suddenly while the ammonium salt burns quietly. The
sodium salt requires 35 parts of water for solution; but 2(>f>
parts are needed for the corresponding amount of the calcium
salt.

By adding hydrochloric acid to the aqueous solution, the
free dinitronaphthol falls as a precipitate. In strong sulphuric
acid, a yellow solution is formed which on diluting with water
lets fall a yellow precipitate.

Wool in acid bath is dyed a beautiful golden yellow while
silk is colored the same shade in a soap bath or in " boiled-olT
liquor." Varnishes are often tinted with this dye. The
absence of any bitter taste which is characteristic of the nitro
dyes has caused it to be used in coloring food products, e.g.,
noodles and macaroni; but its known poisonous nature
renders the practice unsafe.

Naphthol yellow S. differs from Martius yellow just con-
sidered only in possessing a sulphonic acid (—SO3H) in
position 7 in the molecule. It is, however, not prepared by
implanting a sulphonic acid group in this dye. A trisulphonic
acid of a-naphthol is used instead as the starting point.
This substance is treated with nitric, acid, whereby two of
the sulpho groups are replaced with nitro groups:
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2HN03 =
a-Naphthol trisulpho acid p V (tan \ (*r% xx\nxi _i_ o xx o r»

2 . . . 7 UU)H4|i5O2)2(SO3B[)OH + 2H2SO4

Naphthol yellow SOH

NO2

Naphthol yellow S.
Naphthol yellow S is a bright yellow or orange powder

which burns with bright yellow scintillations. On account
of the sulpho group, which this possesses over Martius yellow,
it is a more valuable dye. It is more soluble and acids cause
no precipitate in its yellow solution.

A marked difference is shown in the behavior of this dye
toward sodium and potassium hydroxide; for the first has
no apparent effect, while the second causes a yellow flocculent
precipitate to form in the most dilute solutions.

Wool and silk are dyed yellow from an acid bath, and, since
it is the most valuable of the nitro dyes, it is sometimes
adulterated by the admixture of Martius yellow.

Aurantia: Kaiser yellow, 1873, is a dye which produces
a fine orange color upon fabrics; but its use is prohibited
because of eruptions which it excites on the skin. I t is
employed in photography as a light screen.

The action of nitric acid upon diphenylamine causes the
fixation of six nitro groups in the molecule of the latter as
shown below; the result being aurantia.

/ C 6 H 5 /C6H2(NO2)3
N^-H N^-H

\C6H5 \06H2(NO2)3
Diphenylamine Aurantia. Kaiser yellow

Victoria orange is an almost obsolete dye which was
formerly used to color liqueurs, macaroni, etc., until its
poisonous properties were known.

The firm of Fr. Baeyer & Co. have placed one form of this
dye (dinitro orthocresol) on the market under the name of
antinonnin. This is employed to kill fungus growths upon
masonry and wood in moist places.
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Victoria orange is a mixture of the sodium salts of ortho
and paradinitro cresol, and it may be prepared by allowing
strong nitric acid to act on cresol sulphonic acid.

CH3

Orthocresol

CH3

n

OH
Paracresol

CHs
o2vr \so2

U
ONa

Paradinitro cresol
sodium salt: one form of

Victoria orange

THE NITROSO DYES, OR QUINONEOXIMES

Nitrous acid acts readily upon bodies which possess the
properties of phenol or carbolic acid, and in doing so it converts
these white substances into new ones. These new products
by the aid of salts of iron and salts of chromium produce
valuable green dyes.

There has boon some change in the way this chemical
action has been regarded, and, before considering an actual
nitroso dye, we may consider the action of nitrous acid upon
simple phenol. This action may be represented as follows:

OH OH

+ HONO = + H2O

NO
Phenol Nitrosophenol

If hydroxylamine (H2NOH), is allowed to act upon quinone,
the same so-called nitrosophenol is formed as shown below:

O O

H>0
[

II
0

Quinone

- HoNOH
= M +

II
NOH

Quinoneoxime



THE NITRO AND NITROSO DYES 69

The formula of quinonooxime is regarded as the more
probable one for the product of nitrous acid when it acts
upon phenol: at least this product behaves as a quinoneoxime
behaves in many reactions. Two definite reasons may be
given for choosing the latter formula: first, the nitroso
phenol has a very feeble acid character which accords better
with the quinoneoxime structure: second, the power to form
a dyo is believed to belong especially to the quinone ring,

and the oxime structure contains such a ring.
Fast green, 1875; Solid green O.; and Resorcine green,

are names for the same dye. It is prepared by the action of
nitrous acid on rcsorcin. The latter substance is white and
crystalline and it easily dissolves in water. By adding
sodium nitrite and the corresponding amount of sulphuric
acid to the aqueous solution, nitrous acid is formed and
begins at once to work upon the rcsorcin, changing it into
dinitroresorcin of the following composition:

O
OH

+ 2H0N0 =

NOH
Resorcin Fast green (dinitroresorcin)

Fast green appears cither as a dark green paste or as a
grayish brown powder which is slightly soluble in cold; but
more easily in boiling water.

For dyeing, fast green requires the aid of an iron salt as a
mordant. Cotton mordanted with iron is dyed a green
which is moderately fast to the action of both light and soap.
Wool thus mordanted is dyed a green which is very fast to light.

Fast green by reason of its acicl properties has the power to
combine with the basic dyes. Use is made of this property
by treating cotton cloth with the fast green dissolved in a
solution of ammonia, caustic soda, or sodium acetate.



70 COAL-TAR DYES

This produces a beautiful brown color that is fast, and this
brown shade may be modified in various ways by afterward
treating it with a basic dye.

Gambine R. is the product formed by the action of nitrous
acid upon a substance of phenolic character called a-naphthol.
A greenish yellow paste appears when the process is finished
which dissolves with some difficulty in water, coloring it-
yellow. The reaction involves one molecule of nitrous acid
and one molecule of a-naphthol.

C10H7OH + HONO = Ci0H6(O)NOH + H2O
a-Naphthol Gambine R.

The oxime group (—NOH) derived from the nitrous acid
takes an ortho position in respect to the quinone oxygen:

O

i=N0H

Gambine R.
a-Naph thoquinoneoxime

Hydrochloric acid does not affect it while sodium hydroxide
forms a clear yellow solution. . A reddish brown solution is
formed with strong sulphuric acid; but this turns yellow
on adding water when brownish flocks also separate.

Fabrics mordanted with a ferrous salt are dyed an olive
green; but if a chromium mordant is used, the resulting
color is brown. These colors are fast to light and washing.

Gambine Y. Under this name, there appears in the trade
an olive green paste. Like gambine R. above, it is formed
when nitrous acid is allowed to act upon a naphthol. It is,
however, /?-naphthol which is employed in place of a-naphthol.
The constitution seen below shows the positions of the oximo
and the quinone oxygen to be just reversed from those of
gambine It. NOH

Gambine Y.
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These two dyes are therefore isomers, and the influence of
change of position in the shadoof the color may be seen; for gam-
bine Y. dyes a pure green, while gambine R. dyes an olive green.

Gambine Y. dyes goods mordanted with ferrous salts green.
Naphthol Green B. is a nitroso dye which, unlike the other

members of this class, does not require a mordant upon the
fabric to be dyed. The reason for this is that the dye is
already united to the mordanting substance before being
applied to the fiber. This combination of dye and mordant
known as naphthol green B. would be insoluble and therefore
impossible of application as a dye were it not made soluble
b y treatment with sulphuric acid. This transforms it into
a soluble sulphonic acid whose sodium salt is the commercial
form of the dye.

By observing the formula below, it will be noticed that it
resembles perfectly gambine Y. with a sulpho group (—SO3H),
in the position 6 of the naphthalene ring and with the further
modification of having the two sulphonated groups of
gambine Y. combined with an atom of iron.

The manufacture of this dye is a good instance of an indirect
method. Gambine Y. is not first made, then sulphonated and
then combined with iron. Instead of this procedure, Shaeffcr's
/3-acid, which is /9-naphthol containing a sulpho group in posi-
t ion 6, is used as the starting point. Nitrous acid converts this
into gambine Y. sulpho acid. NOH

Schaeffer's acid. Gambine Y.
/?-NaphtholraonosuIpho acid Sulpho acid

Treatment of this latter substance with a ferrous salt
causes a union of two of these groups with an atom of iron.

N 0 Fe ON

Naphthol green B.
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This complex compound will dissolve in water and is
suitable for dyeing. Naphthol green B. is a dark green powder
which dissolves in water with a dark green color; but on
standing this aqueous solution decomposes. If it is heated
on platinum foil, a residue of sulphide of iron remains behind.

When warmed with hydrochloric acid, it changes to yellow.
Sodium hydroxide turns it a bluish green. The solution in
strong sulphuric acid is yellow-brown, but on dilution with
water it changes to yellow.

Wool from an acid bath is dyed a green which is fast to light
and the effects of milling. It further resists the action of
acids and alkalies.



CHAPTER VI

THE TRIPHENYLMETHANE DYES

THE dyes of this class were among the earliest to command
attention in commerce. Many beautiful and valuable shades
of red, violet, blue, and green are found among them. It is
a little more than a half century since the first one was
discovered, and they still maintain an honorable place among
their rivals. These dyes attained a technical importance
long before the chemistry of their manufacture was understood.
The empirical processes at first employed gave but meagre
yields and therefore increased the cost. As will be shown
later persistent research finally rendered the chemistry of the
methods intelligible, increased the yields and diminished the
cost to an extraordinary degree.

On studying the constitution of these dyes, a common
nucleus appears in the formulas of them all, and it has very
properly given its name to the class. This nucleus is tri-
phenylmethane; or so much of it as remains unsubstituted
by those other groups of atoms or radicals which are required
to develop from it the various shades of the individual colors.

Triphenylmethane may be considered as methane in which
three hydrogen atoms have been replaced by three phenyl
(—OHHS) groups. In appearance, it is a white substance
which crystallizes in beautiful prisms that melt at 93° and
boil at 359°. Neither cold water nor cold alcohol will dissolve
it; but it is readily soluble in hot alcohol, ether, or benzene.
On crystallizing from its solution in benzene, it has the power
of retaining one molecule of " benzene of crystallization."

Triphenylmethane may be prepared synthetically in a
variety of ways; but the one employing chloroform and
benzene is easy to understand. When these substances

73
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are brought together in the presence of aluminum chloride, the
following reaction takes place:

GHCI3 + 3C6H6 = CH(C6H5)3 + 3HC1
Chloroform Benzene Triphenylmethane

The aluminum chloride causes the action, but it forms no
part of the product.

Though it is possible • to start with triphenylmethane in
making dyes of this class and though it has actually been
accomplished in a particular instance, as will be shown later,
yet in the manufacture itself this is never done. In fact
many of these dyes were made a score of years before it was
proved that the triphenylmethane nucleus was present in
any one of them.

The commercial processes are simplified by starting with
derivatives of benzene and causing these to unite, as will
be seen in numerous instances in the following pages. The
formula of triphenylmethane is written in many ways, several
of which appear below: H H

/ C \
CH(C6H5)3 H / X

C H ._
1 11 w ii I"

HC 0 H n ci
C6H5 \ / N / \ /

X H I H
CH—C6H5 ,CX

\ " N
\ HC CH

C6H5 I ||
HC CH

H
Formulas of Triphenylmethane

H—0

Skeleton formulas of Triphenylmethane
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THE TRIPHENYLMETHANE DYES

Rosaniline, Fuchsine, Magenta: A variety of this brilliant
red dye is thought to have been discovered by Natanson in
1S5G, the same year in which the English Chemist W. H.
Perkin discovered the famous mauve. The manufacture of
this substance was carried on by various firms, for different
methods of making the same dye were soon discovered. It
attained an even more brilliant success than Pcrkin's mauve.
Millions of dollars were invested in its production. A great
monopoly arose in France and the dyestuff sold at one time
for as much as one hundred dollars per pound. For half a
century it has maintained a place among its rivals.

Two chief processes have been employed in its production—
one, the arsenic process, the other, the nitrobenzene process.
Tho former is the older and until later years was used almost
exclusively, but unfortunately the product contained arsenic
acid, at times as high as 6 per cent; the latter method has
the great advantage of giving a purer product and one that
is entirely free from arsenic.

Rosaniline appears in commerce under different names,
some sentimental, some derived from its source. Magenta,
for instance, was applied to it because of the victory of the
French over the Italians at Magenta in 1859. A French
chemist, Professor Verguin, in the employ of the Renard Bros.,
who discovered it in 1859, named it fuchsine from "fuchs—fox"
the equivalent of his firm's name in German. Rosaniline
was given to it on account of its source—aniline, and its rose-
red color.

Commercial rosaniline in the form of the hydrochloride
appears in crystals of a brilliant greenish bronze luster; the
sulphate is a crystalline powder with greenish luster. The
acetate forms irregular lumps with similar luster.

The dye is soluble in water, alcohol and amyl alcohol, with
a red color. Ether docs not dissolve it.

Hydrochloric acid turns the red aqueous solution yellow,
while sodium hydroxide, renders it colorless and causes the
color base to settle to the bottom,
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Strong sulphuric acid dissolves the dye to form a yellowish
brown solution: addition of water turns it almost colorless.
Wopl, silk and paper are dyed a rosaniline red. Cotton is
dyed the same shade after it has been first mordanted with
tannin and tartar emetic.

Commercial rosaniline is not a single individual substance.
It consists of a mixture of the salts of two substances, para-
rosaniline and rosaniline. These compounds of themselves
have no color and they can only become dyes on combining
with acids to form salts. They are oxygen derivatives of
triaminotriphenylmethane and triaminodiphenyltolylmethane.
These derivatives contain but one oxygen atom each in the
large and complex molecules. This single oxygen atom in
each case is joined to the methane carbon and owing to this
fact the compounds are known as carbinols.

Pararosaniline will be considered first and then the structure
and deportment of rosaniline itself will be clearly understood.
Pararosaniline is made by the oxidation of a mixture of
aniline C6H5NH2 and paratoluidine C6H4(CH3)NH2. It is
from the name of this latter substance that the para of para-
rosaniline is derived. Various oxidizing agents have been
used; but those chiefly employed have been arsenic acid
and nitrobenzene. Two molecules of aniline and one of
paratoluidine are thus joined as indicated in the reaction:

NH.>

J» j /

? 3 j { ^ > N H 2 + 3 0 = C ( O H ) —
H N ' N .

2H2O

2 mols. aniline Pararosaniline base,
i mol. paratoluidine Triaminotriphenyl carbinol.

A colorless crystalline solid

The carbon atom of the methyl group in paratoluidine is
the one which loses hydrogen, thus leaving its valences free
to unite with the other molecules from which oxidation has
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also removed hydrogen. It will be noted also that one
oxygen atom has found' lodgment between the methane
carbon and its only remaining hydrogen atom. This single
atom of carbon is called the methane carbon, since it is the
nucleus of the molecule and because the whole complex
molecule may be regarded as a molecule of methane in which
the four hydrogen atoms have been replaced by the larger
groups of atoms now attached to it.

Study of this formula shows that a nucleus of triphcnyl-
methane is present and that the three aniino groups are
distributed one to each benzene ring or phenyl group as shown
in the formula below:

NH,

C(H)—<( y C(OH)-<( )

>NH2

Triphenylmethane Pararosaniline
(colorless)

The function of the methane carbon atom is hero clearly
shown and the three aniino groups are not only affixed to
separate benzene rings, but they occupy similar positions,
and those are all upon the extreme ends of the benzene rings
opposite to that where the attachment to the methane carbon
occurs. It is definitely known that these are the true relative
positions of the ami no groups. The proof of this is given
later.

The true dyestuff is formed from this colorless base by
the action of an acid. The acid combines to form a salt with
the elimination of water, and the salt thus produced is the
dyestuff itself. Many different theories have been maintained
about the structure of the molecule which results from the
separation of water and the formation of the salt which is
the dyestuff; but the following reaction exhibits the structure
now chiefly ascribed to pararosaniline.
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NH2

NH2 + HC1 =

NHo

NH2

NH2 + H2O

= N H 2

Cl
Pararosaniline (colorless) Pararosaniline hydrochloride.

The red dyestuff

PROOF OF THE RELATION OF ROSANILINE TO TRIPHENYL-

METHANE

Although rosaniline was discovered in 1856, and although
the brilliancy of the dye and the high price it commanded
attracted large amounts of capital to its manufacture and
furthermore excited great rivalry among chemists in producing
the dye by new methods not covered by patents, still its
structure was not understood until more than twenty years
later.

A. W. Hoffman in 1861 began the scientific study of
rosaniline, and he came to the mistaken conclusion that the
nitrogen atoms of the aniline formed the nucleus of the dye
molecule. In 1867 Kekul6 contributed the idea that the
—CH3 group of the toluidinc played the part of a nucleus
and held the complex parts together. Zulkowski, in 1869,
made the assumption that there were three —NH2 groups
in the molecule and that it was a derivative of a hydrocarbon,
C18Hi4. A number of other investigators worked upon the
problem until in 1878 Emil and Otto Fischer succeeded in
converting pararosaniline into triphenylmethane and ros-
aniline into diphenyltolyl methane.- This work solved the
problem.

The character of the proof used by E. and 0. Fischer
showing that pararosaniline was a derivative of the hydro-
carbon triphenylmethane is given below.

They first proved that leucaniline was a primary triamine,
for, on treatment with nitrous acid and subsequently boiling
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the product with absolute alcohol, they actually obtained
triphenylmethane according to the following reactions.

/O6H4NH2 'HC1 /C6H4N=N—Cl
HC—CGH4NH2.HC1 + 3HNO2 = HC^-C6H4N=N—Cl + 6H2O

\C6H4NH2 • HC1 \C6H4N=N—Cl
Paraleucaniline. Diazo compound

Triaminotriphenyl- of triaminotriphenyl-*
methane methane

C6H4N=N—Cl
—C6H4N=N—Cl + 3C,H6O
\C6H4N=N—Cl Alcohol

/CGH5
= HC^-CGH5 + 3N2 + 3HC1 + 3C2H4O

Triphenylmethane Aldehyde

Thus in two operations all the nitrogens were eliminated
and the hydrocarbon triphenylmethane stood revealed as
the foundation of this class of dyes.

But these investigators did not rest here: they wished to
reconvert this triphenylmethane back into the paraleucaniline
and this into pararosaniline. Their labors toward this" end
were successful, and the following reactions exhibit their
method.

Triphenylmethane on treating with nitric acid is changed
into a trinitrotriphenylmethane:

/
C r̂x̂  ,/CGH4.NO2

\ O B H 5 ' \c 6H. tNO 2

Triphenylmethane Trinitrotriphenylmethane
By reduction with nascent hydrogen this latter product

is converted into trianiinotriphenylmethane:
/C0H4NO2 /O 6 H 4 NH 2

HO^-06H4NO2 + 18H = HC~-C6H4NH2 + 6H2O
\06H4NO2 \C6H4NH2

Paraleucaniline (colorless).
Triaminotriphenylmethane

By oxidation this changes as' follows:

/0(jH4NH2 /C()H4NH2
—C6H4NH2 + 0 = HOC^-C6H4NH2
\ 0 0 H 4 N H 2 \c f )H 4NH 2

Pararosaniline (colorless).
Triaminotriphenyl carbinoJ
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B y t h e a c t i o n of h y d r o c h l o r i c ac id a sa l t is a t once fo rmed ,

t h e co lo r of t h e t r u e dyes tu f f is d e v e l o p e d in a c c o r d a n c e w i t h

t h e fo l lowing r e a c t i o n :

/ C 6 H 4 N H 2 / C 6 H 4 N H 2

+ HC1 = C ~ - C 6 H 4 N H 2 + H2O
\

O 4 2 6 ^
I
01

Pararosaniline.
(The commercial dye)

Care fu l s t u d y of t h e s e t r a n s f o r m a t i o n s a n d t h o s e that ,

fo l low will b e m o s t t h o r o u g h l y r e p a i d , for a n u n d e r s t a n d i n g

of t h e m will e n a b l e t h e s t u d e n t t o c o m p r e h e n d t h i s e n t i r e

c lass of t r i p h e n y l m e t h a n e d y e s .

B y a n e x a c t l y s i m i l a r m e t h o d , E . a n d 0 . F i s che r showed

r o s a n i l i n e w a s a s imp le h o m o l o g u e of p a r a r o s a n i l i n e , in fac t ,

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

t o l y l m e t h a n e :

£ - 0 6 H 5

\ 0 G H 5

Diphenyltolylmethane

P O S I T I O N O F T H E A M I N O G R O U P S I N P A R A R O S A N I L I N E

I n t h e p r e c e d i n g w o r k , w h i c h d e m o n s t r a t e d t h a t t h e

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

r o s a n i l i n e , n o t h i n g w a s s a i d a b o u t t h e pos i t ion of t h e —NIIL>

g r o u p s in t h e p a r a r o s a n i l i n e . W e h a v e t o boar in m i n d that ,

t h e u s e of t h e sy l l ab le p a r a in t h e s a m e pa ra rosan i l i no w a s

n o t g i v e n t o i t t o sugges t s t r u c t u r e , only to i n d i c a t e t h e use

of p a r a t o l u i d i n e in i t s m a n u f a c t u r e . T h e e luc ida t ion of

t h e r e a l p o s i t i o n of — N l i 2 g r o u p s d e p e n d s u p o n t h e con-

s i d e r a t i o n of t h e fo l lowing f a c t s .

First. P a r a r o s a n i l i n e o n b e i n g h e a t e d w i t h w a t e r b r e a k s

u p w i t h t h e f o r m a t i o n of d i p a r a d i o x y b e n z o p h e n o n e :

GO
N s 0 6 H 4 O H

Diparadioxybenzophenone



THE TRIPHENYLMETHANE DYES 81

In thir compound the two liydroxyl groups occupy the
positions uf two of the —NH2 groups of the pararosaniline,
and as these hydroxyls are known to be in a para position
to the methane carbon of this compound, the —NH2 groups
must likewise have been in the para position in the para-
rosaniline whence it came. This proves, so far, that at least
two —NH2 groups out of the three have the para position,
but nothing in regard to the third. To prove the position of
the third involves a somewhat indirect but still conclusive
line of reasoning.

Second. By acting upon benzaldchyde with two molecules
of aniline, there is produced diaminotriphenylmethane shown
here:

C(JH5CHO + 2C0H?NH2 == CH==(CGH4NH2)2 + H2O
Benzaldehyde Aniline Diaminotriphenylmethane

By heating with water and fusing with caustic potash
this diaminotriphenylmethane is converted into diparaoxy-
benzophenone by the reaction indicated below:

,C0H5 /C0H0

CH(C0H4NH2)2 -^ CH(O5H4OH)2 -+ COCCpH^OH^
Diaminotriphenyl- Dioxytriphenyl- Paradioxybenzo-

methane methane phenone
In this compound the two hydroxyl (—OH) groups are

known to be in the para position to the methane carbon, and
therefore the two ammo (—NH2) groups which were replaced
by the hydroxyl (—Oil) groups must have occupied the para
position in the original diaminotriphenylmethane.

Third. If for the condensation with aniline, we select
in place of benzaldehyde, paranitrobenzaldehyde, then accord-
ing to the following reaction there results paranitrodiamino-
triphenylmethane. By reduction this is converted into
paratriaminotriphenylmethane.

WCJ may now be sure that the third amino (—HN2) group
in triaminotriphenylmcthano occupies a para position, because
it was already in the para position as a nitro group in the
paranitrobenzaldehyde employed for the reaction. Thus
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all three amino (NH2) groups hold para positions in reference
to the methane carbon. The triaminotriphenylmethnne
is easily oxidized to pararosanilino, whose formula may now
with certainty be written as follows:

NHo

NH2

NHo

Pararosaniline (colorless).
Triaminotriphenyl carbinol Pararosaniline (the dye)

We are now in the position to appreciate the perplexity of
the early investigators who, after preparing an aniline of
especial purity, were unable on oxidation of it to obtain any
rosaniline at all. Pure aniline contains no methyl-group to
furnish the necessary methane carbon atom as nucleus of
the dye molecule. The ordinary commercial aniline always
contained toluidinc, and it was the methyl (—CH3) group
of the toluidine which all unknown to the earlier chemists
furnished this needed methane carbon for a nucleus.

MANUFACTURE OF ROSANILINE

Arsenic Acid Method. Aniline oil for red containing, as
found in commerce, both ortho- and paratoluidine is poured
into an iron kettle. For each 100 parts of aniline, 125 parts
of 75 per cent syrupy arsenic acid are added. The covered
kettle is provided with a distilling tube through which during
the eight hours' boiling, a considerable portion of a mixture
of aniline and water, called " 6chappes" (from tchapper,
to escape), distills over and is saved. The temperature in
maintained somewhat above the boiling point of aniline and
by means of a rotating stirrer within the kettle the mass is
kept in constant agitation.

The residue in the kettle is then boiled with water which
dissolves the dye in the form of arseniate and arsenite of
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rosaniline: some ehrysaniline, excess of arsenic acid and
resinous substances also go into solution.

The insoluble residue contains1 manvaniline, violanilinc
and chrysaniline.

The filtered solution of the dye and its soluble impurities
is treated with a large excess of common salt. The arscniate
of rosaniline is decomposed by the salt forming hydroehloride
of rosaniline and sodium arscniate. The strong salt brine
from the excess of salt causes the coloring matter to separate
out. This use of a solution of salt to precipitate a dye is called
"salting out." It is of very frequent use in the dye industry.

The precipitated rosaniline is crystallized from water,
and it may be redissolvcd, salted out again, and recrystallized.
The mother liquors contain an impure rosaniline and they are
worked up for inferior grades (chrysaniline, cerise, geranium,
etc.)- The jdeld of rosaniline is about 25-42 per cent of the
amount demanded by the theory.

The Nitrobenzene Process. The previous process always
gave a poisonous product on account of the arsenic which
was retained: sometimes as high as 6 per cent in crude
manufacture. To obviate this disadvantage nitrobenzene and
ferrous chloride were made to replace the arsenic acid as an
oxidizing agent. The ferrous chloride with hydrochloric acid
is oxidized by the nitrobenzene to ferric chloride and this
then oxidizes the aniline, the nitrobenzene not entering into
the formation of the dye. To 100 parts of aniline oil, two-
thirds of the quantity of hydrochloric acid necessary for
saturation is added and then 50 parts of nitrobenzene. The
mixture is heated and agitated: meanwhile, 3 to 5 parts of
iron filings are gradually added. The separation of rosaniline
is accomplished as in the arsenic process. Considerable
induline results .as a by-product, but no chrysaniline. A
much purer rosaniline is produced by this process and one
entirely free from arsenic. This method is now almost
exclusively used.

Formaldehyde Process. Formaldehyde has been used to
furnish the methane carbon of rosaniline. It forms with
aniline an anhydroformaldehydeaniline which when treated
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with more aniline forms a rosaniline. The method is capable
of easy production of substituted rosaniline, by taking
substituted anilines for the starting point.

CONSTITUTION OF PARAROSANILINE HYDROCHLORIDE

Three constitutional formulas among others for the dye
pararosaniline hydrochloride have been proposed, which have
had their stout defenders.

1. The one proposed, and stoutly maintained by Rosenstiehl,
exhibits the chlorine attached directly to the methane carbon
atom.

2. That proposed by E. and 0. Fischer has the chlorine atom
attached to the nitrogen and the valence which in Roscn-
stiehPs formula holds the chlorine is also attached to the
nitrogen, recalling the older formula of quinone.

3. Nietski's formula resembles Fischer's so far as the
position of the chlorine, but the fourth valence of the methane
carbon is attached to the nearer end of the benzol ring,
carrying the nitrogen and causing a readjustment of the
valences in the ring itself so that nitrogen is also held to the
ring by two valences.

This arrangement, in accordance with Fittig's quinone
formula, is called the " quinoid " linking. The latter formula
is now largely given the preference. The following formulas
clearly exhibit their several differences:

/0 6 H 4 NH 2 /C 6 H 4 NH 2 /C6H4NH2
C^-CdH4NH2 C~-C6H4NH2 C~-C6H4NH2
| \0GH 4NH 2 \0GH4NH2Cl M3GH4=
Cl

Rosenstiehl E. & O. Fischer R. Nietski

CONSTITUTION OF PARAROSANILINE

Considerable proof has accumulated to show that the para-
rosanilinc, which has long been regarded as a carbinol of the
following type.

/C0H4NH2

H0C~-C6H4NH2

\06H4NH2
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has an isomer in the form of an ammonium base with the
hydroxyl^not joined to the methane carbon, but to a nitrogen
atom, thus forming a true ammonium base as shown below:

/C3H4NH2

Pararosaniline.
(Ammonium base)

Hantsch maintains that the dyes are realty salts of this
ammonium base and not of the carbinol base, and that the
carbinol base is transformed into the ammonium base before
it can combine with an acid, eliminating water, to form a
salt and develop the properties of a dye. This would make
the rearrangement of valences to form the quinoid linking

" a function of the color base instead of the salt or dye.
What has been said of the relations of the pararsoaniline

hydrochloride in its relation to the color base and the leuco
base may be applied to rosanilinc itself and to the whole
class of triphenylmethane dyes.

LEUCO BASK, COLOR BASE, PARAROSANILINE

The two terms leuco base and color base are both applicable
to derivatives, not only of pararosaniline, but to rosanilinc
and to a large number of compounds manufactured from
both of them. A consideration of the meaning of the terms
as applied to pararosaniline will make their meaning clear
when applied to any other one of this class of dyes. Neither
the leuco base or the color base of pararosaniline has any
color at all, and the only difference in composition is that
the leuco base contains no oxygen while the color base contains
one atom of oxygen. Furthermore, both bases form salts
with acids but with this difference, that the salts of the leuco
base are colorless while the salts of the color base are colored
and form the real dyes. The genetic relation of the three
substances will be apparent from the following reactions.

When an alkali is added to a solution of pararosaniline the
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intense color fades away and the color base, the true para-
rosaniline, is precipitated as follows:

/CCH4NH2 /C6H4NH2
C~-C6H4NH2 + NaOH = HOC~-C6H4NH2 + NaCl

^CGH4NH2C1 \CGH4NH2

Pararosaniline hydrochloride. Color base of
(The dye) Pararosaniline. (Colorless)

By reduction of this color base with ammonium sulphide
or zinc dust and hydrochloric acid the paraleucanilino or
leuco base is produced as follows:

/C6H4NH2 /C6H4NE)
HOC~~CGH4NH2 + 2H = H(*(--CbH4NHf> + H2O

\0 6 H 4 NH 2 \0 6 H 4 NH 2
Pararosaniline. Paraleucaniline.
(Color base) (Leuco base)

New Fuchsine (1889). Isorubin. In new fuchsine or new
rosaniline we have an excellent example of isomerism with
Hoffman's violet or at least with one constituent of that dye.
New fuchsine is pararosaniline enriched by three methyl
groups, and it retains its red color; Hoffman's violet is para-
rosaniline enriched with three methyl groups, and it is violet.
The difference lies in the position of the three methyl groups
in. the two dyes. In Hoffman's violet they are distributed
one in each of the three amino groups of that molecule; in
new fuchsine the methyl groups are distributed one to each
of the three benzene rings proper, as shown in the following
formula:

CH,

<̂  )

:NHo
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New fuchsine is made from orthotoluidine by the new
fuchsine process. This process employs formaldehyde to
furnish the methane carbon atom of the product instead of
depending upon a methyl group of paratoluidine as in the
usual method. Formaldehyde is condensed with ortho-
toluidine to form anhydroformaldehyde-o-toluidinc.

4CH3 = CH2(N0GH5CH3)2 + H2O
Formaldehyde Aniline Anhydroformaldehyde-o-

toluidine
By heating this product with o-toluidine and o-toluidine

hydrochloride, a rearrangement of the molecule takes place
and diaminodit.olylmet.hano results.

CH2=(NC0H4CEy2 +
o-Toluidine

C H 2 [ C 0 4 3 ) 2

Diaminoditolylmethane
When this latter substance is heated with o-toluidinc hydro-

chloride and an oxidizing agent new fuchsine is formed, the
formula of which is given above.

New fuchsine has the advantage of being more soluble
than ordinary fuchsine or rosanilinc.

Hydrochloric acid in excess turns the solution of new
fuchsine yellow, but on diluting with much water the original
color returns. A bright red crystalline precipitate is deposited
on boiling with sodium hydroxide. The solution in strong sul-
phuric acid is yellow, which the addition of water changes to red.

Wool, silk, and leather are dyed a rosanilinc red, which is
brighter and of a bluer tinge than the usual rosaniline shade.
Cotton mordanted with tannin and tartar emetic (potassium
antimonyl tartrate) is likewise dyed the same shade.

Hoffman's Violet (1863), Red Violet 5R. extra, Violet
4R.N., Violet 5R., Violet R., Violet R.R., Dahlia, Primula R.
Under these names, a variety of shades of violet have in the
past appeared upon the market. Some are of reddish, others
of a bluish violet hue. What the shade will be depends upon
the process of manufacture. Any particular shade will be
a mixture of methyl or ethyl compounds of pararosaniline
and rosaniline.
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The red color of these two latter substances becomes a
violet by implanting in them methyl or ethyl groups in pi two
of the amino hydrogen atoms. Selecting pararosaniline and
ethyl iodide as representing the process, the reaction may
proceed as follows:

/C 6 H 4 NH 2
HOO~C6H4NHo + 3C2H*I + 3NaOH =

\0 6H 4NH 2

Pararosaniline. /C6H4NHCoHri

(Leucobase) HOC^-06H4NH0oHr) + 3NaI + 3H. O
\c tjH4NHC2Hr)

Hoffman's violet.
(Leuco base)

In the manufacture, an alcoholic solution of pararosaniline
and rosaniline is treated with caustic soda and ethyl iodide.
The greatest number of methyl or ethyl groups which can
be fixed in this way is three: one in each amino group. The
more completely the methylation is carried on up to this
limit the bluer the shade becomes. Less complete methyla-
tion gives redder shades of violet. Monomethyl or dime thy 1-
rosaniline would be therefore redder than the trimethyl
derivative. A bluer shade ma}r also be produced by intro-
ducing ethyl groups in place of methyl groups. This accounts
for some of the different marks used in the trade.

The hydrochloride is the salt used in dyeing. It has had
a serious rival in methyl violet B. which has almost driven
it from the market.

Methyl Violet B. and 2B. (1861), Paris Violet. Violet 3B.,
Malberry Blue. This is a mixture of two substances, one a
pentamethyl pararosaniline, the other a hexamethyl para-
rosaniline. The purest dimethylaniline, CoH5N(CH3)2 when
oxidized by cupric chloride produces methyl violet B.

In the actual manufacture, there are mixed together
dimethylaniline, cupric chloride, acetic acid, potassium chlorate
and a large amount of common salt. Later processes omit
the potassium chlorate and employ phenol in place of the
acetic acid. In any case, the cupric chloride is reduced to
cuprous chloride; this is then changed back to cupric chloride.
I t thus acts as an oxygen carrier during the process. The
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cuprous chloride unites to form an insoluble compound with
the dyestuff as it is produced. This was formerly decomposed
by hydrogen sulphide and the soluble dye separated from the
insoluble copper sulphide. At present ferric chloride decom-
poses the double salt changing the cuprous to cupric chloride
which remains in the mother liquor while the methyl violet B.
is precipitated by the dissolved salt.

It is not known what special function the phenol exercises
in the process for methyl violet B.; but the yield is for some
reason greater than with the acetic acid it replaces.

Dimethylaniline would not seem to furnish any methane
carbon as a necessary nucleus; but it in fact yields one of its
methyl groups for this purpose.

The reaction may proceed as follows:

+ 30 + HC1 = 0^-00H4N(CH3)2 + 3H2O
\c6H4N(CH8)2Cl

Dimethylaniline Methyl violet B.
It is of interest to note, that oxidation of diinethylaniline

will not take place in acid solution with lead peroxide,
manganese1, dioxide or chromic acid. In direct contrast to
this, is the successful oxidation of dimethylaniline in con-
junction with tetramethyldiaminodiphenylmethane to form
the same dye methyl violet B.

Methyl violet B. is a shining metallic green powder which
easily dissolves in water or alcohol to a violet solution. Silk
and wool are dyed directly and cotton after mordanting with
tannin and tartar emetic. It is frequently used with other
colors to improve and beautify the shade.

Hydrochloric acid produces first a blue color, then a green
and by adding more acid a deep yellowish brown. Sodium
hydroxide causes a brownish red color and a precipitation
of the color base, of the same color. I t dissolves in strong-
sulphuric acid with a yellow color which the gradual addition
of water turns yellowish green, then greenish blue and at
last violet.

The actual dye contains also hexamcthylpararosaniline,
and the more this latter component is present, that is the
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greater the number of methyl groups present, the bluer tho
shade of violet. The two components are represented below:

NHCH3

N(CH3)2

•=N(0H3)2

Cl
Methyl violet B and 2B.

Ethyl Violet. This dye is a derivative of pararosaniline.
Within the formula of pararosaniline there are six hydrogen
atoms in three amino groups; these are all replaceable by
other radicals or groups of atoms and in this particular case
all six hydrogens have been replaced by six ethyl groups.
The color of the dye changes under the influence of the ethyl
groups from magenta to violet.

In its manufacture, pararosaniline is not first made and
then the ethyl groups, as in the preparation of Hoffman's
violet, but diethylaniline, already carrying two ethyl groups
in its amino groups employed. Three molecules react with
one molecule of phosgene, COCL2; as follows:
3C6H5N(C2H5)2 + COC12 =

C[CdH4N(C2H5)2]3Cl + HC1 + H2O

The constitutional formula shows the pararosaniline nucleus
contained within it.

' " N(C2H5)2

N(C2H5)2

=N(0 2 H 5 ) 2

Cl
Ethyl violet.

Eexaethylpararosaniline hydrochloride
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Ethyl violet is a green crystalline powder which dissolves easily
in water to a violet blue color. Wool, silk, and cotton which has
been mordanted with tannin are dyed from a hike-warm bath.

Hydrochloric acid turns the aqueous solution reddish
yellow. Sodium hydroxide produces a grayish violet precip-
itate which on heating melts together to form a brown oil;
the solution becoming in the meantime colorless.

The dye dissolves in strong sulphuric acid to form a brownish
yellow solution, which is changed to green by the addition
of a liberal amount of water.

Methyl Violet 6B. (1868), Paris Violet 6B., Benzyl Violet.
This is the bluest shade of the methyl violets and the mark 6B.
stands for a dye in which the blue shade is the deepest of the
commercial brands. Methyl violet itself is a mixture of penta-
and hcxamethylrosaniline. Now it has been found that benzyl
chloride, C6H5CH2C1, will react with methyl violet, producing
a substance enriched by a benzyl group (C6H5CH2).

Formerly it was supposed that the benzyl group was
capable of driving out the methyl groups already established
in the molecule. 0 . Fischer has proved that no methyl
group is disturbed, and that it is hydrogen alone which has
remained unreplaccd in an amino group which can be
exchanged for a benzyl group.

Thus it will at once be understood why it is that hexamethyl-
pararosanilinc, a constituent of methyl violet, containing no
hydrogen in its amino groups, cannot react with benzyl chloride
and so enrich itself with a benzyl group. Pentamethylrosaniline
can react by exchanging its single amino hydrogen for a
benzyl group, which develops a bluer shade in the dye.

The constitutional formula is shown below:

<^ ^N(0H3).(0H206H5)

Methyl violet 6B.
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The marks 2B., 3B., 4B., and 5B. are simply mixtures in
varying proportions of the marks B. and 6B.

The dyestuff has a brownish shade and a metallic bronzy
lustre. I t comes either in lumps or powder. The hydro-
chloride, and the hydrochloride as a double salt with zinc
chloride are the commercial forms.

Fibres dyed with methyl violet become reddish violet when
treated with sodium hydroxide: methyl violet 6B., with
sodium hydroxide, turns light blue: on standing, both solu-
tions lose their color.

Crystal Violet (1883), Crystal Violet O., Crystal Violet,
Violet C, Violet 7B. Extra. This dye was given its name
on account of the size and beauty of its crystals. It is a
hexamethyl derivative of pararosanilinc. The effect of
implanting six methyl groups in the red dye is to change
it to violet. The methylation of pararosaniline by acting upon
it with methyl iodide cannot be carried further than to form u
trimethyl compound, as was stated under Hoffman's violet.

Another process is employed. One among others for attaining
the same object employs dimethylaniline, C G H S N X C H ^ , and
phosgene, COC12. Each molecule of dimethylaniline contains
two of the requisite six methyl groups and by the action of
phosgene (to supply the methane carbon) on three molecules
of dimethylaniline the color base is developed in accordance
with the following reaction: ,n TT wrrw ̂
COC12 + 3C6H5N(CH3)2 = HOC~~C6H4N(CH3)2 + 2HC1

\C6H4N(CH3)2
Phosgene Dimethylaniline Color base: Crystal violet

The color base reacting with the hydrochloric acid produces
the dye, the formula of which is given below:

N(CH3)2

N(CH3)2

>=N(OH3)2
Crystal violet. Cl

Hydrochloride of hexametbylpararosaniline
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As the influence of methyl groups entering the red mole-
cule of pararosaniline is to produce first a violet and then
a bluer shade in proportion to the number of methyl groups,
this dye, containing the maximum number that can possibly
enter the molecule, gives in dyeing a pure and very blue
shade of violet.

The dyestuff appears as bronze glistening crystals, which
easily dissolve in water and alcohol to a violet blue color.

Hydrochloric acid causes first a change of shade to blue,
then green and finally yellow. A violet precipitate falls on
adding caustic soda. Strong sulphuric acid forms a yellow
solution of the dye which the addition of water gradually
converts to green, blue, and lastly to violet.

Silk and wool, and tannin-mordanted cotton are dyed a
bluish violet.

Another method of formation consists in the condensation
of one molecule of tetramethylduiminobenzhydrol with one
molecule of dimethylaniline. The leuco base thus produced
is oxidized and the hydrochloric acid salt formed to develop
the dye. Hero, as before, the six methyl groups needed are
provided in the factors of the reaction as represented below:

CHOH + HC0H4N(CH3)2 ==

\(36H4N(CHS)2
Tetramethyldiamino- Dimethylaniline

b h d 1
+ H2O

( i 4 8 2
Leuco base: Crystal violet

Oxidation in acid solution would develop the color base
and the salt would be formed, at once developing the bluish
violet of the dye.

/C6H4N(CH3)2 /OoB^NCOHgfc
HC£~C6H4N(CH3)2 + 0 + HC1 = C^C(;H4N(CH3)2 + H2O

\O6H4N(OH3)2 ^
Cl

Leuco base Crystal violet

Methyl Green (1871), Paris Green, Light Green, Double
Green. Methyl violet is the basis of methyl green; for,
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on treating the former, which is a hexamethylpararosaniline,
with methyl chloride, an addition of a methyl group and a
chlorine atom takes place, forming a heptamethylpararosaniline.
A change from violet to green accompanies the change from
the hexamethyl to the heptamethyl compound.

In the manufacture, it is only necessary to pass the vapor
of methyl chloride through a solution of methyl violet in
alcohol kept at a temperature of 40°, and the methyl chloride
decomposing attaches both its methyl group and chlorine
to a dimethylamino group of the dyestuff. The alcohol is
carefully distilled off, water added to dissolve the product
and by addition of chalk and salt the methyl green is pre-
cipitated, having a composition shown by the formula:

yC6H4N(CH3)2
C^-C6H4N=(CH3)3C1

>C6H4N=(CH3)2C1
Methyl green.

Heptamethylpara-
rosaniline chloride

The zinc chloride double salt is the most common com-
mercial form; it appears in green crystals.

The dyestuff dissolves easily in water; a spot on paper will
turn violet on drying and heating, strongly indicating a
separation of methyl chloride and a regeneration of methyl
violet from which it was formed. The dyestuff heated to
110-120° gradually loses methyl chloride and becomes violet.
This property leads to its detection on a fabric, for if a portion
of the green material on heating to 120° turns violet methyl
green was the original of the dyestuff.

The more intense coloring power and cheapness has caused
malachite green to almost completely replace methyl green
in the dyehouses.

Methyl Violet, as an impurity of methyl green, may be
detected by shaking the dyestuff with amyl alcohol, wherein
the methyl violet is soluble and communicates its own violet
color to the solution; the methyl green remains insoluble.
Here is an instance where silk may be dyed green directly
but wool must be mordanted by immersing in a bath of
sodium hyposulphite rendered acid, so that the finely divided
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sulphur may impregnate the fibre, forming a mordant; then
the wool will take the green color. Tannin-mordanted cotton
is dyed green.

Picric acid, CeB^NC^OH, forms a soluble precipitate in
aqueous solution; it dissolves in alcohol, however, and is
known as "spirit-soluble green.77

Ethyl Green (1866). If methyl violet is treated with ethyl
bromide, an ethylhexamcthylrosaniline is formed similar in
its properties and reactions to methyl green, and, as a
matter of fact, it was discovered five years before methyl
green.

Aniline Blue (i860), Opal Blue, Gentian Blue 6B., Fine
Blue, Hessian Blue. When pararosaniline (and rosaniline)
are treated with an excess of aniline in the presence of benzoic
acid, the hydrogen atoms of the amino groups are successively
replaced, forming mono-, di-, and triphenyl derivatives of
of pararosaniline, which result according to the length of
time consumed in the process. Purest aniline blue, charac-
terized as opal blue, is a triphcnylpararosanilinc, one phenyl
group distributed to each amino group as shown in the
following formula:

/C6H4—NH(C6H5)
c£OH4—NH(O6H5)

01
Aniline blue (spirit soluble).

Hydrochloride of triphenylpararosaniline

Three phenyl groups arc all that can be introduced into
the pararosaniline (or rosaniline) molecule by the process of
manufacture described below.

When only one or two phenyl groups enter the larger mole-
cule the shade inclines to violet.

During the manufacture, the amino group of the aniline,
which is to furnish the entering phenyl group, escapes as
ammonia. The function of the benzoic acid is obscure.
Rosaniline, without the acid being present, does not react
with aniline and yet a very small amount is sufficient to
facilitate the process. At the end of the reaction the benzoic
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remains unchanged and can be recovered by the use of an
alkaline solution with but slight loss.

Yet the employment of a larger amount of acid docs not
hasten the phenylation of the rosanilinc, but a larger excess
of aniline (ten times the theoretical amount) docs hasten
the action and thus save time. It also has the effect of
making the product entirely a triphenyl rosaniline free from
the monophenyl and diphenyl compounds.

If higher homologues of aniline are present, a reddish
shade of blue results. So necessary is pure aniline for the
attainment of the purest blue, that a specially prepared grade
is made available in commerce known as aniline for blue.

When ordinary rosaniline which contains both pararosaniline
and rosaniline is used, it is found that the former acquires
the phenyl groups more quickly than its higher homologuc:
if the operation is pushed to the end until the rosaniline
molecule is itself completely phenylated, then some of tri-
phcnylpararosaniline first formed is found to have mean-
while partly decomposed. A pure blue is not easily obtained
from the mixture.

The commercial process is carried out in an iron kettle
provided with a stirrer and a distillation outfit. A mixture
of rosaniline base, benzoic acid, and aniline is charged into
the kettle and the mass heated to the temperature of boiling
aniline. Since the product of this reaction is colored, its progress
can be determined by the development of the color. A
test portion is withdrawn and dissolved in alcohol acidified
with acetic acid. When this develops the proper shade, the
process is interrupted. Too long heating causes a partial
decomposition of the product. From two to four hours7

heating usually suffices. The melt is partially neutralized
with hydrochloric acid, which causes the separation of the
hydrochloride of triphenylrosaniline almost chemically pure,
while the solution of aniline in aniline chloride keeps the
impurities in solution.

This process has completely superseded the one producing
a more impure product and removing the impurities with
alcohol. The lower phenyl derivatives of rosaniline are
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soluble in alcohol while the triphenyl compound is in-
soluble.

The hydrochloridc salt forms a bronzy powder: the sul-
phate or acetate is a bluish powder. The dyestuff is insoluble
in water, but the acetate easily soluble in alcohol, the sulphate
and hydrochloridc with more difficulty.

Hydrochloric acid causes no change to the alcoholic solution
of the dye. A brownish red shade follows the addition of
caustic soda to the same solution. It dissolves in strong
sulphuric acid with a brownish yellow color: the dilution
of this with water produces a blue precipitate.

Aniline blue has been employed for dyeing wool, silk, and
cotton: also for coloring paper pulp and lacquers. It is
principally used for conversion into a soluble sulpho acid
derivative by treating with sulphuric acid.

Diphenylamine Blue (1866) (spirit soluble), Bavarian Blue
(spirit soluble), Direct Blue. Oxalic acid acting upon
diphenylamine, (CeH'rOaNH, produces triphenylpararosaniline.
It differs from aniline blue being a pure triderivative of para-
rosaniline, while aniline blue is a mixture of triphenyl deriv-
atives of both pararosaniline and rosanilinc (while mono- and
di-derivatives may also be present).

The following equation exhibits the reaction:

3(C(iH,)2NH + 02H2O4 =
Diphenylamine

CO2 + 3H2O + CH(Cr,H4)3N3(Ci,H5)3
Diphenylamine blue

Washing the product removes any unchanged oxalic acid
and boiling with alcohol removes any diphenylamine remaining.

The residue is converted to the hydroehloride salt and
purified.

Diphenylamine blue is of a finer quality than aniline blue,
but more exepnsive. Its constitution appears below:

C0H4NHC(iH5

4NHC6H5

/ C 0 H 4
C%-C(iH4

01
Diphenylamine blue.

Eydrochloride of triphenylrosaniline
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Its cost, is increased from the fact that only about 10 per
cent of the diphenylaminc is actually converted into color-
ing matter by the process.

The dyestuff appears as a brown powder. It is insoluble
in water, sparingly soluble in cold alcohol, but easily in hot.
The reactions with acid and alkali are similar to those for
aniline blue, and like that dye it is chiefly converted into a
soluble blue dye by conversion into a sulpho acid with sul-
phuric acid.

Night Blue (1883), is related to the two preceding dyes,
in so far as its nucleus is diphenylnaphthylmcthane. It
is produced when tetraethyldiaminobenzophenonc chloride
acts upon paratolyl-a'-naphthylamine as follows:

CC12 + C10H7NC6H4CH3 =

Tetraethyldiamino- Paratolyl-a-naphthylamine
benzophenone chloride

/C6H4N(C2H5)2
C(-C6H4N(C2H5)2 + HC1
|\C1OH6N(COH4CH3).HC1i :

Night blue
A peculiar property of this dye is its facility of forming

insoluble compounds with other dyes, e.g., picric acid,
naphthol yellow S., and many others. It may on this
account be used to estimate these dyes quantitatively.

Night blue owes its name to its especial beauty under
artificial illumination. It occurs in commerce as a violet
powder with a bronze lustre. In water it dissolves easily
with a violet blue color. Wool and silk are dyed a very
pure shade of blue which is fast to soap, but unfortunately
fugitive to .light. Hydrochloric acid forms a precipitate in
aqueous solution, but further addition of the acid causes it
to dissolve to a yellowish brown solution.

Caustic soda causes the color base to fall as a pale reddish
brown precipitate. It forms a yellowish brown solution in
concentrated sulphuric acid which changes first to green and
then to blue by adding water.
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Victoria Blue B. (1883). In this dyestuffpn.Q oJL
groups which is present in the p a r a r o s - a i ^ M A l ^ ^
replaced by naphthyl, the radical of naphthalene^as phenyl
is the radical of benzene. The nucleus of this dyestuff is
then diphenylnaphthylmethane. There are several dyes
which bear a similar relation to diphenylnaphthylmethane.

Victoria Blue B. is an example of such a dye. It is often
classed as a phosgene dye, because the methane carbon is
furnished by phosgene, COCI2. Phosgene and dimethyl-
aniline react in the presence of A1C13, according to the follow-
ing equation, to form tetramethyldiaminobenzophenone:

COC12 + 2C6H5N(CH3)2 = 0O[C6H4N(CH3)2]2 + 2H01
Phosgene Dimethylaniline Tetramethyl-

diaminobenzo-
phenone

By melting tetramethyldiaminobenzophenone with phenyl-
a -naphthyl am in e and phosphorus oxychloride, the Victoria
blue B. is formed as shown below:

N(OH3)2

N(OH3)2

Tetramethyldiamino-
benzophenone

NHOAH
+ HC1 =

6n5

Phenyl-
naphthylamine

N(CH3)2

<^ ^ > = HoO

01

NH00H5

Victoria blue B.
In commerce, this dye appears as a violet powder or shining

grains, which are sparingly soluble in cold water but more
easily in hot. If its deep blue aqueous solution is boiled,
the liquid becomes turbid, owing to the separation of the



100 COAL-TAR DYES

free color base which settles out as a reddish brown pre-
cipitate. Acetic acid will prevent this decomposition.

The addition of sulphuric acid to its aqueous solution
turns it from blue to green and then to orange; but the original
blue returns on neutralizing the acid. This change is sup-
posed to be due to the formation of salts having more than
one equivalent of acid. Hydrochloric acid first causes a
blue precipitate; then it changes to green and finally to a
dark yellowish brown. A dark reddish brown precipitate
falls on adding caustic soda.

Wool and silk are dyed from a bath containing acetic acid.
Cotton may also be dyed directly from an acetic acid bath;
or it may be dyed after first mordanting with tannin and
tartar emetic. Tho blue imparted to fabrics is moder-
ately fast to soap and milling, but shows less resistance to
light.

Reducing agents transform this dye into its leuco base,
which will again yield the blue dyestuff by oxidation in acid
solution. The blue color on the fabric changed to reddish
brown by sulphuric acid is restored by washing in water.

Victoria Blue 4R. This dyestuff is in many respects similar
to the preceding. I t is formed from the same compound,
tetramethyldiaminobenzophenone; or from tetramethyldi-
aminobenzhydrol, which differs from it by an accession of
two hydrogens. Combination takes place between this and
methylphenyl-a-naphthylamine in a reaction very similar to
that for Victoria blue B. The graphical formula shows its
difference from that dye.

N(0H3)2

Victoria blue 4R.
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The presence of a methyl group in this blue dye in place
of a hydrogen of Victoria blue B. has the effect of produc-
ing a redder shade of blue. In its properties and application
i t resembles Victoria blue B. Victoria blue 4R. appears
either as a powder of a bronze lustre, or, if from a melted
condition, of a yellowish bronze reflex. Caustic soda causes
a, brownish violet precipitate to separate.

Firn Blue (1892), Glacier Blue. This blue dye has the
same empirical composition as Victoria green 3B., and is a
good illustration of isomcric substances of different color,
o n e green, the other blue. Victoria green 3B. contains four
xnethyl groups distributed into two amino groups. Only two
of the four methyl groups in firn blue are in the amino groups;
t h e other two are joined directly to benzene rings. Thus
instead of dimethylaniline, C<5H5N(CH3)2, monomethylortho-
toluidine, C6H4(CH3)NHCH3, is allowed to act upon dichlor-
benzaldehyde, C6H3C12CHO, as follows:

C6H3C12CHO + 2CCH4CH3NHCH3 =
Dichlorbenzaldehyde Monomethylorthotoluidine

/CGH3C12
HO^-CGH3OH3NHCH3 + H2O

\CGH3CH3NHCH3

Leucofirn blue
Oxidation of this louco base and formation of its chloride

develops the dye from this.
Cl

Cl
o NHOH30H3>=NH0H30H301Firn blueThe zinc chloride double salt appears in commerce as areddish violet powder of a lustre like copper. Its solution in
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water is greenish blue, and on cooling it gelatinizes. It dyes
silk and wool a greenish blue; cotton is mordanted with
tannin before dyeing.

It is a beautiful color which is fast to washing and light.
Hydrochloric acid produces a dark green precipitate which

changes to yellow with further addition of the acid. A
yellowish orange turbidity follows the addition of caustic
soda. Strong sulphuric acid dissolves the dye to a yellow
solution, from which the addition of water separates out a
green precipitate.

Victoria Green 3B. (1883), New Fast Green 3B., New Solid
Green B.B. and 3B. has the same composition as malachite
green, with the exception of two atoms of chlorine. The
effect of these two chlorine atoms is to give a bluer shade
of green. The chlorine atoms are already fixed in the dichlor-
benzaldehyde, which acts upon dimethylaniline as follows:

/C6H3C12
C0H3C12CHO + 2C6H5N(CH3)» = HC~-CCH4N(CH3)2 + H2O

\c6H4N(CH3)2
Dichlorbenzaldehyde Dimethylaniline Letico Victoria green

By oxidation and formation of the chloride, the dye is
developed; its constitution is shown below:

Cl

=N(CH3)2

!
Victoria green 3B.

Hydrochloride of tetramethyl-
diaminod ichlortripheay lmetha ne

The double salt of this with zinc chloride is the commercial
dye which appears as a green glistening crystalline powder.
It is sparingly soluble in cold water but more easily in hot.
Alcohol dissolves it readily. The hot aqueous solution gelati-
nizes on cooling.
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Hydrochloric acid turns it yellowish green, then yellow.
The solution is turned a reddish yellow, and a slight pre-
cipitate falls on the addition of caustic soda.

Wool, silk, and tannin-mordanted cotton are dyed a bluer
shade of green than with malachite green.

Malachite Green (1877), Benzaldehyde Green, New Victoria
Green, New Green, Fast Green, Vert Diamant, Bitter Almond
Oil Green, Benzoyl Green, Benzal Green, Diamond Green, and
Dragon Green are all names of a beautiful green dye which
at one time was manufactured in large quantities.

The first of these two names suggests its resemblance to
the magnificent green Russian mineral malachite, and the
second recalls the substance used in one method of prepara-
tion. The chemical name which reveals its structure is tetra-
methyldiaminotriphenylmethane hydrochloride. A careful
inspection, later, of the graphical formula of this substance
will show the significance of each syllable of this name.

One process, and the one which gave this dye the name
of benzaldedyde green, consists in heating together one
molecular equivalent of benzaldehyde, CoHsCHO, and two
equivalents of dimethylaniline, CoHsNCCHs^ with anhydrous
zinc chloride. As these formulas are examined, they will
be found to be benzene rings which are already possessed
of the side groups that really appear in the larger complex
molecule of the dye.

Benzaldehyde furnishes in its side group —C<L the carbon
^ 0

atom which is to become the methane carbon uniting the
three benzene rings of the dye molecule. The dimethylaniline
exhibits benzene rings enriched not only with the requisite
amino groups, but these groups are possessed of the requisite
methyl groups.

The oxygen of the benzaldehyde unites with a single
hydrogen from each of the two molecules of dimethylaniline,
forming water which is then attracted and held by the anhy-
drous zinc chloride. The zinc chloride thus stimulates the
reaction by its attraction for water.
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The residues of the larger molecules unite, being held by

the single carbon atom brought into the reaction in the side
group of the benzaldehyde. The reaction is as follows:
C6H5CHO + 2C6H5N(0H3)2 =

CH[C6H4N(CH3)2]2C6H5 + H2O,
or graphically,

j C6H4N(CH3)2

j
/C6-̂C6C=jO i = HÔ -C6H4(CH3)2 + H2O

\ H |HjO6H4N(CH3)2 \06H4N(0H3)2
Benzaldehyde Dimethyianiline Leuco malachite green

In the process of manufacture the two substances, both
of which are liquid, are heated together with zinc chloride,
sulphuric acid, or anhydrous oxalic acid, which facilitates the
reaction by causing the separation of water. The mixture is
constantly stirred and becomes thick and pasty. The product,
which is the leuco base, is dissolved in hydrochloric or acetic
acid and oxidized by the addition of lead peroxide.

This oxidation thrusts a single oxygen atom between the
carbon and hydrogen atoms of the methane nucleus and thus
changes the leuco base into the color base as follows:

C H \ *C )>N(CH3)2 + O = COH / ~ ~ \

>N(CH3)2 x I Z ^
Leuco base of Color base of
malachite green malachite green

The lead is afterwards precipitated and removed as sulphate
by the addition of sodium sulphate. The hydrochloric acid
present in the solution acts at once upon the color base, form-
ing water and converting it into the hydro chloride—a salt
which is the dye itself. The chlorine does not attach itseli
to the carbon from which the OH group was removed tc
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form water; but by a rearrangement of valences, it becomes
joined to a nitrogen atom. This arrangement, known as the
quinone structure (because it occurs in the substance qumone),
is shown below:

COH < >N(CH3)2 + HC1 =

Color base of
malachite green

N(CH3)2

H2ON(CH3)2

=N(CH3)2

Cl
The salt or the dye
malachite green

From the solution in which the dye was formed it is pre-
cipitated by zinc chloride and common salt, whereby the
double salt of the dye and zinc chloride is formed. This,
being insoluble in a salt solution, falls as a precipitate. It
is filtered off, rccrystallizod from hot water, and is then ready
for the market.

The double salt is the form met with in commerce as brass
yellow crystals of the following composition (C23H25N2C1)3,
2ZnCl22HO.

The oxalate, (C23H25N2C1)23C2H2O4, in metallic green
glistening plates, is also a commercial form of the dye.

Other methods beside that given above have been used
on a commercial scale, and the varying cost of raw materials
often render alternative processes necessary; as the following
account will show. Malachite green was first obtained by
Otto Fischer from tetramethyldiaminotriphenylmethane by
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oxidation. A short time afterward, Doebner obtained it by
the action of benzotrichloridc, CGH5CCI3, on dimethylaniline.
This process was patented and used on a commercial scale.
The manufacture by Fischer's method did not seem possible
on account of the cost of bcnzaldehyde, CCH5CHO, which he
needed as a starting-point. The difficulties in making benz-
aldehyde were later overcome, however, and so much cheaper
was it finally produced that. now Fischer's process is used
commercially, and the benzotrichloride, which never gave very
good results, is entirely abandoned.

Silk is dyed from a pure soap bath and brightened with
acetic acid. Wool is dyed in a weak acid bath. Cotton
first requires mordanting with tannin and tartar emetic.

Concentrated hydrochloric acid gives an orange color
which changes back to the original green when treated with
much water. Acetic acid removes the color with a bluish
green tint. Ammonia and alkaHes decolorize it completely.
Heat does not change this color, while methyl green becomes
violet.

Brilliant Green (1879), Malachite Green G., New Victoria
Green, Ethyl Green, Emerald Green, Fast Green J., Diamond
Green J., Solid Green J., Solid Green J.J.O., Brilliant Green,
is a close relative of malachite green, for an examination of
its structure reveals ethyl groups in place of the four methyl
groups of the latter. This change in composition has the
effect of producing a yellower shade of green than malachite
green.

It is manufactured from benzaldehyde and diethyianiline
in accordance with the equation:

5)2 /C6H5

C6H5OH|O I = HC^CGH4N(C2H5)2

JH|0GH4N(02H5)2 \O0H4N(O2H5)2

Benzaldehyde Diethyianiline Leucobrilliant green (colorless)
tetraethyldiaminotriphenyl-

methane

A change in color from green to reddish yellow takes place
when hydrochloric acid is added in sufficient amount to the
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concentrated aqueous solution. Sodium hydroxide decolorizes
the solution and causes the color base to separate out us a
pale green precipitate1.

It dissolves in strong sulphuric acid to a yellow solution,
which on gradually diluting with water passes from yellow
to a reddish yellow, yellowish green, and finally green.

Oxidation and foraation of the sulphate produces the
dyestuff as given below:

N(C2H5)2

•=N(C2H5)2

SO4H
Brilliant green

This is employed for dyeing silk, wool, jute, leather, and
cotton mordanted with tannin and tartar emetic. The shade
is yellower than that of malachite green.

Ketone Blue 4B.N. (1890), is a dyestuff containing oxygen,
those so far described in this class having had no oxygen
in their composition. It is a triphenylinethane derivative
and possesses an ethylated hydroxyl group in one of its three
benzene rings.

It is made by bringing together ethyloxydimcthylamino-
benzophenono and methylphenylamme with some hygro-
scopic substance to remove the water formed.

CO + Ot)Hr)N(OH3)O(jH5 + HOI =

Ethyloxydimethyl- Methylphenylamine yCnELOCoHK
diaminobenzophenone « / « TT •» / Q H XQ H

Cl
Ketone blue 4B.IT.
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Ketone blue 4B.N. belongs to a new and important class
of dyes termed Patent Blues, to be discussed later, which arc
fast to alkalies, and this valuable property was ascribed to the
presence of the hydroxyl group, represented here by the cthyl-
oxy group. Further investigation did not confirm this view,
however, and their fastness to alkalies depends upon another
feature of their composition.

The dyestuff appears in reddish violet grains. Both in
water and alcohol it dissolves easily to a violet color. I t
is used for dyeing silk and wool. Hydrochloric acid de-
colorizes the solution of the dye, while sodium hydroxide
turns the liquid brownish red. The solution in strong sul-
phuric acid is yellow and changes to green on dilution
with water.

SULPHONIC ACIDS OF THE TRIPHENYLMETHANE DYES

The discovery made by Nicholson in 1862 that insoluble
aniline blue on treatment with fuming sulphuric acid still
retained its color and became soluble was of far greater im-
portance than making this particular dyestuff available in
soluble form. The method was found applicable to a large
number of dyes, making them available through increase in
their solubility and converting basic dyes into acid dyes,
which further increased their range and usefulness.

By treatment with sulphuric acid the group —SO;* 11,
called the sulphonic acid group, becomes substituted in the
molecule of the dyestuff and converts it into a sulphonic acid
derivative.

The tinctorial power of the dye is not increased by this
treatment; indeed, it is sometimes diminished one-half, but
the dye has become an acid dyestuff, and its value, especially
for wool dyeing, much enhanced.

The sulphonic, or sulpho group, as it may be used
in shortened form, may be introduced into the molecule,
either by treating with sulphuric acid the finished dyestuffs,
or their leuco bases before oxidation; or the components
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may be sulphonated previous to their combination into a
dye.

A difference in the case of sulphonation of some dyes allows
direct conclusions to be drawn in regard to their structure,
e.g., rosaniline can be sulphonated with difficulty, but aniline
blue, which is a triphenyl rosaniline, is sulphonated so
easily that only gentle warming with moderately concen-
trated sulphuric acid is sufficient to introduce the sulpho
group.

(The following formulas show which benzene rings are most
easily sulphonated.) The ease of sulphonation of the aniline
blue shows that the sulpho groups enter the outer three
phenyl groups which have replaced the amine hydrogen
atoms.

Acid Magenta (1877), Fuchsine S., Acid Fuchsine, Acid
Roseine, Acid Rttbine, Rubine. Acid Magenta is a sulphonie
acid derivative of magenta and magenta is a mixture of
rosaniline and pararosaniline. Commercial magenta or rosan-
iline was discovered in 1856. The amino groups gave a
basic character of the dye, and it was applied in the usual
manner for basic dyes. Twenty-one years later the treat-
ment of this basic dye with concentrated sulphuric acid
caused the fixation of three sulphonic acid groups in the
molecule. From their strongly acidifying power the product
became an acid dyestuff. The color imparted by this acid
dye is not different from that given by the basic magenta,
but it has only about half as great tinctorial power. Some
corresponding advantage must offset this loss of coloring
power, and it consists in this, that it is more soluble, and the
dye can be employed in strongly acid baths and also combined
with other dyes and mordants.

It is used for silk and wool, but not for cotton. Dried
commercial magenta treated with fuming sulphuric acid at
100-170° acquires a sulphonic group in each of the phenyl
groups and a trisulphonic acid of magenta results; or since
this is a mixture of rosaniline and paraosaniline so this com-
pound of magenta is likewise a mixture of the trisulphonic
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acids of both rosaniline and pararosanilinc. The sodium salt
of this dye is shown below:

=NH<>

Sodium salts of rosaniline and pararosaniline trisulphonic acids

This dyestuff has the appearance of a green metallic powder.
Water dissolves it easily, but it is almost insoluble in alcohol.
The normal salts are colorless; the acid salts are red.

From the color of the acid salts and the lack of color of
the normal salts, a conclusion is drawn that a kind of salt-
forming union exists between the sulphonic acid group and
the basic amino group of one of the benzene rings as shown
in the formula above, and furthermore that 'in the colorless
normal salts that a carbinol group is present, or in other words,
that the central methane carbon, by the fixation of a hydroxyl
group, becomes a carbinol group exactly analogous to that
of the white rosaniline color base with its carbinol group.

Acid magenta on the fibre may be recognized as different
from magenta by applying a mixture of equal parts of water
and hydrochloric acid. Acid magenta is not changed, while
magenta4 is decolorized; the little acid magenta which dis-
solves from the fibre, forming a cherry red color in the solution,
need cause no confusion.

No change in the color of its solution is caused by hydro-
chloric acid. Caustic soda almost completely decolorizes it;
but, on later adding acids the original color returns. Even
carbonic acid will effect this change. Its yellow solution
in strong sulphuric acid is turned gradually red by water.
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Acid magenta lias been used to color wines, and it is not
so easily detected as common magenta because it will not
dissolve in ether, nor will it combine with, stearic acid, which
arc used in detecting ordinary magenta.

SULPHONIC ACIDS OF THE DIAMINOTRIPHENYLMETHANE DYES

Helvetia Green (1878), Acid Green. The first acid dye of
this group was produced in 1878 and was known under the
names of acid green and Helvetia green. It was prepared
by treating malachite green with sulphuric acid. One sul-
phonic acid group was thus introduced into that benzene
ring which possesses no amino group.

C^-C6H4—N(CH3)2 + H2SO4 =
^C6H4==N(CH3)2

01
Malachite green,

basic dye
•C6H4SO3H /C6H4SO3Na

HOC^-C6H4N(CH3)2 NaOH HOC^--C6H4N(CH3)2
\C6H4N(CH3)2 • \C6H4N(CH3)2

Tetramethyldiamino- Helvetia
triphenyl carbinol green

sulpho acid

This dyestuff is no longer used and is noted here as the
first sulphonic acid compound of its class and as the simplest
example of sulphonation.

Soluble Blue (1862), Water Blue, Cotton Blue, Navy Blue,
London Blue Extra. Aniline blue on being sulphonated at
30-35° forms alkali blue, but if three to four times its weight
of sulphuric acid and a temperature of 60°, and a final tem-
perature of 100-110° be employed, then a further sulphona-
tion occurs and a soluble blue is formed.

Three sulphonic acid groups are thus introduced one into
each aminophenyl group of the molecule. After cooling,
the strongly acid solution is poured into three to four times its
volume of water to precipitate the coloring matter. It is
filtered off and dissolved in a large amount of boiling water;
the excess of sulphuric acid cautiously neutralized by milk
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of lime. After filtering off the calcium sulphate, the filtrate
to which some carbonate of soda or ammonia has been added
is evaporated to dryness.

Soluble blue is a mixture of the sodium, ammonium or
calcium salts of the trisulphonic (with a little disulphonic)
acids of triphenylpararosaniline and rosaniline. The ammo-
nium salt forms a mass of the lustre of copper; while the sodium
salt occurs in dark blue lumps.

The constitution of the dye is apparent from the triphcnyl
pararosaniline derivative here given:

NHC6H4SO3Na

/ \NHC6H4SO3Na

>=NHC6H4SO;

Soluble blue
(when mixed with the rosaniline derivative)

This dye is of advantage in producing compound colors on
silk and wool. It differs from alkali blue in being dyed from
an acid bath and so allowing the simultaneous admixture of
other acid dyestuffs to the bath. In distinction from alkali
blue it is employed upon cotton mordanted with tannin
together with alum, tartar emetic, or tin salt. Cotton is
sometimes dyed directly from a bath containing some alum.

It is never used alone for dyeing silk and wool, as it is not
so fast or so full as alkali blue.

Alcohol dissolves alkali blue and aniline blue from tho dyed
fabric in the cold while soluble blue resists even boiling
alcohol.

No change of color results when hydrochloric acid is added
to its solution in water. A partial separation of the disulpho
acid, however, as a blue precipitate takes place. The shade
changes to a brownish red when caustic soda is added. The
dark red solution in sulphuric acid becomes blue by adding
water and a blue precipitate falls.



THE TRIPHENYLMETHANE DYES 113

Methyl Blue (1862), Soluble Blue 8B., Soluble Blue 10B.,
Wool Blue, etc. From the previously mentioned dycstuff,
soluble blue, this differs in purity and in manufacture. It
is a trisulphonic acid of triphenylpararosaniline free from
admixture with any rosaniline derivative.

Its most recent process of manufacture does not consist in
the sulphonation of a previously prepared triphenylpara-
rosaniline, but in using for combination components which
have already been sulphonated. Thus, in the initial reaction,
diphenylaminemonosulphonic acid and formaldehyde aro
brought together as follows:

C6H5NH'06H4SO3H
CH2O + =

C6H5NH.C6H4SO3H
Formaldehyde Diphenylaminemono-

sulphonic acid
, C6H4NH • G0H4SO3H

CH2 + H2O
N q 4

Diphenyldiaminodiphenyl-
methanedisulphonic acid

Oxidation of this product together with another mole-
cule of diphenylaminemonosulphonic acid results, as shown
below:

,C6H4NH.C6H4SO3H

CH2 + CGH5NH-C6H4SO3H + 2 0 =

/O6H4NH • C6H4SO3H
C ^ C H N H C H S O H + 2H2O

Methyl blue.
The free acid

The disodium salt of this forms the commercial dyestuff.
A variety of acid blue dyes are sold which are more or less
pure trisulphonic acids of triphenylpararosaniline and rosan-
iline mixed with some mono- and disulphonic acid com-
pounds.
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A few among them are China blue7 alkali blue, D. Bavarian
blue D.S.F.

Alkali Blue (1862), Nicholson's Blue, Fast Blue.. The action
of sulphuric acid at 30-35° upon insoluble aniline blue is to
convert it into a soluble monosulphonic acid, which is alkali
blue. The resulting brownish yellow solution is poured into
water and the new compound is precipitated. It is then
washed and • dissolved in the required amount of soda to
form the sodium salt, which is the commercial form of the
dye, and it is then obtained from the solution by salting
out or evaporating to dryness, with the previous addition
of a little carbonate of ammonia. The composition of the
dye is shown in the following formula:

NHO6H5

H— 0—Of < >NHC6H5

>NHC6H4SO3Na

Alkali blue

>NHC6H4SO3Na

Alkali blue

Alkali blue is a mixture of the sodium salts triphenylpara-
rosanilinemonosulphonic acid and triphenylrosanilinemono-
sulphonic acid.

Alkali blue appears in commerce as a brownish powder or
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in lumps which dissolve easily in about five times their
weight of water. The aqueous solution is colorless; the
addition of acetic acid in the cold causes a blue coloration,
and on boiling, the free sulphonic acid is precipitated blue
in color.

Hydrochloric acid completely precipitates the free sulphonio
acid and the solution is left colorless if only a pure alkali
blue were present. If, however, impurities in the form of
di- and trisulphonic acids were present the liquid over the
precipitate will remain colored. Any evolution of carbon
dioxide is due to alkali carbonate present.

Sodium hydroxide changes its solution in water to a reddish
brown. A beautiful brownish red color results on dissolving
it in strong sulphuric acid; water causes a blue precipitate
to separate.

Application. Dyeing with alkali blue is carried on in a
weakly alkaline bath. It is especially adapted for bright
shades on silk and wool but is not used for cotton, as it does
not combine with acid mordants.

As lime salts form insoluble compounds with the dye, the
water of the dyebath must" be free from them or deprived
of them by boiling with a little tin salt. The dyeing is
carried on nearly at a boil, and to secure evenness and
fastness borax or stannatc of soda may be added to the
bath.

A peculiarity of this dye over the other sulpho dyes is its
ability to fix itself upon wool in a slightly alkaline bath in
a colorless condition with no appearance of the blue color
whatever. This property of the dye is ascribed to the basic
amino groups present. In order to develop the blue color
the goods arc passed through a weak hot acid solution .which
converts the sodium salt into the free sulphonic acid which
is the 1)1 ue dye.

Night Green B. (1899) is an acid dye containing two sulpho
groups which arc fixed in the components before they are
caused to unite.

Orthorchlor-m-mtrobcnzaldehyde is caused to combine with



116 COAL-TAR DYES

ethylbcnzykmiline in the presence of some hydroscopic agent
as follows:

+ 2C6H5N(OoH5)(CH2C6H4S03H) =
Ethylbenzylaniline-
monosulphonic acid

06H301.NO2

" O 3 H + H2O

CHO
o-chlor-w-nitro-

benzaldehyde

0 4 2 ) 2 o 5 }
Leuco Night green B.

Oxidation of this and the formation of the sodium salt
produces the commercial dyestuff of a composition as follows:

01

HOC

CH2C6H4SO3Na

Night green B.

A bluish green powder is the commercial form of the dye.
It dissolves easily in water and alcohol to a bluish green
color.

Hydrochloric acid causes a green precipitate and sodium
hydroxide also produces a dirty green colored precipitate.
Its yellow solution in strong sulphuric acid lets fall a yellowish
green precipitate which slowly becomes bluish green on adding
water.

Wool and silk are dyed a bluish green from an acid bath.
Night green 2B. differs from the above only in the lack

of the nitro group NO2. Its properties and uses are similar.
Guinea Green B. (1883) is an acid dye containing two

sulpho arid two amino groups and one of its three benzene
rings without any modifying group.
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The methane carbon is furnished by benzaldehyde, -when,
with zinc chloride to remove the water formed, it condenses
with ethylbenzylanilinesulphonic acid,

C6H5NC2H,v CH2CGH4SO3H.

The reaction runs as follows:

CHO + 2C0H5NC2Hr).CH2

Benzaldehyde Ethylbenzylaniline-
sulphotfic acid

+ H2O

C H2CGH4SO3H

H2C(5H4SOaH
Leuco Guinea green B.

Oxidation of this product converts the methane group into
a carbinol group and develops the properties of the dye.
Then on neutralization with soda, the commercial dyestuff
is obtained of the following composition:

— / w

\C H2Guinea green B.
It will be noticed that one phenyl group contains no side

group, but there is a dyestuff named Guinea green B.V.,
which possesses a nitro group in the mcta position in this
group in reference to the methane carbon. It is made in a
similar manner to this dye by selecting a meta-nitrobenzalde-
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hyde for the above condensation in place of simple benzalde-
hyde.

The difference which a single nitro group may cause in a
dyestuff may be seen from the followmg comparisons:

HOC CCH4N
C2H5

C HoC6H4S03Na

>2«5
C 6 H 4 N < (

N C H 2 C 6 H 4 S O 3 N a
Guinea green B .

CGH4NO2

Appearance.
In alcohol.
In water.
HC1 to aqueous

solution.
NaOH to aqueous

solution.
H2SO4 Cone.

Dyes wool and silk
from acid bath.

H O C ~ - C 6 H 4 N

H2CGH4SO3Na

GUINEA. GREEN B
Dull dark green powder.
Green solution.
Green solution,
Brownish yellow.

C 6 H 4 N '
^ C H 2 C 6 H 4 S O 3 N a

Guinea green B. V.
GUINEA GREEN B. V.

Bluish green powder.
Slightly soluble.
Green solution.
Bluish green precipitate.

Blackish green precipitate. almost do-Light green
colorized.

Yellow solution turning finally Brown solution, turning
finally yellowish green on
adding water.green on adding water.

Green. Green.

Both dyes are fugitive to light.
Guinea green B. is a dull dark green powder which dis-

solves easily with a green color in both water and alcohol.
The blue aqueous solution is turned brownish yellow by
hydrochloric acid. A dirty green precipitate falls on adding
caustic soda. The yellow solution in strong sulphuric acid
turns on adding water, yellowish red, yellowish green, and
green in succession.

Light Green, S. F. Bluish (1879), Acid Green. This dye-
stuff differs in essential particulars from those previously
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treated in this group. The methane carbon nucleus retains
a hydroxyl group and consequently the dyestuff is a true
carbinol. It is further a sulphonic acid (—SO3H) derivative
of a complex molecule; the effect of the entrance of the
—SO3H group into the molecule is to overcome the basic
character residing in the amino groups and impart an acid
character the molecule as a whole. The dyestuff is a true
sulphonic acid and exhibits the color.

Light green S.F. bluish is prepared by the condensation

of benzaldehyde with mt>thylbenzylaniline, C^H.^N^
\CH2C6H5

This product is sulphonated, whereby sulphuric acid enforces
the entrance of a sulphonic acid group into each one of the
three benzene rings of the nucleus of this molecule. The
result is the louco base from which by oxidation the dye-
stuff is produced. Its completed structure is shown in the
formula as a sodium salt of the dye:

o
o

CH2C6H4SO3Na

CH2C0H4SO3Na
Sodium salt of light green S. F. bluish,

or the sodium salt of dimethyldibenzyldiamino-
triphenylcarbinol-trisulphonic acid

The commerical dye is in the form of a light green amor-
phous powder. It dissolves to -a green solution in water.
Wool and silk are dyed bright green with it from an acid
.bath. It is used to a large extent in conjunction with other
acid shades for the production of compound shades on wool.
Acid violet used with it produces various shades of peacock
blue.
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The condensation of benzaldehyde and methylbenzylaniline
referred to above is here shown in detail:

"Hi N<

^OH2O6H5

/0H3

Benzaldehyde -f methylbenzyl aniline

SO3Na

H2O

Dimethyldibenzyldiamino-
triphenylmethane

Sulphonation and oxidation then produces the dye:

,<( ^>

HOCf

xCH2C6H4SO3Na
Light green S. F. bluish

Light green S.F. bluish is a brownish black powder. Both
water and alcohol dissolve it, forming green solutions. Hydro-
chloric acid turns the green aqueous solution yellowish brown.
Caustic soda decolorizes it and causes a dirty violet cloudiness
in its solution. The yellow solution in strong sulphuric acid
is gradually changed to green on adding water.
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Light Green S. F. Yellow Shade (1879). If in the above
condensation, benzyle£/&?/Zaniline had been used in place of
benzylme£/i;/Zaniline then light green S.F. yellow shade would
have been formed. This change from a bluish to a yellowish
shade is therefore secured by substituting two ethyl groups
for two methyl groups, no other change taking place.

SO.Na

Light green S. F. yellow shade

These dyes give the corresponding shades on wool and
silk and they may be used in conjunction with other acid
dyes for producing compound shades, e.g., with acid violet
to develop a peacock blue.

Hydrochloric acid changes both greens to a yellowish
brown color, while in both caustic soda gives a slight dirty
violet precipitate.

PATENT BLUES

Under this head are grouped a number of more recent
dyes which possess unusual resistance to alkali, a valuable
property in dyeing, and give pure shades of blue upon fabrics.
They arc disulphonic acids and yet they behave as mono-
basic acids. The theory of their fastness to alkalis will be
discussed under the particular individual dyestuffs.

Patent Blue V.N. (1888), New Patent Blue 4B. is an acid
dyestuff; a sulphonic acid derivative of oxytetraethyldiamino-
triphenylmcthane. One method of preparation starts with
the condensation of metaoxybenzaldeyh.de,
and diethylaniline as follows;
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C6H4OH

CHO
Metaoxy-

benzaldehyde

206H5N(C2H5)2 =
Dimethylaniline /G Q H4 O H

H0f-06H4Nf02H5)2 HoO

M-oxytetraethyldiamino-
triphenylmetliane

By treatment with sulphuric acid, two sulpho groups arc
fixed in the molecule and the product neutralized to form
the calcium salt: this by oxidation is converted into the
dyestuff. The position of both the oxy groups and the sulpho
groups is shown in the formula:

N(02H5)2

=N(O2H5)2

SO3 -JCa

Patent blue V.N.

Formerly it was held that its peculiar fastness to alkali
was due to the presence of the OH group, which is in a benzene
ring in the meta position to the methane carbon atom; but
later work has shown the improbability of this view, and
from careful investigation it has been shown that a peculiar
union of one of the sulpho groups with one of the ammo
groups of a neighboring benzene ring is responsible for its
resistance to alkalis. This form of intramolecular combina-
tion is called the sultone formation. It causes the disul-
phonic compound to exhibit the properties of a monobasic
acid.

The dyestuff has the appearance of a copper red powder,
which is easily soluble in water to a blue color and in
alcohol with difficulty to the same blue color. Caustic soda
does not affect it in the cold; but on boiling it turns violet.



THE TRIPHENYLMETHANE DYES 123

Wool is dyed a greenish blue which equalizes well and is
fast to alkalis and light. It is employed for mixed shades.
Its greater fastness to light than that of indigo carmine has
caused it to replace the latter very largely. In artificial
light it shows a greener shade than by daylight.

Patent Blue A- (1888) is a dye which is similiar to patent
Blue V.N. in properties, constitution, and method of manu-
facture with this one exception, that instead of diethylaniline,
(V)H5N(C2Hr))2; which is a component of that dye, ethyl-
benzylaniline, CoH4N(C2li5)CH2C6H5, is used. This produces
a diethyldibenzyl compound instead of a tetraethyl com-
pound, as in patent blue V.N.

Cyanol Extra (1891), Acid Blue 6G. is an acid dyestuff
which owes its properties to the presence of two sulpho groups
in the molecule. Were it not for these groups, it would
exhibit the basic properties which reside in its amino groups
and be classed among the basic dyes.

It is manufactured from metaoxybenzyldehyde,
CtftUOH-CHO, which is condensed with two molecules of
nionoethylorthotoluidine, CoH^CHaKNHCaHs), in the pres-
ence of some agent to take up water. The reaction runs
thus:

C6H4OH

X6H4OH
O6H3OH3NHC2H5 + H2O

CHJO + H J C 0 H 3 O 3 2

M-Oxybexualdehyde + Monoethyltoluidine

Diethyldiaminooxyditolyl-
phenylmethane

On treating this product with sulphuric acid, two sulpho
groups become fixed in that phenyl group which possesses
the hydroxyl group: oxidation thrusts an oxygen into the
methane group and this develops the color. The sodium
salt, the form of the commercial dye, has the following com-
position:
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Cyanol extra
It is a dark blue powder which dissolves easily in water

to a blue color.
Wool is dyed from an acid bath, and for wool it has largely

displaced indigo carmine. Copper salts produce turbid effects
and thus copper vessels should be avoided. It equalizes
well in dyeing and is fast to washing, to light and alkalis, also
moderately fast to milling.

Red Violet, 4R.S. (1877). If dimethylrosanilino is taken in
place of rosanilinc (magenta) for treatment with fuming sul-
phuric acid, a similar fixation of a sulphonic acid group results
in each of the three phenyl groups. The product of such a sul-
phonation is red violet 4R.S. The dyestuff is a reddish violet
powder. It dissolves easily in water with a magenta red color.
It dyes a bluer shade than acid magenta on wool from an acid
bath. The formula of its sodium salt appears below:

Red violet 4R.S.
(Sodium salt of dimethylrosaniline trisulpkonic acid)
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Hydrochloric acid produces no change in a solution of this
dye. By warming with a solution of caustic soda, the color
turns to a reddish yellow. Wool in an acid bath is dyed a
somewhat bluer shade than with acid magenta. I t is very
sensitive to soda, ammonia, and street dirt of an alkaline char-
acter, while it is moderately fast to light and milling.

Erioglaucine A. (1896) is a blue dye containing three sulpho
groups, one of which exhibits a sultonc formation with an
amino group in a neighboring benzene ring.

The components are already sulphonated when they are
brought together. One molecule of benzaldehyde orthosul-
phonic acid is condensed with ethylbenzylaniline sulphonic acid,
some hygroscopic agent assisting; the reaction is as follows:

CHO + 2 C G H 5 N / - ° =
Benzaldehyde ortho- ^CH.>C(}H4SO.:5H

sulphonic acid Ethylbenzylanilinesulphonic acid

\CoH.X ' j 2 n 5
Leuco Erioglaucine A.

This product is oxidized and a rearrangement takes place,
developing a sultone union and also a quinone formation in
different parts of the molecule, which is then neutralized to
form the ammonium salt as shown below:

sCH2CoH4S03NH4.
Erioglaucine A.
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This is a dark blue powder in commerce, having a brown
lustre. It dissolves easily with a greenish blue color in water
and in alcohol. It is fast to alkalies, a property which is
attributed to the restraining effect of the sultone union of
the sulpho and amino groups. I t dyes wool and silk greenish
blue from an acid bath. Though sensitive to light, on account
of its beauty, it is replacing indigo carmine.

Erioglaucine A. is a dark blue powder of a bronze lustre.
I t is soluble in water and alcohol alike with a greenish blue color.

Hydrochloric acid changes the aqueous solution to green
and then causes the separation of a yellow precipitate. Caustic
soda has no effect upon the cold solution, which, however, on
boiling changes to violet. The pale yellow solution in strong
sulphuric acid" turns first green and then greenish blue as
water is gradually added.

Acid Violet 6B. (1890). The basic dye methyl violet when
treated with sulphuric acid becomes sulphonated by the
entrance of (—SO3H) groups and it is then an acid dye. Acid
violet 6B. is a substance of complex composition; but as
its nucleus there appears pararosanilinc all of whose amino
hydrogens have been replaced by four ethyl and two benzyl
(C6H5CH2—) groups. The resulting compound is a tetra-
cthyldibenzylpararosaniline, the formula appearing as follows:

N(C2H5)CH2C6H5

N(C2H5)CH2C6H5

=N(C2H5)2

Cl
Tetraethyldibenzyl-

pararosaniline hydrochloride

To convert this basic dye into an acid one, it is treated with
sulphuric acid; but this treatment of a finished product is
found difficult in practice. It is much easier to sulphonate the
leuco compound and then oxidize the product to the dyestuff.
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The manufacturing process actually used employs those
substances to form the dye molecule which are already sul-
phonatcd. When bcnzylcthylaniline monosulphonic acid is
treated with formic aldehyde, a condensation results as follows:

...- HiCcH4N<
/ I XCH2C6H4SO3H

CH2|o |
•"-•-.... s /C2H5

\ HjC6H4N<
N3H2C6H4SO3H

Formic aldehyde Benzylethylaniline monosulphonic acid

2 + H2O

C 6 H 4 N /
N3H2C6H4SO3H

Diethyldibenzyldiamino-
piphenylmethane disulphonic acid

By oxidation this product changes from a methane derivative
to a hydrol: (=CH2) becomes (=CHOH). The hydrol is then
allowed to act upon diethylamlme as follows:

SCH2C6H4SO3H
+ HC6H4N(C2H5)2

<C2H5 Diethylaniline

CH2C0H4SO3H
Di ethyldib enzy ldiamino-

diphenylbenhydrol disulphonic acid
yC2H5
X CH2C6H4SO3H

C(jH4N<( + H2O
NCH2C6H4SO3H

C0H4N(02H5)2
Tetraethyldibenzyldiamino-

triphenylmethane disulphonic
acid, or

Tetraethyldibenzylleucaniline
disulphonic acid
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To develop the color of the dye, this product is oxidized and
at the same time a salt-forming condensation takes place
between an amino group and a sulphonic group with a result
clearly shown in the following graphic formula:

Acid violet 6B.

Acid violet 6B. is a violet powder with a bronze lustre
which dissolves in water with a bluish violet color.

Hydrochloric acid turns the solution yellow; then nearly
colorless. Caustic soda causes a blue fiocculent precipitate to
form which loses its color on warming.

Strong sulphuric acid dissolves it with an orange color which
turns, as water is gradually added, first olive green, then green,
and finally blue.

Wool is dyed bluish violet from an acid bath. I t equalizes
well and it is adapted to production of mixed shades.

Silk is dyed a shade which is fast to washing.
Chrome Green (1891) takes its name from the chromium

mordant with which it is used. I t is an acid dye which owes
its acid property not to a sulphonic acid, but to a carboxyl
group. This latter group is brought into the reaction by one
of the components which react to form the dye.

I t is made by causing bcnzoic acid, C6H5CO-OH, to con-
dense with tetramethyldiaminobenzhydrol as follows:
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CHjOH _H|06H4CO.OH =r
\ Benzoic acid

\c6H4N(CH : s)2
Tetramethyldiaminobenzhydrol Q H

H2O
6H4N(0H3)2

\ C 6 3 ) 2
Leuco Chrome green

This product is then oxidized to produce the dye by using
the peroxide of lead.

CO-OH

N(CH3)2

N(CH3)2

Chrome green

From this formula it will be seen that the benzoic acid
joins itself to the methane carbon so as to retain the acidifying
group, —CO-OH, in the meta position.

Chrome green is a dark green powder which is soluble in
alcohol and water to a greenish blue color. Hydrochloric acid
yields a yellowish orange solution. Caustic alkali decolorizes it.

Wool which has been mordanted with chromium salts is
colored a green which is not fast to light but fast to milling.
It is employed chiefly for printing on cotton.

Chrome Violet (1891). If salicylic acid were substituted
for benzoic acid in the previous dye, then it would introduce a
hydroxyl group in a para position to the methane carbon,
and this single addition to the chrome green changes it to
chrome violet. It requires in dyeing a chromium mordant,
and it is used principally in cotton printing.

Aurine (1834) is an acid dyestuff, and it is the oldest one
from coal-tar, though it does not dispute the claim of Perkins
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mauve, prepared more than twenty years later, to be the
first artificial dye to be manufactured and sold.

Runge observed in 1834 that a dye could be made from
phenol and that it could form beautiful color lakes; but no
attempt was made to put it to practical use.
Aurine is a mixture of related clyestuffs, and that com-

ponent Runge is supposed to have made was rosolic acid.
This dye, in contrast to those triphenylmethane dyes thus far
studied, contains no nitrogen. It is an oxygen derivative of
triphenlymethane.
The manufacture consists in heating C parts of phenol,

3 parts of sulphuric acid, and 4 parts of anhydrous oxalic
acid for twenty-four hours at a temperature of 120-130°.
After repeated extraction of the mass with boiling water, the
residue is dissolved in hot alcohol, ammonia gas is conducted
through the solution, and the resulting precipitate is boiled
with acetic or hydrochloric acid. The dyestuff forms dark
red rhombic crystals or shining greenish red needles.
It decomposes on heating before it melts. It is insoluble

in water, but soluble in alcohol and glacial acetic acid, with a
yellowish red color and with a rosaniline red color in alkalies.
The course of the reaction between the phenol and oxalic

acid or rather the CO2 from the oxalic acid is shown as follows:
JHJC6H4OH

C° 1 I /C6H4OH
oj |H!O6H4OH =

6 H 4 = O

U
3 phenol

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

fixed i n t h e m o l e c u l e a n d also t h e c h a n g e of t h e q u i n o i d l i nk ing

a t t h e s a m e t i m e , so t h a t l e u c a u r i n e is f o r m e d w h i c h is a t r i -

o x y t r i p h e n y l m e t h a n e .

T h e i n t i m a t e r e l a t i o n a u r i n b e a r s t o p a r a r o s a n i l i n e is s h o w n

b y t h e f ac t t h a t on h e a t i n g w i t h a q u e o u s a m m o n i a t o 120°;

i t is c o n v e r t e d i n t o p a r a r o s a n i l i n e .
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Aurin is used in staining paper and as a color lake for
dyeing carpets; as a spirit lacquer it is applied to color tin-foil.

There is often a confusion of the two names aurine and
rosolic acid; the latter is a methyl derivative of the former
and results from employing methylphenol or cresol in place
of. phenol in its manufacture. The two following formulas
clearly distinguish between them:

OH3

>OH / \ O H

OH

= 0

O H

= 0

Aurine Rosolic acid

Y e l l o w Corall in is t h e s o d i u m sa l t of c r u d e a u r i n e .

Red Coral l ine c o n t a i n s n i t r o g e n in t h e f o r m of a n a m i n o

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

of a u r i n b y h e a t i n g i t w i t h a m m o n i a a n d an i l ine . I t w a s

first p r e p a r e d in L y o n s in t h e e a r l y d a y s of t h e c o a l - t a r d y e

i n d u s t r y . R e d coral l ine was for s o m e t i m e a n i m p o r t a n t

p r o d u c t in t h e m a r k e t . I t s o m e t i m e s p a s s e d u n d e r t h e n a m e

p e o n i n c .

I t p r o b a b l y consis ts of a u r i n e w i t h o n e o r m o r e of t h e

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

OH

Red coralline

I t s u s e h a s dec rea sed , a n d is n o w e m p l o y e d t o a l i m i t e d

e x t e n t t o p r o d u c e a b r i g h t r e d in c lo th p r i n t i n g .
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DlPHENYLMETHANE DYES

Auramine (1883), Auramine 0, takes its name from (aurum)
gold. I t is one of the very few basic yellow dyestuffs. When
it was discovered by Cars and Kern, its importance was at
once recognized as a basic tannin dyestuff for dyeing cotton
and printing calico a yellow shade. As the d}^ lacks the fast-
ness needed for calico and is decomposed by boiling water, it
has not met the expectations that were first aroused. Still
it is most extensively used of any of the basic yellow dyes,
serving as a constituent of mixed dyes for cotton, and, as
a sulphur-resisting dye for wool as well as for paper staining.

Among several methods of manufacture, the first one
employed is most easily comprehended. I t consists in heat-
ing tetramethyldiaminobenzophenone with ammonium chloride
and zinc chloride for several hours to a temperature of
150-160°, agitation being kept up from time to time.

When a sample, withdrawn from the melt, dissolves in
water the reaction is completed. The reaction is as follows:

CO + NH3 = C=NH + H2O

c6H4N(CH3)2
Tetramethyldiamino- Auramine base (Graebe)

benzophenone
The cold melt is broken up and extracted with cold water,

to which a little hydrochloric acid has been added, to remove
any unchanged ammonium chloride or zinc chloride. By
employing boiling water upon the residue, the dye is dis-
solved and after the solution is filtered, common salt is used
to precipitate the dyestuff. I t may be purified by recrystal-
Uzing from hot water. The commercial dye is the hydro-
chloride whose constitution is shown below:

C=NH

Auramine
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It is the hydrochloride of imidotetramcthyldiaminodiphenyl-
methane. The sulphate and the acetate dissolve easily in
water.

Mineral acids on standing with it for a considerable time,
or on boiling, decolorize the solution decomposing the dye
into its constituents ammonia and the original ketone base.

Auramine in commerce appears as a powder of a sulphur-
yellow color. It dissolves with difficulty in cold water, but
much more easily in water warmed to 70-80°, or by acidify-
ing the water used to dissolve it. Alcohol also dissolves it.

Hydrochloric acid added to its aqueous solution causes any
undissolved particles to dissolve at once. The solution turns
a darker shade of yellow. On boiling the acid solution, the
decomposition of the dye begins with the formation of ammo-
nium chloride and tetramcthyldiaminobenzophenone.

This decomposition of auramine in boiling water is shown
as follows, whereby it forms the same substances which were
used to make it:

>N(CH3)o
s

C = ! N H

Auramine
/ \ >

0 = 0 + NH401

\

Tetramethyldiaminobenzophenone

Caustic soda causes a white precipitate in the solution of
the dye which will dissolve in ether. Acetic acid turns this
ethereal solution yellow. The solution in strong sulphuric
acid is without color, but the gradual addition of water restores
it to a pale yellow shade.

Cotton which has been mordanted with tannin and tartar
emetic is dyed yellow. From a neutral bath, wool and silk
are dyed the same yellow color. Auramine is also employed
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for coloring paper and leather, and it is still further of use in
photography for producing yellow plates.

The present process of manufacturing the dye employs a
method discovered by Sandmeyer in 1SS9. This involves
the heating together of tetramethyldiaminodiphenylmethane,
ammonium chloride, sulphur, and salt in a stream of ammonia
gas.

A thioketone is first formed as an intermediate product.
This thioketone is then transformed into auramine by the
exchange of sulphur for the imino group and the union of
hydrochloric acid with one of the amino groups, as shown
below:

c=s
^ )>—N(0H3)2

Thioketone
The formula of auramine given above has been written in

a different manner by Stock, in which a quinone structure
appears as follows:

Auramine (Stock)
By reduction, two atoms of hydrogen become fixed in the

molecule of the yellow dye, changing it to the colorless base
—the leuco base which on oxidation turns again into the
original yellow:

C—H(NH2)

Leuco auramine
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TABLE FOR COMPARISON

L.EXJCO BASE; COLOR BASE—THE DYE:
ROSANILINE

CH3 CH3

NH2
Leuco base,

white

NH2
Color base,

white

ACID FTJOHSINE, OR ACID-MAGENTA

^NBo

NH2
Acid fuchsine,

leuco base

SO3H

NH2

Acid fuchsine,
color base
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NaO3Sl

N H 2

'so3

I /
NH2Acid fuchsine,thêdye: alkali salt

Cl

CH3

cf*:

NH2Pararosaniline,parafuchsine NH2Rosanilinefuchsine
0H3H0N1

NH2Rosanilinefuchsine

Cl
GH CH3H2N,
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N(CH3)2

NH2
Para-rosaniline

NHCH3

Methyl violet B. and 2B.

H2N/

NH2

Pararosaniline

01
( C H 3 ) 2 N

;N(CH3)2

N(CH3)2
Crystal violet

N(CH3)2

Crystal violet
N(0H3)2

Methyl green
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NH2
Para-rosaniline

Malachite green

Malachite green

Malachite green

Victoria green 3B.
Bluer than malachite green

Brilliant green.
Yellower than malachite green

M a l a c h i t e g r e e n N( C H3)2
ii
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I C6H6HNf01 I I | 1 01

VNH2 NHC6H5Pararosaniline Diphenylamine bluespirit blue, insoluble in water.N(CH3)2

•6.Malachite green Fira blue, glacier blue(0H,p ^
UUOl

JOO-OHMalachite green Chrome green(0H3)2N/\ /\N(0H3)2 (0H3)2N/\ /\N(0H3)2UU UU
JOO.OH I lOO.OHChrome green 0 HChrome violet:
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NH2

Fuchsine Acid fuchsine

CH
C 6 H 5 H N

CH

NHC6H5Aniline blue,
insoluble in water

C 6 H 5 H N N H C 6 H 5

NHC6H5SO3Na
Alkali blue,

soluble in water



CHAPTER VII

THE CLASSIFICATION OF THE COAL-TAR DYES

THE arranging of dyes into classes must naturally depend
upon the differences and similarities which they exhibit.
Since these differences and similarities will change if the
point of view be changed, it follows that there may be several
classifications, e.g., one based upon the source or origin of
the dye; another upon the method of applying the dyes to
fabrics; another one upon their chemical constitution, and
so forth.

Classification by Source or Origin. From this point of view,
the coal-tar dyes may be classed as, aniline dyes, naphthalene
dyes, anthracene dyes, phenol dyes, etc. This arrangement
is a confusing and useless one; because some dyes contain
more than one of these substances.

Classification by Method of Application. This arrangement
would be most useful from the point of view of the dyer, as
the following eight classes will show:

1. Acid Dyes.
2. Tannin Dyes.
3. Dye Salts.
4. Sulphur Dyes.
5. Vat Dyes.
6. Mordant Dyes.
7. Developing Dyes.
8. Albumin Dyes.

This exhibits to the dyer a tangible conception of why
any particular dye must be used in the dye vat, whether
it can be used alone, or must have some assisting substance
also present in the solution of the dye; whether the goods

141
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must be treated chemically before entering the vat or be
exposed to air or other chemical treatment after leaving
the vat; e.g.:

The Acid Dyes. The majority of these are sodium salts
of sulphonic or carbon acids or nitro acids. Examples of
these in order arc the azo dyes, the eosines; and picric acid.
Wool and silk arc dyed directly with the aid of an acid or
an acid salt in the bath. They are not suitable for dyeing
cotton.

Tannin Dyes. These are also called basic dyes, and they
are for the most part hydrochloric acid salts of color bases.
Cotton, when first treated with tannin, is easily dyed, while
silk and wool often take up the dye directly without any
assistant.

Dye Salts. Named from the neutral or alkaline salts
which are dissolved in the solution of the dye. They are
sometimes called direct-cotton dyes and substantive cotton
dyes. The latter name is not wholly appropriate, for some
of them are also very suitable for wool. The dyes are usually
sodium salts of sulphonic or carbon acids and are taken
up by the cotton fibre in this state. Common salt and
Glauber's salt are used at the same time in the bath.

Sulphur Dyes. This is a class of colors which have come
to the front of late years on account of the cheapness and
fastness of their dyeings. They produce fast shades on cotton
from a bath made alkaline with the soluble sulphides. The
development of the color usually requires oxidation after the
material is removed from the bath.

Vat Dyes. These dyes are indifferent in their chemical
behavior and show no attraction for the common fibres.
They can only be fixed upon the material by being reduced
to their leuco compounds in the vat; the material to be dyed
is then immersed and becomes saturated with the reduced
dye, for which it shows a real affinity. Then, by removal, the
color is developed by subsequent oxidation on exposure to
the air. Indigo blue is an example of this class.

Mordant Dyes. These dyes possess a weakly acid character
and exhibit no attraction for the fibres. They become dyes
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only when united to certain substances called mordants, with
which the fabrics are impregnated before entering the dye
bath.

Alizarine is such a dye; it is a yellow and almost in-
soluble substance which, when boiled with cotton previously
treated with aluminum salts and Turkey red oil, and afterward
with calcium salt, produces the celebrated Turkey red.

Developing Dyes. The developing dyes are insoluble and
hence as such cannot be applied to the textile fibres. They
are produced upon the fibre itself by saturating it with one
soluble component and then immersing it in a bath of another
soluble component, when these components unite to form
hn insoluble dyestuff fast in the substance of the fibres. Para-
nitranilinc red is produced in this manner.

Albumin Dyes. Require some strongly adhesive substance
upon the fibre before the dyes will be taken up. Albumin is
frequently used for this purpose. Many of the mineral pig-
ments and color lakes have been employed in this way.

The division of dyes, as shown in the above grouping,
reveals little or nothing of the chemical constitution of the
molecules of the various dyes. An attempt to classify the
dyes upon the basis of similar chemical constitution originated
with Gracbc and Liebcrmann in 1867, based upon the con-
version of dyes into leuco compounds by the action of nascent
hydrogen. Little resulted from this; but in 1S76 Otto N.
Witt proposed a more adequate theory of the constitution
of the dyes.

In his investigations he reached conclusions which may
be stated as follows:

1. In every dye molecule there is a certain group of atoms
which has an especially powerful influence in making the
substance a dye, and as he regarded it as the necessary color-
giving group, he called it the " Chromophore."

2. When this chromophdrc enters into combination with,
or may be found as part of a larger molecule, this larger
molecule is called a "Chromogen."

3. The chromogen is not a dye, but it becomes a dye upon
the entrance into the molecule of such groups as will give
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it the power of forming salts. These groups are called
" Auxochromes," or color assistants, e.g., OH or NH2.

We may select aminoazobenzene to illustrate the scope of
these three terms.

O6H5—N=N— C6H4NH2.
Aminoazob enzene

Here the chromophore is the azo group —N=N—; it has
no separate existence and it never appears except as a con-
stituent part of a larger molecule.

The chromogen is not the entire molecule of aminoazo-
benzene, but is all except the amino group, NH2. The
chromogen then would have the formula, C6H5—N=N—C6H5,
and is called azobenzene.

The chromogen is an inert substance, and is not a dye. It
has no power to form salts with either acids or bases.

This power is conferred upon it by the entrance of an
auxochromous group, (—NH2), to form a basic substance
or a hydroxyl group (—OH), to form an acid one. In this
instance, the amino group, on entering the chromogen, con-
verts it into a basic substance which can form salts with
acid that will dissolve in water and is available as a dye.
The formula of the hydrochloric acid salt, formerly appearing
in commerce as a dye, is:

O6H5—N=N—C6H4NH2 • HC1
Aminoazobenzene hydrochloride

In the following list appear the chromophore groups as they
have been worked out for several classes of dyes, and their
positions are shown in the dye molecules given as types.

Name of Dye. Chromophore. Type of Dye.
OK

1. Nitro Dyes —NO2*

NO2

Waphthol yellow S.
* The nitro group is no longer regarded as a chromophore.
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Name of Dye. Chiomophore Type of Dye.
0

2. Nitroso Dyes
V=NOH

J=o

NOH
Resorcine

3. Triphenyl- > .
methane =<f y
Dyes N / = c.

\
4. PyronineDyes

5. DiphenylamineDyes

Cl

\

<oNHo

NHo

>/ \==NH-H01Pararosaniline
/N(C2H5)2

CO-OH
Rhodamine B.

a. Indamines
Phenylene blue
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Name of Dye.

b. Indophenols

COAL-TxVR DYES

Chromophore.

c. Thiazines

d. Oxazines

e. Safranines

(OH3)N

Type of Dye.

Indophenol blue

*N(CH3)2C1

Methylene blue

;N(CH3)2

HC:

Safranine

5. Azo dyes —N=N— <^ ^>—N=N—<^ ^>NHo-HC

AnUine yellow



CHAPTER VIII

THE AZO DYES

THIS class of dyes takes its name from the word " azote/'
the French for nitrogen, not only because the element
nitrogen is present in every one of the dyes, but because
it is present as a double nitrogen atom or group called the
azo group. This peculiar group consists of two atoms of
nitrogen bound to each other by two valences, while two
free valences, one to each nitrogen atom, thus

are left for the attachment of other atoms or groups. In its
formation the azo group is not produced alone, but it is always
developed from a single amino group of some primary amine,
e.g., aniline by the action of nitrous acid, which furnishes
the second nitrogen atom of the group.

DIAZO COMPOUNDS

As preliminary in every instance to the production of an
azo dye, a diazo compound must first be formed, this class of
bodies will be briefly discussed. In their composition, they
possess the azo group —N=N—, as well as the true azo dyes
afterward developed from them.

When nitrous fumes (N2O3 from nitric acid and starch or
arsenious oxide) are passed into a cold 'acid solution of an
aniline salt, e.g., the chloride, the following representative
action takes place:

As2O3 4. 2HN03 = N2O3 + As2O5 + H20
Nitrous

anhydride
147
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N2O3 + H2O = 2H0N0

C6H5N ] H H Cl = 06H5N:N—Cl + 2H2O
Diazobenzene chloride

Aniline hydrochloride
nitrous acid

This process of converting amino into diazo compounds is
known as diazotizing, and the products are diazo compounds,
in this instance diazo benzene, and as the free acid present
immediately combines with it to form a salt, the final product
of this particular reaction is diazobenzene chloride.

In practice the nitrous fumes are not produced outside and
then conducted into the solution; but the nitrous acid is formed
directly in the cold acid solution of the amino compound by
the addition of sodium nitrite, which immediately decom-
poses by aid of the mineral acid present and furnishes the
required diazotizing agent. The substances are used in the
molecular proportions indicated in the following reaction:

C6H5NH2-HC1 + HC1 + NaN02 =
Aniline

hydrochloride
C6H5N:N—Cl + NaCl + 2H2O
Diazobenzene

chloride

The reaction is quantitative and it is one of the most easily
controlled of any of the reactions of color manufacture. It
is carried on at the present time upon an enormous scale.

If in the above reaction nitric or sulphuric acid had been
used to dissolve the aniline and also to a calculated excess,
then, on adding the sodium nitrite, the corresponding salts
of diazo benzene would have been formed. Their formulas
are:

Diazobenzene nitrate, C6H5N:N—NO3

Diazobenzene sulphate, C6H5N:N—SO4H

The diazo compounds are the starting points of the azo
compounds.
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The diazo benzene salts or the diazo salts, as they are
called, are in general very unstable bodies, and if allowed to
dry are in danger of spontaneous explosion. Even if the
cold solution in which they are formed is heated, the diazo
compound decomposes, evolving all its nitrogen in fine bubbles
rising through the liquid; while resinous products are formed,
if the solution were neutral; but if free acid is present a
phenol results, as represented by the following equation:

HC1 + N2CGH5N:NC1 H
Aniline

hydrochloride

h H20 = C6H5OH
Phenol

The free diazo benzene, C6H5N:NOH, is so unstable that it
decomposes at once on being separated from its salts.

The diazo compounds become more stable if electro-
negative groups are present in the benzene ring. Diazo
nitrophenol, for example, may be preserved in the free state
without undergoing decomposition.

The fact is, however, that diazo compounds are, in general,
so unstable that their use in color manufacture would be
largely prohibited if it were in practice necessary to prepare
them in the dry state.

All danger of explosion or of slow decomposition may be
avoided by preparing them in cold solution and then con-
verting them into azo compounds, or dyes without isolation
of the diazo substance in the dry state.

It may be stated, however, that in recent years, stable
diazo compounds have been prepared which could safely be
stored in the solid state. A patent process at Hochst on the
Rhine consists in evaporating the strongly acid solutions of
diazo compounds at 45° and mixing them with inert materials;
or anhydrous aluminum sulphate may be used to convert the
concentrated diazo solution into the solid state. Other
methods are used by different firms.
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CONSTITUTION OF DIAZO COMPOUNDS

From what has been said above about the ease of carrying
out the diazo reaction by nitrous acid acting upon a cold
acid solution of a primary amine, it should not be inferred
that the structure of diazobenzene and its derivatives has
been or is even now settled beyond dispute. The structure
of diazobenzene has been a subject of much discussion among
chemists.

In place of the formula, C6H5N:NC1, by Kekul6 for diazo
benzene chloride, Blomstrand assumes a formula of the follow-
ing character:

C6H5—N=N

Cl
Blomstrand's

diazobenzene chloride

From the fact that one of the nitrogen atoms exerts the
same number of valences as it does in ammonium salts, this
compound is called diazonium chloride. This formula is
largely accepted as the typical structure and name of the diazo
benzene salts, formed from acids.

When acted upon by alkalies, the diazonium compounds
yield salts which exhibit them as having an acid function,
thus:

C6H5N=N + NaOH = C6H5N=N
I I
Cl ONa

Diazonium chloride Sodium salt of
acid diazonium

These alkali salts of acid diazonium can exist in two isomeric
modifications: the first possesses the power to unite with
phenols in alkaline solution and form azo dyes; but the
second, obtained by more prolonged action of the alkali, at
a higher temperature if requisite, does not manifest this
property or only to a slight degree. Should the second form
be treated with an acid it is changed back into the isomer
which does unite with phenols to form azo dyes.
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Bamberger ascribes the diazonium formula to the one
active upon phenols and to the one inactive with phenols, the
formula given below:

C6H5N=N, CgHsN: NONa
I Inactive with phenols
ONa

Active with phenols

He regards the active form as the first product of alkalies
upon the diazonium chloride, and the inactive form as a trans-
formation from the first by the further action of the alkali.

Hantzsch, however, writes the formula for both alkali salts,
CeH5N:NONa, but draws upon stereo-chemistry to explain
the difference between the two as the following formulas
show:

O6H5N
IIII II

NaON NONa
Syndiazo compound, Antidiazo compound,
active with phenols inactive with phenols

Bamberger holds a still different view and ascribes the
formula, CeH5N:N—OK to the active diazonium alkali salt
and the phenyl nitrosamine formula, CeH5NK—NO, to the
inactive alkali salt. By the action of acids even of atmos-
pheric, CO2, the inactive form changes into the active form
which can produce azo dyes by acting upon phenols.

Bamberger and Hantszch both agree in accepting the diazo-
nium formula of Blomstrand as the normal one for diazo
benzene salts resulting from the action of nitrous acid on
primary amines; but beyond this point appears divergence
in their views and also in the opinions of other chemists.

In the following discussion of diazo compounds, as they
relate to azo dyes, and in writing the formulas of the dyes
themselves, the Kekule* constitution will be used for economy
of space and from the uncertainty associated with the newer
formulas.
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THE AZO COMPOUNDS

Though the diazo compounds, which form the basis of the
azo dye manufacture, were discovered by Peter Griess in
1858, the first fifteen years passed with little fruit of this
epoch-making discovery. Aniline yellow was discovered in
1 SGI by Mene and a year later by Griess, and in 1863 Bismarck
brown: little further was accomplished for more than a
decade.

One reason for this lack of progress was the incorrect notion
that the diazo compounds had to be separated from the
solution in wThich they were formed before combining it with
an amine or phenol to produce the dye.

The manufacture of the diazo compound and the coupling
with a necessary component form one of the easiest and
simplest operations of the dye manufacture.

The addition of sodium nitrite to ar; acid solution of an
amine during diazotization is easily controlled by placing a
drop of the solution upon iodostarch paper, which, when any
excess of free nitrous acid is present, shows a blue stain at
once, indicating a sufficient addition of nitrite.

F.or an easier understanding of the azo dyes, they are
arranged in groups.

BASIC AZO DYES

Aniline Yellow (1861). The number of basic azo dyes is
small, and aniline yellow is numbered among them. It is
produced by coupling diazobenzene chloride with aniline;
but, at first, the result is diazoaminobenzene, which must
then undergo a transformation to produce the dye.

The reaction at first carried out is the following:

C6H5—N:N—Cl + C6H5NH2 =
Diazobenzene chloride Aniline

C6H5—N:N—NHC6H5 + HOI
Diazoaminobenzene
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A molecular rearrangement of the latter portion of this
substance takes place upon gentle warming with aniline
chloride:

C6H5N:N—JNHCeHs +_ H | C 6 H 4 N H 2 H C 1 =S
Diazoaminobenzene Aniline chloride

C6H5N:N—C6H4NH2.HC1 + O6H5NH2
Aminoazobenzene chloride

or aniline yellow

The probable course of this molecular readjustment is that
the = N H group of diazoamino compound unites with a
hydrogen atom of the benzene ring in the aniline chloride;
thus a molecule of aniline which was coupled by its amino
group is eliminated and there is joined in its place an aniline
molecule which is coupled by its benzene ring, and places its
amino group in the para position to the azo group. Theo-
retically, a very small amount of aniline chloride would suffice
for the conversion of a large amount of diazoaminobenzene;
but, in practice, different proportions are employed.

On a manufacturing scale the process is carried out as
follows: To the aniline taken, only so much hydrochloric
acid and sodium nitrite are added as will convert one-third
of the aniline into diazoaminobenzene, and this product
remains dissolved in the excess of aniline present. The hydro-
chloric acid must have been so calculated that, after the
decomposition of sodium nitrite, some aniline chloride will be
present for the second phase of the reaction, which requires
gentle warming.

When the reaction is complete, the excess of aniline is
dissolved in dilute hydrochloric acid and filtered off from the
slightly soluble aniline yellow.

The chloride is the commercial form of the dye, which
exhibits needle-like crystals of a bluish violet color with a
bright lustre. It is insoluble in water, but it dissolves in acid
solutions with a fine red color. On warming this solution the
salt is decomposed and the free base is precipitated; it may
also be effected by adding ammonia to a solution of its salts.
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In the pure state, the free base forms yellow crystals, insol-
uble in water but soluble in alcohol.

If silk is placed in acid solution of aniline yellow, the
reddish color is absorbed, the dye being taken into the silk
in the form of the salt itself, but on washing decomposition
ensues and only the free base is fixed upon the fibre, dyeing
it a yellow color.

Aniline yellow is used for coloring lacquers, but on account
of its fugitive character and its volatilization when steamed,
it is not much used as a dye.

I ts great importance depends upon its use as the initial sub-
stance in the manufacture of other valuable dyes.

Nascent hydrogen decomposes aniline yellow at the point
of the double bond of the azo group with the formation of
aniline and paraphenylenediamine- as follows:

C6H5N:NC6H4NH2 + 4H == C6H5NH2 + NH2C6H4NH2
Aniline yellow Aniline p-Phenylenediamine

The azo group is the point of weakness of all azo compounds
under the influence of reducing agents, and their easy dis-
integration serves as an important means of identification of
the azo dyes.

Butter Yellow (1875) is a dimethyl derivative of aniline
yellow and results from coupling diazobenzene chloride with
dimethyl aniline. I t is not soluble in water, but it dissolves
in oils. I t is employed to color oils, butter, etc.:

C6H5—N: N—C6H4N(CH3)2
Butter yellow.

Dimethylaminoazobenzene

Bismarck Brown (1863), Vesuvine, Phenylene Brown, Man-
chester Brown, Leather Brown, Cinnamon Brown, English
Brown is a mixture of two azo compounds; one containing
one azo group, the other containing two.

yNH2

Metaphenylenediamine, C e H ^ , is diazotized with a
\NH 2

double result. As there are two amino groups in the com-
pound, either one or both may enter upon the diazo reaction.
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As a matter of fact, part has one and part has each of the
two diazotized. The results are as follows:

P6H4N:N—01 6 4

\ — C l
Aminodiazobenzene Dis-azobenzene

chloride chloride
The term dis-azo refers to the double azo group. I t is

evident that the first compound is in condition to become
coupled with one molecule of metaphenylenediamine and
the second with two such molecules:

06H4N:N—01 + C6H4(NH2)2 = C6H4N:N—C6H3<(
\ N H > - H C I

Aminodiazobenzene
chloride

N:N—01 -

\ N : N — 0 1 -

Dis-azobenzene
chloride

m-Phenylene
diamine

f- 06H4(NH2)2

t- C6H4(NH2)2

m-Phenylene
diamine

Bismarck brown
(one component)

/ N : N—C6H3<^
•HC1

r:N—C6H3<^

Bismarck brown
(one component)

The constitutional formula of the second component exhibits
the position of the amino groups in the dyestuff:

/ N : N - < Z >
• HOI

N : N — / \ N H 2 - H C I

Bismarck brown

It has been found that this latter constituent makes up the
larger part of the commercial dye. In commerce, it appea-rs
as a brown powder which dissolves in water to a brown solution
unaffected by hydrochloric acid. Caustic soda precipitates
the brownish-colored free base. Reducing agents, e.g., stau-
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nous chloride and hydrochloric acid, decolorize it, causing a
cleavage of the molecule at the double bonds of the azo groups.

Wool, leather, and tannin-mordanted cotton are dyed a
reddish brown, which, however, is not fast to light or soap
or milling.

Chrysoidine (1875) is of historical interest, for it was the
first azo dyestuff to be prepared in the easier method of
producing the dye in the same solution where the diazo com-
pound is formed. It results from the mutual action of
equivalent quantities of diazobenzene chloride and the chloride
of ?ft-phenylencdiamine as follows:

C6H5N:N—Cl + 06H4(NH2)2 = CGH5N:N—C6H8<
\NH2HC1

Diazobenzene chloride m-Phenylenediamine Chrysoidine

Its constitution is exhibited in the following formula;

C6H5—N:N—<" \NH2 .HC1
Chrysoidine

The dye appears either in large shining black crystals or as
a reddish brown powder which dissolves in water to an orange
yellow solution. From its aqueous solution, hydrochloric acid
causes the separation of brownish yellow flocks which accu-
mulate as a gelatinous precipitate.

Caustic soda causes the separation as a reddish brown
precipitate of the chrysoidine base—diaminoazobenzene. It
forms a brownish yellow solution in strong sulphuric acid
which turns to cherry red as water is added.

Wool and silk may be dyed directly and cotton after
mordanting with tannin an orange color. Its use is de-
creasing.

THE ACID AZO DYES

The majority of azo dyes are acid dyes, and they owe their
acid properties either to the influence of sulpho groups,
(—SO3H), or to oxy groups, (—OH); occasionally a carboxyl
group, (—CO-OH), may lend an acid character to the dye.
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The influence of the sulpho group is to render the dye
soluble but at the same time to lessen its affinity for the
cotton fibre. In fixing a sulpho group in the molecule of a
dye, concentrated or fuming sulphuric acid at varying tem-
peratures may be allowed to act upon the ready formed
substance; or the sulpho group may be already fixed in one
or more of the components before they are coupled by the
diazotizing process.

The position and number of the sulpho groups both have
an influence upon the shade of the dye or upon its fastness
to the various agencies that act upon it during its application
to fabrics or those to which it may later be exposed while in
use.

Then, further the sulpho groups are often present simul-
taneously with the oxy group or with the earboxyl group or
with both.

Attention will be called to these effects of acid groups as
the dyestufls are described in detail.

Acid Yellow (1878), Fast Yellow G., Solid Yellow, New
Yellow L. is a sodium salt of the disulphonic acid of aminoazo-
benzene mixed with some of the monosulphonic acid. The
sulphonic acid groups are fixed in aminoazobenzenc by the
action of fuming sulphuric acid according to the following
equation:

C6H5—N:N—C6H4NH2 + 2H2SO4 =
Aminoazob enzene

C6H4—N:N— C«HaNH2 + 2H2O

Aminoazobenzene
disulphonic acid

As a sodium salt, it forms the commercial dye, which is a
yellow powder. The formula is as follows:

SO3Na

NaO 3 s / \ — N : N — / ")>NH2

Fast yellow

Reducing agents decolorize it and act upon the central azo
group, breaking the double bond and fixing two hydrogen
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atoms upon each nitrogen atom. The molecule of fast
yellow is thus resolved into sulphanilic acid upon the left
side of the azo group and paraphenylenediamine sulphonic
acid upon the right.

Fast yellow dissolves in water to a yellow color, but with
difficulty in alcohol.

Hydrochloric acid produces two apparently opposite effects
in first forming a precipitate and then dissolving it. I t first
removes the sodium, setting free the sulphonic acid, which
forms a reddish violet precipitate, then if more hydrochloric
acid is added it unites with the amino group, forming a
chloride which dissolves to a reddish orange solution.

Caustic alkali or ammonia docs not affect it.
In strong sulphuric acid it forms a brownish yellow solution

which turns to orange yellow as water is added.
It dyes wool and silk yellow in an acid bath. The dye is

fast to light and milling. The shade obtained is almost a
pure yellow, but not brilliant enough to be used alone, and
it therefore serves for mixed shades. I t may be used with
acid rosaniline, indigo extract, and fast red. An excess of
acid reddens the shade, and, when dyed upon a fabric, the
shade is reddened by hydrochloric acid.

Large quantities of this dye are used for the manufacture of
other diazo dyes.

Fast Yellow R. (1878), Yellow W., is the second higher
homologue of the dye just described. I t is the sodium salt
of aminoazotoluene disulphonic acid.

The formula is as follows:

CH

The presence of two methyl groups which this dye possesses
over the fast yellow causes a deepening of the shade to a
reddish yellow. Wool and silk are dyed reddish yellow from an
acid bath.
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Methyl Orange, Helianthine (1875), Orange III, Gold
Orange, Tropaeolin D., Dimethylaniline Orange. The start-
ing point of this dye is paraaminobenzene sulphonic acid,
HO3SC6H4NH2, which upon diazotizing becomes diazo-
benzene sulphonic acid. Dimethylaniline, C6H4N(CH3)2, com-
bines with this as follows:

C6H4—N:Bk + C6H5N(CH3)2 = C6H4—N:N—C6H4N(CH3)2

Diazobenzene Dimethyl- Methyl orange:
sulphonic acid aniline free sulpho acid
(anhydride)
The constitution of the commercial dye which is the sodium

salt of the above compound is shown below:

Methyl orange
By comparing this formula with that of fast yellow R.

it will be noticed that the two methyl groups in place of
being fixed one in each benzene ring are here both contained
in an amino group. This change of position deepens the
shade of the dye from reddish yellow to orange, and it also
strengthens the basic character of the amino group for the salts
which this free base forms with acids are much more stable
than those of simple aminoazobenzene, which are decomposable
by water.

Methyl orange forms an orange yellow powder which yields
a golden yellow solution in water. The coloring matter falls
as an orange yellow precipitate on adding basic acetate of
lead. Calcium chloride produces a precipitate of shimmering
crystals, while solutions of salt or magnesium chloride causes
the dyestuff to fall as such in minute crystals.

Slight amounts of acid cause it to turn red, and because
of its sensitiveness in this respect it is often used as an indicator
in volumetric analysis, possessing the advantage over phenol-
phthalein of not being affected by carbon dioxide or semi-
combined sulphurous acid; thus it may be used for titrating
carbonates and determining free sulphuric acid in sulphites.
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Caustic alkali produces an orange yellow precipitate, but
this dissolves in a large quantity of water.

Wool and silk are dyed orange from an acid bath. I t is
little used in dyeing, since it is fugitive to light and does not
stand milling well. Almost its sole use is as an indicator.

Orange IV (1876), Tropaeolin 0 0 . , Diphenyl Orange, Acid
Yellow D., Orange G.S., is in many respects similar to methyl
orange, but the difference is sufficient to cause its retention in
dyeing while methyl orange finds almost its only use as an
indicator.

Paradiazobenzcne sulphonic acid is combined with diphenyl-
itminc, (CoHs^NH, according to the equation:

C,,H4— N : N N X + ( O G H 6 ) 2 N H = C6H4— N:NCGH4NH0GH5

p-Diazobenzene Diphenyl- Orange IV
sulphonic acid amine (free sulphonic acid)

The reacting substances arc brought together in an acidified
alcoholic solution.

Its constitution is shown below as its commercial form of a
sodium salt:

NaO3S<

Orange IV

This dye is a phenylated acid yellow; that is, one hydrogen
in the amino group of acid yellow has been replaced by a phony 1
group with a consequent increase in molecular weight and a
change of shade from yellow to orange.

It is identical with methyl orange save that a phenyl group
and a hydrogen atom exist here in place of two methyl groups
of the methyl orange.

Orange IV appears in commerce as an orange yellow crys-
talline powder which is easily soluble in hot water, yielding
an orange yellow color, but it is only slightly soluble in cold
water or alcohol.

Hydrochloric acid turns the hot aqueous solution violet,
and a voilct precipitate falls when the solution cools. Caustic
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soda separates out a precipitate of an egg-yellow color. The
violet solution in strong sulphuric acid lets fall a violet pre-
cipitate when water is added.

Wool and silk are dyed orange from an acid bath.
The dye upon the fabric is fast to light and milling and

possesses strong coloring power. Though sensitive to acids,
it is still used for wool and also for mixed shades.

Azo Yellow (1880), Azoflavine, Indian Yellow, Citronine
are some of the names under which mixtures of nitrated
derivatives of Orange IV appear in commerce.

If concentrated nitric acid is allowed to act upon Orange IV,
a fixation of nitro groups takes place in the diphenylamine
component of that dye.

Several advantages result from this enrichment of the mole-
cule with nitro groups, the dye becomes less sensitive to acids,
and is therefore of increased importance in wool dyeing, and
the shade of Orange IV is thus more inclined toward yellow.

Metanil Yellow (1879), Orange M. N., Victoria Yellow. In
this yellow dye may be observed the influence of a change
in position of the sulpho group upon the character of a dye.
The composition of this color is identical with that of
Orange I v' save that the sulpho group is fixed in a meta
position to the azo group in place of a para position.

The preparation of the dye requires metaaminobenzene
sulphonic acid, in which the position of the sulpho group is
fixed before diazotizing and combining with diphenylamine.

The structure of both dyes is shown below:

SO3Na

Orange IV. Metanil yellow.
Comparison. Orange. Yellowish orange
Hydrochloric Violet precipitate, Itosamhne red color and

acid. precipitate.
Caustic soda. Yellow precipitate. unchanged.

Metanil yellow is employed more for wool than for silk,
and it dyes an orange yellow from an acid bath. It is used
for coloring both paper and lacquers. Though fast to light it
is less so to acids.
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Wool Violet S. (1894). The prevailing colors of the monazo
dyes—those possessing a single azo group—are the yellows
and oranges. In wool violet S., there is, however, an example
of a monazo dye whose color appears at the other end of
the spectrum. I t possesses both nitro and sulpho groups as
well as a substituted amino group.

The starting point is dinitranilino, C6H3(NH2)(NO2)2,
which on being diazotized is coupled with diethylmetanilic
acid, CVH4N(C2H5)2(SO3)H.

Aftor diazotizing the reaction takes place as follows:

G f lH3—»:»—Cl + C6H4N(C2H5)2 =

3
Dinitrodiazo- Diethyl-

benzene chloride metanilic acid
C6H3—N:N—C6H3N(C2H5)2 + HC1

\ N 0 2 ) 2 \ 5 O 3 H
Wool violet S.

(free acid)

The dye appears as a blackish powder which is a sodium
salt of the following constitution:

NO2 SO3Na

N:N«
Wool violet S

Wool is dyed a reddish violet from an acid bath.
Its lack, however, of resistance to acids which decompose

the dye has caused its withdrawal from the market.

OXY AZO DYES

No class of dyes derived from the coal-tar products has
won the attention or attained the importance of the oxy azo
colors. In the last decade their manufacture has received
a great impetus, and new products are constantly appearing
upon the market.

The discovery of diazobenzol in 1860 made possible the
enormous development of all the azo dyes; but, how great a
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scope the diazo reaction comprised was not learned all at
once. There were various periods of quiet which were
changed into periods of enthusiastic investigation and tech-
nical activity when some new and untried substance was found
available for diazotization or some new compound stood
ready to form the second component and join with the diazo
compound to produce a new color.

PONCEAU DYES

Among others, a group of dyes known as ponceau (poppy)
dyes was discovered in 1878. They led the way for the
production of the first scarlet dyes and similar compounds
which are distinguished for beauty and cheapness.

The study of the methods of preparation of these dyes
and a recognition of the different behavior of the naphthol
disulphonic acids known as' the R. and G. acids exerted a
powerfully stimulating influence upon the synthetic prepara-
tion of dyes for a long time afterwards.

Typical substances used in the preparation of these dyes
were the isomeric xylidines, CeB^CE^NB^ , which were
diazotized and united with the sodium salts in alkaline
solution of the two /?-naphthol disulphonic acids distinguished
as the G. and R. acids.

In place of xylidine may be used cumidine, C6H2(CH3)3NH2,
and again other naphthol disulphonic acids may replace those
above referred to.

The two acids referred to as R. and G. acids are both
disulphonic acids of /9-naphthol, and only differ from each
other in the position occupied by one of the sulphonic acid
groups. This difference in the position is important, and to
recall the method of designating naphthol compounds the
formulas are given below: SO3H

S—OH

HO3

R-acid or 0-Naphthol 3:6 disulpho acid G-acid or ̂ -Naphthol 6:8 disulpho acid
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Ponceau 2G. (1878), Brilliant Ponceau G.G., Ponceau J.J.,
Scarlet 2G., is one of the first scarlet dyes. Aniline is the
initial substance which is diazotized and coupled with /?-naph-
thol disulphonic acid R. as follows:

0(}Hf):N:N—Cl + C10H7OH(SO3Na)2 =
Diazobenzene R-acid

chloride
N:NC6H5

NaO3Sl

Ponceau 2G.

The dyestuff is a bright red powder, which gives a reddish
yellow solution in water. It is scarcely changed by hydro-
chloric acid, but it is turned somewhat yellower by caustic
soda. The cherry red solution it gives with strong sulphuric
acid changes by adding water to reddish yellow.

Wool and silk are dyed^from an acid bath a reddish orange
color, which appears yellower under artificial light.

Ponceau 4G.B. (1878), Crociene Orange, Brilliant Orange,
Orange G.R.X., differs from the preceding dye in composition
only by the. lack of one of the sulpho acid groups in the
naphthol constituent of the dye. Its constitution is other-
wise the same, as may be observed from the formula:

-OH

NaO3S—I,

Ponceau 4G.B.

I t is formed from diazotized aniline and /2-naphthol sulpho
acid S., containing the acid group in ppsition 6.

The loss of one sulphonic acid group in comparison with
the previous dyestuff causes the color upon wool to incline
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toward the yellow; it dyes an orange yellow, while ponceau
2G. dyes a reddish orange.

Hydrochloric acid causes a yellowish brown precipitate to
fall. Besides dyeing wool from an acid bath it is employed
in coloring lacquers. Its solution is turned brownish yellow
by caustic soda. Strong sulphuric acid forms an orange
yellow solution which gives a yellowish brown precipitate
with addition of water.

Cochineal Scarlet G. (1883), is a monoacid dyestuff which
exhibits the effect of a change in the position of the sulpho
acid group in the molecule. This dye is an isomer of ponceau
4G.B., and differs from it only in having the single sulpho
group in position 5 instead of in 6.

Comparison of the formula with the preceding clearly shows
this.

OH
I

/ \ / \ — N : N O G H 5

SO3Na
Cochineal scarlet 6.

It is made from diazotized aniline and a-naphthol sulpho
acid C.

The changed position of the sulpho group from position
6 to 5 changes the color from orange yellow to a brick red.
It yields a red precipitate on adding hydrochloric acid. Caustic
soda changes the aqueous solution to an orange yellow. Con-
centrated sulphuric acid dissolves i t . to a cherry red color
which, as water is added, yields a brownish red precipi-
tate.

Wool is dyed a brick red from an acid bath, and it is fast
to light.

Sudan I (1883) is produced from diazotized aniline and
/?~naphthol. No sulpho acid group is present in the mole-
cule. In this respect only it differs from the last named
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dye, but from loss of this one acid group it is insoluble in water.
Its composition is shown below:

N:NC6H5

OH

Sudan i.
I t is a brick red powder unfitted through its insolubility

in water to serve as a dye for fabrics: it is used to color spirit
lacquers and oils an orange yellow; waxes and soaps are
likewise colored with it. It dissolves in concentrated acid,
but it is insoluble in a solution of caustic soda. The red
solution in strong sulphuric acid on dilution gives an orange
yellow precipitate. It is soluble in benzene and its solution
in this has been used in toning plush.

Fast Red A. (1877), Fast Red, Ceracine, Rubidine, Orcelline
No. 4 possesses the distinction of being the first red azo dye,
and it is likewise the cheapest among the red acid dyes.

Naphthionic acid, CioH6(NH2)S03H, is diazotized and then
combined with /?-naphthol7 which completes the formation of
the dyestuff. The combination of the diazotized naphthionic
acid with the second component is as follows:

Ci0H6N:N01 + C10H7OH = OioHeNrNCioHGOH + HC1

\ 3 O 3 H \ s O 3 H
Diazonaphthalene /?-ITaplithol Fast red A.

suipho acid
The constitution of the dye is shown below in the form of

its sodium salt, which appears in commerce:
y -y

Fast red A.
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The commercial dyestuff is a brownish red powder which
dissolves slightly in cold, but easily in hot water, with a scarlet
color. Hydrochloric acid gives a brown precipitate in this
solution, while caustic soda turns it darker in color. A violet
colored solution is formed with strong sulphuric acid from
which a yellowish brown precipitate falls on adding water.

Fast red A. possesses strong coloring power and it produces
a red color on wool dyed from an acid bath. It is also used
for silk and but little for cotton.

Its fastness to light and milling and its resistance to dilute
acids and alkalies are the causes of its retention to the present
time.

Fast Brown 3B. For the starting point of this dye there
is required a sulpho acid compound of /?-naphthylamine,
which has the acid group in the position 6, as shown here:

HO3S

£-Naphthylamine-
6-sulpho acid

When this compound has been diazotizcd it couples with
/?-naphthol for a second component, forming the dye fast
brown 3B, which dye is here represented as the sodium salt
that appears in commerce:

HO
Fast brown 3B.

The dye is sold as a brown powder which gives a brownish
red solution in water. Hydrochloric acid turns the color
to reddish violet and a rosanilinc red color is developed by
caustic soda. The blue solution in strong sulphuric acid
turns to a reddish violet as soon as water is added and then
deposits a precipitate.
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Wool is dyed brown from an acid bath and the color is
moderately fast to light and milling; it also resists the action
of acids and alkalies.

Ponceau 4R. (1878), New Coccin, Brilliant Scarlet, Coch-
ineal Red A. This dye contains, like so many of the azo colors,
two derivatives of naphthalene joined together by the azo
group. The initial component is naphthionic acid or 1-
4-naphthylamine sulpho acid of the following composition.

NH2

SO3H
Naphthionic acid

Diazotizing its amino group enables it to fix one molecule
of /?-naphthol disulpho acid by attaching itself to position 1
in that molecule.

As the following formula exhibits the completed dye as the
sodium salt of commerce, the second or more complicated
component may be seen in the second part of the whole
molecule.

=N
SO3Na I

-OH

I ! I
NaO3

Ponceau 4R.
I t forms a scarlet powder which dissolves in water with

the same color. Hydrochloric acid does not change it; but
it is turned brown by caustic soda. Strong sulphuric acid
dissolves it with a rosaniline color, which dilution with water
changes to yellowish red.

Wool and silk are dyed scarlet from an acid bath and the
color is not at all affected by light; the color on the fabric
resists well the action of alkalies and acids.
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Bordeaux S. (1878), Fast Red D., Amaranth, Fast Red E. B.
has the same empirical formula as the last named dye Ponceau
4R., b u t a different structure, and it allows a comparison
therefore of the differing shades of the two isomers. Both
are red dyes, the former a scarlet red and the latter a bluish
red.

The initial component of both dyes is the same naphthionic
acid, b u t Bordeaux S. results from employing R. acid in place
of the G. acid to unite with the diazotized naphthionic acid.

—OH

SO3H

acid or R-acid
The R. acid is attached at position 1 to the diazotized

naphthionic acid. The commercial dye is a sodium salt
represented below:

N:NC10H6SO3Na

-OH

NaO3S—^ I J—SO3Na

Bordeaux S.

By comparing the formula of this with that of its isomer
ponceau 4R. the only difference consists in the —SO3H group
having the position 3 in this dye in place of position 8, but
this change develops a bluish character in the scarlet red
of ponceau 4R.

Bordeaux S. is a brownish red powder which gives a rosani-
line red color to water. It is not changed by hydrochloric
acid, b u t caustic soda turns it dark. It forms a violet solution
in strong sulphuric acid and this only changes to a bluish
violet upon diluting it.

It has the property of equalizing well in dyeing. Wool
and silk from an acid bath are dyed a bluish red and this
color is not sensitive to acids or alkalies. It is fast to light.

Azofuchsine G. (1889) is employed for bottoming indigo
dyeings, and it is further used for mixed shades on cashmeres.
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There are also other azofuchsine dyes which impart rosaniline
shades to wool.

It is prepared by diazotizing p-sulphanilic acid,
C6H4NH2SO3H; and uniting to it dioxynaphthalene sulpho
acids of this formula:

OH OH

SO3H
Dioxynaphthalene sulpho acid S.

The resulting compound appears in commerce as a sodium
salt of the composition:

OH OH
N:NC6H4SO3Na

SO3Na
Azofuchsine G.

It is a reddish brown powder which imparts a bluish red
color to its aqueous solution. Hydrochloric acid turns it
bluer and caustic soda yellow without any precipitation.

It dyes wool a rosaniline red from an acid bath and the
color is fast to light and acids and moderately fast to alkalies
and milling.

Palatine Scarlet (1886), Cochineal Scarlet P. S. The amino
group required for diazotizing in the preparation of this
dye is furnished by m-xylidine, C6H3(CH3)2NH2. The second
component is a-naphthol disulpho acid R.G., and has the
constitution shown below:

OH

-SO3H
n-Naphthol disulpho acid R.G.
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The point where coupling with the diazo compound takes
place is at position 2, and the result of the union is given
as the commercial sodium salt:

OH
- N : N C 6 H 3 ( O H 3 ) 2

NaO3S—I JL J—SO3Na
Palatine scarlet

The dyestuff is a brownish red powder which dissolves
easily in both water and alcohol with a scarlet color.

A gelatinous yellowish brown precipitate falls on adding hydro-
chloric acid, while caustic soda changes the color to yellow.

From an acid bath, wool is dyed scarlet. It is highly
prized for its fastness to light and further distinguished by
fastness to milling and the influence of sulphur.

The color is not sensitive to the action of acids and alkalies.
By referring to the formula of ponceau 2R., it will be

observed this dye is an isomer. The difference consists in
the exchange of position of the hydroxyl and diazo groups,
but this change is accompanied by a loss of resistance to
light; for ponceau 2R. is fugitive on exposure.

Palatine Red is similar to Palatine scarlet just described,
but it differs in having a naphthyl group, —CioH7; in the
place of a xylidine radical. This change in composition is
accompanied by a change of color from scarlet to red.

OH
y - N : N C 1 0 H 7

NaO3Sl X JSO3Na

Palatine red

Diazo a-naphthylarnine plus a'-naphthol disulpho acid E.G.
produces the dye whose sodium salt is represented.

The properties of the dye are almost identical with palatine
scarlet. Wool is dyed a bluish shade of red. The color
possesses resisting qualities against alkalies and sulphur.
I t is also fast to light to a considerable degree.

Azoeosine (1883) is a dye especially for wool, to which it
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communicates a beautiful eosine red color. The amino group
for diazotizing is furnished by o-anisidin, CeH^NK^OCHs).
After the diazo compound is prepared it is joined to a-naphthol
sulpho acid N. W., C10H6SO3H(OH).

The commercial dye is the sodium salt, the structure of
which is exhibited in the formula:

OH
N:N06H4OCH3

SO3Na
Azoeosine

It is a red powder which dissolves in water with a red
color. A brown precipitate is thrown down by hydrochloric
acid. Caustic soda turns the color to a yellowish brown.
The carmine red solution in strong sulphuric acid lets fall
a brownish red precipitate on the addition of water.

In an acid bath, wool is dyed an eosine red.
Lanacyl Violet B.—Among the monoazo dyes thus far

considered the colors have been largely among the yellows,
oranges, and reds and their various shades. It was dis-
covered, however, that a certain kind of naphthalene deriv-
atives used as a .component would produce the darker colors,
and under the proper conditions black.

Lanacyl violet B. is one of these. The positions 1 and 8
in naphthalene are known as peri or neighboring positions.
A dioxynaphthalene 1:8 would be a peri compound: an amino-
a-naphthol 1:8 would also be a peri derivative with an amino
group, (—NH2), in position 1 and an-oxy group, (—OH), in
position 8 of the composition:

OH NH2

Amino-a-naphthol, i : 8

The disulpho acid of this compound with the sulphp groups
in the position 3 and 6 is what is employed in the preparation
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of lanacyl violet, and it is called H. acid of the following
composition: OH NH2

HO.

H. acid,
l-Amino-8-a-naphthol

3:6-disulpho acid
The capability of producing a dark color seems to reside

in the positions assumed by the amino and oxy groups.
When subjected to diazotization and combined with ethyl

«-naphthylamine, C]oH7NH2H5, the violet dye is developed.
The sodium salt is exhibited below:

OH N:N010H6NH02H5

Na O3 S—I ,1 I—S O3 Na
Lanacyl violet B.

It is a dark brown powder whose aqueous solution is reddish
violet. Hydrochloric acid produces no change, while caustic
soda turns it orange red. The solution in strong sulphuric
acid is a greenish blue, which the addition of water turns
first a greenish blue, then violet.

Wool from an acid bath is dyed a violet which stands
milling and is fast to light and alkalies.

Lanacyl Blue B.B., resembles lanacyl voilet in requiring
the same initial component, the H. acid; the second com-
ponent is a naphthalene derivative also, but a different one.
It is a 5-amino-l-naphthol, which for convenience in writing
the formula of the dyestuff is represented in a reversed
position: OH
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When the H. acid (see under Lanacyl violet) is diazotized
and combined with the 5-amino-l-naphthol, the blue dye is
produced, the sodium salt of which is:

OH

OH N
I I

NaO3S—I 1 J-SOgNa NH2

Lanacyl blue B.B.

The dyestuff of commerce is a black powder which dissolves
to a color between a red and a bluish violet. Hydrochloric
acid produces slight effect; but caustic soda acts upon this
as upon lanacyl violet, turning it an orange red. Strong
sulphuric acid dissolves it with a blue color which the gradual
addition of water does not affect at first, but it finally becomes
violet.

Wool in an acid bath is dyed a blue which resists light
well and is also fast to acids.

Chrome Yellow D. (1890), Milling Yellow, Mordant Yellow,
Anthracene Yellow B. N. is an example of an azo dye requir-
ing a mordant when dyed upon wool.

It differs from the other monoazo dyes in possessing a
carboxyl group, (—CO-OH), and this gives a facility for
combination with basic mordants, e.g., chromium hydroxide
on wool.

/?-Naphthylamine-6-sulpho acid is diazotized and com-
bined with salicylic acid. I t is this second component which
communicates to the dye the property of combming with a
chromium mordant.

CO-OH

OH
Salicylic acid.
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The sodium salt of the dye is

I—CO. OH

OH
Chrome yellow D.

The yellow powder communicates a yellowish red color to
its aqueous solution in which it is somewhat difficultly
soluble.

A gray precipitate of a gelatinous character is thrown
down by hydrochloric acid. An orange red precipitate falls
on the addition of caustic soda. A flocculent reddish gray
precipitate falls from its orange red solution in strong sul-
phuric acid as soon as sufficient water is added.

Wool that has been mordanted with bichromate of potash
is dyed yellow. The color is fast to light and it stands milling.
It resists acids and alkalies.

CHROMOTROPES

The chromotropes form a group of dyes which take their
name from "chromotropic" acid. They are manufactured at
Hochst. A peculiarity of them is that being azo dyes, they
nevertheless are mordant dyes. In practice the shade of the
pure dye is modified to a greater or less degree by the mor-
dant employed.

The dye is first applied and the mordant afterwards; thus
it has the character of a developer and it is often called by
that name.

The chromotropic acid which forms the basis of these dyes
is a peri derivative of naphthalene and it is also a disulphonic
acid and a dioxy compound at the same time. The two oxy
groups are fixed in the positions 1 and 8, which are known as
the peri positions. The compound is definitely expressed by
the name 1.8-dioxynaphthalene-3.6 disulphonic acid, and the
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relative positions of these four groups is shown in the con-
stitutional formula: ~ , ,

HO3S—I ,K J—SO3H
Chromotropic acid.

Position 2 in this acid is the point of fixation for any diazo-
tized amine which can combine with it. The azo dyes which
are thus developed by the various diazo components possess
the property of being modified in hue by the different mor-
dants used to fix the dyes. For instance, the dyestuff formed
by coupling diazobenzene with this chromotropic acid yields,
when dyed upon wool, a beautiful eosine red. If the wool
be subjected to an alum mordant, the color changes to violet.
When a chromium mordant is used a deep dark blue results.

The chromotrope azo dyes are mordant dyes; but they differ
from other mordant dyes in the fact -that wool is dyed from
an acid bath and then the colored wool has the mordant
applied by boiling in a solution of potassium bichromate
(most frequently employed) until the desired shade is
developed.

The three following chromotropic dyes show the effects
produced upon the color of a dyestuff by the introduction
of single simple groups, e.g., NO2 and NH2.

Chromotrope 2R. results from the combination of diazo-
benzene and chromotropic acid. The sodium salt is repre-
sented, showing the structure:

OH OH

S—N:NC6H5

J—SO3Na

Chromotrope 2R.

I t is a brownish red powder which colors water a rosaniline
red. Neither hydrochloric acid or caustic soda affect the
color.
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Upon wool in an acid bath, it affords a rosaniline red which,
by subsequent treatment with chromic acid, changes from a
peacock blue to a very dark violet, according to the time
of exposure to the action of the mordant.

The color equalizes well, and it is very fast to light, acids,
and the action of sulphur. It does not crock.

I t is also moderately fast to alkalies, though not to milling.
The range of its usefulness is increased by employing it for
mixed shades.

By comparison with chromotrope 2B., next described, it will
be noticed that the benzene ring, (—G6H5), contains no group
substituted in place of any hydrogen.

Chromotrope 2B. (1890) is a mordant azo dye and a
derivative of chromotropic acid. The other or first com-
ponent is p-nitraniline, C6H4NH2(NO2).

When this latter substance is diazotized and joined to the
chromotropic acid, the dye is developed, and its commercial
sodium salt is shown structurally as follows:

OH OH

N:NC6H4NO2

NaO3Sl Jv J—SO3Na
Chromotrope 2B.

The only change in composition from the previous dye,
shown by this one, is the presence of one nitro group fixed
in place of a hydrogen in the benzene ring.

The presence of this group, however, changes the shade from
red to a bluish red.

Chromotrope 2B. is a reddish brown powder yielding a
yellowish red solution in water. Hydrochloric acid turns
the color yellower and caustic soda turns it bluer. When
dissolved in strong sulphuric acid, the solution is a dark
violet color that changes on dilution to a yellowish red.

Wool is dyed various shades from an acid bath. It fur-
nishes a bluish red when used alone: with a little potassium
bichromate and acetic acid a blue, and with more bichromate
and sulphuric acid a black color is developed.
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Victoria Violet 4B.S. (1891) may well have been named a
chromotrope dye, for it is derived from chroxnotropic acid.
Indeed, it differs in no particular from chromotrope 2B.
just described, save in the loss of two oxygen atoms from the
single nitro group and their replacement by two hydrogen
atoms.

As this loss of oxygen and gain of hydrogen is always the
way in which reducing agents convert a nitro group into
an amino group, so here this dye may be made directly from
chromotrope 2B. by reducing agents.

OH OH
r:NC6H4No2

+ 6H =

Chromotrope 2B.Bluish red
OH OH

, — N : N C 6 H 4 N H 2rVv + 2H2ONaÔS—L X JSO3Na-I I Jj
Victoria violet 4B.S.Bluish violet.

Victoria Violet 4B.S. is a powder of grayish green colorwhich forms a dark violet aqueous solution.Neither hydrochloric acid or caustic soda causes a pre-cipitate; but, the former turns it yellowish red, and thelatter a reddish yellow.Upon wool in an acid bath it dyes a bluish violet whichis fast to washing and does not rub off. It is moderatelyfast to light and milling. A slight reddening of the coloris effected by acids and alkalies.Chromotrope 6B. (1890) is a violet red dye which affordsanother example of a change in shade consequent upon acomparatively slight change in composition. This violet reddye may be considered as derivative of the bluish violet dyeVictoria violet 4B.S.; described above.
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If this latter dyestuff should lose one hydrogen atom from
its single amino group and gain in its place an acetyl, —(C2H3O),
group, the new dye would be formed.

In the manufacture, however, the new dye is not obtained
in this manner.

A component is chosen which already contains an acetyl
group within the amino group. This component is p-amino-
acetanilide, C6H4NH2NH (C2H3O).

It is diazotized and coupled with chromotropic acid, and
the ehromotrope GB. results. The constitution of the sodium
salt is:

OH OH

N:NCGH4NH(C2H3O)

SO^Na
Chromotrope 6B.

Victoria red

r r

J—N:NCGH4NH2

—SO3Na

Victoria violet 4B.S.
Reddish violet

The fixation of the acetyl radical in the amino group has
changed the predominant shade from violet to red.

The commercial form of chromotrope GB. is a grayish brown
powder, whose aqueous solution is a violet red. I t remains
red with hydrochloric acid, but it is turned yellow by caustic
soda.

Wool from an acid bath is dyed violet red. The dye
equalizes well, and it is unaffected by light and acids. Alkalies
have little effect upon it, but it lacks fastness to milling.
Sulphur does not change it', nor does the color crock on
rubbing.

Chromotrope 10B. and Chromotrope 8B. are both reddish
violet dyes which differ from each other by the one extra
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sulpho group possessed by the latter dye. These two dyestuffs
differ from the chromotropes previously considered in having
naphthylamine as a starting point in place of aniline.

The constitutional formulas are:

OH OH OH OH

N:NC10H7 / ^ / N — N : N C 1 ( ) H 6 S O 3 N a

NaO3Sl X \—SO3Na NaO3Sl X JSO3Na
Chromotrope 10B. Chromotrope 8B.

Reddish violet Reddish violet
By comparing the formula of chromotrope SB. with that

of chromotrope 2R., a naphthyl group, —(C10H7), will be
noticed in the former in place of a phenyl group, —(C0H5)?
in the latter. This increase of molecular weight has changed
the predominant red shade to a violet one, and this change
from the lighter to the darker color will often accompany
what may be called an increased molecular load, resulting
from the introduction into a molecule of one or more heavy
radicals.

INGRAIN COLORS

The term " ingrain colors " is applied to those colors which
are actually formed or developed upon the fibre itself. The
chemical reaction between the components of the ultimate
color takes place upon the fibre. Iron buff is a simple example
of an ingrain color among the inorganic dyes. A fabric
steeped in a solution of a ferric salt shows little color until
it is passed into a solution of an alkali or alkaline carbonate,
when the ferric hydroxide develops, yielding a buff or brown
color, according to the strength of the reacting substances.

All the azo dyes thus far considered, with the exception of
a few basic dyes, are acid dyes, because of the contained
sulpho acid groups. These sulpho groups render the other-
wise insoluble dyes soluble, and thus capable of being dyed
in the usual way from solution. A disadvantage of the sulpho
group is the lessened affinity of the sulphonated dyestuff for
cotton.
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If the components of azo dyes are not sulphonated, then
the resulting dye is insoluble and incapable of being directly
applied to the fibre. They can, however, be produced upon
the fibre itself. This method is employed to a considerable
extent to produce beautiful and fast colors upon piece-goods,
and in calico printing. Colors thus produced are true
u ingrain colors."

The term " ice colors/7 often used, refers to the necessity
of keeping the bath cooled with ice, so that the diazo com-
ponent of the dye shall not decompose before it is coupled
with the other constituent.

The components for an azo dye to be thus developed on
the fibre are, first, a phenol or amine, and second; a diazo-
tized base. The process introduced in 1SSO chiefly consists
in saturating the fibre with an alkaline solution of a phenol,
drying, and then passing into a cold neutral solution of the
diazo component.

The " ingrain " or " ice colors " have become serious rivals
of. the alizarine dyes.

Of the various phenols available for this process, /9-naphthol
is used almost exclusively in practice. Of the bases, a com-
paratively large number are employed. These of course
furnish the ami no gvoup, which is diazotized with sodium
nitrite and acid. A list of bases frequently employed is
appended:

NH2 N N

Aminoazobenzene

iJ-Naphthylamine
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NH2
NH2

J—NO2

Metanitraniline

NH2

ISTitroparatoluidine

NH2
\ _ C H 3

a-Naphthylamine
NH2

NH2

Benzidine
NH2

Hitroorthotoluidine
NH2

NH2
Tolidine

J0CH3 NOo

Paranitraniline

NH2
Orthoaminoazotoulene
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Paranitraniline Red (1889) is an ingrain color, insoluble in
water, and cannot, of course, be sold as a finished dye and
ready for application. It comes into commerce in the form
of its two components, paranitraniline and /3-naphthol.

A mixture of paranitraniline, and the sodium nitrite neces-
sary to diazotize it afterward, is sold as nitraniline N. The
paranitraniline actually diazotized is also on the market from
one firm as Azophosphor Red and as Nitrasol from another
linn. The stability of the compound is maintained by a
patented use of anhydrous alum as a drier.

The finished dye as it exists upon the cotton fibre has the
composition indicated; the color is scarlet.

NO2

Paranitraniline red
Cotton dyed with paranitraniline red yields some of its

dye to boiling alcohol and boiling benzene, which become
colored orange yellow and orange respectively.

Nitrosamine Red (1893) eventually appears upon the dyed
fibre identical in composition with paranitraniline red. I t
has, however, a different history during the development of
the dye from paranitraniline. This was put upon the market
by the Badische Anilin und Sodafabrik, which makes use of
the property of diazo compounds to go into a stable nitro-
samine condition, if treated with an alkali.

The nitrosamine red sold by this firm is a paste which con-
sists of the sodium salt of paranitrophenyl nitrosamine:
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which is the result of caustic soda acting upon paranitro-
diazobenzene chloride as follows:

NO2C6H4—N:NC1 + 2NaOH =
p-Nitrodiazobenzene •)«•„

chloride V*
NO2C6H4N—NO + NaCl + H2O
Sodium-p-nitrophenyl-

nitrosamine

When this product is treated with an acid it is changed
back Into the diazo form and exhibits the capacity of fur-
nishing dyes by combining with phenols. If /?-naphthol is
employed, then the product is the same as paranitraniline
red described above.

TETRAZO DYES

In the azo dyes thus far considered the azo group, —N:N—,
has occurred but once in the molecule of the dye. The number
of compounds which are possible is very great, on account of
the various different substances which contain the amino
group, and therefore can form diazo compounds. This
number is further increased because of the large number of
substances which may be used as second component with
the diazo derivative of each initial amine chosen.

The tetrazo dyes contain two of the azo groups, —N:N—,
in a molecule. The process of double diazotization does not
involve any new principle. I t requires that the second com-
ponent of an azo dye shall contain an amino group which
may in turn be diazotized.

Aminoazobenzene is a type of a diazo compound which is
capable at once of a second diazotizing by sodium nitrite
and an acid.

C6H5N:NC6H4NH2

Aminoazobenzene

By diazotizing this and combining it with phenol, for
example, there results:
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C6H5N :N06H4N: NC6H4OH
Benzene azobenzene azophenol

or tetrazobenzene phenol

OH

Tetrazobenzene phenol

By employing /?-naphthol as the last component we have a
tetrazobenzenenaphthol, whose formula is:

C6H5N:NC6H4N:NC10H6OH
Tetrazobenzene-/?-naphthol

Tetrazob enzene-#-naphthol

TETRAZOBENZENE-/?-NAPHTHOL

This latter substance is a most frequently occurring com-
plex or skeleton in many dyes. As it stands, it forms a brick
red powder, or brown plates with a greenish lustre. Alkalies
do not dissolve it; alcohol dissolves it with difficulty; glacial
acetic acid dissolves it more freely.

The sulpho groups which are necessary to the solubility
of these dyes in water may occur in various positions in the
molecule, sometimes in one benzene ring, sometimes in the
other, or in both simultaneously, and the same is true of
the naphthalene radical and the benzene rings; the sulpho
group may occur in one or more, and in a great variety of
positions.

The position of the sulpho group is nrot without influence
upon the resulting compound when it is treated with con-
centrated sulphuric acid.
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Those compounds which contain the sulpho group m the
benzene nuclei are turned green by sulphuric acid; those
which have one or more sulpho groups in the naphthalene
nucleus are changed to violet; and, lastly, those which have
sulpho groups simultaneously in both benzene and naphthalene
nuclei become blue with sulphuric acid.

Biebrich Scarlet (1878), Ponceau B. Extra, Ponceau 3R.B.,
New Red L., Imperial Scarlet is a brownish red powder which
forms an orange red solution in water. In its preparation
aminoazobenzene disulphonic acid is diazotized and then
combined with /?-naphthol; the sodium salt of the product is
shown structurally:

Biebrich. scarlet

This yields with concentrated sulphuric acid a green color,
which addition of water turns first to blue and then causes
the brownish red flocks to separate. From a concentrated
solution of the dye, hydrochloric acid precipitates red flocks,
and a brownish red precipitate is caused by caustic soda:
this dissolves with a violet color in pure water.

Wool and silk are dyed from an acid bath a bluish shade
of scarlet. The color resists acids and alkalies; it is fast
to milling, • moderately fast to light, but sensitive to sul-
phur.

By comparison with the following dye, brilliant croceine M.,
the effect may be observed of shifting both sulpho groups
from the benzene rings to the naphthalene nucleus.

Brilliant Croceine M. (1882), Cotton Scarlet 3B., Brilliant
Crociene has the same composition as the Biebrich scarlet
described above and is an isomer whose difference depends
upon the changed position of the two sulpho groups.
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I t is manufactured from aminoazobenzene which is diazo-
tized and coupled with /?-naphthol disulpho acid y.

The commercial dye is the sodium salt of the resulting
compound, whose structure is:

-SO3Na

N - =N SO8Na
Brilliant croceine M.

The two sulpho groups, no longer distributed one to each
benzene nucleus, arc both fixed in the naphthalene nucleus
and their change of position imposes a change in shade upon
the clycstuff, when used upon wool or silk from a bluish,
scarlet to scarlet.

The dyestuff is a light brown powder which gives a cherry
red aqueous solution. A brown precipitate falls from its
solution on adding hydrochloric acid. Caustic soda changes
the color to brown instead of producing a brownish red
precipitate, as in the case of its isomer Biebrich scarlet. It
dissolves in strong sulphuric acid with a reddish violet color,
which changest to blue and then deposits a brown precipitate
as water is gradually added.

Wool and silk are dyed red from an acid bath. Paper and
cotton with an alum mordant may also be dyed red. The
color is fast to light and acids but not to washing. Lakes
may be produced with aluminum hydrate and with barium
chloride.

Diamond Black F. (1889) is a tetrazo dye chosen for
comparison with the next dye described, in order to show
the change in the color caused by a second hydroxyl intro-
duced into this dye.

The manufacture of diamond black F. requires the following
substances to be diazotized and coupled in the order repre-
sented in the diagram:
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Aminosalicylic acid azo a-naphthylamine + a-naphthol
sulpho acid N. W.

The sodium salt of the dye, which occurs in commerce as a
brownish black powder, has the following structure:

OH

0O2Na SO3Na

N:N—N

OH
Diamond black F.

A violet precipitate falls from the aqueous solution of this
dye on adding hydrochloric acid. The color merely changes
to blue, if .caustic soda is added.

Wool mordanted with chromium salts is dyed a bluish black.
Diamond Green (1890) is an acid azo dye which is used

to dye chromium-mordanted wool a dark bluish green. I t
differs in composition from diamond black F.7 just described,
by the addition of one oxygen atom, which forms an additional
hydroxyl group in position 8 of the second naphthalene
nucleus, as shown in the structural formula below.

The manufacture of the dye requires the three substances
aminosalicylic acid, a-naphthylamine, and 1.8-dioxynaph-
thalene-4-sulpho acid to be diazotized and coupled in the
order named. The sodium salt of the product is the com-
mercial dye of the following constitution:

OH

SO,Na

OH OH
Diamond green
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As one extra hydroxyl group is the only feature in which
this dark green dye differs from the previous black one; the
change in color attends this change in composition.

It is a'black powder which gives a dark violet colored
aqueous solution. Hydrochloric acid produces a dark violet
precipitate, while caustic soda turns the solution to a dark
blue color. The solution in strong sulphuric acid is bluish
green: water changes it to greenish blue and if added in
large amounts a dark violet precipitate falls.

The bluish green color dyed upon chromium-mordanted
wool is fast to light, to acids and alkalies, and also to milling.

Cloth Red B. (1879) is a tetrazo dye which is employed to
replace the older santal wood. Upon wool mordanted with
chromium salts, it dyes red. /CH 3 GH3

In its preparation, aminoazotoluol, C6H4N:NC6H3NH2, is
diazotized and then combined with a naphthol disulpho
acid Sch. The structural formula of the sodium salt which
is the commercial dye exhibits the constitution of the com-
ponents and the finished dyestuff.

OH CH3

SO3Na
Cloth red B.

The dyestuff appears as a dark brownish red powder which
is soluble in water with a red color. Hydrochloric acid causes
a red precipitate while a violet coloration follows the addition
of caustic soda.

BLACK DYES

The first black tetrazo dye was discovered in 1883. In
all these dyes there is to be observed a central naphthalene
nucleus which seems to impose upon the dyes containing it
some one of the darker colors. As a basis of the black dyes
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there may be noticed one of the three following complexes
or compound nuclei:

or
C 6 H 5 N : N C 1 O H 6 N : N C 1 O H 7 ,

or
C 6 H 5 N : N O 1 O H 6 N : N C 6 H 5 .

In the order of their diazotizing, the three substances in
each complex form the components, and in each complex the
same nucleus appears, because a-naphthylamine is in each
case employed as the second component.

Thus in each appears this group:
N:H—

N:N—
Central group of black tetrazo dyes

Aniline and naphthylamine sulpho acids form most, fro-
quently the first components, and the different naphthol
sulpho acids serve as third components.

The process of manufacture for all consists in diazotizing the
first component, combining this diazo product with the second
component to form an amino azo compound, diazotizing again
and coupling the third component.

Naphthol Black B. (1885), Brilliant Black B. was the first
of these black dyes to win technical importance. The initial
component is /9-naphthylamine disulpho acid G. of tho follow-
ing constitution; the other two components are placed along-
side for comparison:

SO3H NH2

J . I
-NH2 < ^ / \ ( V Y - O H

H O 3 S — \ y \ s > \ / \ / H ° s S — I s ^ / ^ — S O 3 H
3

£-Naphthylamine a-Naphthylamine y3-Naphthol disulpho
disulpho acid G. acid R.
First component Second component Third component
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When the diazo compound of the first component unites
with the second, it joins itself to position -A of that substance,
thus leaving hv position 1 the amino group, which renders it
capable of the second diazotization requisite to enable it
in turn to couple with the third component, wherein position
1 is the point of attachment.

The sodium salt of the finished dyestuff has the following
constitution:

SO3Na

NaO3S—I Jv J—SO3Na

Naphthol black B.

Naphthol Black B. is a bluish black powder which yields a
violet colored aqueous solution. A reddish violet precipitate
falls on adding hydrochloric acid to its aqueous solution.
Caustic soda causes a blue precipitate which in pure water
redissolves. Concentrated sulphuric acid forms with it a green
solution which on diluting turns blue and then lets fall a red
violet precipitate.

In an acid bath wool is dyed a bluish black. The dyed
color is fast to light and resists the action of alkalies and
acids.

Naphthylamine Black D. (1888) is a tetrazo dye whose dye-
ings are less affected by milling than naphthol black, but
its resistance to acids is not so great.

It is prepared from re-naphthylamine disulpho acid 1:4:7,
which after diazotizing is coupled with a'-naphthylamine,
and then after a diazotization of this product coupled again
with a second molecule a'-naphthylamine.

The sodium salt of the dye is shown so that the various
components may be identified:
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N

N a O 3 S — / \ , / \

NH2
SO3Na

Naphthylamine black D.

The dyestuff is a black powder which in water gives a
violet black solution. Addition of hydrochloric acid causes a
black precipitate and caustic soda produces a precipitate of
the same color, which is soluble in pure water. It forms a
bluish black solution in strong sulphuric acid which turns
green as water is added and then a black precipitate sepa-
rates.

Wool and silk are dyed black from an acid bath or from
a neutral bath by the aid of salt. I t is moderately fast and
it is suitable for dyeing mixed wool and cotton goods.

Naphthylamine Black 4B. is a dyestuff prized for the
beautiful logwood shade of its dyeings. It is not a single
pure dye, but a mixture of naphthylamine black D. and
naphthol blue black, which will be described later.

Jet Black R. (1888) is a tetrazo dye suitable for a beautiful
blue black on wool and also adapted for dyeing silk a dark
blue or black, according to the amount of dyestuff employed.

The dye is prepared from aniline 2-4-disulpho acid, which
is diazotized and combined with a-naphthylamine, diazotized
again, and coupled with phenyl a-naphthylamine.

The sodium salt is:

=N—/ >—N N

NHO0H0H5

Jet black R.
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It is a black powder whose aqueous solution is colored
violet. A bluish black precipitate falls on the addition of
hydrochloric acid. A soluble violet precipitate falls on the
addition of caustic soda.

The dye imparts a bluish black color to wool from a bath
containing acetic acid or from a neutral bath with the addi-
tion of common salt. Silk is dyed from a bath acidulated
with acetic acid or from a boiled-off bath containing acetic
acid.

The color is not sensitive to acids and alkalies and it is
moderately fast to light and milling.

SUBSTANTIVE COTTON DYES

Cotton is the cheapest and most abundant fibre which is
employed on an enormous scale for spinning and weaving.
Yet, while it is so much less costly than silk or wool, it has
been the most difficult and expensive fibre to dye in a satis-
factory manner. The slight affinity of the cotton fibre for
the various dyes does not allow of a fixation of color which
will resist washing.

To enable cotton to become permanently dyed, the fibre
had first to be impregnated with an acid or basic mordant,
which was capable of a double affinity one for the fibre and
one for the subsequently applied dye. This extra manipula-
tion and the limiting of the kinds of dyes that could be
employed greatly increased the relative and' absolute cost of
successfully coloring cotton fabrics.

But three of the natural dyestuffs were exceptional in their
ability to color cotton without a mordant, and these were
curcuma, safflower, and Orleans.

In the year 1884 the history of cotton dyeing shows an
epoch-making change. A discovery in the field of the azo
dyes by BOttiger was responsible for this. He discovered
Congo red, a dye capable of imparting an intense red to
cotton which had not been previously prepared by mordants.
Congo red was the first of a long series of dyes which could
dispense with fixing agents upon cotton.
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These new dyes were derived from benzidine,
H2NC6H4—C6H4NH2, but this substance soon found rival
substances which could replace benzidine in the manufacture
of similar dyes, and because of this the term " substantive
cotton dyes " was applied to them.

As some of these colors are even more suitable for wool
than for cotton, the term was inappropriate; then, because
in the application of these dyes neutral or alkaline salts were
employed in the dye-vats, they were more appropriately
called " salt dyestuffe."

Considering the vast amount of cotton manufactured in
comparison with wool and silk and that these dyes so simplify
the methods of application, it can be easily understood that
the greatest rewards of the dye industry are attained in
this field.

BENZIDINE

Benzidine, which is the starting point of a large number
of these dyes, is prepared from nitrobenzene by reducing it
in alkaline solution; the nascent hydrogen being evolved
from zinc dust and caustic soda and the mass contained in an
iron vessel being rapidly agitated.

A steam distillation removes the aniline that is formed,
and subsequent treatment with cold dilute hydrochloric acid
removes the zinc hydrate. The hydrazo benzene which is
left insoluble from the above treatment is converted into the
iosmeric benzidine by boiling with hydrochloric acid, when
the following molecular rearrangement takes place.

C6H5NH—NHO6H5 + HOI = H2NC6H4—C6H4NH2 + HOI
Hydrazo benzene Benzidine

The solution after filtration is treated with sulphuric acid
or sodium sulphate, which precipitates the benzidine as in-
soluble sulphate. The free base benzidine is obtained by
decomposing the sulphate with caustic soda and distilling.

Congo red employs the diamino compound: benzidine
which allows a double diazotization, and a subsequent coupling
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of two molecules of naphthionic acid to the tetrazo diphenyl
chloride produced from the benzidine.

The constitutional formula of benzidine is as follows:

06H4NH2

Benzidine or Benzidine

Gongo red requires the diazotizing of both the amino
groups of benzidine with the production of tetrazodiphenyl
chloride.

NH2

I
CGH4N:NCI ^

CGH4N:NC1

SO3H
Diazotized benzidine Naphthionic acid

or tetrazo diphenyl chloride

The two molecules of the second component, naphthionic
acid, do not unite with the tetrazo compound with equal
rapidity. While the union of one molecule is carried out
quickly, the second molecule requires a considerable time to
elapse before the operation is completed.

With Congo red, this second operation lasts from one to
two days: with benzopurpurine, five to six days are required
for completion.

The operation may be hastened by employing a large excess
of the second component.

The commercial dyestuff is the sodium salt of the following
complex body:

C6H4—N:N—C

ySO3Na
C6H4—N:N—C10H5<

XNH2



190

or,

COAL-TAR DYES

Congo red

The dyestuff is a reddish brown powder which imparts the
same color to its aqueous solution. The addition of hydro-
chloric acid produces a blue precipitate: even dilute acetic
acid throws down a bluish violet precipitate. A reddish
brown soluble precipitate falls on adding caustic soda.

Cotton and wool are dyed red directly from an alkaline
salt bath. I t is not fast to light, and it has the additional
disadvantage of great sensitiveness to acids, traces of which
turn it instantly blue. Indeed, its great sensitiveness to acids
has caused it to be used as an indicator in volumetric analysis.

In spite of its defects through lack of fastness to light and
its extreme sensitiveness to acid, it is dyed upon large amounts
of material sent to Eastern Asia.

Benzopurpurin 4B. (1885), Cotton Red 4B. is a direct cotton
dyestuff which stands in close relation to the Congo red just
described, for it is the second higher homologue of that color.
In the benzidine nucleus are fixed two methyl groups in the
ortho position to the amino groups of the benzine rings, as
shown below. This dimethyl derivative of benzidine is known
as 0-toididine.

H2N<

Benzidine
CH3

o-Tolidine

NH2

0H3
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C6H4NH2

C6H4NH2

C6H3NH2

C6H3NH2

Benzidine o-Tolidine

The o-tolidine is diazotized and the second components are
the same are for Congo red, viz., naphthionic acid or 1-amino-
naphthalene-4-sulpho acid and they are coupled to produce
the dyestuff. The sodium salt is shown below:

NH2

I
N:N—

NH9

I
N:N-

OH* CH,

SO.Na
Benzopurpurin 4B.

The influence of these two methyl groups is to produce in
dyeing a yellower and more lively shade of red and to render
t h e color less delicately sensitive to acids.

I t forms a brown powder^which communicates a brownish
red color to its aqueous solution. A blue precipitate falls on
adding hydrochloric acid. Dilute acetic acid causes a brown
precipitate, while no change is made by caustic soda. The
blue solution in concentrated sulphuric acid yields a blue
precipitate when water is added.

Cotton is dyed red from a soap bath.
Congo Corinth G. (1886) is a tetrazo dye, and a near relative

of Congo red. I t dyes cotton a brownish violet and this
change of color from the Congo dye may be attributed to
t h e replacement of an amino group by a hydroxyl group.

The initial substance is benzidine: this, after being diazo-
tized, is coupled with one molecule of naphthionic acid and
one molecule of l-naphthol-4-sulpho acid. Thus, the hydroxyl
is carried into the dye molecule by the latter substance.
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The sodium salt of the dye is shown in the structural formula,
which allows an easy comparison with Congo red:

OH

SO3Na
SO3Na

Congo Corinth G.

The hydroxyl group in replacing an amino group impels
a change of color from red to brownish violet.

The dyestuff forms a greenish black powder which gives a
rosaniline color to its aqueous solution. Hydrochloric acid
causes a violet precipitate, while caustic soda turns the solution
cherry red, and then causes a red soluble precipitate to fall.

Cotton is dyed a brownish violet from a weakly alkaline
soap bath. The color is not fast to light, though moderately
fast to washing. Alkalies redden the color and it exhibits
a sensitiveness to acids.

ACID AND ALKALINE SOLUTIONS FOR TETRAZO DYES

When the initial substance employed in the manufacture
of an azo dye has been converted by sodium nitrite and an
acid into a diazo compound, it is ready for coupling the
second components. In this operation of coupling a choice is
offered of either an acid or an alkaline solution. The results
will be different in the two cases: different substances with
different colors will be formed even though the constituent
substances used are the same.

The two following dyes, diamine violet N. and diamine
violet R.O., exhibit the results above described.

Diamine Violet N. (1889) is a benzidine dyestuff which colors
cotton violet without a mordant from a weakly alkaline bath
or from a neutral bath containing sodium sulphate.

The diazotized benzidine is coupled in an acid solution
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with two molecules of /?-aminonaphtholsulf*Eo jicid. y, whose
composition is:

)H
v

£-Aminonaphthol-
sulpho acid T.

The sodium salt of the finished dyestuff has the following
constitution:

l O O r

NaO3Sl X J 1 1 JsO3Na
.Diamine violet N.

Finished in acid solution

The commercial dye is a dark brown powder which is solu-
ble in water with a reddish violet color. Hydrochloric acid
causes a violet precipitate inclining to black. The solution
is unchanged by caustic soda.

The violet color imparted to unmordanted cotton is fast
to light, acids and washing.

Wool or silk in a neutral or weakly alkaline bath are
colored a violet which is not fugitive to light and is fast to
washing and milling and resists the action of acids and
alkalies.

The dye is also employed upon mixed wool and silk fabrics.
Diamine Black R. 0 . is made from the same constituents as

diamine violet N. described above, but the final operation
is here carried out in an alkaline solution where that dyestuff
required an acid one.

Diazotized benzidine is coupled with /?-aminonaphthol-
sulpho acid, ^, in an acid solution. This difference in con-
dition causes the diazo compound to attach itself to the
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second components at different points, as the completed
molecule of the dye will show.

NaOoS
Diamiue black RO.

Finished in alkaline solution

By comparing this formula with that of diamine violet N.,
it will be noticed that the alkaline solution has caused the
diazo benzidine to attach itself to two beta positions instead
of two alpha positions, or to position 7 in place of position 1,
as in the former dye.

Thus ; though this dye is an isomer of the former, it dyes
grayish violet upon unmordanted cotton, or when diazotized
upon the fibre itself, and then combined with ^-naphthol and
resorcin develops a black.

The commercial dye is a black powder which colors its
aqueous solution a violet black. A blue precipitate is caused
by hydrochloric acid. A violet coloration results on adding
caustic soda.

The colors upon cotton are fast to light and washing and
they resist the action of acids and alkalies.

Diamine Fast Red F. (1889) is a benzidine dye which
exhibits the result of changing one of the second com-
ponents with which diazotized benzidine is coupled in acid
solution.

When the benzidine is diazotized and ready for coupling,
it is allowed to satisfy one diazo group with /9-aminonaphthol-
sulpho acid, y, and the other diazo group is coupled with
salicylic acid.

The structure of the finished dye exhibits the difference in
the second components, which changes a diamine violet into
a red dye.
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SOoKa

OH
Diamine fast red F. Finished in acid solution

The dye is a brownish red powder soluble in water with a
red color. Hydrochloric acid throws down a red precipitate,
caustic soda produces a soluble red precipitate. A reddish
blue solution in strong sulphuric acid gives a brown precipi-
tate as water is added.

Cotton is dyed red in a boiling bath containing a large
amount of sodium sulphate and strongly alkaline with caustic
soda. Chromium-mordanted wool is also dyed red. I t also
imparts a very fast color to silk in an acetic acid bath.

Diamine Brown M. (1889) is an illustration among the benzi-
dine dyes of the effect of an alkaline solution in place of an acid
one when the diazotized benzidine is joined to the same com-
ponents that were used in producing diamine fast red F. above.

The effect of coupling the diazotized benzidine in alkaline
solution is to change the place where it shall attach itself
in the molecule of /?-aminonaphtholsulpho acid. In this in-
stance it becomes attached in a beta position, while in the
acid solution it chooses an alpha position. The other com-
ponent salicyli'c acid does not change its behavior.

The completed molecule shows this brown dye to be an
isomer of the above red one, and the following formula shows
the difference in structure.

NaO2C-
OH

Diamine brown M. Finished in alkaline solution
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It appears in commerce as a brown powder'which is solu-
ble in water with a reddish brown color. Hydrochloric acid
throws down a brown precipitate and caustic soda causes a
soluble reddish brown precipitate to fall. It forms a violet
solution in strong sulphuric acid, and on diluting it with
water the color changes to brown and a brown precipitate
falls.

Cotton is dyed brown in an alkaline bath to which sodium
sulphate has been added. After-treatment with copper
sulphate renders the dye faster to light. The color is moder-
ately fast to light and washing, and it is likewise fast to
acids and alkalies.

Chrysamine G.. is a dyestuff so sensitive to the action of
copper that its solutions should not be allowed to come in
contact with vessels of that metal, otherwise the color will
be dulled.

It is a benzidine dye. When benzidine is diazotized it is
joined to two molecules of salicylic acid.

HO2Cl

OH
Salicylic acid

The change from the two molecules of naphthionic acid
which are joined to diazotized benzidine in Congo red to
the two molecules of salicylic acid is responsible for the
lightening of the color from red to yellow.

The sodium salt is the commercial dye and its structure is:

Chrysamine G.
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It forms a yellowish brown powder or a yellow paste which
is very difficultly soluble in water to a brownish yellow
color.

A brownish precipitate falls on the addition of hydro-
chloric acid. Caustic soda turns the solution orange red
and then causes an orange red soluble precipitate. If the
reddish violet solution in strong sulphuric acid be diluted,
a brown precipitate falls.

Cotton is dyed yellow from a soap bath.
I t forms chromium lakes and it is used for producing cream

colors in cotton printing. The color is fast to light and
moderately fast to washing.

Benzo Orange R. (1887), Direct Brilliant Orange 3R.
is a benzidine dyestuff wherein the diazotized benzidine is
coupled with different secondary components.

It has been shown that in the Congo red two molecules of
naphthionic acid formed the second components, and in
chrysamine G. two molecules of salicylic acid combined with
diazotized benzidine to form a yellow dye.

In the present instance benzo orange R. results as a mean
between the red and yellow dyes and, in fact, it contains,
joined to benzidine, one molecule of salicylic acid used in
chrysamine yellow and one molecule of naphthionic acid
used in Congo red.

The sodium salt of benzo orange has the following com-
position, and its formula betrays a likeness both to Congo
red and chrysamine G.

NH

SO3Na

Benzo orange R.

The dyestuff appears as a brownish red crystalline body
which is soluble in water with a reddish yellow color. I t
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turns reddish violet with the addition of hydrochloric
acid.

In a concentrated solution, a reddish yellow precipitate falls
on adding caustic soda. A violet blue solution is formed
with strong sulphuric acid and a grayish violet precipitate
falls when sufficient water is added.

Cotton and chromium-mordanted wool are dyed an orange
color which is fast to light but sensitive to acids.

Congo Rubin (1891) is prepared from diazotized benzidine
and one molecule of 2-naphthol-S-sulpho acid, known as
/?-naphtholmonosulpho acid B., and also one molecule of
l-aminonaphthalene-4-sulpho acid, known as naphthionic
acid.

In comparison with the two following dyes it illustrates
the change of color induced by changing one of the secondary
components. The constitutional formula of the sodium salt
of the dyestuff is:

NH,

NaO3S H : I O ( > : I (

SO3Na
Congo rubin

The dye forms a greenish crystalline powder which gives
a cherry red aqueous solution. A pure blue precipitate is
produced by hydrochloric acid and a violet red precipitate by
caustic soda.

Cotton is dyed directly a rosaniline red color.
Congo Violet (1883), Bordeaux (extra) is formed like

the dye Congo rubin, described above, in so far as diazoben-
zidine and one of the secondary components 2-naphthol-
8-sulpho acid, but the other secondary is in this dyestuff also
2-naphthol-S-sulpho acid. The two secondary components
are here both alike and the dye is a violet in place of red.
The comparison of the following formula with that of Congo
rubin will show the difference in structure:
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NaO3S | | SO3Na

Congo violet

Congo violet appears in commerce as a brown powder which
gives a red aqueous solution. Addition of hydrochloric acid
to this solution throws down a violet precipitate. Caustic
soda only turns it yellower.

Cotton from a salt bath is dyed violet, while wool is dyed
red from an acid bath.

Heliotrope 2B. (1892) is a benzidine derivative which is
manufactured by coupling diazotized benzidine with2-naphthol-
S-sulpho acid for one component and then with l-naphthol-4-
8-disulpho acid. The first of these components is the same
as that for both Congo rubin and Congo violet, but the change
in the second component develops the heliotrope violet color
of the dye. From the following formula, it will be seen that on
comparison with Congo violet one hydroxyl group has changed
position with the point of fixation of the diazo benzidine:
a second sulpho acid group has also entered at position 4.

OH SO^Na

NaOoS
OH

SO3Na
Heliotrope 2B.

The dyestuff is a dark gray powder whose aqueous solution
is reddish violet. A bluish violet precipitate is caused by
hydrochloric acid, while caustic soda causes only a reddening
of the solution.

Cotton is dyed heliotrope without the aid of a mordant.
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DIAMINO STILBENE DISULPHO ACID

A large number of amines beside benzidine, which has been
spoken of most frequently in the preceding pages, are used
as starting points for the manufacture of the tetrazo dyes.

The prime requisite is the presence of two amino groups
which offer themselves to a double diazotization, and many
substances possessing among their various side groups the
two amino groups are readily available for initial substances
of the more complex tetrazo dyes.

Diamino stilbene disulphonic acid is an example of such a
class of substances. The composition is shown below:

Diamino stilbene disulpho acid

It resembles in its configuration benzidine; indeed if a
molecule of benzidine is imagined to be cut in half and the
two carbon and hydrogen atoms thrust between the benzene
rings, a molecule of stilbene would be formed.

In preparing this substance p-nitrotoluene is treated with
fuming sulphuric acid and a sulpho group is introduced,
forming p-nitrotoluene sulpho acid. This product on boiling
with caustic potash yields azoxystilbene disulpho acid. Zinc
dust is then added to the alkaline solution setting free nas-
cent hydrogen, which reduces it and decolorizes it, forming
diamono stilbene disulpho acid.

The transformations which take place are indicated below
so as to show the relative positions of the substituting groups
in the partial and final products:

OH3

+ H2SO4 = 1 -r H2O

NO2 NO2

p-Nitrotoluene p-Nitrotoluene
sulDhonic acid
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SO3H

O

SO3H
p-Nitrotoluene Azoxystilbene
sulphonic acid disulpho acid

SO3H
l

SO3H SO3Hl ^̂

II o —> H2N/
>—

disulpho acid

I I
o —> H2N/ \CH:CH/ \NH 2y >— ' >—'

/ Diamino stilbene
SO3H

Hessian Bordeaux (1886) is a tetrazo dye which requires
diamino stilbene disulpho acid as its starting point. This
substance after diazotizing is coupled with two molecules of
a-naphthylamine. This dye, in comparison with the Hessian
purple N, shows the effect of a change in position of the amino
groups upon the color of the dye. The composition and
structure of the sodium salt of the completed dyestuff is
shown below:

SO3Na SO3Na

N / \OH:CH/ \ N
|| \ / \ / | |
N N

NH2 NH2

Hessian BordeauxThe commercial dyestuff is a greenish shining powder which
imparts a deep red color to its aqueous solution.

A blue precipitate falls on addition of hydrochloric acid,
while caustic soda causes a red precipitate.
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Unmordanted cotton is colored Bordeaux red. I t may be
diazotized upon the fibre itself.

Hessian Purple N. (1886) resembles the last dye Hessian
Bordeaux described, indeed it is an isomer of it. The same
compound diamino stilbene disulpho acid is used as the start-
ing point. When it has been diazotized, it is coupled with
two molecules of /?-naphthylamine. The result is a molecule
of the dye in which the amino groups are in the neighboring
carbon atoms to those which are joined to the two azo groups.
The formula of the sodium salt, which is the dye, is the
following: SQoNa SO,Na

CO" Hessian purple N.By referring to the formula of Hessian Bordeaux, the aminogroups will be found attached to those carbon atoms whichare opposite to those which engage the diazo groups. Thischange in position changes the color of the dye from Bordeauxred to purple.Hessian Purple N. is a brownish red powder. Its aqueoussolution is cherry red. A bluish black precipitate falls onadding hydrochloric acid. Caustic soda gives a red pre-cipitate which readily dissolves in a large amount of water.Cotton is dyed a bluish red from a soap bath. The coloris not fast to light and it is sensitive to acids. It is lessfugitive upon wool than upon cotton, and it is moderatelyfast to milling.Hessian Violet (1886) may be regarded a relative of HessianBordeaux, for if one amino group be removed and a hydroxylgroup be substituted in the same naphthalene nucleus, thoughin a different position, a red dye becomes violet.Dlazotized diamino stilbene disulpho acid is united with onemolecule of a-naphthylamine and one molecule of /?-naphthol
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with the result shown below in the formula of the sodium salt
of the dyestuff, which is the commercial product:

SO3Na SO3Na

l f < Z > C H : c H < Z > | f
N

NH2
Hessian violet

The commercial dye is a black powder. It dissolves in
water with a reddish violet color. Hydrochloric acid throws
down a blue precipitate. A bluish violet color results on
adding caustic soda.

Cotton is dyed violet without a mordant from a soap bath.
The color is fugitive to light and rather sensitive to acids.

Brilliant Yellow (1886) appears as an orange red powder
which gives a reddish yellow solution in water.

It is a tetrazo dye which requires the same initial sub-
stance as the three preceding dyes, but the secondary com-
ponents of less molecular weight.

Diazotized diamino stilbene disulpho acid is joined to two
molecules of carbolic acid or phenol. The point of attach-
ment of the azo groups is that opposite to the hydroxyl of
the phenol in each instance.

The structure is shown as follows:
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A violet precipitate is thrown down from its aqueous solu-
tion upon adding hydrochloric acid. A yellowish red color-
ation results when caustic soda is added.

Cotton is dyed yellow from an acid bath. I t is very fast
to light, though sensitive to alkalis. Dilute acids do not
affect it.

The color is reddened by alkalis. I t is used more for
coloring paper than cotton.

REPRESENTATIVE AZO DYES

The following tables contain representative azo dyes which
are classified according to the number of azo groups present
in them and according to the methods of formation which
are explained in the preceding pages.

NAME. COMPONENTS COUPLED BY DIAZOTIZING.

Spirit Yellow R.
o-Toluidine + o-Toluidine

/ C H 3

C6H4—N=N(1)C6H3(CH3)NH2 3:4
Colors fats, oils, waxes and lacquers.

Atlas Red.
Primuline + m-Toluylene Diamine

C<^ J>C6H3.C<^ }C6H3OH3

.
s

H 3 / \o .C 6 H 3 .N—===N(6)0 6 H 2 (NH 2 ) 2 (CH 3 ) 1:3:4

Dyes unmordanted cotton in an alkaline bath terra
cotta red.

Sudan G.
Aniline + Resorcin

C6H5N==N(6)C6H3(OH)2 1:3

Used in coloring fats and oils.
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NAMTQ. COMPONENTS COUPLED BY DIAZOTIZING
Sudan I.

Aniline + /9-Naphthol

CflHr,N=N(l)0i0H6OH 2

Colors spirit varnishes and oils orange yellow.
Orange G.

Aniline + /?-Naphthol p-Disulpho Acid

CcH5N=N(l)C1()H4(OH)(SO3Na)2 2:6:8

Employed in wool dyeing for mixed shades.
Alizarine Yellow G.G.

w-Nitraniline + Salicylic Acid

(NO2)CGH4N=N(l)C0H3(CO2H)(OH) 3:4

Dyes wool mordanted with chromium salts yellow.

Alizarine Yellow R.
p-Nitraniline + Salicylic Acid

(NO2)CGH4N=N(1)C6H3(CO2H)(OH) 3:4

Dyes wool mordanted with chromium salts yellowish
brown.

Victoria Violet 4B.S.
Reduction product of Chromotrope 2B. in Alkaline

Solution

H2N0r)H4N=N(2)C10H3(OH)2i:8(SO3Na)23:6

Wool is dyed a bluish violet in an acid bath. The dye
equalizes well and is fast to washing and rubbing.

Cochineal Scarlet 2R.
Toluidine + a:-Naphthol Sulpho Acid C.

0H306H4N=N(2)C10H5(OH)SO3Na 1:5

Dyes wool in an acid bath red.

Orange G.T.
Toluidine + /?-Naphthol Sulpho Acid S.

OH306H4N=N(l)O10H5(OH)(SO3Na) 2:6

Wool is dyed orange yellow from an acid bath.
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NAME. COMPONENTS COUPLED BY DIAZOTIZING

Azofuchsine B.
Toluidine + Dioxynaphthalene Sulpho Acid S.

CH3C6H4N=N(2)OioH4(OH)2S03Na 1:8:4

Wool is dyed a rosaniline red from an acid bath.

Sudan II.
Xylidine + /?-Naphthol

(CH3)2C6H3N=N(l)C l0H8OH 2

Employed for coloring fats, oils and spirit varnishes a
yellowish red.

Azococcine 2R.
Xylidine + a-Naphthol Sulpho Acid N.W.

(CH3)2C6H3N=N(2)C10H5(OH)(SO3Na) 1:4

Wool is dyed red in an acid bath. Used largely for
dyeing silk. Fast to light and not sensitive to acids and
alkalis. I t is sensitive to action of metals.

Wool Scarlet R.
Xylidine + «-Naphthol Disulpho Acid Sch.

2 1:4:8

Wool is dyed a fiery red which resists milling and the
action of light.

Brilliant Orange R.
Xylidine + /?-Naphthol Sulpho Acid S.

(0H3)206H3N=N(l)010H5(OH)(SO3Na) 2:6

Dyes wool yellowish red from an acid bath. I t is also
used for dyeing silk.

Ponceau 2R.
Xylidine + /?-Naphthol Disulpho Acid R.

(CH2)206H3N=N(l)CioH4(OH)(S03Na)2 2:3:6

Wool is dyed red from an acid bath and it is used for
coloring lacquers.
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NAME. COMPONENTS COUPLED BY DIAZITIZING

Ponceau 3R.
^-Cumidine + /?-Naphthol Disulpho Acid B..

(CH3)3C6H2N=N(l)010H4(OH)(SO3Na)2 2:3:6

Dyes wool red from an acid bath and is used to color
lacquers.

Sudan Brown.

iv-Naphthylamine + a-Naphthol

OioH7N=N(4)010H6(OH) 1

Employed to color fats, oils and spirit varnishes.

Fast Red B.T.
a-Naphthylamine + /?-Naphthol Sulpho Acid S.

01oH7N=N(l)01oHs(OH)(S03Na) 2:6
Wool is dyed in an acid bath.

Azocochineal.
o-Anisidine + rc-Naphthol Disulpho Acid Sell.

2 1:4:8

Wool is dyed red in an acid bath which is fast to light,
acids and alkalis, but less resistant to milling.

Diamond Flavine G.
Tetrazobenzidine + Salicylic Acid

(and boiling which replaces the second diazo group by OH)

N—C6H4C6H4OH
II
N—C6H3(CO2H),(OH) 3:4

Wool mordanted with chromium salts is dyed yellow.

Erika B.
Dehydrothio-m-Xylidine + a-Naphthol-e-Disulpho Acid

(OH3)2C6H2—N=0.06H3(CH3)N=N(2)CioH4(OH)(S03Na)2
1:3:8

Cotton is dyed rose red without a mordant.
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NAMK. OOMPONKNTS CotlPLKI) »V DlAZOTIZINO.
Chrysoine.

Sulphanilie Acid + Kesorcino

)2 1:3

Employed for mixed shades upon wool and silk.

Orange II.
Sulphanilic Acid + /y-Nuplit.lu>I

0 ( ; H 4 /
\y.—j=N(1)0,0H(»OH 2

Wool and silk in an acid bath are dyed orange.

Naphthylamine Brown.
Naphthionie Acid +

NaO;iS01(,H0N=N(4)0,(,H(jOH 1

Dyes wool in an acid bath a brownish orange which
becomes fast to washing, alkalis and acids by oxidation
upon the fibre with chromic acid.

Azorubin.
Naphthionic Acid + <v-Naphtlml Kulpho Acid N.W.

Na03S01()HaN=N(2)0,0Hr)(OH)(SO;{Na) 1:4

Wool in an acid bath is dyed red which resists the
action of acids and alkalis.

Fast Red.
Naphthionie Acid + /9-Naphthol Sulpho Acid S.

NaO3S01()H0N=N(l)0l()H/5(OH)(SO8Na) 2:8

Wool in an acid bath is dyed reel.

Fast Red D.
Naphthionic Acid + /?-Naphthol Disulpho Acid R.

Na03S01oH6N=N(l)O loH4(OH)(SOaNa)2 2:3:6
Wool and silk in an acid bath are dyed a bluish red.

The dye equalizes well and is fast to acids and alkalis and
moderately fast to light.
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NAME. COMPONENTS COUPLED BY DIAZOTIZING
New Coccine.

Naphthionie Acid + /?-Naphthol Disulpho Acid G.

NaO,sSCU)H0N=N(l)0l()H4(OH)(SO3Na)2 2:6:8

Dyes wool and silk a scarlet which resists light and
is fast to acids and alkalis.

Ponceau 6R.
Naphthionic Acid + /?-Naphthol Trisulpho Acid

2:3:6:8

Wool in an no.id bath is dyed a bluish red that is fast
to light.

Double Brilliant Scarlet G.
/?-Naphthyhnnine Sulpho Acid Br + /?-Naphthol

HaO3S(6)01(,H0(2)N=N(l)0i0H6(OH) 2

Dyes wool a yellowish red: it is fast to washing upon
silk.

Crumpsall Yellow.
/?-Naphthyhimine Disulpho Acid G. + . Salicylic Acid

6:8 (NaO8S)2Ci()H5(2)N=N(6)C6H3(OH)(CO2H) 3:4

Wool alone and wool mordanted with chromium salts is
dyed yellow.

Cotton Yellow R.
Primuline + Salicylic Aci

s s
\ ( \ c 6 H 3 CH 3

.

! 0 H 3 / \ c -

D y e s c o t t o n w i thout a m o r d a n t in a b a t h c o n t a i n i n g

Glauber's salt . Fas t t o l ight and the act ion of acids a n d

s o a p .
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NAME. COMPONENTS COUPLED BY DIAZOTTZING

Diamond Yellow R.
0-Aminobenzoic Acid + Salicylic Acid

HO2CC6H4N=N(1)CCH3(OH)(CO2H) 4:3

Wool mordanted with chromium salts is dyed u reddish
yellow which is fast to light and milling.

Diamond Yellow G.
w-Aminobenzoic Acid + Salicylic Acid

HO2CC0H4N=N(l)CGH3(CO2H)(OH) 3:4

Dyes wool mordanted with chromium salts n greener
shade of yellow than diamond yellow R.

Indoine Blue R.
Safranine + /9-Naphthol

S—N=K(1)C10H6OH 2

Cotton mordanted or unmordanted in dyed a very fast
shade of indigo blue.

Rosophenine S.G.
Primuline + a-Naphthol Sulpho Acid N.W.

P—N=N(2)010H5(OH)(SO3Na) 1:4

Cotton is dyed without a mordant from pale rose shades
to deep carmine red.

DISAZO DYES: PRIMARY

This class of dyes includes those whose molecules contain two
azo groups (—N=N—). The dyes are formed in two steps.
A substance containing an amino group is diazotized and
coupled with a molecule of an amine or a phenol. Then upon
this product a second molecule of a diazotized substance is
allowed to act. Of course it will attach itself to another
carbon atom than that with which the first diazotized sub-
stance united.




