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PREFACE

Tms book is intended for those students and dyvers why
have o good knowledge of general chemistry, and some knowl-
cdge of organic chemistvy.

The object is to present, briefly, the origin and history
of coanl-tar productian, and a discussion of the intermediate
praduets hetween the coal-tar and the dyes themselves.

The methads of making the dyes are taken up, followed
by a study of the relations of the great classes of dyes, and
also the individual dyves thewmselves, to one another in the
same class. The develapment of one color from another by
a change in its camposition 1s explained, and tables showing
the variation of color accompanying change of composition
are included. 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 dyves is discussed. The use of mordants
and the character of the union between the dves and animal
and vegetable fibres are alzo included.

A few manufacturing processes are introduced btere and
there in detail, to give clear conceptions of this phase of the
subject. Seme 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 vivifving
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 actd and sulpho acid are used inter-

hil



v PREFACE

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

Anmong the many sources drawn upon may be mentioned:
Chemie der organischen Farbstoffe von Dr. R. Nietzski; Tabel-
larische, Uebersicht der kiinstlichen organischen Farbstoffe von
Schultz uud Juliug, also Arthur Green’s translation of the same;
A Dictionary of Dyes and Mordants, by Rawson, Gardner and
Layeock; Cain and Thorpe’s Synthelie Dyestuffs and Inter-
mediate Products; Chemistry of Dyestuffs by Georgievies.
Practical Methods of Organic Chemistry by Gattermann.
Organic Chemistry by Bernthsen; Organic Chemistry by
Richter; and Cain’s Chemistry of the Diazo Compounds.

IRVING W. FAY.
BrookLyx, N. Y., December, 1910.
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COAL-TAR DYES

CHAPTER 1

INTRODUCTION

OriGIN oF THE CoAL-TAR DvyES

TrE 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. Tf an unusuaily 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 posttion in London.
As the Easter vacation of that year approached Hoffman
planned to be away from the laboratory for the holiday.
This leisure time afforded young Perkin opportunity to try
some experiments which had greatly aroused his interest.
He wished to produce synthetically no less a substance
than the valuable alkaloid quinine.

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

On the contrary, it arouwswl the curiosity of Pevkin 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 sulphurie actd, An unpromising black residue was the
only result. Extraction with aleohol however dissolved out
a lilac coloring matter which was later to become the first
commercially successful coal-tar dye.

During the preliminary stages of its purification, Hoffman
returned from his vacation and Perkin showed him the
new ddyestuff. As it was not crystalline, and as Hoffman
had a horror of substances that would not crystallize because
of the difficulty in obtaming them in a stute of purity, he
advised Perkin to throw it away and have nothing to do with
it.  Perkin’s iuterest was, however, by this time too thor-
oughly aroused to give it up.

The dye was finally purified and given the name of mauve,
by which it beeane familiar in Ingland.  Upon the continent
it was known as aniline violet or Perkin’s violet. It ig now
more often called mauveine.

The dye appearcd upon the market in the form of an
aleoholic solution. It was too expeusive 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
ccased at the end of the last rcign.) In this way England
maintamed for half a century a unique memorial to her
cclebrated 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 cver of so much value In
exelting 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 cnormous 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 1865, the theoretical side of the science was
enriched by the conception of August Kekulé that the
molccule 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 procced on rational lines, The
chemical activity stimulated by repeated and Dbrilliant
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 aund 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 1870
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 1874 of indol to indigo-blue by the
use of ozone, unremitting studies to find its constitution have
been carvied on. Adolph Bacyer and his students and
many others have brought out various succesgful methods
of making indigo fromn derivatives of coal-tar, some of
which are successful comnmercial 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 af 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, 1t found a demand even at that high
price.

In 1900, the combined production of benzene and toluenc
amounted to between 25,000 aud 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 naturc so crude thut
during suits, in Paris in the early days, of one manufucturer
against another for infringements of patents necither 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 rescarch 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 -

WaEN bituminous coal is thoroughly ignited in stoves and
furnaces and o draught of air frecly cireulates through the
mass, three principal produets ave formed: one is water
vapor, a scecond carbon dioxide, and a third the ash.

If coal be heated equally hot, but inside o long cast-iron
or carthen retart shut off from all contact with the oxygen
of the alr, then a great number of products i formed wholly
unlike those resulting from  owdingry combustion, This
operation ix knowu as desteuctive distillation and has been
cartied on to an cnormous extent in all cvilized couutries
for the production of dluminating gas.

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

Four chief produets result from the destructive distilla-
tion of bituminous conl ng carried on in the gas works: coal-
gas, amnoniacal lquor, conl-tar, and coke. The coanl-tar,
once a great nuisnnee in the gos industry, is the only substance
obtained from the coul which is of importance to the dye
industry. It contains more compounds than the other threc
products combined.

In the distillation of coal, the tar leaves the hot retort as
a heavy vapor and condenses in the woter of the hydraulic
main and in the serubbews, while the illuninating gas passes
on through another train of purifying apparntus.

The tur itself is o deep bluek, opaque, syrupy liquid of
unpleasant odor, o little henvier than water und having an
average speeific gravity of 1.08 to 1.20, Its black color is
duc to finely divided froe carbon which varies greatly in the
tar from different works, ranging from 7 to 33 per cent.

5
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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 protee
tive paint for acid pipes and condensing vessels, and furthe
as a ccment in forming certain firnace liniugs.

The constituents of tar may, according to their chemica
reactions, be divided into three clagses: first, the hydrocarhons
sccond, the phenols, third, the nitrogaious compounds.

The Lydrocarbons as the name suggests are composed o
carbon and hydrogen. They are chemically indifferent sub
stances exhibiting uecither acid nor alkaline proparties.  Theg
form at the same timie the principal and most valuable portin
of coal-tar. Benzene, toluene, xylene, naphthalene, anc
anthracene are the most important of these hiydrocarbons.

The sccond class comprises oxygenated bodies called phenols
they consist of carbon, hydrogen and oxygen. They aw
weakly acid bodies and collectively are known as the “ta
acids.” They consequently dissolve in o solution of the
caustic alkalies while they are insoluble in dilute acids. Car
bolic acid or phenol and cresol arc the most important of thes:
bodies.

The third class is made up of bodics composed of carbon
hydrogen, and nitrogen. These are of a basic nature am
dissolve in acids. A large number of individual substance
is comprised in this class, but none in sufficiently lnrge 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 these are not isolated
and oceur chicfly as impurities in the other classes and serv.
to make more tedious their ultimate purification.

The increasing employment of the O. W. Hoffman oven
for producing coke, wherein the volatile constituents of th
coal are saved, augments the total annuul 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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Tur Disernravion or CoAn-Tan

The separation of the constituents of coal-tar depends
upon the sclective resmlis of fractional distillation. This
process 18 based upon the faet that wheu a nuxture of two
substances having dilterent boiling-points 18 heated, the one
having the lower boiling-point will be most easily converted
into vapor and eseaping from the retort pass most rapidly
over into the distillate.  After the greater part of the lower
boiling liquid hag passed over, then boiling ecases for a time
until the temperature rises nearly to the boiling powt of the
second  constituent when the boilling reconmmences and the
vapor passing over i3 condensed and collected in a second
receiver.

In practice, if o mixture of absolute alcohol which boils at
78.3° C. and water bothug at 100° C. ware distilled, almost
pure aleohio]l would pass over fivst, then a mixtuve of aleohol
and water, and finally almast puve water.  Approximately
complete separation of the wixture would rvequire repeated
distillation. A Savalle still i the ease of aleohol will yield
un almost pure aleohol I one or two operations.

The boiling points of the substances in coal-tar vary widely:
benzeue boils at 80° C. and antheacene at 370° C. 1t i there-
fore feasible hy separating the different fractions, to separate
the constituents elfectaully.  The fivst fraction will contain
dilferent compounds from those o the second; the seeond
different from those in the thivd, and so oun.

The process of distillation i¢ canted on in enormous
vertieal eylindeieal vetarts often capable of contaluing 35 tons
of tar for a single opaation. The bottom of the still is
concave upwawd, allowing the heat 1o penctrate the mass of
tar and proteeted Trom diveet flames hy a curtain or arch
of bricks. Thix prevents the overheating of the residwnn
and the burning on of n layer of coke upou the boltom of the
still.  The still i entively enclosed in brick walls to prevent
radiation nd ta famn pussages so that flames may poss
wroubd and hall way up the vertical height of the still before
excaping to the flue
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The- capital or head of the still has an outlet pipe 12 inches
in diameter diminishing to 6 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 temperaturc. To further prevent clogging a steamn
pipe enters at the begiuning of the worm and the rush of
stcam meclts and pushes onward any products which may
have solidified in the woin.

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 canse
serious corrosion. The outlet pipe is at the lowest point
of the-still, opposite to the fire. A safcty 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 nnd
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 necar 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 fiftcen distillations
of 25 tons cach 1s recorded without bumning on of a layer
of coke or need of interruption save as a precaution.

The process of distillation is carried on until a temperaturce
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. It is thus nceessary to run out the pitch while
still warm cnough to flow and yet cool cnough to be sccure
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against spontancous ignition in the air, ™ I}I@Al}qo,wﬁo-
times softened by running in some of the wadte vl from” a
previons distillation.

The distillate is cavght in separate recelvers and they are
changed from time to time ax the temperature in the still
inerenses 8o as to keep the fractions by themiselves.  Uusually
the distillate will be  separated in five fractions. These
fractions have the following technieal names:

First runnings, or “first light oil ”.to 105° C.

Lightoil........................ to 210° C.
Carbolicoil . .................... to 230° C.
Creosoteoil..................... to 270° C.

Anthracene oil, or ¢ green oil”’. ., .270°-400° C.
gr

The temperatuve at which the distillation iy discontinued
depends upon whether o soft or hard pitch is desived for
the residuum,  Sowetinmwes the distillate iy caught In three
separate portious nstead of five; i that case they have the
names and ranges of temperature given below:

Lightoil.............. ....to 170° C.
Heavyoils... ......... ...to 270° C.
Anthraceneoil .. .......... to 400° C.

The first distillates from the tar are crude mixtuves of
various snbstances wud they requive agitntion with alkalies
and neids and severnl washings with water to remove impuyi-
ties.  DPinally they are subjected to wepeated  fractionnd
distillation to sepumte the individual substances in a state
of purity.

The “first munnings” and  “light oils”  yicld benzene,
toluena, and xylene: the “earbolie oils” give phenol, cresol,
und naphthalene; and from “anthracene oils” or “green
grense” is obtained anthracene.

In the further treatruent of the “first runnings” and “light
oils” they are fisst subjected to fractional distillation. A
first low boiling portion (contaming carbon bisulphide, fatty
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acids and acetonitrile) and a last high boiling portion (united
afterward with the carbolic oils) are 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 acctylene
and ethylenc series, naphthalene, and thiophene,

This purified middle portion is again distilled to obtain
so called “crude benzene.”  Fromw this product pure benzene,
toluene, and xylene arc scparated from one another by
rectification in a special apparatus known as the “Savalle”
still.

The carbolic olls on standing deposit solid erystalline
naphthalene. This 1 removed from the liquid portion by
contrifugal machines aud then pressed. The same oil can
be made to yield niorc naphthalene, after the removal of
phenols by caustic soda. The crude naplthalene is freed
from adhering phenols by washing with hot causgtic soda,
and from bases and other impurities by agitation with five to
ten per cent concentrated sulphwric neid: it is afterward
washed with very dilute alkall 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 drawn off from the oil hay stcam
blown throngh it to remove small amounts of naphthalenc
and other hydrocarbons which persist as impuritios.  Addi-
tion of hydrochloric or sulphuric acid decomposes the salts, and
precipitates the phenols which, after separation from the liquor,
arc subjected to fractional distillation. The phenol or car-
bolic acid thus obtained chemically pur is a white solid
melting at 42° C.; the three isomeric cresols form a liquid
mixture. Nonc 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 SO per cent, and finally to chemical purity,
are explained later under the head of anthracene.

Tae ConsTITUENTS OF CoAL-TAR

A large number of compounds have been isolated from coal-
tar and thenr melting and boiling points ascertained and
thetr general character more or less Investigated. They
fall naturally into four different clagses: hydrocarbons,
other ncutral bodies, bases, and phenols or acids. Of these
but few are scparated and cmployed in dye manufacture;
by far the larger proportion are used as mixtures for various
indugtrial purposcs.

CONSTITUENTS OF COAL-TAR

1. HYDROCARBONS

Formuln. Melting-point. Boiling-point.

Crotonylene . ......... C4H; Fluid 20° C.
Hydroenrbons (ethylene

geries) ..o v.ievii.... CpHg, e e .
Hydrocarbong (methane

series) o ..o el ‘. G,,H2n+2 fieeea cesene
Benzene ... ool CeH; 6° C. 80.4° C.
Toluene . .......... .. CrHg Fluid 110.3° C.
o=xylene . .. .. e CgH,, —38° (). 142° C.
m-xylene . ............ OgH,, —04° (. 139° C.
pxylene . ... CsH), 15° (L. 138° C.
Styrenc . ...o.... .. ... OgHy Tluid 146° C.
Mesitylene ... ....... . CpH\» ¢t 163° (.
Pseudocuwmene . . ...... CoH,, “ 166° C.
Nuphthalene,......... CoHy 79° C. 218° C.
Methylunphthulene . . .. 633Hyg a —20° b33°C. 242°C.
Diphenyl oo .cvvvve. . C1:H), 71° C, 254° C.
Acenaphthene .. ...... 0pzHyp 95° C. 277° C.
Fluorcue ... .......... O13Hy, 113° C, 205° C.
Pheuauthrene....... .. CuH)yp 99° C. 340° C.
Fluoranthrene. ....... C15H,q 110° C. above 360° C.
Anthraceno ,.......... 0,4 H) 213° (. 351° C.

Methylanthracene . .. .. G15Hj, 190° C. ubove 360° C.
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Formula. Melting-point. Boiling-point
Pl‘yenc ............... Cwﬂlo 149° C. 260° (60mm .)(
Ch\‘ysenc ............. ClsHm 250° C, 448° C(?)
Pleene .covieeveneinn CounHyy 364° C. 520° C.
2. Omier NruTrRAL Bobizs

Carbon disulphide . . .., €8S, Tluid 47° C,
Bthyl aleohol . ........ C,H;O0H —130° C. (D) 78.3° (..
Acetonttril .. ......... C.HyN —41° C. 81.6° C.
Thiophene. ......u. ... C,H, S Fluid 84° C.
Thiotolene ... ... ... C;H;S ¢ 113° C.
Thioxene ............. C;HyS “ 134° (..
Benzonitrile ..........  G;H;N ¢ 191° C.
Phenylthio carbiiide .. C;H;NS “ 20° C.
Carbazole . ........... C1oHgN 238° C. 351° C.
Phenylnaphthyl carba-

zole .. ......oooo... C¢H,; N 330° C. above 440° C.
Cowmarone . . «i....... CgHz0 Fluid 169° C.

3. Bases
Pyridine. ............ CsH;N Fluid 114.8° C.
Pyrrol ...oooiiiiia. C,H;N “ 131° C.
Picoline « o.ooovvvvan .. CcH,N ¢ 130° C.
Lutidine. ............ C,H,N o« 157° C.
Collidine ............. CyH, N o 171-172° C.
Aniline . .. ...ooeen.. CH,N -8 184° C.
Quinoline ., .v..oul .. CyH,N “ 239° C.
Quinaldine . .......... CioHgN ¢ 247° C,
Aciidine .. ......v.. .. Ci13HgN 110° C. above 360° C.
4., PugNoLS

Phenol ............... CsH0 43° C, 183° C.
o-cresol . ... ... ..., C,H;0 31° C. 188° (.
pcresol......... ... C-HgO 36° C. 198° C.
MeCresol . .. ... C;HgO 4°C. 201° C.
a-ngphthol .. ...o.o L. C,0HgO 95° C. 278-280 °C.
b-naphthol ... ........ C,0HgO 122° C. 286° C.

Xylenols and other high

boiling phenols. ... ..



CHAPTER III1

THE HYDROCARBONS AND THEIR DERIVATIVES

Benzene CgHy is, when pure, o clear colorless liquid of
characteristic penetrating ethereal odor. It is very wnflan-
mable nud burny with u smoky flame, which sends up black
clouds of unconsumed carbon.

‘The soot rsng from the flame is nceounted for by the
lurge percentage of curbon present which i3 not supphed
with suffident proportion of oxygen from ordinary air for
its complete combustion, Benzene boils at 80.4°; below
5.4° it is solid.

The illuninating power of coal-gas is purtly due to benzeue,
and it was first discovered in London flluminating gas and
not in coal-tur from which it ¥ now largely obtained.

A London company in 1815 way engaged n wmanufacturing
Mluminuting gas and sending it out to their patrons cor-
pressed i eylindes,  In these eylinders an oily Liquid con-
denscd, and the company subnitted some of it to 1fnraday
for cxamimtion, lle happened just then to be wt work
upon the compressibility of gnses. The result of his investi-
gation showed that the new liquid comsisted of but two
elementary substunces: carbon and hydrogen. The fonnev
was present to the extent of 36 parts nund the latter 3 parts
by weight.

Faradny called the new body bicarburet of hydrogen and
gave it the cmpireal fornmuln CpHa, which nt the prescut
time would be written Cgllg. The sane oil was obtuined
later from diffcrent sources; but it was not until twenty
years afterwand, in 1845, that it wasg discovered by Hoffman
In coal-tar.

Twenty years more clapsed before nn explunntion of its
structure, as written in every text to-day, was attcinpted.

13
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In 1865 Keckule proposed a formula for benzene which
has swrvived more than a generation of criticism. This
formula exhibited the positions s relations of the six
carbon and six hydrogen atoms in the molecule of benzene
CeHg. According to Kekulé, each of the six carbon atoins
is attached by two valences to its ncighbor on one side, and
by one valence to the neighbor on the other side. A glance
at the following formula will make this clear.

H

| |
N c/c\c Y N c/c\o .
|| ||
C C C
AN / AN
/C\(f/ H \(f/ H @ Abbl;v;ated formula

H

(1) Benzene ring (2) Benzene

The six free valences of the ring, one upon each carbon
atom, serve as the points of attachinent 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 brecak 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 arc so diffi-
cult to separate from cach other, the six hydrogen atoms
are less firmly attached to the carbon atoms themselves ‘and
they are with comparative casc replaceable by simple ele-
mentary atoms: chlorine, bromine, cte., or groups of clements
—the nitro group (—NOy) or the amino group (— NHa), ete.

A formwula which thus exhibits the rélative 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, Ludenburg,
Armstrong, and Baeyer to account for some of the properties
of benzene; but none have attained the consideration given
to the Ifckulé hexagonal or ring formula,
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MoNo-pDBRIVATIVES 0r BRNZKNE

Nitrobenzene.—Of all the reactions into which benzene
enters, that with strong nitric acid leads 1u importance.
A single molecule of nitric add acting upon a moleeule of
benzene forms, according to the following reaction, a new
substance, nitrobenzene and water:

C;H; + HNO; = C;H;NO, 4 H,O0.
Benzene Nitrobenzene

There is only one product known as nitrobenzene, no matter
how the experiment may be carried out.  Thiy seems to show
that by the replacement of any oue of the six hydrogens of
benzene the vesult would be one and the same product. By
2 masy of other eyidence, it has been proved that all the six
hydrogens arc of cqual value and that the replacement of
any onc of the six would produce the substance represented

by the formula,
NO:

|
H\c{?} c/H
||
v’ c\é%c g
|

Nitrobenzene

For convenience of reference, the carbon atoms have been
numbered as shown i the forinuly for nitrobenzenc.

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

DIDERIVATIVES OF BENZENE

Dinitrobenzenes.—If fuming nitriec acid be allowed to act
upon benzene, then two hydrogen atoms are' repluced by
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two nitro groups giving rise to dinitrobenzene of the empirieal
formula C¢H4(NOgz)s. Not one,  only, but three dinitroben-
zenes arc formed, and all possess the same empirvical formuln.
If we examine Ilckulé’s formula for benzene, we may
understand why there arc three and no morc.
In the following formula,

NO2

¢
AN
H—(5  25—NO2

H—Cr 3CH
a /

H

Ortho dinitrobenzene

if we suppose onc nitro group to replace the hydrogen ntom
at 1 and a second hydrogen at 2 we shall have what is called
orthodinitrobenzene. The mitro groups are upon ncigh-
boring carbon atoms, and, if the groups were in the posttion
2 and 3, or 3 and 4, or 4 and 5, or § and 6, or 6 and
1, they would still be attached to neighboring carbon atonws
and they would still form once and the same orthodimitro-
benzene.

If the nitro groups replace the hydrogens in position 1
and 3, or 2 and 4, or 4 and 0, cte,, then the resulting come-
pound ig known as mctadinitrobenzene, represeuted in the
following formula:

NO,

C.

BN
H ﬁ 6 2 C|—H
HGC5 3C—NO2

&7

C

H

Metadinitrobenzene

Lastly, when the substituting nitro groups take positious
1 and 4, or 2 and 5, or any other positions whicl are opposite
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to cach other, the resulting product is paradinitrobenzene
as shown below:
NO2

Paradinitrobenzene

Substances like the dinitrobenzenes which have the same
empirical formula but a different constitution, are called
Isomers, and they are said to be Isomeric with one another.
The wame atoms and the same number of cach kind are
present in all three.  Differences of strueture alone account
for their being diffevent substances. The o- and m-com-
pounds are c¢olovless, while the m-compound s pale yellow.
All are crystalline solids.  What has been said in reference
to the number and structure of the dinitrobenzenes upplies
with cqual foree to all diderivatives of benzene, c.g., dichlor-
benzenes, or dibrombenzenes or dimethylbenzenes, cte.

TRIDERIVATIVES OF DBENZENE
If three hydrogens of the benzene ring are replaced by
three nitro-groups, then, too, there are three triderivatives,
or three trinitrobenzenes. They are represented as follows:

NO, NO, NO,
NO,
NoO, NO, O,N NO,
(V) Vicinal NO, (8) Symmetrical

(A) Asymmetrical

Here then, are three isomeric triderivatives of henzene,

If the three groups ave unlike, then n lorger number of iso-
mers ig possible.  With the substituting groups ull nlike, there
arc three tetra, onc penta, and one hiexa dertvative of benzene.
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Toluene, C;H;CH3, 13 so named from tolu balsam, whence
it was obtained by dry distillation. Commercial toluenc
is obtained from coal-tar, It may be regarded as benzenc
in which one hydrogen atom has been replaced by the methyl
group —~CHj. Indeed, this methyl group may be placed
synthetically in the benzene ring by the following reaction:
C;H;Br + COH,I + 2Na = OgH;0H; + NaBr -+ Nal
Benzene bromide Toluene

Toluene may thereforc rightly be called methylbenzene
or phenylmethane. It is a colorless mobile lLiquid boiling
at 110° and it remains liquid at —20°. At 15° it has a specific
gravity of .870. Toluene is very susceptible to the action
of a large number of reagents forming many important
substitution products which will be studied later.

Only one toluene or methylbenzene is theoretically possible
or has ever been discovered.

Oxidizing agents attack toluene in a peculiar and intcrest-
ing way, The ring portion of the molecule remains intact,
the methyl group alone undergoing oxidation as shown by
the reaction:

C;H;CH; + 30 = OCzH;C0.0H + H,O0.
Toluene Benzoic acid
The oxidation product is benzoic acid, a carboxyl derivative
of benzene.

Xylenes, CsH4(CHjy);. When two hydrogen atoms in the
benzene rng arc replaced by micthyl groups, the xylencs
arc formed. Of these, three are possible and all are known.
The three isomeric xylenes have the same formula, CgH3(CHj)g;
but they are distinguished from one another by the positions
which the two methyl groups occupy in the ring, as shown
in the following structural formulas:

CH3 CH; CH,
—CHj3
CHj;
Orthoxylene Metaxylene CH,

Paraxylene
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That portion of the light oil from coal-tar which boils at
140° contains o 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 cach other by fractional distillation. An intcresting
and indirect method of overcoming this difficulty consists
in boiling commereial xylene; with dilute nitric acdid 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, the acids arc
removed in the form of their sodium salts, and the meta-
xylene is obtained pure.

Pure paraxylenc may be obtained according to Levinstein
when the comumercial xylene is distilled with steam. The
erystals of paraxylenc which scparate on cooling the first
portion of the distillate are pressed and redistilled,

By Jacobsen’s method, all three isomers may be separated
from xylene by shaking with strong sulphuric acid. The
parasylenc is not affected; but the ortho- and metaxylene
arc converted into their sulphonic acids: the sulphonic
acids are then changed into their sodivin salts and these are
scparated from cach other by erystullization.

Distillation of the salts with ammonium’ chloride regen-
erates the hydvocarbons.

Orthoxylene forms a colorloss liquid boiling at 142°. Tt
constitutes fromnn 2 to 15 per cent of comnoeraial xylene.

Metaxylene boils at 139°, It is a colovless Liquid hoaving
a spectfic gravity of (88068 nt 15° and is prescut from 70 to
87 per ¢ent iu commerdnl xylene.

Paraxylene is present from 3 to 10 per cent in comnercind
xylene. It is a colorless liquid which crystallizes at 15°
and boils at 138°. TFrom 3 to 10 per cent of paraffine hydro-
carbons arc algo present in ordinnry xylene. Formerly,
use was wwade of it as a solvent by the name of “ solvent
naptha ”’; but the manufacture of the azo-dycs requires Inrge
quantities of 1t to be converted to xylidine and cumidine,

Naphthalene, C)pHg. The structure of naphthalene has
been proved to cousist of two benzene rings attached to
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cach other, so that two neighboring carbon atoms wie
common to the two united rings, as shown in the follow-
ing structural formula:

H H
AN N %
Toun
H C\\ O\ /C H
C/ C . Abbreviated formula
H H of naphthalene
Naphthalene

The proor that this is the structure of naphthalene depends
upon a carcful 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 detadl,

First by cnergetie oxidation of naphthalene, phthulic
acid Is- obtained—this is a benzencdicarboxylic acid;  the
two carboxyl groups are further known to be attached to
carbon atoms in the benzene ring which are in neighboring
positions. This shows clearly that one benzene ring ut
least 18 contained in the moleeule of naphthalenc, as shown
in the following structural formula:

CO0.0H

C0.0H
Orthophthalic acid

How may it be further shown to contain a seccond benzenc
ring? By allowing nitric neid to net upon nuphthulence;
one nitro group replaces a hydrogen atom of nuphthulene
and forms nitronaphthalene.

By oxidation of this nitronaphthalene nitrophthalic neid
is formed. This fact alone is of little assistance, unless it
18 coupled with the following, viz., ¥ nitronnphihnlenc
is reduced, the nitro group loses oxygen, gains hydrogen nnd
aminonaphthalene results, Now an interesting diffcrence
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from nitronaphthalene s shown when aminonaphthalene
Is oxidized; for oxidation produces simply phthalic ncd
in place of nitrophthalic acid. Does this not show that the
portion of the molecule containing the nitro group wax in
the form of a benzene ring?

In the sceomd 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 the nitro or the mnino group
also had the formu of a benzene ring.  The following indicated
reactions will clarify these ideas:

. NO, NO,
AN HO-0C
Oxidation
HO-0C
Nitronaphthalene Nitrophthalic acid
NH,
NN\ N
\/ Oxidation €0.0H
CO0-HO
Amidonaphthalene Phthalic acid

For convenicnee in designating the derivatives of naphtha-
lene the carbon atoms nre etther numbered or lettered as shown
in the following diagram.

AN A%
W NN
[ 2N ¢ 4

All four of the positions lettered o or 1,4, 5,8, are of
equal value when any one of these four hydrogens is replaced
by a substituting group. Likcwise the four positions lettered
B or 2, 3,4, 0,7, arc of cquanl value in a similar manner. Two
monoderivatives are therefore possible in naphthnlene instead
of onc as in benzcne.

If an —OH group enter any one of the « positions, or each
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one in turn, only one substance a-naphthol will result, and
if any 8 position is occupied then f-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 once
another, and this is done by numbering the letters as shown
in the diagram below.

g Q)
Ba N A
Bs B2
g 2

If two chlorine atoms, for example, in dichlornaphthalene,
are in the same ring, then the two letters are joined by o
single line: orthodichlornaphthalene C,oHCla(vi—p1); the
metadichlornaphthalene CypHgCla(an—fB2) and paradichlor-
naphthalene C,oHgCla(ay—ay).

If the two chlorine atoms are in different rings, then the
letters are joined by a double line CpHgCl (e—a) or
(a=f), ctec.

The possible number of substitution derivatives, of naphthu-
lene, when the atoms or groups are all alike, will be two
monoderivatives, ten biderivatives and fourteen trideriv-
atives. When the substituting groups are different, the
number of isomers is much larger,

For rcpresentation of the structurc of the more complex
derivatives of naphthalene, numbers alone are ulso often
used to show the exact position of the substituting groups,
as in the following diagram:

For example B-naphthylamine disulphonic acid

CioH5(NH) (SO3H)» 2:3:6
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is casily distiuguished if it be borne in mind that the num-
bers are in the same consccutive ovder ag the substituting
groups which are enclosed in the parenthesces, then the above
compound would have the following structure:

ﬁ-naphthgrlamine
disulphonic acid 2:3:6

Naphthalene was dixcovered in coal-tar by Garden in 1820,
but ils great buportance did not appear until the intwo-
duetion of the azo dyes, 1t 18 contained m that part of coal-
tar which on distillation passes over between 180 and 2000.
The purification consists i erystadlization, pressing, washing
with caustic soda and sulphurie acid solutious and distil-
ling.

Naphthaleue forms Instrous white monclinie plates. The
crystals melt at 79.2° and the Hguid bolls at 216.6°. The
odor i pleasant and suggests coal-tar. It 18 volatile with
water vapor and it sablines cadily. A familiar forn is
“ moth balls”” for domestic use, Lurge quantities of naphtha-
lene ave consumed in the manufacture of the oxyazo dyes.
and of late for the synthesis of indigo.

Anthracene, C)4H)y, is obtained from conl-tar and it is
prepared in large quuantity from those portions which pass
over between 340 and 360°. 1t is wmuch more difficult to
purify thun naphthalene,  The first distillnte called anthvacene
oil or “ green oil ” ¢ontuing but 10 per cent of antlnucene, the
remainder being made up of other solid hydroenrbous, such
as paraffing, phenanthrene, ecarbuzol and chryseue together with
liquid oils of high boiling-pomts. By cooling, the solil muatter
crystullizes and is sepurated from the liquid portion by the
filter press or centrifugal machine. The crystalline mass
is pressed i eanvas bags in n hydraulic press nt a tcper-
ature of 40°. The crude product from the press contains
30 per cent anthracenc. It is pulverized and washed free
of the light oils by creosote oil or solvent naphtha. It is
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then pressed again, This washing dissolves many contam-
inating substances but fails to remove carbuzol.

These washings leave behind a diminished product i which
the anthracene has risen to 50 per cent. In thix condition
it 1s sold to the alizarine manufacturer.

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

Anthracene formis colorless plates which when very puve
have a slight violet fluovescence. It wmelts at 213° and boils
at about 360°. Alcohol cther and beuzene distolve it spar-
ingly, but the best solvent is hot benzene.  With pieric aeid
in it benzene forms the picrate CyqH pColla(NO2) 2011 wlich
crystallizes in shining red needles melting at 170°,  Anthnacene
is used extensively for the wanufacture of the alizarine dyes.

Havocen Comrounps or ™ar HyproCARBONS

When chlorine, bromine or iodine act upon a hydrocasbhon,
benzene for example, a hydrogen atomn i taken away and a
halogen atom substituted. These products are called substi-
tution derivatives of benzene. For evary two atons of o
halogen acting upon benzene, ouly one becomes attnched
to the benzene ring, the other i required to remove the
hydrogen atom by combining with it to form hydroeblorie
acid, as shown in the reaction:

CHs + Ol, = CgH;01 4+ HOL

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

In the case of methyl benzene (toluenc), C¢H;CH;, thore
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 CgH4CICH;, C¢H3Cl.CHjy, cte.,
but if the chlorine be passed into boiling toluene, then it is
found that only the hydrogens of the methyl-group are



HYDROCARBONS AND THEIR DERIVATIVES 25

replaced, and we obtain C¢H;CHsCl, CzH;CHCl,, ctc.,
bodics with very different properties from those formed in
the cold.

The following halogen derivatives are of most commercial
importance:

Benzyl Chloride, C¢H;CH,Cl. This compound is formed
by leading chlorine on to the swface of the boiling tolucuc
until 1t has inereased in weight 38 per cent,  After washing
the product with water, 1t is separated by fractional distilla-
tion from any unchanged toluene and from benzylidene
chloride and benzotrichloride, which are simultancously
formed. It is o colorless hipuid of pungent odor which has a
specific gravity of 1.107 at 14° and a boiling point of 178°.
By boiling with water and wore casily with a solution of I{5COy
it 1s converted into benzyl aleohol, C.H;CH.OH.

Benzylidene Dichloride (beuzal chloride), C¢H5GHGCL, i
produced by passiug chlorine into boiling toluence. It s :
colorless olly liquid having o specific gravity of 1.25 at 15°
and o boiling poiut of 206°.

Benzotrichloride, CgHzCCl;, is wlvo formed like the two
preceding componnds by passing chlorine into boiling toluene:
of course the action of the ehlorine must continue longer.
Its specific gravity is 1.38 at 14° and it boils at 214°.  This
compound and the last nre formed simultancously and in
practice are not separated, but the mixture on heating with
milkk of Ihue yields benzaldehyde and benzoic acid.  The
former cowdng from the benzalehloride und the latter from
the benzotrichlovide as follows:

C(;H5CH013 + CaO._,'Hn_,' = C(;H.;—,CHO + Ca,CL_; + Hgo,
Benzalchloride Benzaldehyde

206H50013 + 308:02H2 = 206H500-0H + 30&012 + 2H20.

Nirrovsrivarivis or rur Hyvrocarnons

Nitrie acid acts npon the hydrocarbons producing not
nitrates but witro-compounds.  The acid rauoves hiydrogen
and in ils place affises the nitro-group —NOy or —NZ).
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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 nitrie acd has only an
oxidizing action; strong nitric acid substitutes.  When the
nwost vigorous action is desired fuming nitrie acid is employed,
sometimes  alone, sometimes with concentrated  sulphurie
acid. The latter acid simply takes up the water formed
in the reaction which otherwise by diluting the nitric neid
would diminigh its efficiency. The reaction for the nitration
of benzene 18 shown here:
¢;H; + HNO; = CGH;NO, + H,O0.

Benzene Nitrobenzene

Sulphuric acid ¥ almost always used with nitrie acid in
manufacturing nitrobenzene: on a lavge scale 120 parts of
nitric acid of gpedific gravity 1.4 and 180 parts of concentrnted
sulphurie acid are carcfully mixed and allowed to flow slowly
with agitation into 100 parts of beuwzenc (thus, by keeping
the benzene In excess, avoiding the formation of dinitro-
benzene), keeping the temperature below 253° 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-ron cylinders provided with mechanical
gtirrers and cooled by a strecam of water flowing around
them.

If it is desived to form the di- or trnitrobenzene instead
of the simple mononitro compound, then the benzene is
allowed to flow into the mixture of the nitrie and sulphuric
acids. :

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

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

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

Nitrobenzene is a ycllowish 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 lessencd. the demand, It boils at 206-207°
and turns solid on cooling, forming neecdle-shaped crystals
which melt at 5°; the specific gravity is 1.20S. Water does
not dissolva it, but alcohol and ecther dissolve it casily.
Nitrobenzene ig itself a good solvent for maiy substances.
Nitrobenzeae iy principally used for the manufacture of
aniline. In commerce 1t is known as “ nitrobenzole for
blue " or ““ nitrobenzole for red ”’; the first i prineipally 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 nitrotoluene and nitro-
xylenes, little truc nitrobenzene being present.

Dinitrobenzenes, C¢H4y(NO;)s. Theoretically, there are
three isomeric dinitrobenzencs; all are manufaetured from
bauzene by the action of strong nitric acid upon benzene
or mnitrobenzene. The meta-compound is formed alnost
exclusively, little of the ortho or para dinitrobenzene resulting
from the reaction.

Metadinitrobenzene, CgH4(NOg)2, is made commereially
by allowing 70 parts of nitric acid of specific gravity 1.428
and 100 parts of strong sulphuric acid to run into benzene
well agitnted, keeping the temperature at 70° at the begin-
ning nnd allowing it to reach 100° at the end. The resulting
product on pouring it into water turns solid, and then it is
thoroughly wushed.

The pure metadinitrobenzene, casily obtuined from the
commercinl article by reerystallizing from ulcohol, forms
almost colorless needle-like c¢rystals which melt at 89.8°:
the resulting liquid boils at 297°. This dinitrobenzene is
chicfly cmnployed in the manufacture of phenylenediamine,
which 1s required for Bismarck brown.
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/033
Nitrotoluene, CGH4\ . The two isomers ortho- and
NO,

paranitrotoluene are formed simultancously when 105 pwrts
of nitric of specific gravity 1.4 and 175 parts of stroug
sulphuric acid are run slowly into 100 parts of well agitated
toluene which is cavefully kept below 20°. 142 parts of
nitrotoluenc are produced of which about 63 per cent i ortho,
35 per cent is para and 2 per cent is metanitrotoluene,
These may be scparated by distillation best under diminished
pressurc. If the distillation is stopped when 40 per cent
have passed over, the distillation Is almost pure orthonitro-
toluene. The resgiduc on cooling yields crystals of para-
nitrotoluence which are freed from adhering oils by centrifuging.

CH; (1)
Metanitrotoluene, GGH2< hag a melting-point of
NO; (3)
16° and a boiling-point of 330-231°.
/CH:; (1)
Orthonitrotoluene, 06114\ is o lquil and  Dboils
NO, (2)
at 223°.
/CH3 (1)
Paranitrotoluene, 06H4\ melts at 54°, and boils
NO; (4)
at 238°.
CH,

Dinitrotoluenes, GGH3\ . The most important
(NO3),

isomer of the four theoretically possible dinitrotoluencs is
CH; (1)
the alpha compound, CgHzZ—NO, (2). It is prepared in
\\NO, (4)
the same manner as nitrotoluene exeept that the acid mixture
is hot. It forms long ycllowish necdles which melt at 60°.
Nitroxylenes, CgHg(CH3)oNOs. Of the six isomeric nitro-
xylenes which according to the theory may be formed, onc
is of cspecial technical importance, and this is the alpha-
metanitroxylenc, CeH3(CH3),NO,-1:3:4. A mixture of 90 purts
of nitric acid of specific gravity 1.4 and 150 parts of strong
sulphuric acid is run into 100 parts of metaxylene, rapidly
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agitated and kept below 17° until most of the acid has been
added. It is o hight yellow liquid boiling at 245° and having
a specifie gravity of 1,126 at 17°.  The product sold in com-
meree 18 usually -a mixture of isomers having nitrometa-
xylene as its chief constituent. Without separation the
product 18 converted into xylidine.

NO,
A4

Nitronaphthalene, C,,H,NO,

Nitronaphthalene is prepared by sprinkling 250 parts
finely ground naphthalenc slowly into a mixture of 200
parts of nitric acid of specific gravity 1.375, 200 parts of
concentrated sulphurie add together with 600 parts of acid
from previous nitrations. The mixture is kept constantly
ngitnted and at o temperature from 45° to 50°, When the
mixture has beeome cold, the nitronaphthalene forms a
solid enke from which the acids are run off.  The solid product
s wished with hot wuter, and if wanted quite pure it is melted
with one-tenth of its weight of “solvent naphtha,” filtered,
and the crystnlline cake formed on cooling is subjected to
hydrulic pressure,

It forms long fine necdles which melt at 61° and boil at 304°.
Aleohol and benzene dissolve it casily.



CHAPTER 1V

THE HYDROCARBONS AND THEIR DERIVATIVES—
Continued

AMINODERIVATIVES OF THE HYDROCARBONS

THE cntrance of nitrogen into the hydroearbons brings
them at once nearer to the rank of dyes.  Of all the compounds
of nitrogen known to the dyc manufacture, none are of so
great importance ag the amines. These bodies may be
regarded ag substituted ammonias: a molecule of amuonin
(NHs), in which one, two, or all three of the hydrogen atons
may be replaced by organic radicals, forms an amiuve. In
the amine, the character of ammonia is retained to a lavge
degree; the amines form salts with acids the saance s 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 rclations of the three classes to cach and to ammonia:

H- CGH5 CGH5 °6H5
Néﬂ < H Néc(-,nf, Néoﬁn5
\H \H \H N\ € H,
Ammonia Phenylamine Diphenylamine Triphenylamine
or aniline (Secondary) (Tertiary)
(Primary)

In the place of phenyl (—C¢Hs), any other organic radical
may be substituted: e.g., methyl (—CHj), ethyl (—C.Hj), cte.
The group —NHj occurring in the primary amines is known
as the amino group. Aniline is often called cither amino-
benzene or phenylamine. The group (=NH) of the sccondary
amines is known as the imino group.
30
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Nitrogen in these compounds is always In conibination
with carbon and hydrogen.

The entrance of two or three amino-groups into the same
benzene ring gives rise to primary diumines or trigmines, c.g.,
CoH (NH.)» phenylene diamine; CqHyz(WH.) 3 triaminobenzene.

> nitro compounds of the hydrocarbons of the aromatic

The nit m Is of the hyd bong of th {
group generally form the starting point for the anunes.
Reduction of the nitro-group by nascent hydrogen produces
the amines directly,

C(;H;,Noz + 6H =S c6H5NH2 + 2H20.

Nitrobenzene Aniline

The nascent hydrogen may be produced in a variety of
ways: 1. By hydrochloric neid acting on cither tin ov iron,
2. By acetie acid on iron. 3. By hydrogen sulphide acting
upon nitro compounds in anuuoniacal solution.

Iron and hydrochloric acid are chiefly cmployed on a
wanufacturing sceale for cowplete reduction, while partial
reduction iy effected by hydrogen sulphide.

Aniline, CGgHsNH,. Aniline was discovered many times
by independent investigators and it received a  different
name from cach discoverer. TUunverdorben first discoveved
it in 1826 by the dry distillntion of indigo, and nanied it
“cerystalline ” becanse of the marked ecrystallizing power
of itg salts. Runge obtained it from conl-tar in 1834 and
named it eyanole from the bhie color it yields with n solution
of blenching powder. Zinin prepared aniline in 1841 by the
action of ammonium sulphide on nitrobenzene and called
it “benzdam.”  In the same yenr, Pritzsche in distilling
ndigo with caustic potash, obtuined n base which he ealled
aniline, from anil, the Portugese name of indigo. A. W.
Ioffin in 1843 proved that all these four were one and tho
same substance which we know to-duny ns aniline,

Aniline was the first substonee to be transformed nto o
dyestuff, when in 1856 Perkin heated it with sulphurie ncid
and bichromate of potash, obtaining the cclebrnted mauve,
uscd until the end of the lagt rcign for coloring the Iinglish
postage stamps.



32 COAL-TAR DYES

Aniline is present in coal-tar, but in quantitics too small
to pay for extracting it. It is manufactured by reducing
nitrobenzene with hydrogen which is evolved from iron filings
and onc-fortieth the amount of hydrochlore -acid required
by the following cquation.

CcH;NO, 4 2Fe + 6HCl = OzH;NH, 4 2FeCl; + 2H.O.

This interesting process, whereby a certain -amount of
hydrochlorie 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 as
follows:

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

(1) C¢Hs;NO, 4+ 3Fe 4 6HCl =
C;H;NH, 4 38FeCl, + 2H,O.

Then the ferrous chloride reacting with wore acid would
become ferrie chloride and furmish more of the requisite
hydrogen for the reduction of another imnolecule of uitro-
benzene:

(2) OsH;NO, + 6FeCl, + 6HCl=
C;H;NH, + 6FeOl; + 2H,O.

These two reactions would continue as long as the free
acid lagted which would not be for long; because the aniline
formed would begin to exhaust it by uniting with it producing
aniline hydrochloride CgHzNH,-HCL

This aniline hydrochloride, however, in the presence of
nitrobenzene and iron behaves exactly as hydrochlorie neid
and the aniline 1s set frec:

(3) 6C;H;NH,-HCl + 3Fe + GCgH;NO, =
706H5NH2 + 3F6012 + 2H-_;0.

(4) 60;H;NH,-HCl + 6FeCl, + CgH;NO, =
6CcH;NH, + CyH;NH, + 6FeCl; + 2H,0
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The molecules of aniline set free, together with the one
formed stmultancously from the molecule of nitiobenzene, then
react with the ferrie chlovide and water, reforming auiline
chloride and tuwrning the iron salt into an oxide:

(5) GGGH‘;NHB + 2Fe013 + 3H20 =
606H5NH3‘H01 + FOA_)'O:;.

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

According to the theory, therefore, the reactions (3), (4), and
(®, may repeat themsclves indefinitely. A small anount
of hydrochlovide acid to Dbring the process up to this phase
ig all that is needed, and with additional ivon filings and
water is thus able to transforn an unlimited quantity of
nitrobenzene into aniline.

Aniline is a coloress oily liquid, of a peculinr odor, which
turng brown on exposure to light and air,  Water will dissolve
about. 3 per cent, and wniline in turn takes up § per ceut of
water. It has a speeific gravity of 1.0201 at 15° and boils
at 18:4°; when onee solidified by cold it melts at 8°.

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

Ammonia cxpels aniline from its salts in the cold, but on
heating ainnionium salts with aniline, ammonia is sct free,
because of its greater volatility, Aniline is cusily 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 und finally
a decp blue.
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Commercial ““ aniline oil” 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 containg almost purc aniline, that for red is made
up of 30 per cent aniline, 35 per cent orthotoluidine, awnd
35 per cent paratohuidine; that for safranine contaius varying
amounts of aniline and orthotomidine. ILiquid toluidine is
a nuixture of ortho- and paratohidine.

Aniline i a basic compound and casily fonns salts with
acidd. A a dervative of benzene it may be regarded as
aminobenzene: as a derivative of anunonia, it s looked upon
as phenylamine.  Since wniline exhibits the properties - of
both benzene and ammonia, o good understanding of the
reaction of which 1t susceptible requires thut Dboth nspects
should be constantly kept in mind.

Aniline Salts. If a few drops of any of the comunon
mincral acids are brought into contnet with aniline upon n
watch glags, solidifiention to a white opaque mntt instuntly
results with the formation of a salt.

Aniline Hydrochloride, C4H;NH,HCL. Of nll the uniline
salts the hydrochloride Is most importunt. The nitrogen
in aniline is trivalent and in the aniline salts it becomes
pentavalent and the formula of the hydrochloride may be
represented graphically thus:

CyH;
H H
CeH N / H orthus NZ L H
E AN
Cl ol
Aniline hydrochloride Aniline hydrochloride

Pure aniline (100 parts), with concentrated hydrochloric
acid (130-135 parts) is mixed in strong stoncwarc vesscls,
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 crvstals casily dissolved by water and alcolwol,
which sublime at 192° C. It is largely used in the dydng
and printing of aniline black.

Acetanilide, C;H;NH-C,H3;0. If aniline is simply mixed
with glacial acctic acid, aniline acetate is formed. This salt
breaks up on botling for some howss, water is eliminated and
acctanilide results:

C;H;NH,-C,H,0, = OyH;NH(C,H;0) -+ H,0,
Aniline acetate Acetanilide
This substance is the antifebrin of medicine which is used
as an  antipyretic and antirhewatic. It formns colorless
erystals which melt at 112° C. and the vesulting Liquid boils
at 205° C.  Acetanilide was used in the manufacture: of
flavaniline.

DiaMIiNOBENZENES, CoH(NH,),

Just as the single nitro group of nitrobenzene is reduced
by nasgcent hydrogen to an amiuno group, thereby forming
aminobenzene or aniline, so the palrs of nitro groups in the
dinitrobenzenes are likewise reduced by hydrogen to amino
groups. Three dinitrobenzenes are known and by reduetion
with iron and hydrochloric acid, three corvesponding diamino-
benzenes are formed.

Metadiaminobenzene. Of these three compounds the meta-
dinminobenzene is the ost important, and it is formed by
the complete rveduction of ordinary (mweta) dinitrobenzene.
It forms colorless erystuls which melt nt 63° und boil at 287°,
By casily digsolving in water, 1t Is distinguished from ditro-
benzene from which it is nuude. Metadinnunobenzene  is
employed for the manufacture of chrysoidine and Bismarck
brow,

Paradiaminobenzene or metaphenylenediamine is not made
from the corresponding paradinitrobenzene but from para-
nitroacetanilide by reduction. It is a crystalline substance
which melts at 147° C. and dissolves casily in water. If it
is meclted with sulphur, then a thio-compound is formed
which gives by oxidation Lauth’s violet.
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/CH3

AMINOTOLUENES OR TOLUIDINES, GGH4\
NH,

Three isomeric toluidines are known. They resemble
aniline very closely and they may be obtained from the three
corresponding nitrotoluenes. However, on treating toluene
with nitric aeid, chicfly ortho- aad paranitrotoluenc are
formed and very little of the meta compound. Hence, by
reducing the nitrotoluencs to aminotohienes or toluidines
only the ortho and para derivatives arce formed to any extent.
From its searcity and high cost, the. metatoluidine is not
employed in dyc manufacture.

The orthotoluidine ¢ separated from the paratoluidine by
treating the mixed bases with sulphurie actd sufficient to
fully neutralize them and then distilling. The  stronger
para base remains behind ag sulphate.

According to another method, the mixture of bases 1s
neutralized with hydrochloriec acid and mixed with an excoess
of sodium phosphate. The mass solidifies to a crystalline
paste which dissolves on heating; the orthotoluidine floats
ag an oily layer on the surface and it removed. When the
aqueous solution cools, paratoluidine scparates out completely
while a little phosphate of orthotoluidine remains dissolved
In the mother liguor. The bases are now set frec from their
salts by caustic soda, when the sodium phosphate is recovered.

/CH3 (1)

4\ ’

NH; (2)
which becomes brown on exposure to light and ar. 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.

Orthotoluidine, CgzH is a colorless liquid

CH; (1)
Metatoluidine, 06H4\ , forms a colorless oil boiling
NH, (3)

at 199° C. It 18 too costly for usc in dye manufacture,
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CH; (1) .
Paratoluidine, C(;H4< , 1s a solid substance forming
NH, (4)
leaf-shaped erystals melting at 45° C.; it boils at 198° C.
In the water it is slightly soluble, but in aleohol and cther
it dissolves with case. Large quantitics of paratoluidine are
used for the manufacture of magenta,

ANILINE O1Ls CoNTAINING TOLUIDINE

Aniline Oil for Red. The aniline used for manufacturing
rosaniline is not a simple substance but a mixture of three,
aniline, orthotoluidine and pwatoluidine. One molecule of
cach 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 1s present,
and it consists prineipally of aniline and orthotoluidine.

Toluylenediamines, CyHz(CHj3)(NH),. When, in the casce
of benzene, two nitro groups were substituted for two
hydrogens, three someric nitrobenzenes were formed and by
their reduction three wminobenzene or phenylenediamines
resulted, If two nitro groups are substituted for hydrogen
in toluene the next higher homologue of benzene, not only
three but «ix isomeriec dinitrotoluencs would be cxpected
theoreticnlly, und ull in fact are known. Of these six, alpha-
toluylenediamine 18 the most Important and its composition
is shown by the formula,

G HA-NH, (2)
\NH, (4)
Alpha-toluylenediamine
It is formed by reducing the dinitrotoluene (1, 2, 4). It
is a colorless crystalline substance meclting at 99° €. and
dissolving casily in water. Usc is made of 1t in producing
chrysoidine nnd Bismarck brown.

Aminoxylenes, or Xylidenes, CgHz(CHj3)x(NHy). The six
isomeric xylidines which are theoretically possible arc all
known. Two arc obtained from orthoxylene, three from meta-
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xylene and one from paraxylene. The xylidine of commeree
iy a mixture to a greater or less extent of all six, but about
50 per cent is the aminoorthoxylene (1, 3, 4). Xylidine ix
an oily liquid boiling between 211-219° C., and it s cimployed
principally for the manufacture of the azo dyes.

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

CH3 (1)

. om, (2)
6412

&GH:; (4)
NH, (6)

Cumidine

BeENzIDINE (DIPARAAMINODIVHENYL)

C¢H,NH,,
CgH,NH,
Benzidine or Diparaaminodiphenyl

This substance aroused no practical interest at the thme 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. It may be obtaincd
by boiling hydrazobenzenc,

C¢H;NH—NH—CgH;, ie, —NH—HN

Hydrazobenzene

with hydrochloric acid, after which the solution is filtered
and the benzidine precipitatcd by sulphurie acid or sodium
sulphate. The purc 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,

CoHy(CHy)NH, pa: CH,

M Y
OgH3(CH;)NH,

Tolidine (Diparaamidonitolyl)
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Tolidine 1% manufactured by reducing ovthonitrotoluence by
zine dust and caustic soda; the vesulting hydrazotoluene is
then converted into tolidine by boiling with hydrochloric
actd and purifying by 2 wethod similar to that used in henzidine.

It forms glistening plates which melt at 128° €, It dissolves
slightly in water aud easily in aleohol.  The sulphate, though
sparingly soluble, disolves more easily thau benzidine sulphate.

Naphthylamines o Aminonaphthalenes, ¢,0H;NH,. DBoth
the isomerie naphthylamines, theoretically possible are known
and both are comuercially muportant.

Alpha-naphthylamine, results when alpha-nitronaphthalene
15 redueed by iron and hydroehlorie acid.  Of o basie nature,
it combines with acids to form salts. The aqueous solution
of these salts, by treatment with mild oxidizing agents,
yields n blue precipitate called naphthamein.  Alpha-naphthyl-
nmine ¥ required for the manufacture of the azo dyes, c.g.,
naphthol yellow and wagdaly red. It forns colorless erystals
of a disagreeable odor which melt at 50° C. and have a boiling
point of 300° C.

B A-NAPUTIYLAMINE

NH,

Beta-n‘aphthylamine

The nitrogen of the nmino group of this compound is not
furnished by nitrie acid wceting upon naphthalene ns in the
preceding  nstance. 16 is supplied by wwuuwonia, when
betanuphtliol is heated with numonia to o high tewpernture
in closed vessels. The reaction appeavs in the following
equntion:

01 yH,0H + NH; = O H,NH, + H,0.
Beta-naphthol Beta-naphthylamine

Beta-naphthylamine amine is prepared on a manufacturing
seale by henting in o closed vessel at 160° €., 10 parts of beta-
naphthol, 4 parts of caustic soda, nnd 1 parts of mumonium



40 COAL-TAR DYLS

chloride. The heating continues for 69-70 hours. The cold
melt is pulverized, the unchanged f-naphthol is extracted
by the use of aqueous caustic soda, and the pure residue is
dissolved in hydrochloric acid, The wolution is filtered and
then treated with soda, which decomposes the soluble salt
and precipitates the g-naphthylamine.

B-Naphthylamine forms white pearly plates which in the
commereial product are compacted into pinkish white pearly
lumps, almost without odor. It is slightly soluble in cold
water but easily soluble in hot water, alc¢ohol, and cther.
The pure substance forms colorless and odorless erystals
which melt at 112°, The demand for g-naphthylamine avises
in the manufacture of red azo dycs.

SECONDARY AMINES

The secondary amines may be regarded as substituted
anmmonia, i.¢., 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 onc hydrogen atom has
been replaced by the organic radical phenyl. There nre two
important methods of producing the sccondary mniues.

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

C¢H;NH, +4 CgH;NH,HCl = NH.l 4 NH(C,H;),
Aniline Aniline Diphenylamine.
hydrochloride (Secondary amine)

Second. By heating together primary avomatic nmiucs
with the halogen compounds of the alcohol radicals.

CeH;NH, 4+ OCH30l = HCl 4 NH(CH;)C.H;
Aniline Methylaniline
TERTIARY AMINES

All three hydrogen atoms of ammonia are capable of replace-
ment by organic radicals. When they are so replneed, tertiary
amnines are formed. To prepave a tcrtiary amine of the
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aromatic serics, primary amines are heated with the chlorides
of methyl, ethyl, propyl, cte.

c(;le;an + 2CH301 — GGH5(CH3)2N + ZHCI
Aniline Methyl Dimethylaniline.
Chloride (Tertiary amine)

The same result s attained by heating the hydrochlorides
of the amines with the aleohols and zine chloride.
C;H;NH,HCl + 2C,H;0H = C¢H;(C,H;),N + HCl 4 2H,0

Aniline Diethylaniline

hydrochloride

Dimethylaniline, CgH;N(CHy),. For the manufacture of
dimethylaniline, 75 parts of aniline, 25 parts of aniline hydro-
chloride and 75 parts of mecthyl alcohol (acctone free) are
heated uwder pressure in a cast-tron autoclave at 230-270° C.
This is carefully kept under six ntmospheres.  From the above
proportions the yield is about 120 parts, The product is
purificd by distillation.

NH, N(CH3).,

Aniline Dimethylaniline

Pynriving Basws

Coal-tar contains, together with the various hydrocarbons,
bodices of o busie nature contuining nitrogen.  Of these bases,
pyridine in the stmplest example. It is closely rclnted to
benzene sinee its strueture resembles that of the benzene
with this important exeeption that one of the carbon atowms
nd ite combined hydrogen is replaced by a nitrogen atom,
The following formula makes this relation clear:
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Pyridine is also found in Dippel’s oil, which is producedd
by the distillation of bones. It is a colorless liquid of 2
penetrating disagrecable odor. In Gemnany it is much used
for denaturing aleohol. Methylpyridine, its methyl homologuce
called picoline, forms theoretically three isomers, all threc
of which are known.

Quinoline, C,0HyN. If one of the w-carbon atoms of naph-
thalene with its hydrogen be considered as replaced by
nitrogen, a new base quinoline would result. The formuln
exhibits its relation to naphthalene, in which it may be scen
to exhibit the relation which pyridiue bears to benzene:

H H
O\ N
T C
HC (v CH
N N

Quinoline

It 15 a constituent of coal-tar. It may be separnted from
that part of the heavy oil which dissolves in sulphurie acid.
Skraup suggested a successful method for its synthetical
formation in which aniline, glycerine and sulphurie react in
the presence of nitrobenzene:

CeH;NH, + GCgH;OH); + O = O HN +4 4H,0
Aniline Glycerine Quinoline

It 1s an oily liquid without color, which hoils at 23%° C.
and possessing a specific gravity of 1.094 at 20°. With the
acids it forms salts of well-marked characteristics. _

Use is found for quinolinc in the manufacture of quinoline
blue, quinoline red, and quinoline yellow.

Acridine occurs in the anthracene obtained from coal-tar,
and it has also been prepared synthetienlly. It resembles
anthracene in its general structure and it wmny be regarded
as anthracene in which one of the middle carbons with its
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attached hydrogen hag been replaced by a nitrogen atom.
The formula shows its relatiou to anthracenc:

H H H

/N /0N /0N
HC C C CH

R N N
N N\ N\
H H
Acridine

The acridines are very stable bodies but they are more
feeble bases than the pyridines and quinolines. It melts
at 11° C. and sublimes at 100° C. A blue fluorescence is
characteristic of its solutions.

Diazo Comrounps

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

—N=—N— or —N:N—

On one side this group 1s bound to the carbon atom of a
benzene, naphthnlene or otlier ring compound: the other
side Is attached to nn acld or basie cadical: as the following
formuln shows:

CsH;—N:N—Cl
Diazobenzene chloride

Such compounds were first produced by the action of
nitrous fumes (NoOg) upon aniline. Thus it will be seen
thnt one nitrogen ntom i the nmino group of aniline is
attnched to n enrbon of the benzene ring while nitrous acid
contributes the sccond requisite nitrogen atom. The nitrous
fumes (from arsenious oxide and mtrte acid)

A8203 + 2HN03 — Nzo;; + H20 + A5205
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passed into a cold aqueous solution of an aniline sult con-
verts the aniline into a salt of diazobenzene as shown be-
low: the nitrous fumes in the water solution behaving as

nitrous acid:

CcH;NH,HCl + HONO = O H;N:NCl + 2H,0
Aniline hychbloride Nitrous acid Diazhcibenzene
chloride

In practice the nitrous acid is formed in the cold solution
of aniline salt itself by adding the requisite amount of sodiun
nitritc and the necessary amount of acid to decompose it,
forming nitrous acid in the immediate presence of the aniline
salt: the nitrous acid being generated as follows:

NaNO, 4+ HCl = HNO, 4 NaCl,
or 2NaNO, 4 H,S0, = 2HNO, + N2,80,
Different observers have ascribed different structural

formulas to diazobenzene salts, the latter of the two given
below being the more commonly accepted:

CgH;N:NCl or CsH;N=N
Diazobenzene chloride |
Kekule Z. f. Ci. N.F. (18661, cl
2. 308: Chemie der Benzolle~ .
rivate. Diazobenzene chloride

Tho view of Bloomstrand, A.
Strecker and X, Erlenmoyer,

In the manufacture of the dinzobenzene salts, ice is used
to reduce the temperature of the solution of the aniline snlt,
during the addition of the nitrite and wneid; for, if tho tem-
perature rises beyond a cevtain point, the compound decom-
poses and all the nitrogen escapes and wmay be scen rising in
bubbles through the liquid.

The diazo compounds arc very unstable, some dungorously
explosive when dry, especially the nitrantes, Conscquently
they are seldom prepared‘in the dry state: they are used in
the cold solution where they have been formed, nwnd ure
converted then and there into the oxyazo or aminoazo dycs
for which they are required.

If the solution in which these salts are formed be boiled
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all the nitrogen escapes and the corvesponding phenols are
left behind:

C;H;N:NCl 4+ H,0 = C4H,0H + N, + HCl
Diazobenzene Phenol
chloride

By heating the solution with the salts of amino componnds,
aminoazo compounds are produced from the diazo compounds,
eg.

CoH;N:NCl + Oy H;NH,HCl =

Diazobenzene Aniline
chloride hydrochloride

C;H;N:NC4H,NH,HCl 4+ HQ
Aminoazobenzene
hydrochloride

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

CeHsN:NCl 4 CyH,0K = C¢H;N:NC;H,0H + KCI

Great hnnportance attaches to the last two renctions in
azo dye manufacture.

Hyovnazings

The hydrazines are derivatives of the substance known as
diamine or hydrazine IzN:NH,. These derivatives were
known long before the hydrazine itsclf had been isolated.
Of commercial importunce is

Phenylhydrazine, C¢H;NH:NH,. Thix substance hns been
of extraordinary service in the study of the sugns. It ny
be made by redueing diagobenzene chloride with: sodium
sulphite and zine dust or stannous chloride m acid solution,

CsH;N:NCl 4+ 4H = OyH;NH:NH, 4 HQl
Dlazobenzene Phenylhydrazine
chloride hydrochloride

From this salt, sodium hydroxide sets froe the phenyl-
hydrazine,

CsH;NH:NH,HOl 4+ NaOH =
Phenylhydrazine
hydrochloride
C;H;NM:NH, 4 Na0Ol 4 H,0
Phenylhydrazine
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When pure and kept out of contact with the air, it is a
colorless aromatic oil of poitonous properties. It forms
plate-like crystals which melt at 23°, and it boils at 2:41-2.42°
with slight decomposition. It ix the important source of
antipyrine: and it is a valuable reagent for detecting alde-
hydes and ketones.

Tur Azo CoMprounvs

The azo compounds resetuble the dinzo compounds i
containing the double nitrogen group, —N:N—, but in the
azo compounds two beunzenc rings ave present, ouc at each
end of the double nitrogen group. The sunplest of these
substances is azobenzene, C4Hs—N: N—C4l115.

If nitrobensenc is reduced by nasceut hydvogen in an acid
solution, aminobenzene or aniline ix formed; but, if the
reduction is carrted out n an alkaline solution, azobenzene
is one of the products, Such an alkaline solution is furnished
by zine dust and sodinn hydroxide, ov by stannous chloride
and sodium hydroxide,

2C;H;NO, 4 8H = OCiH;N:NH;H; 4 4H.0
Nitrobenzene Azobenzene

The azo compounds are tunch wore stable than the dinzo
compounds. Boiling them in the solution i which they
are formed either in the presence ol aeuds or alkalies does vot,
decompose them nor ave they explosive iu the dry state.
Some may be distilled unchanged.

Mild reducing agents convert wzobcugene into hydiazo-
benzenc ag follows:

CGH,:;N!NO(;H[; + 2H = 0(;H5NH—NH°(;H5

Azobenzene Hydrazobenzene

More energetic reduction fixex more hydrogen und canses
a break between the two nitrogen atonw, converting ench into
an antino group and forming two molecules of aniline.

CGH5N!NCGH5 + 4H = 20([H5NH2

Azobenzene Aniline
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By such a reduction aminoazobenzene would yicld a
monamine (e.g., aniline), and a diamuine (c.g., phenylene
diamine, CeHy(NHa)a,

C;H;N:NC;H,NH, 4 4H = C;H;NH, 4 C H,(NH,),
Aminoazobenzene Aniline Phenylenediamine
Oxyazo compounds by a similar reduction would produce
a monamine and an aminophenol.
C;H;N:NC;H,0H + 4H = CgH;NH, 4 CgH,NH,(OH)
Oxyazobenzene Aniline Aminophenol

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

TaE SurpHONIC AcCIDS; 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 aecid loses a hydroxyl —OII
group, the two forming a molecule of water and the sulphonte
ackd It question.  The sulphonie acid group is —SO3zH, These
acids are formed by heating together concentrated sulphuric
ackl nnd o hydrocarbon.  Such action 18 called sulphonation.
Fuming sulphuric acid is sometimes used for this purpose.
A ligher tempernture or longer heating forms both mono
and disulphonic wneids,

OsH; + H,80, = CgH;S0;H <+ H,0
Benzene Benzene

monsulphonic acid
OGHG + 2H2804 = CGH4(803H)2 + 2H20
Benzene Benzene

disulphonic acid

Of the three possible disulphonic acids of benzene itsclf,
the meta and pura compounds are those obtuined by this
method. The ortho benzene disulphonic wcid s formed
from meta aminobenzene sulphonic acid by the further intro-
duction of & sulpho group and the replaccment 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 180° C. The
free sulphonic acids are as a matter of fact less frequently
prepared than the sodium salts of the same which are termed
sulphonates, The following general method will indicate
the process.

The hydrocarbon and the strong or fuming sulphuric acid
are heated together until the cvolution of sulphur dioxide
shows that oxidation with consequent destruction of some
of the substances is taking placc, 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 filtrate is changed
into a sodium salt by the addition of sodium carbonate, which
precipitates caleium carbonate and leaves a soluble sodium
sulphonate in the solution. The liquid is filtered off and
evaporated to dryness.

The following reactiong have taken place:

2CcH;S0;H -+ CaO;H; = 2H,0 + (CgH;S03),0a
Benzene Benzene

sulphonic acid monosulphonate of calcium

(06H5SO3)203 + Na2003 = 2c6H5SO3N& + CaGO;;

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

C¢HsS0;H + PCl; = CgH;80,01 4+ HCl 4 POOClL,

The amides are formed by ammonia acting upon the
chlorides:

C¢H;S0,C1 + NH; = C¢H;SO,NH, 4 HCl
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Benzene Monosulphonic Acid, CgH;S803;H, forms colorless
crystals which dissolve casily in water and aleohol.  Caustic
soda at o high temperature converts it into phenol CcH;0H.
Concentrated mitrie ackl changes it into the nitrophenol.
When treated In aqueous solution with nitrous acid, nitroso-
phenol is formed,

Benzene Disulphonic Acids, CsH4(SO3H),. Three isomers
arc possible and all are known. The direct action of fuming
sulplwri¢ on benzene or benzene monosulphouie adid produces
a- nuxture of two of the isomers, the meta- and para~disulphouie
acids. Large quantitics of this mixture of isomers arc
prepared for the manufacture of vesorein: sometimes by
passing the vapor of benzene into strong sulphuriec acid
hented to 240° C. or 1 part of benzene may be disgolved in
4 parts of fuming sulphuric acid and then the solution is
heated for two hours at 275° C. When these products are
fused with caustic soda both the meta- and para-lisulphonic
acids  arc converted into resorein  (mnetadioxybenzenc),
CeH4(OH)s,.

Naphthalene Monosulphonic Acids, €;0H;S0;H. Naphthu-
lene, like benzene, yields to treatmont of strong sulphurice
acid, forming sulphonic acids by the replieement of hydrogen
atoms by the groups (—SOsH). Unlike benzene, however,
naphthalene forms two diffcrent sulphonic acids by the
entrance of only one sulphonic group into its molecule. The
diffecrence depends upon the position of the hydrogen atom
which is replnced by the (—SO31) group. These two
isomers arec known as «- and A-naphthalene mmonosulphonic
acids.

By the simple regulation of whe temperature one or the
other of these isomers may be produced in excess. Thus,
by carrying on sulphonation at 100° C. the product containg
about 80 per cent of the a-sulphonic acid nnd 20 per cent
of the 8 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 g acid will be produced.

a~Naphthalene Sulphonic Acid, ©,;,H;80;H, is manu-
facturcd by stirring 1 part of fincly powdered naphihalene
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into 2 parts of strong sulphuric acid at 40° C. and keeping it
for several hours at this temperature (Ger. 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 « acid forms deliqueseent ecrystals which melt at
85-90° C. By heating it is converted into the F-naphtha-
lene sulphonic acid.  Its sally are more soluble than those
of the 8 acid.

[-Naphthalene Sulphonic Acid, C,¢H;SO;H, it formed by
heating 1 part of naphthalene with 1 part of concentrated
sulphuric acid to 1S0° C. for several howrs. The resulting
product is dissolved in water and some dmaphthylsulphone
filtered off, when the sodiumi salt may be precipitated by
adding common salt. Its crystals take the formu of plates
and do not deliquesce.

Nitrosulphonic Acids. Thesc acids possess both the nitro
(—NOs) group and the sulphonic acid group (—SO;H).
In converting benzene, for example, into benzenenitro sulphonie
actd, the benzene may be first nitvated by strong nitrie acid
and then sulphonated; or the operations may be reversed,
first forming a benzene sulphonic acid and then witrating
this. The chief product is that one of the three possible
isomersg which are called mctanitrobenzene sulphonic acids.

NAPHTHALENE DISULPUONIC ACIDS
C10H(803H),

By controlling the strength of the sulphwrie acid used and
the various other conditions, two sulphonic acid groups may
become attached to the naphthalene nolecule forming nuph-
thalene disulphonic acids. Ten isomers of disulphonic acids
arc possible and all are known. Of thesc the two following
show the methods used:

Naphthalene Disulphonic Acid (1:5). Armstrong’s Delta (9)
Acid, is made by adding 1 part of finely powdered naphthalene
to 4 parte 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 welght of salt
solution, the sodimu salt scpavates out, and the isomers
gsinultancously formed remain in solution.  (Ger. Pat) It
erystallizes i glistening white plates.

Naphthalene Disulphonic Acid (2:6). Ebert and Merz’s £
Acid. This acid 1s produced on heating 1 part of naphthalenc
with 5 parts of concentrated sulphuric neid to 180° C. for
24 howrx. By maintnining these conditions, this acid is
formed alwost exclusvely. Tt erystallizes in plates and the
godinm salt fovrrus ncedles containing oue molecule of water.

AMINO SULPHONICS Acins

These derivatives of the hydroearbons contain both the
amino group (—NH,) and the sulphonie acid group (—SO3H).
In some processes of manufacture, the amino group will be
put into the molecule fivst, in others, the sulphonic acid group;
as may be seen fromn the following methods:

1. Dircet action of sulphurie acid on the amines.

9. By siniply heating the sulphates of the nmines to 180-230°
C., c.g.,

(C,H;NH,),H,80, + Heat =

Aniline sulphate
OgH(NH,)SO,H 4 H,0 4 CyH;NH,
Aminobenzene sulphonic acid
3. By heating a sulphonic acid with nitric acid, thus
forming n nitro sulphonic acid, and then by reduction con-
verting the nitro group into an amino group.
NH,
Aminobenzene  Sulphonic  Acids, G(;H4< . The
SO0,H
three isomers theoretically possible awre all known: the meta-
and para-compounds being of the grentest techuteal value,
NH, (1)
Metaaminobenzene Sulphonic Acid, 03H4< , Is mnde
SO;zH (3)
by the action of nascent hydrogen, evolved from iron and dilute
sulphurie acid, upon nitrobenzene sulphonie acid. It forms
fine needle-like crystals in its anhydrous state but clinorhombie

crystals when 1t crystallizes with 13 molecules of water.
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NH, (1)

Paraaminobenzene Sulphonic Acid, G(A,H,t\ , 18
SO3H (4)

commonly known as sulphanilic acid, and 1t is formed
when 1 part of aniline is heated with 3 parts of strong sulphurie
acid to 180-190° C., or 100 parts of aniline sulphnte muy
be heated on trays with 105 parts of strong sulphurie acid
until on boiling a sample with caustic sodn, the odor of
aniline has disappeated.

The puwre colorless crystals contain one muolecule of wuter
of crystallization which is lost on cxposure to alr, when the
substance falls to a white powder. It dissolves slightly in
water and it forms salts with hases because of its sulphonte
acid group, and it forms salts with aculs on account of its
basic amino group.

. / CH,
Aminotoluene Sulphonic Acids, C;H;~—NH, . The ortho-
SO,H
toluidinemetasulphonic acid, CgHy(CHyz-NH,-SO3H) (x.2.3)
may be obtained by acting dircetly with concentimted sulphurie
CH; (1)
acid upon orthotoluidine C(;H4< , or by heating the
NH: (2)
sulphate of orthotoluidine to 200° C. 1f fuming sulphuric acid
acts upon paratoluidine, two isomerie sulphonic neids result.

Xylidine Sulphonic Acids, CyH.(OH;),(NH,)(S03H). Scv-
eral isomers are possible with these four groups attnchied to
a benzenc ring; but the one techuienlly importnut is the
product from the treatment of ordinunry conunereinl xylidine
(nlphaaminometaxylend) with concentrnted sulphurie neid.

Benzidinesulphonic Acids. When hot fuming  sulphuric
acid 1s allowed to act on benzidine severnl different sulphonic
acids result. If the temperature of 120° C. i3 not exceeded,
then the principal product 1s & sulphono of benzidine,
CeHgNH,

/802, which is converted by heating to 150-160° C.

e H3NH2
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into sulphonic acids of this sulphone; by a still higher tem-
perature benzidine sulphonic acids result.

SuLpHONIC AcIps OF NAPHTHALENE DERIVATIVES
H H
C
AN N
o0 U
HC C CH
N N\
H H

Naphthalene Naphthalene. Condensed formula

The formula of naphthalene Ciollg, i3 expressed so as to
show Its structurc in the first figure above: the relative
position of each of the ten carbon atoms and cach of the
eight hydrogen atoms. TFor the sake of simplicity the sccond
figure is all that is nceded 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 naphthalenc contains a
sulpho acid group, it is at once identified by the numbers
written in the namc of the compound itsgelf. TFor example,
1-naphthylamine-4-sulpho acid can indicate only the com-
pound whose formula is shown below. (Iu this instance, the
word amine forms a part of the name itself, und the number
indicating its position stands in front of its namc):

NH:
Of]
|
SO,H
1-Naphthylamine-4-sulpho acid
This same derivative of naphthalence iv often called naph-
thionic acid.

Suppose a derivative of nuphthalene 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 whiel
one is meant. If, howcver, the name of the substance is
written so that the exact carbon atom to which the amino
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 scparated and
distinguished with precision from all its isoners.

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

The compound must have the formula:

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

This compound is also known under the name aminonaphthol-
sulpho acid, y or “r-acid” for short.

For purposes of specch the names employing numerals
are clumsy and other names are given which attach the name or
names of the discoverers to particular compounds. Cupital
letters form the briefest method of indienting a substance,
One sulpho acid of naphthalene is kuown as Neville and
Winther's acid: it 18 a l-naphthol-4-sulpho acid. The
hydroxyl (indicated by the syllable “ol” in the name) is at-
tached to carbon No. 1 and the sulpho acid group to carbou
No, 4. It must accordingly have the following constitution:

\5/
SO,H

Neville and Winther's acid, or
1-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 8 which the substituting groups take.

As the following figure indicates, there are four positions
called alpha (@), and four called beta (8):

24 24

B B
B B

[44 24

The acid of Neville and Winther above is according to this
method called a-naphthol, a-mono-sulpho aeid.

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

Two S-naphtholdisulpho acids of great technical importance
are known as R-acid 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
uscd in making yellow dyes:

S0,H

OH OH

HO;S S0,H HO,S
R-acid G-acid

The R-acid is a 2-nuphthol-3.6-lisulplio acid and the G-acid
is a 2-naphthol-6.8-disulpho acid. The methods of manu-
facture of these two neids will be given.

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

The method for preparing the G-a¢id 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 B-naphthol is dissolved in 4 parts of concen-
trated sulphuric acid and kept at a temperature of 60° for
48 hours, or at a temperature of 20° for 8 to 10 days.

The G-acid is the principal product mixed with 10-15
per cent of the monosulpho acid S. Thig 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 thun those
of the R-acid.

Thé most important amino and oxy, and amino-oxy deriv-
atives of naphthalenc used in the following pages of azo-dyes
are given herc with names and constitutional formulas,

S0,H OH

|
OH
HO,S /\|

B-Naphthol disulpho acid,
or z-naphthol-6-8-disulpho acid, SO0zH
or G-acid «-Naphthol sulpho acid N. W.
(Neville and Winther),
or 1-naphthol-4-sulpho acid,
OH OH or Neville and Winther's acid

| HO,S SO,H

R-acid.

- thol di .
Dioxynaphthalene sulpho acid 8, or A-Napbtbol disulpho acid R
or 1.8 dioxynaphthalene-4-sulpho acid NH
)
NH,
HO3S
SO0;H SO03H

a-Naphthylamine disulpho acid D,
or 1-naphthylamine-4-7-disulpho acid

Naphthionic acid,
or 1-naphthylamine-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 i3 so modified that it beconmes acid
m its nature. Common carbolic acid 1s such an acid whose
formula 18 C¢H;OH. The hydrogen joined to the oxygen
18 replaceable by metals and forms salts. The weak character
of the acid is shown from the fact that carbouie acid is able
to decompose the sodiumn salt.

Ggrbolic acid 18 also called phenol and the sodium salt
godiuin phenate or sodiwum carbolate, CgHsONa. The acid
nature of phenol is much strengthened by the entrance of
negative atoms or groups of atomns into the benzene ring, o.g.,
trinitrophenol, C¢H,(NO2)3;0H, known as picric acid, is a
much gtronger acid than phenol,

Phenol 13 present in coal tar and it iy recovered therefrom
m large amounts. It may alto be made from an alkali salt
of benzene sulpho acid by fuston with o caustic alkali.

C;H;SO;K 4 2KOH = CH;0K 4 K,S80; 4+ H,O0,
Potassium Potassium
benzene sulphonate phenate
CsH;0K 4 HCl = CzH,0H 4 XCl
Phenol

Under the nanie of earbolie acid, phenol has been employed
in large quantities ns an antiseptic.  The acid consists of white
crystals when pure iu the form of long needles. These melt
to a thick liquid by the addition of slight amounts of water
at the ordinary tewperature; then on adding o large quantity
of water, the heavy syrup forms an oily layer under the water
and slowly dissolves. Water at the ordinnry tempernture,
however, will tuke up only 6 per cent of the acid.

Resorcin or Resorcinol is a substance which differs from
phenol in possessing one more oxygen atom. [t i therefore
a dioxy- or a dihydroxybenzene. Of the three possible
dihydroxybenzenes, resorein is the one whose hydroxyl
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groups are in the positions 1 and 3, making it thus the meta
hydroxybenzene, CeH4(OH)s,
OH

OH

Resorcin

Resorcin is a white crystalline. substance of a pleasant
aromatic odor similar to phenol but unot so strong. . Like
phenol it has antiseptic propertics; but it is milder in its
action. Large quantities arc cmployed in the manufacturc
of the eosine dyes.

Among many methods of preparing resorcin, onc is the
fusion of the potasstum salt of metabenzenedisulpho aeid
with caustic potash,

C¢H,(SO3K), + 4EKOH = CzH,(OK), + 2K,80; 4 2H,O0,

Metabenzene- Potassium

disulpho acid resorcinate
CgH4(OK), + 2HCl = C¢H,(0H), + 2KOl
Potassium Resorcin
resorcinate

An aqueous solution of resorcin turns dark violet with ferric
chloride and violet with chloride of lume. Iixposure to the
air turns the solution red.

Pyrogallol is the most important of the trihydroxy benzenes
to which it belongs, There are three substunees in this
class, but pyrogallol is the one having all its hydroxyls in
neighboring positions as scen below:

CoH3(OH)1:2:3

OH
OH

OH
Pyrogallol

It crystallizes in white plates which melt at 132° and
sublime unchanged.
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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,

CgHy(OH)3C00H 4 heat = CgH3OH); + CO,
Gallic acid Pyrogallol

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

Tar NAPHTHOLS

The Naphthols bear the same relation to naphthalene that
the phenols bear to beuzene. '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 1itg poimnt of fixation. These two substances are dis-
tinguished as e- and F-naphthol.

w-Naphthol is a solid substance which oceurs in glistening
needles. 1t 18 almost tusoluble in cold water and ouly slightly
soluble In hot; the sodium salt dissolves casily in a solution
of sodium hydroxide, for the sodium salt is formed and this
is casily soluble. «-Naphthol volatilizes with stcam. A
dark violet color is produced by chloride of lime.  @-Naphthol
13 mude by fusivg e-naphthalene sulphonate of sodn with two
or three times its weight of sodium hydroxide and a small
quantity of water at 270-300° in an iron vessel which 1s
provided with a mechanical stirrer. The upper layer of
sodium naphtholate is sepurated from the .heavier layer of
sodium hydroxide and sodium sulphite, After dissolving this
i water, the decomposition of the salt tukes place by using
hydrochloric acid or cven carbonic acid. Purification is
accomplished by thorough drying and distillation.

B-Naphthol has a composition identical with «-naphthol.
The difference is one of constitution: of the position of the
single hydroxyl group which iu this substunce oceupies the
beta position. The method of preparation is similar to that
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for a-naphthol cxcept that the initial substance for the fusion
with sodium hydroxide is f-naphthalene sulphonate 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 docs it show & coloration with
ferric chloride or with chloride of Hlme.

B-Naphthol is white and crystallizes in plates which dissolve
in aleohol and ether but sparingly in water. It mclts at
123° and boils at 286°. The commercial product is nearly
pure, but a-naphthol may be detected i o small an amount
as .1-.5 per cent by dissolving it in aleohol, adding wuter
and then a few drops of ferrie chloride, when a violet color
will appear.

THER ALDRHYDES

Formic Aldehyde is used in the dye industry for condensing
several benzene derivatives into larger molecules: furnishing,
for example, the methane carbon atom #o unportant as the
ultimate nucleus of the triphenylmethane dyes.  Its formula,
CH.O or HCHO, shows its simple composition and also thot
it differs from methyl alcohol, CH,0, out of which it is madc
only by lack of two hydrogen atoms,

It is made by passing the vapors of methyl alcohol inixed
with air over heated platinum charcoal or coke, thus two
hydrogens are oxidized awny, producing the formic aldehyde.
At the ordinary temperature, it is o gas which condeuses
to a liquud 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 the commereinl
aqueous solution. Formaldchyde i3 one of the safest nnd
best antiseptics known.

Benzaldehyde may be regarded as formic aldehyde, HCHO,
in which one of the hydrogens has been replaced by the
phenyl-group —C¢Hj, 50 as to form C;Hz;CHO. It is, how-
ever, industrially prepared from toluene or methylbenzene,
CeH5CH;3, which requires that the methyl (—CHj) group
be transformed into the aldehyde group. This cannot be
done directly. The toluene is first chlorinated Dby passing
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chlorine gas into boiling toluene, producing thereby benzyl
chloride or benszal chloride, which on treatment with water
and lime In the first instance and with lead niteate and water
in the second yield benzaldehyde.

C;H;CH.,Cl \
C(; H 5 CH CL_; )
Benzyl chloride

Toluene Benzal chloride Beuzaldehyde

C(;H,—,CHB —> —> C(;H;—,CHO

Benzaldebyde ix o pleasant-smelling Hauid used in flavoring
cakes and confeetions. 16 bolls at 129° and distolves casily
In aleohol but only slightly in water.  Oxidation even by the
air converts it into bewzoie acid. It is employed in the dye
manufacture for a purpose snulay to that of formaldehyde,
L.e., to condense benvene derivatives and furndsh the methane
carbon as a uucleus for the developed dyes,



CHAPTER V
THE NITRO AND NITROSO DYES

Tae Nirro Dyes

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

It is go destructive of animal tissues, the yellow stains
which betray contact with it so irvemediable, that the disin-
tegration would appear to be complete.  In many hastances,
however, when an organic compound ¥ apparcntly destroyed,
the disintegration has proceeded ouly a certain and defirgte
portion of the way toward complete discolution of the sub-
stance. At the point of arrested action, a new chemical
individual hasg been formed which the acid then ceases to
attack.

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

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

Since that time, it has been rediscoverod 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 piere ackl 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.

Lichbig proved that indigo bitter and Welter's bitter were
onec and the same substance.  He named it “ kohlenstickstoff-
saure ”’ or carbazotic acid. Borzelius called 1t “ pikrinsalt-
petersaure.”  Dumas analyzed the yellow compound and
gave the dye its present name piede (from mwpos, bitter)
acid.  Laurent, in 1812, foond that it counld be made from
phenol or carbolic neid and still later in 1869 that it could
also be nwde and more casly, from phenol sulphonie acid.

Picric acid is the final oxidation product of many aromatic
substances; as oxalic nekd iy the final product of oxidation
of many fatty compounds. Its production from silk, wool,
indigo, resin, and carboli¢ acid shows that the benzene ring
19 present in them alll (Some doubt, however, has been
expressed thut it is obtuined from wool.)

Picrie acid nwy be made direct from phenol by the action
of strong nitrie acid, buk the action i violent and the produet
less sutisfuctory than when the manufacture proceeds in
two steps. At present, the phenol is first changed into
phenol sulphome acid, CgHygSOzH(OH), by allowing it to
run into and dissolve v coneentruted sulphurie acid: what
takes place 1 shpwn in the reaction,

CH;0H + H,80, = O(H(OH)SO;H 4 H,0

Both the ortho and the pura phenolsnlphonic neids nre
formed by this procedure; but ab a moderate tempernture
the former ¢ the move abundmnt, while at the tempernture
of hoiling water the latter is more lnvgely formed, On heat-
ing the ortho product, 1t iy trunsformed into the purn product,
but hoth varicties nre converted into pierie neid when strong
nitric acid is allowed to work upon them as shown below:

OH OH
SOzH
SOzH
Orthophenol Paraphenol

sulphonic acid sulphonic acid
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OH OH
S0;H o,N NO,
: <4 3HNO; = + H.80, + 2H.,0
NO.,
Orthophenol sulphonic acid Picric acid
also
(033 OH
0,N{ \NO,
+ 3HNO; = + H.80, 4+ 2H.0
SOz;H NO,
Paraphenol sulphonic acid Picric acid

In the phenolsulphonic acid, the suipho gronp (—S03l1l1)
is replaced by a nitro (—NOg) group. Two hydrogen atos
are also replaced by nitro groups, making the product a trinitro
compound. These three nitro groups always take up positions
that arc symmetrically situated, c.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 scen in this: that phenol itself, though an acid, is too weak
to decompose the carbonates, while, after the nitvo gronps
have entered, the resulting picric acid does deconpose tha
carbonates.

Picric acid occurs in pale yellow lustrons crystnlline senles
or in rhombic prisms, depending upon whether it was crys-
tallized from water or alcobol or from cther. 1t is but
sparingly soluble in cold watcer; more cusily soluble in hot water.
Alcohol, ether, and benzene likewise dissolve it. The solu-
tions color the skin and animal fibers o pure yellow.

The taste is mtensely bitter and it has been said that
picric acid was once used to give a bitter tastec to heer.
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 hnve
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. It has also been nsed to
combine with reds and bluces for dyeing shudes of orange wnd
gray.

The explosive character of its salts has caused it to be used
in the manufacture of high explosives, and it i+ now far wore
largely employed In this industry than for dyecing, wherein
it has been superseded by the later yellow dyes.

Picric acid wnites with benzene and other avowatic hydro-
carbons to form crystalline compounds, which on oceaxion nmy
serve alike for the identification of pierie acid or the hydroeny-
bons with which it combines, With naphthalene there is formued
a very characteristic compound, CyoHg+ CeHu(NO.)30H,
which erystallizes in golden seales, melting at 1.44°.

Picraminic Acid. When pieric acid is subjected to the
action of reducing agents, the nascent hydrogen will gradunlly
remove the oxygen atoms from all the three witro groups
and replace them with hydrogen atoms, thus converting all
the nitro (—NO») groups into amino (—N1l.) groups, This
reducing action may be linited to the conversion of n single
onc of the nitro groups into mu amino group by cmploying
the comparatively weak reducing ageuts, hydrogen sulphide
and ammonin. This partial reduction product is picraninic
aeid.

C¢Hy(NOy);0H 4 6H = OCgH.(NO,)s(NH.,)OH 4 2H.O

The structure may be compaved with the ovighwl piere
acid as follows:

OH OH
O,N NO, o N NH,
NO, NO,
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 Leing the first
very beautiful ycllow obtained by the synthetic processes.
This yellow dye may be prepared in several ways, but the



66 COAL-TAR DYLS

simplest to understand is the action of nitric actd upon
a-naphthol. What takes place is the fixation of two nitro-
groups in positions 2 and 6 of the a-naphthol.
010H70H + 2HN03 = 010H5( NOB)_,OH + 2H20
a-Naphthol Martius yellow (free acid)
The dye itself is the sodium salt, sometimes the potassiun
salt of this acid, and posscsses the following constitution:

Martius yellow

Martius yellow is an orange yellow powder as it appears
in commerce. When heated, the sodium salt deflagrutes
suddenly while the ammoniwn salt Dbums quictly. The
sodium salt requires 35 parts of water for solution; but 265
parts are needed for the corresponding amount of the caleium
salt.

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

Wool in acid bath is dyed a beautiful goklen ycellow while
silk is colored the same shade in a soap buth or in “ boiled-off
hiquor.” Varnishes are often tinted with this dye. The
absence of any bitter taste which is charncteristic of the nitro
dyes has caused it to be used in colorinng food products, c.g.,
noodles and macaroni; but its known poisonous nunture
renders the practice unsafe.

Naphthol yellow S. differs from Martius yellow just con-
sidered only in possessing a sulphonic acid (—SOzH) in
position 7 in the molecule. It is, howover, not prepured by
implanting a sulphonic acid group in this dyc. A trisulplonie
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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C1oH(SO;H);0H + 2HNO; =

riaphihol trisalpbo acid C10H,(NO0,)o(SO;H)OH + 2H,S0,
‘Naphthol yellow §
OH
Na0;S NO,
NO,

Naphthol yellow S.

Naphthol yellow S is a bright ycllow or orange powder
which bums with bright ycllow scintillations. On account
of the sulpho group, which this possesses over Martius yellow,
it 1s & more valuable dye. It is more soluble and acids cause
no precipitate in its ycllow solution.

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

Wool and silk are dved yellow from an acid bath, and, since
1t is the most valuable of the nitro dyes, it is sometimes
adulterated by the admixture of Martius ycllow,

Aurantia: Kaiser yellow, 1873, is a dyc which produccs
a finc orange color upon fabrics; but its use is prohibited
beeause of cruptions which it cxeites on the skin. It is
cmployed 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.

CgH; CsH(NO3)3
Z H . H
\C,H; N0, Hy(NO,)s
Diphenylamine Aurantia. Kaiser yellow

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

The firm of Fr. Bacyer & Co. have placed onc 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 mixturc of the sodium salts of ortho
and paradinitro cresol, and it may be prepared by allowing
strong nitric acid to act on cresol sulphonie acid.

CH3 CH3 CH3
OH 0,N/ \NO,

OH ONa
Orthocresol Paracresol Paradinitro cresol

sodium salt: one form of
Victoria orange

THE Nrrroso DyEs, or QUINONBOXIMES

Nitrous acid aets readily upon bodies which possess the
propertics of phenol or carbolic acid, and n doing so it converts
these white substances mto new ones, These new products
by the aid of salts of iron and salts of chromium produce
valuable green dyces.

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

OH OH
+ HONO = + H,0
NO
Phenol Nitrosophenol

If hydroxylamine (H.NOH), is allowed to actupon quinone,
the same dgo-called nitrosophenol is formed as shown below:

o o}
I I
I l
o NOH

Quinone Quinoneoxime
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The formula of quinoncoxime is regarded as the more
probable one for the product of nitrous acid when it acts
upon phenol: at least thix 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 charaeter which accords better
with the quinoncoxime structure: second, the power to form
a dye 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 nanes for the same dye. It is prepared by the action of
nitrous acid on resovcin. The latter substance is white and
arystalline and it casily dissolves in water. By adding
sodium nitrite and the corresponding mnount of sulphurie
acdd to the aqueons solution, nitrous acid is formed and
beging at once to work upon the resorcin, changing it into
dinitroresorcin of the following composition:

0
0H I
—NOH
+ 2HONO =
OH =0
NOH
Resorcin Fast green (dinitroresorcin)

TFast green appears cither as a dark green paste or as a
grayish brown powder which is slightly soluble in cold; but
wore casily in boiling water.

For dycing, fast green requives the ald of an iron salt as a
mordant. Cotton mordanted with iron is dyed a green
which Is moderatcly fast to the action of both light and soap.
Wool thus mordnnted is dyed a green whichis very fast to light.

IFagt green by reason of its acid properties has the power to
combine with the busic 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.
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This produces a beautiful brown color that is fast, and this
brown shade may be modified in various ways by afterward
treating 1t 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 grecnish 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.

CnH,0H 4 HONO = C,oH;(0)NOH 4 H,0
a-Naphthol Gambine R.

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

N N=xox

/

Gambine R.
«-Naphthoquinoneoxime

Hydrochloric acid does not affect it while sodium hydroxide
forms a clear yellow solution. A reddish brown solution is
formed with strong sulphurie 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 chromiwn 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 ig
however, f-naphthol which is employed in place of a-naphthol.
The constitution seen below shows the positions of the oxime
and the quinone oxygen to be just reversed from thosc of
gambine R. NOH

\||

=0

Gambine Y.
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These two dyes are therefore isomers, and the influence of
change of position in the shadeof 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
Lknown ag naphthol green B. would be insoluble and thercfore
tinpossible of application as a dye were it not made soluble
by treatment with sulphuric acid. This transforms it into
a soluble sulphonie acid whose sodium salt is the commereial
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 naphthalence 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 2 good mstance of an indireet
method. Gambine Y. is not first made, then sulphonated and
then combined with iron.  Instead of this procedure, Shaeffer’s
B-ucid, which is -naphthol containing a sulpho group in posi-
tion G, is used as the sturting point. Nitrous acid converts this

into gambine Y. sulpho acid. NOH
i
OH =0
+ HONO = + H,0
HO;S\ HO,8
Schaeffer’s acid. Gamtine Y.
A-Naphtholmonosulpho acid Sulpho acid

Treatment of this Intter substance with a ferrous salt
¢ausos a union of two of these gronps with an atom of iron.

IIJO Fe 01”1

LT T

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 hydrochlorie 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 yecllow.

Wool from an acid bath is dyed a green which is fast to hight
and the effects of milhing. It further resists the action of
acids and alkalics.



CHAPTER VI
THE TRIPHENYLMETHANE DYES

Tue dyes of this class were among the carliest 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 sinee the first onc 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 processcs at first employed guve but meagre
yicelds and therefore increasced the cost. As will be shown
Inter 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 ag remuins unsubstituted
by thosc other groups of ntoms or radieals which are requived
to develop from 1t the various shades of the mdividual colors.

Triphenylmethane mmny be considercd as methane in which
thvee hydrogen atoms have been repluced by three phenyl
(—CgHp) groups. In appenrance, it is o white substance
which crystallizes in beautiful prisms that mdt at 93° and
boil at 359°. Neither cold water nor cold alcohol will dissolve
it; but it is readily soluble in hot aleohol, cther, or benzene.
On crystallizing from its solution in benzene, it has the power
of retaining one molecule of “ benzene of erystallization.”

Triphenyhnothane muay be prepared synthetically in
varicty of ways; but the onc cmploying chloroform and
benzene 18 casy to understand, When these substances

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

CHCl; + 3C¢H; = CH(CGH;); + 3HOCI
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 triphenylmethanc 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 nunierous iustances in the following pages. The
formula of triphenylmethanc is wiitten in many ways, scveral

of which appear below: H H
N2
CH(CeH;)3 HC CH HC CH
| || I |
HC
CeHs \ /S \|/ K /C
H | H
CH—CyH; /c\
HC CH
CoHj | [
HC OH
o’
H

Formulas of Triphenylmethane

H_O/O O\'/

o
o

Skeleton formulas of Triphenylmethane
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Tue TRIPHENYLMETHANE DYES

Rosaniline, Fuchsine, Magenta: A varicty of this brilliant
red dye 1s thought to have been discovered by Natanson in
1856, the same year in which the English Chemist W. H.,
Perkmn 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 nn even more brilliant success than Perkin’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 asg 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 arsenie process, the other, the nitrobenzene process.
The former 1# the older and until later years was used almost
exclustvely, hut unfortunately the product contained arsenic
ackd, at times as high as 6 per cent; the latter method has
the great advantage of giving a purer product and one that
is entirvely free from arsenic.

Rosaniline appears in commerce under different names,
some sentimental, somie derived from its source. Magenta,
for instance, was applicd to it becausc of the victory of the
TFrench 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 cquivalent of his firm’s name in Germnan.  Rosaniline
wis given to it on account of its sourcc—aniline, and its rose-
red color.

Commercial rosaniline in the form of the hydrochloride
appears in crystals of a brilliant grecnish bronze luster; the
sulphate is a crystalline powder with greenish luster. The
acctate 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 basc 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.
Wool, silk and paper are dyed a rosaniline ved. Cotton is
dyed the same shade after it has been first mordanted with
tannin and tartar emetic,

Commercial rosaniline i 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 triaminodiphenyltolylmethanc.
These derivatives contain but onc 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 structurce
and deportment of rosaniline itself will be clearly understood.
Pararosaniline 1s made by the oxidation of a mixture of
aniline CgH3;NH, and paratoluidine CgH4(CH3)NH,. 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:

Hi( >NH; /QNH-z
%Om@ + 30 = C(OH)—QNH2 + 2H;0
O N om

2 mols. aniline Pararosaniline base.
1 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 hvdrogen. It will be noted also that onc
oxygen atom has found lodgment between the methane
carbon and its only remaining hydrogen atom. This single
atom of carbon is called the miethane carbon, since 1t is the
nucleus of the molecule and because the whole complex
molceule 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 triphenyl-
mcthane is present and that the three amino groups are
digtributed one to cach bengene ring or phenyl group as shown
in the formula below:

o O

C(H)— Q(OH)—" NH,
AN \
N o,
Triphenylmethane Pararosaniline
(colorless)

The function of the methane enrbon atom i here clearly
shown and the three amino groups ave not only affixed to
sepurate benzene rings, but they oceupy similar positions,
and these are nll upon the extreme ewds of the benzene rings
oppositae to that where the attachnent to the methane earbon
oceurs. It is definttely known that these are the time relative
positions of the andno groups. The proof of this is given
Inter.

The true dyestuff is formed from this colorless base by
the action of an acid.  The acid combines to form a sult with
the climinntion of water, and the sult thus produced is the
dyestuff itself.  Mauy different theories hnve been mamtained
about the structure of the molecule which rewults from the
separation of water and the formation of the salt which is
the dyestuff; but the following reaction exhibits the structure
now chicfly asgeribed to pararosaniline.
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Com om.

@Qm - / w4 mo
N

NOm N

Pararosaniline (colorless) Pararosaniline hydrochloride.
The red dyestuff

Proor or TuE ReLATION oF ROSANILINE 70 TRIPHENYL-
METHANE

Although rosaniline was discovered in 1856, and although
the brilliancy of the dyc 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 Kekulé contributed the idea that the
—CHj group of the toluidine played the part of a nucleus
and held the complex parts together. Zulkowski, in 1869,
madc the agsumption that there were threc —NH, groups
in the molecule and that it was a devivative of a hydrocarbon,
CigHys. A number of other investigators worked upon tha
problem until in 1878 Emil and Otto Fischer succeeded in
converting pararosaniline into triphenylmethane and ros-
aniline iuto diphenyltolyl methane.. This work solved the
problem.

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

They first proved that lcucaniline 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.

_/CsH,NH,-HCl CgH,N=N—Cl
H-C<CGH4NH2‘ HCl + 8HNO, = HCL-C;H,N=N—Cl 4 6H,0
C;H,NH.,-HCl CsH,N—N—Cl
Paraleucaniline. Diazo compound
Triaminotriphenyl- of triaminotriphenyl-
methane methane

CcH,N=N—Cl
HCL-C¢H,N=N—Cl + 30.H 0

\06H4N=N—Cl Alcohol
/OcHs
= HC<OGH5 + 8N, 4 3HCl 4 30,H,0
CoH;
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 investigntors did not rest here: they wished to
rcconvert this triphenylmethane back iuto the paraleucaniline
and this into pararosaniline, Their labors toward this end
were successful, and the following reactions exhibit their
method. '

Triphenylmethane on treating with nitrie acid is changed
into a trinitrotriphenylmethanc:

CeH; CcH,NO,
HO—'O(;H(, + 3HNO!{ = HC—06H4N02 + 3H20
\C4H; \CH,NO,
Triphenylmethane Trinitrotriphenylmethane

By reduction with nascent hydrogen this latter product
is converted into triaminotriphenylmethane:

CcH,/NO, CcH,NH,
HO—Cz;H,NO, + 18H = HO—C;H,NH, 4 6H0
\CzH,NO, CoH,NH,
Paraleucaniline (colorless).
Triaminotriphenylmethane

By oxidation this changes as follows:

OgH,NH, OgH,NH,
H0—06H4NH2 + 0 =S HOC—CGH4NH2
OyH,NH, C;H,NH,

Pararosaniline (colorless).
Triaminotripheny! carbing)
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By the action of hydrochloric acid a salt is at once formad,
the color of the truc dyestuff is devcloped in accordance with
the following reaction:

C¢H,NH, C,H,NH,
HOCL-C,H,NH, + HCl = C{-CoH,NH, + H,0
\CyH,NH, \¢;H,—NH,
|
a1
Pararosaniline.

(The commercial dye)

Carcful study of thesce transformations and those that
follow will be most thoroughly repaid, for an understanding
of them will enable the student to compreheud this eutive
clags of triphenylmethane dyes.

By an cxactly similar method, I&. and 0. Fischer showad
rosaniline was a simple hoinologue of pararosaniline, in fuct,
a methyvlpararosaniline, and wag convertible into diphenyl-

tolylmethane: / CoH«;( CH,)

\c(y n

Dlphenyltolylmethane

PosrrioN or THE AMINO Grours IN PARAROSANILIND

In the preceding work, which demonstrated that the
triphenylmethane wasg the hydrocarbon imcleus of purn-
rosaniline, nothing was sakl about the position of the —N1l,
groups in the pararosaniline. We have to bear in mind that
the use .of the syllable para in the sune pararosaniline was
not given to it to suggest structure, ouly to indicute the use
of paratoluidine in its manufacture. The clucidation of
the real position of —NI, groups depends upon the con-
sideration of the following facts.

Farst. Pararosaniline on being heated with water breaks
up with the formation of diparadioxybenzophenone:

CeH,0H
/ 654
co
\cﬁmon

Diparadioxybenzophenone
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In thi> compound the two hydroxyl groups occupy the
positions »f two of the —NIHs groups of the pararosaniline,
and as those hydroxyls are known to be in a para position
to the methane carbon of thig compound, the —NH. groups
must likewise have been in the para position in the para-
rosaniline whence it came. This proves, so far, that at least
two —NH, groups out of the three have the para position,
but nothing in regard to the thivd. To prove the position of
the third involves a somewhat indireet but still conclusive
line of reasoning.

Second. By acting upon benzaldehyde with two molecules
of aniline, there i produced dinminotriphenyhnethane shown
here:

CeH;
CGH;,CHO + 20(‘,H5NH2 = CH=(C(;H4NH2)2 + Hn_,O
Benzaldehyde Aniline Diaminotriphenylmethane

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

CeH; CyHg
CH(C;H,NH,), — CH(C;H,0H), — OO(C;H,0H),
Diaminotriphenyl- Dioxytriphenyl- Paradioxybenzo-
methane methane phenone

In thit compound the two hydroxyl (—OH) groups are
known to be in the pwra position to the methune carbon, and
therefore the two nmnoe (—NHy) groups which were replaced
by the hydroxyl (—OI) groups must huve occupied the para
position in the original diaminotriphenylmethane.

Third. 1f for the condensation with aniline, we sclect
in place of benznldehyde, paranitrobenzaldehyde, then accord-
ing to the following reaction there results paranitrodiamino-
triphenylmethane. By  reduction  this is  converted into
parntrinminotriphenylmethune.

We muy uow be sure that the third amino (—IINs) group
in trinminotriphenylmethane occupies n para position, because
it was nlready in the para position as w nitro group in the
paranitrobenzaldehyde cmployed for the reaction. Thus
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all three amino (NHs) groups hold para positions in reference
to the methane carbon. The turaminotriphenylwethane
is casily oxidized to pararosaniline, whose formula may now
with certainty be written ag follows:

\ \\\\
Pararosaniline (colorless). Cl
Triaminotripheny! 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. Purc aniline contains no methyl-group to
furnish the necessary methane carbon atom as nucleus of
the dye molecule. The ordinary commercial aniline always
contained toluidine, and 1t was the methyl (—CHs) group
of the toluidine which all unknown to the carlier chemists
furnished this needed methane carbon for a nucleus.

MANUFACTURE OF¥ ROSANILINE

Argenic 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 * échappes” (from échapper,
to escape), distills over and is saved. The temperature is
maintained somewhat above the boiling point of aniline and
by mecans 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 chrysaniline, excess of arsenic acid and
rexinous smbstances alto go into solution.

The ingoluble residue containg' manvaniline, violaniline
and chrysaniliue.

The filtered solution of the dye and its soluble Impurities
is treated with a large excess of conunon salt. The arseniate
of rosaniline is decomposed by the salt forming hydrochloride
of rosaniline and sodimn arseninte. The strong salt bLrine
from the excess of salt causes the coloring matter to separate
out. This ugc of a solution of salt to precipitate a dyc iy called
“salting out.” It is of very frequent use in the dye industry.

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

The Nitrobenzene Process. The previous process always
gave o poisonous product on account of the arsenic which
was retaiued: sometimes ag high as 6 per ceut in crude
manufacture. To obwviate this disadvantage nitrobenzene and
ferrous chloride were made to veplace the arsenic acid as an
oxidizing agent.  The ferrous chloride with hydrochlovie acid
is oxidized by the nitrobenzene to ferric chloride and this
then oxidizes the aniline, the nitrobenzenc not entering into
the formation of the dyc. To 100 parts of aniline oil, two-
thirds of the quuntity of hydrochloric acid necossary for
snturation is added and then 50 parts of nitrobenzene, The
mixture is hented and agitated: meanwhile, 3 to 5 parts of
iron filings are gradunlly ndded.  The separation of rosaniline
is necomplished s 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
anilinc an anhydroformaldehydeaniline which when treated
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with more aniline forns a roganiline. The method is capable
of cagy production of substituted rosaniline, by taking
substituted anilines for the starting point.

CONSTITULION OF PARAROSANILINE HYDROCHLORIDE

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

1. The onc proposed, and stoutly maintained by Rosenstichl,
exhibits the chlormme attached direetly to the methane carbon
atom.

2. That proposed by I8 and O. Fischer has the chlorine atom
attached to the nitrogen and the valence which in Rosen-
stichl’s formula holds the chlorine is also attached to the
nitrogen, reealling the older formula of quinone.

3. Nietski’s formula rescmbles Fischer's so far as the
position of the chlorine, but the fourth valence of the methane
carbon is attached to the necarer end of the benzol ring,
carrying the nitrogen and causing a readjustment of the
valences in the ving 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:

/06H4NH2 °6H4NH2 /06H4NH2
¢—C,H,NH, C—CgH,NH, C<CGH4NH2
| \CyH,NH, \C;H,NH,Cl \¢,H,—NH.HCl
cl |
Rosenstiehl E. & O. Fischer R. Nietski

CONSTITUTION OF PARAROSANILINE

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

OyH,NH,
HOCL—C;H,NH,
\CH,NH,
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has an isomer in the form of an anunonium base with the
hydroxyl, not joined to the methane carbon, but to a nitrogen
atom, thus forming a true ammonium basc as shown below:
/C(;H4NH2
C—CyH,NH,
\¢yH,=NH;
OH

Pararosaniline.
(Ammonium base)

Hantsch maintains that the dyes are really salts of this
ammonium base and uot of the carbinol base, and that the
carbinol bage I8 transformed into the ammmonium base before
it can combine with an acid, climinating water, to form a
sult and develop the propertics of a dye. This would make
the rearrangement of valences to form the uinoid linking
“a function of the color base iwtead of the sult or dye.

What has been said of the relations of the pararsoaniline
hydrochloride in its relation to the color hage and the leuco
basec may be applied to rosaniline itself and to the whole
clags of triphenylmethane dyes.

IEuco Bask, CoLor BASE, PARAROSANILINE

The two terms leuco base and color base are both applicable
to derivatives, not only of pararosaniline, but to rosaniline
and to a large number of compounds munufactured from
both of them. A considerntion of the menning of the terms
as applied to pararosaniline will make their meaning clear
when applied to any other one of this clwss of dyes. Neither
the leuco base or the color base of pararosaniline hag 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. Furtherniore, both bases form salts
with acids but with this diffcrence, that the salts of the leuco
base arc colorless while the salts of the color base are colored
and form the real dyes. The genctic 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:

O;H,NH, CgH,NH,
G——06H4NH2 + NaOH = HOC—CGH4NH2 + NaCl
\¢;H,NH,Cl \C;H,NH,
Pararosaniline hydrochloride. Color base of
(The dye) Pararosaniline. (Colorless)

By reduction of this color base with ammounium sulphide
or zine dust and hydrochlorie acid the paraleucaniline or
leuco base is produced as follows:

C¢H,NH, _/CsH,NH,
HOC-C,H,NH, + 2H = HC:-C,H,NH, 4+ H,0
06H4NH2 06H4NH2
Pararosaniline. Paraleucaniline.
(Color base) (Leuco base)

New Fuchsine (188g). 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 1t retains its red color; Hoffman’s violet is para-
rosaniline enriched with threc 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 digtributed
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,

CH,
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New fuchsine is made from orthotoluidine by the new
fuchsine process. This process cmploys formaldehyde to
furnish the methane earbon atom of the product iustead of
depending upon n methyl group of paratoluidine as in the
usual method. TFormallehyde is condensed with ortho-
toluidine to form anliydroformaldehyde-o-toluidine.

CH,0 4 HNGH(OH;, = CH,NCH;CHy), + H,0
Formaldehyde Aniline Anhydroformaldehyde~o~
toluidine

By heating this product with o-toluidine and o-toluidine
hydrochloride, a rearrangement of the molecule takes place
and diaminoditolylmethane results.

CH,—(NCyH,CH;)» -+ CyH,(CH3)NH, =
o-Toluidine
CH,[C;H,(CH;)NH;],
Diaminoditolylmethane

When this latter substance is heated with o-toluidine hydro-
chloride and an oxidizing agent new fuchsine ig formed, the
formula of which is given above.

New fuchsine has the advantage of being more soluble
than ordinny fuchsine or rosaniline.

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

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

Hoffman’s Violet (1863), Red Violet sR. extra, Violet
4R.N., Violet sR., Violet R., Violet R.R., Dahlia, Primula R.
Under these names, a varicty of shades of violet have in the
pust appeared upon the market. Some are of reddish, others
of n bluish violet hue. What the shade will be depends upon
the process of munufacture. Any particular shade will be
a mixture of mcthyl or cthyl 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 gronps i place
of the amino hydrogen atoms. Sclecting pararosantine and
ethyl iodide as representing the process, the reaction may
proceed as follows:

CeH,NH,
HOC—CGH4NH2 + 302H21 + 3NaOH =
\C;H,NH,
Pararosaniline. C,H,NHC.H;
(Leuco base) HOCLC;H,NHC,H;, + 3NaI 4 3H.O

¢ H,;NHC,H;
Hoffman’s violet.
(Leuco base)

In the manufacture, an aleoholie solution of pararosantline
and rosaniline is treated with caustie soda and cthyl iodide.
The greatest number of methyl or cthyl groups which can
be fixed in this way i3 three: one in each amuio group. The
more completely the methylation is carried on up to this
limit the bluer the shade becomes. Less complete mnethyla-
tion gives redder shades of violet. Monomethyl or dimethyl-
rosaniline would be therefore redder than the trimethyl
derivative. A bluer shade may also be produced by intro-
ducing ethyl groups in place of methyl groups. This aceounts
for some of the different marks used in the trade,

The hydrochloride is the salt used in dyeing. It has hwd
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 14 a mixture of two substances, one n
pentamethyl pararosaniline, the other a hexamethyl pura-
rosaniline. The purest dimethylaniline, C;HsN(CHg)e 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. ILater 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.
It thus acts as an oxygen carrier during the process. The
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enprous chloride unites to form an insoluble compound with
the dyestuft ax 1t 1 produced. This was formerly decomposed
by hydrogen sulphide and the soluble dye separated from the
ingoluble copper sulphide. At present ferrvie chloride decom-
poses the double salt changing the cuprous to cuprice chloride
which remains in the mother liquor while the methyl violet B.
is precipitated by the dissolved salt.

It 1s not known what special funetion the phenol exercises
 the process for wethyl violet B.; but the yield is for some
reason greater than with the acetic acid it replaces.

Dimethylanilize wonld unot scem to furnish any methanc
cnrbon ag o necessary nucleus; but it n fact yields one of ity
methyl groups for this purposc.

The reaction wmay proceed as follows:

CGH.iNHcH;;
3C,H,N(CH;), + 30 + HCl = C(<-CzH,N(CH;), <+ 3H,0
\CyH,N(CH,),0l
Dimethylaniline Methy! violet B.

It i of terest to note that oxidation of dimcethylaniline
will not take place in aeid solution with lead peroxide,
manganese dioxide or chromie ackd. In divect contrast to
this, Is the suecessful oxtdation of diwethylaniline in con-
junction with tetramethyldisminodiphenylmethane to foru
the same dye methyl violet B.

Methyl violet B. i a shining metallie green powder which
cadily dissolves in water or aleolwl to a violet solution. Silk
and wool are dyed directly and cotton after mordanting with
tannin and tartur cmetic. It i frequently used with other
colors to improve and beautify the shade.

Hydrochlorie acid produces first a blue colov, then a green
and by wdding more ncid a deep yellowish brown, Sodium
hydroxide causes n brownish red color and a precipitation
of the color base, of the same color, It dissolves in strong
sulphurie neid with a ycllow color which the gradual addition
of water turns yellowish green, then grecenish blue nnd at
last violet.

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

T Onmen, p ON(CHR)z

/ L

c. C>N(cn3)2 c— >N(CH3).
N S

\‘ < y=N(CHj3). E Ozlr( CHj;).
|
Cl

cl

N -

Methyl violet B and 2B.

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

In its manufacture, pararosaniline is not first made and
then the cthyl 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
oue molecule of phosgene, COCLs, as follows:
3C¢H;N(C,H;s), + COClL, =

C[C,H,N(C,H;),]s01 + HCl 4+ H,0

The constitutional formula shows the pararosaniline nucleus

contained within it.

/QN( C2Hs),

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

Hydrochloric acid tums 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 dyc dissolves in strong sulphurie acid to form a brownish
yellow solution, whicli s 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 dyc in which the blue shade is the deepest of the
commercial brands.  Methyl violet itself is & mixture of penta-
and hexamethylrosaniline.  Now 1t hag been found that benzyl
chloride, C4H5CHLCL, will react with methyl violet, producing
a substance cnriched by a benzyl group (CeHsCHa).

Formerly 1t was supposed that the benzyl group was
capable of driving out the methyl groups already established
in the molecule. O. Ifischer has proved that no methyl
group is distwrbed, and that it 1s hydrogen alone which has
remained unrcplaced In an amino group which can be
cxchanged for a benzyl group.

Thus it will at onee be understood why it 1s that hexamethyl-
pararosaniline, a constituent of methyl violet, containing no
hydrogen in it amino groups, cannot react with benzyl chloride
and so enrich itsclf with a benzyl group. Pentamethylrosaniline
can react by cxchanging its single amino hydrogen for a
benzyl group, which develops a bluer shade in the dye.

The constitutional formula is shown below:

o
G<C>N(°Hs)- (CH:04Hj5)
\ @:11{(0 H3)2

Cl

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

The dyestuff has a brownish shade and a metallic bronzy
lustre, It comes ecither in lumnps or powder. The hydro-
chloride, and the hydrochloride as a double salt with zing
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 bluc: on standing, both solu-
tions lose their color.

Crystal Violet (1883), Crystal Violet O., Crystal Violet,
Violet C,, Violet 7yB. Extra. This dye wus given its nawme
on account of the size and beauty of its crystals. It is o
hexamethyl - derivative of pararosaniline. The cffect of
implanting six methyl groups in the red dye is to change
it to violet. The methylation of pararosaniling by acting upon
1t with methyl iodide cannot be carried further than to form a
trimethyl compound, as was stated under Hoffman’s violet.

Another process is employed,  One among others for attaining
the same object employs dimethylaniline, CaHzN(CHg)s, and
phosgene, COCl;.  Each molecule of dimethylaniline contains
two of the rcquisite six mecthyl 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 rcaction: CyH,N(CH;),

COCl; + 3CgH;N(CH3); = HOC—CsH,N(CH;), -+ 2HCI
\CH,N(CH,),

Phosgene Dimethylaniline Color base: Crygtal violet

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

/QN(cns)z

L

\C>=r,«cns>z
Crystal violet. (]

Hydrochloride of hexamethylpararosaniline
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As the mfluence 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 mumber that can possibly
enter the molecule, gives in dycing a pure and very blue
shade of violet.

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

Hydrochlorie acid causes first a chango of shade to blue,
then green and finally yellow. A violet preeipitate falls on
adding cnustic soda.  Strong sulphurie acid forms a yellow
solution of the dyc which the addition of water gradually
converts to green, blue, and lastly to violet.

Silk nnd wool, and tannin-mordanted cotton are dyed a
bluixh violct.

Aunother method of formation consizts in the condensation
of onc molecule of tetramethyldivminobenzhydrol with one
molecule of dimethylaniline. The leueo bage thus produced
is oxidized and the hydrochlorie acid salt formed to develop
the dye. Here, as before, the six methyl groups needed are
provided in the factors of the reaction as represented below:

/ CsH,N(CHj3),
CHOH 4+ HCz;H,N(CH,), =
\06 H,N(CHjy).
Tetramethyldiamino- Dimethylaniline CyH,N(CH;),
benzhydrol HCLC,H,N(CH,), + H,0

\cqulN(CH:;)z
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.

C¢H,N(CH;), CeH4N(CH;),
HOC-OH,N(CHy), + O + HOl = OCCGH,N(CH;), + H,0
\CxH,N(CHz) \001141]‘(011:;)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 heptamethylparavosaniline.
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 mecthyl violet
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
carcfully 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:

Cy;H N(CHjy).
O CoH4N=(CH3);Cl
\C¢H,N—(CHj),Cl
Methy! green.

Heptamethylpara—
rosaniline chloride

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

The dyestaff dissolves easily in water; a spot on paper will
turn violet on drying and heating, strongly indicating a
separation of methyl chloride and a regencration of methyl
violet from which 1t was formed. The dyestuff heated to
110-120° gradually loses methyl chloride and becomes violet.
This property leads to its detection on a fabrie, 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, CeH(NO3)3OH, forms a soluble precipitate in
aqueous solution; it dissolves in alcohol, however, and is
known as “spirit-soluble green.”

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

Aniline Blue (1860), 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 o triphenylpararosaniling, one phenyl
group distributed to cach amino group as shown in the
following formula:

OgH,—NH(C¢Hj)
C;H,—NH(CzH
NGB NE(o, )

Aniline blue (spir?‘tlsoluble).
Hydrochloride of triphenylpararosaniline

Three phenyl groups arc all that can be introduced into
the pararosaniline (or rosaniline) molecule by the process of
manufacture deseribed 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 18 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
facilitatc 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 does not
hasten the phenylation of the rosaniline, but a larger excess
of aniline (ten times the theorctical amount) dow hasten
the action and thus save time. It also hax the effeet 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 pwre anilime for the
attainnient of the purest blue, that a specially prepaved grade
is made available in commerce known as aniline for blue.

When ordinary rosaniline which contains both pararosaniline
and rosaniline Is used, it 18 found that the former acquires
the phenyl groups more quickly than its higher homologue:
if the operation is pushed to the end until the rosaniline
molecule 13 el completely phenylated, then some of tei-
phenylpararosaniline first formed is found to have meau-
while partly decomposed. A pure blue is not castly obtained
from the mixture.

The conumercial process s carricd out in an ivon kettle
provided with a stirrer and a distillation outfit. A wmixture
of rosaniline base, benzoie acid, and aniline 18 charged into
the kettle and the mass heated to the tcmpcmture of hoiling
aniline.  Since the product of this reaction is colored, ity progress
¢an be determined by the development of the color. A
test portion 1s withdrawn and dissolved in aleohol acidificd
with acetic acid. When this develops the proper shade, the
process is Interrupted. Too long heating causes a partinl
decomposition of the product. From two to four hours’
hcating usually suffices. The melt is partially neutralized
with hydrochloric acid, which causes the sepuration of the
hydrochloride of triphenylrosaniline almost chemically pure,
while the solution of aniline in aniline chloride keeps the
imputities in solution.

This process has completely superseded the one producing
a more impurc product and removing the impuritics with
alcohol. The lower phenyl derivatives of 1rosaniline are
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soluble in aleohol while the triphenyl compound is in-
soluble.

The hydrochloride salt forms a brouzy powder: the sul-
phate or acetate is a bluish powder. The dyestuff is insoluble
in water, but the acetate casily soluble in aleohol, the sulphate
and hydrochloride with more difficulty.

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

Aniline blue has been eployed for dyemg wool, sillkk, and
cotton: also for coloriug paper pulp and lacquers. It is
principally used for conversion into a soluble sulpho acid
devivative by treating with sulphuvie acid.

Diphenylamine Blue (1866) (spirit soluble), Bavarian Blue
(#pirit soluble), Direct Blue. Oxalic acid acting upon
diphenylamine, (CgHpg)oNH, produces triphenylpararosaniline.
Tt dffers from aniline blue being & pure triderivative of para-
rosaniline, while antline blue is & mixture of triphenyl deriv-
atives of both pararosaniline and rosaniline (while mono- and
di<lerivatives may also be present).

The following equation exhibits the rcaction:
3(C;H;),NH 4 C,H,0, =
Diphenylamine

€0, + 3H;0 4 CH(GC;H,)3;N3(C:Hp);
Diphenylamine blue

Washing the produet removes any unchanged oxalie acid
and boiling with aleohol removes any diphenylamine remaining.
The residue 18 converted to the hydrochloride salt and
pruified.
Diphenylamine blue is of a finer quality than aniline blue,
but more cxevusive.  Its constitution appears below:
_/CH,NHCH;
0%-0gH,NHC,H;
\C;H,NHC,H;

Cl
Diphenylamine blue.
Hydrochloride of triphenylrosaniline
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Its cost is increased from the fact that only about 10 per
cent of the diphenylamine is actually converted into color-
irg 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 dyc it is chiefly converted into a
soluble blue dye by conversion into a sulpho aeid with snl-
phuric acid.

Night Blue (1883), is rclated to the two preeceding dyes,
i so far as its nucleus is diphenylnaphthylmethane. It
is produced when tetracthyldianunobenzophenone chloride
acts upon paratolyl-e-naphthylamine as follows:

/ C;H N(C,Hy).,
CCl, + C,0H:NCG;H,CH, =
\GGH-L N(C2H;)»

Tetraethyldiamino- Paratolyl-«-naphthylamine

benzophenone chloride
/ CsHN(CoH;),
0Z—CxH,N(C-H,), + Hol
\\¢,HsN(C;H,0H;)- HCl

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 niany others. It may on this
account be used to estimate these dyes quantitatively.

Nigiit blue owes its name to its especial beduty under
artificial illumination. It occurs in commercc as a violet
powder with a bronze lustre. In water it dissolves casily
with a violet blue color. Wool and siltk arc dyed a very
pure shade of blue which is fast to soap, but unfortunatcly
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 dyestuff ong of
groups which is present in the pararo lfﬁé’\h{@ ]
replaced by naphthyl, the radical of naphthalene, a8 phenyl
1s the radical of benzene. The nucleus of this dyestuff is
then  diphenylnaphthylmethane. Therc are several dycs
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, COCL. Phosgene and dimethyl-
aniline react in the presence of AlCl;, according to the follow-
Ing cquation, to form tetramethyldiaminobenzophenone:

C0Cl, + 2CH;N(CH3); = CO[CGH,N(CH3)]s + 2HCI
Phosgene Dimethylaniline Tetramethyl-

diaminobenzo-

phenone

By melting tetramethyldiaminobenzophenone with phenyl-
a-naphthylamine and phosphorus oxychloride, the Victoria
blue B. is formed as shown helow:

co + /————— + HCl =
NHCsH
N omom, e
Tetramethyldiamino- Phenyl-
benzophenone naphthylamine
/ C>N(CH3)2
(8 eeee—— =I|{(CH3)2 + Hy0
Cl
NHC;H;

Victoria blue B.

In commerce, this dye appears as a violet powder or shining
grains, which arc sparingly soluble in cold water but more
casily in hot. If its deep blue aqueous solution is boiled,
the liquid becomes turbid, owing to the separation of the
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free color basc 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 ncutralizing the acid. This change is sup-
posed to be due to the formation of salts having more than
one cquivalent of acmd. Hydrochlorie acid first causes a
blue precipitate, then it changes to green and finally to a
dark yellowish brown. A dark reddish brown predpitate
falls on adding caustic goda.

Wool and silk are dyed from a bath containing acetie acid,
Cotton wmay also be dyed directly from an acetic acid bath;
or it may be dyed after firgt mordanting with tannin and
tartar emetic. The Dblue Imparted to fabries is moder-
ately fast to soap and milling, bhut shows less resistance to
light.

Reducing agents transform this dyc into its leuco base,
which will again yield the blue dyestuff by oxidation in acid
solution. The bluc 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 respeets similar
to the preceding. It is formned 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.

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

Firn Blue (1892), Glacier Blue. This blue dye has the
Same empirical composition as Vietoria green 3B., and is a
good illustration of isomeric substances of different color,
one grecn, the other blue. Victoria green 3B, contains four
mcthyl groups - distributed into two amino groups. Only two
of the four methyl groups in firn blue are in the amino groups;
the other two arc joined directly to benzene rings. Thus
instead of dimethylaniline, C;HsN(CHjz)s, monomethylortho-
toluidine, CGH4(CH3)_NHCH3, is allowed to act upon dichlor-
benzaldehyde, C¢H3Cl,CHO, as follows:

C;H;Cl,0HO + 20¢H,CH;NHCH; =

Dichlorbenzaldehyde Monomethylorthotoluidine
CxH;C1,
HCL-C;H,CH;NHCH; + H,0
C;H;CH,NHCH,

Leucofirn blue

Oxidation of this leuco base and formation of Its chloride

develops the dye fromn this.
cl

o

ol

¢ _.___<:>N110113

CH,

—NHCH3
Firn blue
The zinc chloride double salt appears in commerce as a
reddish violet powder of a lustre like copper. Its solution in
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water is greenish blue, and on cooling it gelatimzes. It dyes
sitk 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 ycllow with further addition of the acud. A
yellowish orange turbidity follows the addition of caustie
goda. Strong sulphurie 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 chlormme. 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:

CgH,0L,
C¢H Cl,CHO + 206H5N(CH3), = HO.—CzH,N(CH;), + H,0
\06H4N(GH3)2
Dichlorbenzaldehyde Dlmethylamlme Leuco Victoria green

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

Victoria green 3B.
Hydrochloride of tetramethyl-
diaminodichlortriphenylmethane

The ‘double salt of this with zinc chloride is the commereial
dye which appears as a green glistening crystalline powder.
It is sparingly soluble in cold water but more casily in hot.
Alcohol dissolves it readily. The hot aqueous solution gelati-
nizes on cooling.
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Hydrochloriec acid turns it yecllowish green, then yellow.
The solution i¢ 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 arc all namces of a beautiful green dye which
at one time was manufactured i 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 hydrochlovide. A careful
inspection, later, of the graphical fornula of this substance
will show the significance of cach syllable of this name.

One process, and the one which gave this dye the name
of benzakledyde groen, consists in heating together one
molecular equivalent of benzaldehyde, CeHiCHO, and two
equivalents of dimethylaniline, CollN(CIT;),, with anhydrous
zing clloride.  Asg these formulas are examined, they will
be found to be benzene rings which are alveady possessed
of the side groups that really appear in the larger complex
molecule of the dye.

H

Benzaldchyde furnishes in its side group —C< the carbon

0]

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

The oxygen of the benzaldchyde unites with a single
hydrogen from cach of the two molecules of dimethylaniline,
forming wuter 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:

C,H;CHO + 2C4H;N(CHj); =
CH[CH,N(CH;3)2,06H; 4 H,O,
or graphically,

06H5_.._._l H .' CsH,N(CH3), CeH;
! = HOLCGH(CHy), + H,0
TH| GH,N(CHy), \OGH,N(OHy),
Benzaldehyde ‘.-M"Dimethylaniline Leuco malachite green

In the process of manufacture the two substances, both
of which are liquid, are heated together with zine chloride,
sulphuric aeid, or anhydrous oxalic acid, which facilitates the
reaction by causing the separation of watcr. 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:

o <o

< N(CHy); + O = G()H/————C>N(°Ha)2

Leuco base of Color base of
malachite green malachite green

CH

6

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 hydrochloride—a salt
which is the dye itself. The chlorine does not attach itsel
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 structurc (because it occurs in the substance quinone),
is shown below:

/ -
ci—‘omcna)z + HOl =

Color base of

malachite green /C>
<:>N(cns)2 + Hy0

\Q—m

The salt or the dye
malachite green

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

The double salt is the form met with in commerce ag brass
yellow crystals of the following composition (CogHasNoCl)s,
2ZnCl,2HO.

The oxalate, (Co3HosNoCl)e3CoH204, 1n metallic grecn
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 tetramcthyldiaminotriphenylmethane by
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oxidation. A short time afterward, Docbner obtained it by
the action of bensotrichloride, CgH5CCls, 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 benzaldehyde, CgHsCHO, which he
needed as u starting-point. The difficultics in making benz-
aldchyde were later overcome, however, and so nwch cheaper
was it finally produced that.now TFischer's process is used
comuereially, and the benzsotrichloride, which never gave very
good results, ig entirely abandoned.

Silk is dyed from a pure soap bath and brightened with
acetic acid, Wool 1s 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. Acectic acid removes the color with a bluish
green tint. Ammonia and alkalies decolorize 1t 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 cthyl 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 diethylauiline
i accordance with the equation:

'H CgH,N(C,H;), CgH;

C.H 0RO | = HOCOGHN(O,Hy),
iH C;H N(C,H;), C;H N(C2Hy),
Benzaldehyde Diethylaniline 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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coucentrated aqueouns sohution.  Sodiuin hydroxide decolorizes
the solution aud causes the color base to geparate out as a
pale green precipitate.

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

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

/ —
c \Q N(C»H;),
\C}:T«( CoHy),

So,H

Brilliant green

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

Ketone Blue 4B.N. (1890), iy a dycstuff contuining oxygen,
those #o far described in this class having had no oxygen
in their composition. It is a triphenyhnethnne dervative
and possesstes an ethylated hydroxyl geoup in one of its three
bhenzene rings.

It i+ made by bringing togethber ethyloxydimethylumino-
benzophenone  and  methylphenylamine  with some  hygro-
seopie substunee to remove the water formed.

/ C;H,0C.H;
co + OC¢H;N(CH;)0iH; 4 HOl =
\ch‘ H,N(CH;)»
Ethyloxydimethyl- Methylphenylamine ] a H4 0 02 H5
diaminobenzophenone

04C;H,N (CHy)CeH;
\CyH,—N(CHj),

Cl
Ketone blue 4B.N.
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Ketone blue 4B.N. belongs to a new and important cluss
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 ethyl-
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 grams. Both in
water and alcohol it dissolves casily to a violet color. It
is used for dycing sillk and wool. Hydrochlovie 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.

SurrHONIC Acips OF THE TRIPHENYLMETHANE Dygs

The discovery made by Nicholson In 1862 that insoluble
aniline blue on treatment with fuming sulphuric acid still
retained 1t color and became soluble was of far greater im-
portance than making this particular dyesgtuff available in
soluble form, The method was found applicable to a lnrge
number of dyes, making them available through inerense in
their solubility and converting basic dycs Into ncid dyes,
which further increased their range and uscfulness.

By treatment with sulphuric acid the group —SQO4ll,
called the sulphonic acid group, becomes substituted i the
molecule of the dyestuff and converts it into a sulphonic ned
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 shortencd form, may be introduced into the molecule,
either by treating with sulphuric acid the finished dycstuffs,
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., rosanilinc 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 formulus show which benzene rings are most
casily sulphonated.) The case 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 Rubine, Rubine. Acid Magenta is a sulplonic
acid derivative of magenta and magenta 18 o mixture of
rosaniline and pararosaniline. Commercial magenta or rosan-
iline was discovered in 1856. The amino groups gave a
bagic 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.  IFrom their strongly acidifying power the product
became an acid dyestaff. The color imparted by this aeid
dyc i not different from that given by the basic magenta,
but it hax only about half as great tinctorial power. Some
corresponding advantage must offsct this loss of coloring
power, and it consists in this, that 1t is more soluble, and the
dye can be employed in strongly acid baths and also combined
with other dyes and mordunts.

Tt is used for silk and wool, but not for cotton. Dried
commereinl magenta treated with fuming sulphuric acid at
100-170° acquircs a sulphonic group in cach of the phenyl
groups and u trisulphonic acid of magenta results; or since
this is a mixture of rosmniline and paraosaniline so this com-
pound of magenta s lhikewisc a mixture of the trisulphonic
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acids of both rosaniline and pararosaniline. The sodium salt
of this dye 1s shown helow:

CH.
/ 3

NH, NH,
S0;Na SOyNa

NH, C NH,
SOs Na SO3 Na

=NH2 =NH_7'

/ 7
\so, S0,

Sodium salts of rosaniline and pararosaniline trisulphonic acids

This dyestuff has the appearance of a green metallic powder.
Water dissolves it casily, 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 onc of the benzenc rings as shown
in the fonnula above, and furthermore that in the colorless
normal salts that a carbinol group is present, or in other words,
that the central methane earbor, 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
magenta is decolorized; the little acid magenta which dis-
solves from the fibre, forrming a cherry red color in the solution,
need cause no confusion.

No change in the color of its solution 1s caused by hydro-
chloric acid. Caustic soda almost completely decolorizes it;
but, on later adding acids the original color rcturns. Iiven
carbonic acid will effcet this change. Its ycllow solution
in strong sulphuric acid s turned gradually red by water.
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Acid magenta has been used to color wines, and it is not
so casily detected as common magenta because it will not
dissolve i ether, nor will it combine with stearic acid, which
are used In detecting ordinary magenta.

SuLrioNic Acips 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 thug introduced into that benzene
ring which possesses no amino group.

CgHj
¢{-CH,—N(CH;), + H,80, =
\CyH,—=N(CH;),

Cl
Malachite green,
basic dye
06H4SO3H c6H4SO3N8,
HOCL-CgH,N(CH;), NaOH HOCLC H,N(CH;),
\CxH,N(CHz)o ——> C;H,N(CH3),
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 cmployed, then a further sulphona-
tion oceurs 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 1s
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 triphenyl
pararosaniline derivative here given:

/<:>NHCGH4SO3N8,
\ancen4sogNa
\@—NHCGH4SO3

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 dycd from
an acid bath and so allowing the simultaneous admixturc of
other acid dyestuffs to the bath. In distinction from alkal
blue it is employed upon cotton mordanted with tannin
together with alum, tartar emectic, or tin salt. Cotton is
sometimes dyed directly from a bath containing some alum.

It is never used alonc 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 the dyed
fabric in the cold while soluble blue resists even boiling
alcohol.

No change of color results when hydrochloric acid 1s 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,
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Methyl Blue (1862), Soluble Blue 8B., Soluble Blue 10B.,
Wool Blue, etc. I'rom the previously mentioned dyestuff,
soluble blue, this differs in purity and in manufacture. It
is- a trisulphonic acid of triphenylpararosaniline frec 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 are
brought together as follows:

CeH;NH-C;H,SO;H
CH,0 + =
CsH;NH-C;H,SO;H
Formaldehyde Dipbenylaminemono-
sulphonic acid

/CoH,NH-CoH,SOH
CH, + H,0

\cenmn-cﬁn‘;sonn

Diphenyldiaminodipbenyl-

methanedisulphonic acid
Oxidation of this product together with another mole-
cule of diphenylammemonosnlphoni¢ acid results, as shown

helow:

_/GgH,NH-CH,SO0;H
CH, + CgH;NH-C4H,S0;H 4 20 =
\CGH4NH‘C6H4803H
06H4NH‘06H4803H
G<CGH4NH‘CGH4SO3H + 2H20
\0,H,—=NH-C;H,30;
Methyl blue.
The free acid
The disodium salt of this forms the commercial dyestuff.
A variety of acid blue dyes arc sold which arec more or less
pure trisulphonic acids of triphenylpararosaniline and rosan-
ilinc mixed with some mono- and disulphonic acid com-
pounds.
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A few among them arc China blue, 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 1s shown In the following formula:

O
H—0—C QNH06H5
\©N1106114s03Na

Alkali blue

Oy
/.: \NHC,H;
\QNHCGH4803N8.

Alkali blue

H—0—C

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 i colorless; the
addition of acetic acid in the cold causes a blue coloration,
and on boiling, the free sulphonie acid is preeipitated blue
in color.

Hydrochlorie acid completely precpitates the free sulphonic
acid and the solution iy left colorless i only a pure alkali
blue were present. If, however, impuritics in the form of
di- and trisulphonic acids were present the liquid over the
precipitate will remain colored. Any cvolution of carbon
dioxide is due to alkali carbonate present.

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

Application.  Dyeing with alkall blue is carried on in a
weakly alkaline bath. It i cspecially adapted for bright
shades on gilk and wool but ig not used for cotton, as it does
not combine with acid mordants.

Ax lime salts form insoluble compounds with the dye, the
water of the dycbath must”be free from them or deprived
of them by Dboiling with a little tin salt, The dycing is
carried on nearly at a boil, and to sccure evenness and
fastness borax or stannate of soda may be added to the
both,

A peculiity of this dye over the other sulpho dyes 1s its
ubility to fix itself npon wool in a slightly alknline bath in
a colorless condition with no appearance of the blue color
whatever. This property of the dye is aseribed to the basic
mno groups present.  In order to develop the blue color
the goods nre pussed through a wenk hot netd solution which
converts the sodium sult into the free mulphonic neid which
18 the blue dye.

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

Orthorchlor-m-nitrobenznldchyde 1s caused to combme with
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ethylbenzylaniline in the presence of some hydroscopic agent
as follows:

C¢H;CINO,
CHO 4+ 20C¢H;N(C,H;)(CH,C;H,S0;H) =
o«chlor-21-nitro- Ethylbenzylaniline-

benzaldehyde monosulphonic acid

CzH;01.NO,
HCL-C H,NC,H,CH,C;H;S0;H + H,0
\GGH4N02H;,CH2013H5803H
Leuco Night green B.
Oxidation of this and the formation of the sodium salt
produces the commercial dyestuff of a composition as follows:

cl

No.
ol
CH2G6H4SO3N&

C:H
O
¥ \CH206H4SO3NL

Night green B.

A bluish grcen powder is the commercial form of the dye.
It dissolves ecasily 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 NOs». Itg properties and uses are similar,

Guinea Green B. (1883) is an acid dye containing two
sulpho apd two amino groups and one of its three benzene
rings without any modifying group,
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The methane carbon is furnished by benzaldchyde, when,
with zine chlorile to remove the water formed, it condenses
with ethylbenzvlanilinesulphonie neid,

06}15NCQII I Cl‘Ing’I4SOgH

The reaction runs as follows:

CHO + 2C;H;NC.H;.CH,C¢H,S0;H 4
Benzaldehyde Ethylbenzylaniline-

sulphortic acid

CeH;

/ H; + H20
\ \c H,CoH,SO,H

C,H,
CH,N /
Ne g, . CH,SO0,H

Leuco Guinea green B.

HC

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
s obtained of the following composition:

C,H;
oo —
C HBCGH‘tsO;;Na,

c‘)Hl"

C> \c H,C,H,SO;Na

Guinea green B.

It will be noticed that one phenyl group contains no side
group, but there is w dyestuff named Guinea green B.V.,
whicli POSSCESCS 1 nitro group in the meta pomtlon in thls
group in reference te the methane carbon. It is made in a
similar manner to this dye by sclecting 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 following coniparisons:

CsH;

CoH;

HOCL—CsH N

\C H206H4SO3N3
C.H,

CoHN <

C Hl)Cﬁ H4S 03 Na
Guinea green B.

CH,NO,

oC——m—— CGH4N<
C HﬁchH4503N&

C.H;
CyH,N
\O H206H4803N8:
Guinea green B. V.

GuiNEA GREEN B Guinea Green B. V.
Appearance. Dull dark green powder. Bluish green powder
In aleohol, Green solution, Slightly solub.
In water. Green solution, Green solution.
Cll to aqueous Brownish ycllow. Bluisli green preeipitate.
solution.
NaOH to aqueous Blackish green precipitate. Light green almost de-
solution. colorized.,
H:804 Conec. Yellow solution turning finally Brown solution, turming
green on adding water. nally yellowish grecen on
adding water.
Dyes wool and silk Green. Green.

from acid bath.

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 (—SOz;H) derivative
of a complex molecule; the cffeet of the entrance of the
—SO3zH group into the molecule is to overcome the basic
character residing in the amino groups and impart an acid
charactev the molecule ag a whole. The dyestuff s a true
sulphonic¢ neid and exhibits the color.

Light green S.I°. bluish is prepared by the condensation

CH:
of benzaldchyde with methylbenzylaniline, C4HsN < i .
CIIgCﬁH{)

This product is sulphonated, whereby gulphuri¢ acid enforces
the entrance of a sulphonic acid group into cach onc of the
three benzene rings of the nucleus of this molecule. The
result is the leuco base from which by oxidation the dye-
stuff 18 produced. Its completed structure is shown in the
formula as a sodiwn salt of the dye:

CH,

*(
C> CH206H4SO3N8.
CHj3
DL
0H206H4S 03Nﬂ

CH,

%
C> OH,C;H,SO0;Na

Sodium salt of light green S. F, bluish,
or the sodium salt of dimethyldibenzyldiamino-
triphenylcarbinol-trisulphonic acid

HOC

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
Dbath. 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:
CH;

CH,CeH;

CH,

CH,CsHy
Benzaldehyde 4- methylbenzyl aniline

oo

CH;

/
N + H,0

CH;

O
N\CH,CH,

Dimethyldibenzyldiamino-
triphenylmethane

HC

Sulphonation and oxidation then produces the dye:

-

CH,

*(
C> CH206H4SO3N&

CH,

*(
Q CH206H4SO3N&

Light green S. F. bluish

HOC

Light green S.F. bluish is a brownish black powder. Both
water and alcohol dissolve it, forming green solutions. Hydro-
chlorie 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 (187¢9). If in the above
condensation, benzylethylaniline had been used in place of
benzylmethlaniline 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,

Coom

C.H,;

4
O CH,C;H,S0;Na

C,H;

%
Q CH:CGH4SO;;N3.

Light green S. F. yellow shade

HOC

These dyes give the cotresponding shades on wool and
silk and they may be uwsed i conjunclion with other acid
dyes for producing compound shades, c.g., with acid violet
to develop a peacock blue.

Hydrochloric acid changes both greens to a ycllowish
brown color, while in both caustic soda gives a shght dirty
violet precipitate,

PiaTEnT BLUES

Under this head arc 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 ncids, The theory of their fastness to alkalis will be
discussed under the particular individual dycstuffs.

Patent Blue V.N. (1888), New Patent Blue 4B. 13 an acid
dyestuff; a sulphonic acid derivative of oxytetracthylkliamino-
triphenylmethanc. Onc method of preparation starts with
the condensation of metaoxybenzaldeyhde, HOCsH.CHO,
and diethylaniline as follows;
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CzH,0H
CHO + 206H5N(C2H5)3 =
Metaoxy- Dimethylaniline C;H,O0H
benzaldehyde HG—CGH4N{ CEHB)B + H20
CsH,N(C,H;),
M-oxytetraethyldiamino-
triphenylmethane

By treatment with sulphuric acid, two sulpho groups arc
fixed in the molecule and the product neutralized to form
the caleium 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:

/ C>N(Czns)z

c =N(C2Hs)2

50,0

Qs% 1Ca
OH

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 mecthane carbon atom; but
later work has shown the improbability of this view, and
from careful investigation it has been shown that a peculiar
unilon of one of the sulpho groups with one of the amino
groups of a necighboring benzenc 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 13 easily soluble mm water to a blue color and in
alecohol with difficulty to the same blue color. Caustic soda
does not affect it in the cold, but on boiling it turns violet.
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Wool 18 dyed o greenish blue which equalizes well and is
fast to alkaliy and light. It is cmployed for mixed shades.
Itw greater fastness to light than that of indigo ecarmine has
caused it to replace the latter very largely. In artificial
light it shows a greencr shade than by daylight.

Patent Blue A. (1888) is a dyc which is similiar to patent
Blue V.N. in propertics, constitution, and method of manu-
facture with this one exeeption, that instead of diethylaniline,
CeHsN(CoHp)s, which is a component of that dye, ethyl-
benzylaniline, CgH4N(CoH5)CH1CgHs, is used, This produces
a dicthyldibenzyl compound instead of a tetracthyl 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
i the molecule. Were it not for these groups, it would
exhibit the basie properties which reside in its anuno groups
and be casted among the basie dyes.

It is  manufactured  from  metaoxybenzyldehyde,
(¢H4OH-CHO, which is condensed with two molecules of
monoethylorthotoluidine, CyH4(CHg)(NHC,Hj), in the pres-
cuce of some agent to take up water, The reaction runs
thus:

C;H,0H [ CyH;CH,NHC,H;

M-Qxybenzaldehyde+ Monoethyltoluidine =
CzH,OH
Hc( CgH;CH;NHC,H; 4 H,0
CgH;CH;NHC, Hy

Diethyldiaminooxyditolyl-
phenylmethane

On treating this product with sulphuric acid, two sulpho
groups become fixed in that phenyl group which posscsses
the hydroxyl group: oxidution 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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SO3N31

Hoc..,_/._.-<:>NHCBH5
\\\\\< >NHC,H;

\CH;;
Cyanol extra

It is a dark blue powder which dissolves casily in water
to a blue color,

Wool is dyed from an acd bath, and for wool it hus Iargely
displaced indigo carmine.  Copper salts produce turbid effeets
and thus copper vessels should be avoided. 1t cqualizes
well in dyeing and s fast to washing, to light and alkalis, also
moderately fast to milling.

Red Violet 4R.S. (1877). 1f dimethylrosaniline is taken iu
place of rosaniline (magents) for treatment with fuming sul-
phurie acid, a similar fixation of a sulphonie acid group results
in each of the three phenyl groups.  The product of such a sul-
phonation is red violet +R.S. The dyestuff is a reddish violet
powder. It dissolves casily 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 helow:

NHCH;,

/ SO;;N&
¢ ———<:::>NncnR
SO;Na
/CH:;
—NH,

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

Erioglaucine A. (1896) is & bluc dyc containing three sulpho
groups, onc of which oxhibits a sultone formation with an
amino group in a neighboring benzene ring.

The components are already sulphonated when they are
brought together. One wmolecule of benzaldehyde orthosul-
phonie acid is condensed with cthylbenzylaniline sulphonic acid,
gome hygroscopic agent assisting; the reaction ig as follows:

C¢H,SOzH 0, H,
¢HO + 206H5N< =

Benzaldehyde ortho- CH,C;H,S0;H
sulphonic acid Ethylbenzylaniline sulphonic acid
CsH,80;H
HC CsH, N<
CH.,C;H,50;H
CH.CyH,;SO;H
CHN<
C.Hjy

Leuco Erioglaucine A.

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

CyHj

%
//C> CH,C;H,SO;NH,
>

]
80,-——0
C.H;

=N<
@ CH,C3H,SOsNH,

Erioglaucine A.
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Thig is a dark blue powder in commerce, having a brown
lustre. It dissolves casily with a greciush blue color in water
and i aleohol. It is fast to alkalics, o property which 1
attributed to the restraining effect of the sultone wuion of
the sulpho and amino groups. It dyes wool and silk greenish
blue from an acid bath. Though sensitive to light, on aceount
of its beauty, it is replacing indigo carmine.

Erioglaucine A. is a dark blue powder of a bronze lustre.
It is soluble in water and aleohol alike with a greenish blue color.

Hydrochloric acid changes the aqucous solution to green
and then causes the separation of a yellow precipitate.  Caustic
soda has no cffect 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 (—SOzH) groups and it is then an acid dye,  Adid
violet 6B, is a substance of complex composition; but as
its nucleus there appears pararosaniline all of whose amino
hydrogens have been replaced by four ethyl and two benzyl
(CeHsCHy—) groups. The resulting compound is a tetra-
cthyldibenzylpararosaniline, the formula appecaring as follows:

/QN(czns)cnzcenf,

\QN(02H5)OH206H5
\©=Il(0235)2

Tetraethyldibenzyl-
pararosaniline hydrochloride

c

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 casicr 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-
phonated. When benzylethylaniline monosulphonic acid is
treated with formic aldehyde, a condensation results as follows:

....... N C.H;
L~HCg H4N<
,,,,, - CH,CgH,S0:H
CH\0 =
""" .., C.H;
e - H 06 H4 N
T CH,C:H,S0;H
Formic aldehyde Benzylethylaniline monosulphonic acid
C.Hs
Cy H4N<
/ OH,C;H,SO,H
c H2 + H2 0
\ C.Hj
Ce H4N\
CH,C;H,SO;H
Diethyldibenzyldiamino-

piphenylmethane disulphonic acid
By oxidation this product changes from a methane derivative
to o hydrol: (=CH,) becomes (=CHOH). The hydrol is then
allowed to act upon dicthylaniline as follows:

CoH;
C;H.N <
_— CH,C;H,SO;H
CHOH + HCgH N(C.H;), =
C,H; Diethylaniline
CiH.N
CH,C4H,SO;H
Diethyldibenzyldiamino-
diphenylbenhydrol disulphonic acid
CoHy
06H4N<
CH,C;H,SOsH
CoH;

06H4N< + H,0
\ CH,0gH,SO0;H
CgH,N(C,Hy).,
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:

C,H;
O,
\CH,C;H,80,H

C.H,

ol O
<cnzcun4so2
N =),
| 0

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 ncarly
colorless.  Caustic soda causes a blue flocculent precipitate to
form which loses itg color on warming.

Strong sulphuric acid digsolves 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. It cqualizes
well and it is adapted to production of mixed shades.

Silk 1% dyed a shade which is fast to washing.

Chrome Green (1891) takes its name from the chromium
mordant with which it is used. It is an acid dye which owes
its ncid 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 dyc.

It is made by causing benzoie acid, CeHsCO-OH, to con-
dense with tetramethyldiaminobenzhydrol as follows:
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_CcH,4N(CHy),
CHI0H H CzH,C0-0H =
\ Benzoic acid

\CGH4N(CH:;)2
Tetramethyldiaminobenzhydrol CsH, N(CH3),

=+
HCZ-CH;C0.0H 4 H,0
CsH,N(CHj3),

Leuco Chrome green

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

C0-0H

A
HOC < SN(CHg),
\QN(CH:;)z

Chrome green

From this formula it will be scen that the benzoic acid
joins itsclf to the methane carbon so ag to retain the acidifying
group, —CO-OH, in the meta position,

Chrome green is a dark green powder which is soluble in
uleohol and water to a greenish blue color.  Hydrochlorie aeid
yields u yellowish orange solution.  Caustic alkali decolorizes it.

Wool which hns been mordanted with chromium salts is
colored a green which is not fast to hght but fast to milling.
It is employed chicfly for printing on cotton.

Chrome Violet (18¢1). If salicylic acid were substituted
for henzoie aeld in the previous dye, then it would introduce a
hydroxyl group in a para position to the methane carbon,
nnd this single addition to the chrome green changes it to
chrome violet. It requires in dycing a chromium mordant,
and It is used prineipally in cotton printing.

Aurine (1834) is an acid dycstuff, and it is the oldest one
from coal-tar, though it docs 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 dyc could be made from
phenol and that it could form beautiful color lakes; but no
attempt was made to put 1t to practical use.

Aurine is a mixture of related dyestuffs, and that com-
ponent Runge is supposed to have made was rosohe acid.
This dye, in contrast to those triphenyhinethane dyes thus far
studied, contains no nitrogen. It is an oxygen derivative of
triphenlymethane.

The manufacture consists in heating 6 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 mags with boiling water, the
residue Is dissolved in hot aleohol, ammonia gas 1s conducted
through the solution, and the resulting precipitate is boiled
with acetic or hydrochloric acid. The dyestuff forms dark
red rhombie 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 COs from the oxalic acid is shown as follows:

= 0—06H40H + 2H20
\CxH,;—0

Aurin

3 phenol

Reducing agents cause two atoms of hydrogen to become
fixed in the molecule and also the change of the quinoid linking
at the same time, so that leucaurine is formed which is a tri-
oxytriphenyl methane.

The intimate relation aurin bears to pararosaniline is shown
by ‘the fact that on heating with aqueous ammonia to 120°;
1t Is converted into pararosaniline.
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Aurin is used in staining paper and as a color lake for
dyeing carpets; as a spivit lacquer 1t is applied to color tinfoil.

There i 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 eresol in place
of phenol in its manufacture. The two following formulas
clearly distinguish between them:

CHj

Con

AN
i
AN

y

Aurine Rosolic acid

Yellow Corallin is the sodium salt of crude surine.

Red Coralline contains nitrogen in the form of an amino
group. This amino group is introduced into the molecule
of aurin by heating it with ammonia and aniline. It was
first preparcd i Lyouns in the carly days of the coal-tar dye
industry. Red coralline was for some time an important
product in the market. It sometimes passed under the name
pconine.

It probably consists of aurine with onc or more of the
hydroxyls replaced by amino groups, as shown in the formula,

<:>0H
/ ONﬂz
\QNﬂz

Red coralline

c

Its usc has deercased, and is now cmployed to a limited
extent to produce a bright red in cloth printing.
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DipHENYLMETHANE DYES

Auramine (1883), Auramine O, takes its name from (aurum)
gold. It is one of the very few basic yellow dyestuffs. When
it was discovered by Cars and Kern, its importance was ab
once recognized as a basic tannin dyestuff for dyeing cotton
and printing calico a yellow shade. As the dye 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 extcnsively 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 onc
employed is most casily comprehended. It consists in heat-
ing tetramethyldiaminobenzophenone with ainmonium chloride
ancl zine 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:

CsH N(CH3), /CGH4N(CH:;)2
co 4+ NH; = C=NH + H,0
\CH,N(CHy), \GGH,N(CH;),
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 zine chloride. By
employing boiling water upon the residue, the dyc is dis-
solved and after the solution is filtered, common salt is used
to precipitate the dyestuff. It may be purified by recrystal-
lizing from hot water. The commercial dye is the hydro-
chloride whose constitution is shown below:

N(CH;

/ ( .))2
C=NH
\<:>N(GH3)2. HCl

Auramine
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It is the hydrochloride of imidotetramethyldiaminodiphenyl-
methane. The sulphate and the acetate dissolve casily 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-S0°, 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 tetramecthyldiaminobenzophenone.

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

.

C='NH + H)o =

d—= + NH,Ol
\ON(cns)s

Tetramethyldiaminobenzophenone

Caustic soda causes a white precipitate in the solution of
the dye which will dissolve in ether. Acetic acid turns this
ethercal solution yellow. The solution in strong sulphuric
acid 1s 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 ncutral bath, wool and silk
are dyed the same yellow color, Auramine ig also cmployed
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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 1889. 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:
N(CH
LY
C=S8
N —nemy,
Thioketone

The formula of auramine given above has been written in
a different manner by Stock, in which a quinone structure
appears as follows:

N(OHy),
6—NH,
\©=r|«cna)z

Cl

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:
A e

C—H(NH,)

\QN(OH?,)?.

Leuco auramine
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TABLE FOR COMPARISON

L EUCO BASE; COLOR BASE—THE DYF.:

ROSANILINE
N N o NH
H,N H,N 2
i e
& b/
| |
NH, NH,
Leuco base, Color base,
white white
CH,
H2
H,N 4 /T
Cl
\c/ /
|
NH,
The dye:
red
ACID FUCHSINE, OR ACID-MAGENTA
Hy;N NH, H,N NH,
HO,S l|I 80.H HO3S ?H SO,H
3 . o 3 : 3
N N
: |
S0zH Osoan
NH, NH,
Acid fuchsine, Acid fuchsine,

Jeuco base color base
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Hzno ONH2
NaO;8 SO;Na
\ﬁ/

80,
| /
NH,

Acid fuchsine,
the,dye: alkali salt

CH;
H2 | Ho
HoN /T HyN 4 |
Cl Cl
o’ N
| |
NH, NH,
Pararosaniline, Rosaniline
parafuchsine fuchsine
CH C
3 y, H2 Hs OH3/ H:
HpN | H,N |
Cl Cl
No” \o”
| |
CHj
NH, NH,
Rosaniline New fuchgine

fuchsine
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NH, N(CH;),
H,N 7| (CH;3),N 7|
Cl Cl
N o
| |
NH, NHCH,
Para-rosaniline Methyl violet B. and 2B.
NH N(CH;)
H,N an (033)2NO O/ L
Cl Cl
o N
| |
NH, N(CH,),
Pararosaniline Crystal violet
CH,
N(CH,), | N(CH
(CHy),N 7/ |( 2 (om,),N / |( 32
a Al o1
o o
N(CHj3), N(OHj3),

Crystal violet Methyl green
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H
H2NO O/ T.Hz (033)2NO /T.(c a)e
cl a
o N
| |

NH, Malachite green
Para-rosaniline

(OH,(oN /7(033)2 (CHg)N /Ir(cna)z
Cl Cl
\cl,/ N

S T

Malachite green Victoria green 3B.
Bluer than malachite green

(cna)zNO O/ If(cna)z (0235)2NO s T(czns)
cl S0,H
% N
1

’ ’

Malachite green Brilliant green.
Yellower than malachite green

(CHjz),N /T(GH‘*)z (CH3),N /Ir'(cna)z
cl al
o’ o

’ '

Malachite green N( ¢ H3 )2

Newotal venlad
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NHCgH;
o maN A0
Cl
\ / %
|
N\
NH2 NHC6H5
Pararosaniline Diphenylamine blue
spirit blue, insoluble in water
CH;
N( CH. NHCH
(CHs)zNO O/ | 3k cnsnno O/ 3
o \ /
|
cl
cl
Malachite green Firn blue, glacier blue
N(CHj3),
(CH3),N /| (CH3),N N(CHjy).
Cl
% \'/
|
C0-0H
Malachite green Chrome green
(OHMO ON(cna)z (CH;),N O ON(Ona)z
¢ ¥
C0.0H C0-0H
Chrome green OH

Ghrome violet
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CH, CH,

NH NH2
HoN e H.N 4
NaO4S .
\c/ 3 SO3
| |
803N8¢
NH, NH,
Fuchsine Acid fuchsine
H.
OHy NHOGH;
OgH;HN /| CBHSHN NHC H;
N’ \'/
|
NHCeHb NH°6H5SO3N&
Aniline blue, Alkali blue,

insoluble in water 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 diffcrences and similarities will change if the
point of view be changed, it follows that there may be several
classificntions, 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, ctc. This arrangement
is a confusing and uscless one; because some dyes contain
more than one of these substances,

Classification by Method of Application. This arrangement
would be niost uscful from the point of view of the dyer, as
the following cight 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 beforc 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 pieric acid.
Wool and silk are dyed directly with the aid of an acid or
an acid salt in the bath. They are not suitable for dycing
cotton,

Tannin Dyes. These are also called basic dyes, and they
are for the most part hydrochloric acid salts of color bascs.
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 séme
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 ycars 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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ouly when united to certain substances called mordants, with
which the fabrics are impregnated before entering the dye
bath.

Alizaxine 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 caleium salt, produces the celebrated Turkey red,

Developing Dyes. The developing dyes are insoluble and
henee as such cannot be applied to the textile fibres. They
arc 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
an insoluble dyestuff fast in the substance of the fibres. Para-
nitraniline red is produced in this manner.

Albumin Dyes. Require some strongly adhesive substance
upon the fibre before the dyes will be taken u . Albumin is
frequently used for this purpose. Many of the mineral pig-
nients 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
molceules of the various dyes. An attempt to classify the
dyes upon the basis of gimilar chemical constitution originated
with Gracbe and Lichermann in 1867, based upon the con-
version of dyes into leuco compounds by the action of nascent
hydrogen, Little resulted from this; but in 1876 Otto N.
Wit proposed a more adequate theory of the constitution
of the dyces,

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

1. In every dye molecule there 18 a certain group of atoms
which hns un cspecially powerful influence in making the
substance a dye, and as he regurded it as the necessary color-
giving group, he called it the ¢ Chromophore.”

2. When this chromophdre enters into combination with,
or may be found ns 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 cutrance into the molccule of such groups as will give
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it the power of forming salts. These groups are called
¢ Auxochromes,” or color assistants, ¢.g., OH or NHs.

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

C¢H;—N=N—CH,NH,,
Aminoazobenzene’

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, NH,. The
chromogen then would have the formula, CgHz;—N=N—CsH;,
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, (—NHj), to form a basic substance
or a hydroxyl group (—OH), to form an acitd one. In this
instance, the amino group, on cntering the chromogen, con-
verts 1t 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 commeree as a dye, is:

06 H5—'N=N—'°6 H4NH2 . HCl

Aminoazobenzene hydrochloride

In the following list appear the chromophore groups ag 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
K038 NO,
1. Nitro Dyes —NOy* *
NO,

Naphthol yellow S.

*The nitro group ig 1o longer regarded as a chromopliore.



THE CLASSIFICATION OF THE COAL-TAR DYES 145

Name of Dye. Chromophore Type of Dye.

(o)

I I
—NOH
2. Nitroso Dyes
(o)
I
Resorcine

=
3. Triphenyl-
methane =<_—_>= C¢ <:>NH._,
Dyes \
Q:Nn-nm

Pararosaniline

(C; Hs)zN N(czns)z
¢ Prronine Dy O Ogj

¢ _/00-om

Rhodamine B.
N\
5. Diphenylamine
Dyes
AN

N\ /N
a. Indamines O
\ ®mN \xNE-HOI

Phenylene blue
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Name of Dye. Chromophore. Type of Dye.

N\ A
b. Indophenols
N omgen” No

Indophenol blue

N
AN N
¢. Thiazines
N\ (cr)N NN N N(omy),0

Methylene blue

N
AN Q\ N
d. Oxazines ‘\
N / o | \N(CH3)2
Cl

Meldolas blue

N
N\ H;C N \cH,
e. Safranines
H,N
\ \|/ \NH -HC!
N

Safranine

6. Azo dyes —N=—=N— —N=N—<:>NH2-HOI
Aniline yellow



CHAPTER VIII
THE AZO DYES

THis class of dyes takes its name from the word “ azote,”
the TFrench for nitrogen, not only because the element
nitrogen is present in every one of the dyes, but because
1t 1s 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,
c.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
bodics will be briefly discussed. In their composition, they
possess the azo group —N=N—, as well as the true azo dyes
afterwurd developed from them.

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

A8203 + 2HN03 = N203 + A8205 + H,0
Nitrous
anhydride

147
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= 2HONO

CeH NH | | C¢H,N:N—Cl 4 2H,0
i

Diazobenzene chloride

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
dircetly 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 arc used in the
molecular proportions indicated in the following reaction:

CsH;NH,-HCl 4 HCl 4 NaNO, =

Aniline
hydrochloride
OgH;N:N—Cl 4 NaCl 4 2H,0
Diazobenzene
chloride

The rcaction is quantitative and it is one of the most easily
controlled of any of the reactions of color manufacture, It
is earried 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
arc:

Diazobenzene nitrate, C¢H;N:N—NO;
Diazobenzene sulphate, CsH;N:N—SOH

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 bodics, and if allowed to
dry are in danger of spontaneous explosion. TFwven if the
cold solution in which they arc 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 cquation:

C;H;N:NCl + H,0 = CgH;0H 4+ HCl 4 N,
Aniline Phenol
hydrochloride

The free diazo benzene, CeH:N:NOH, is so unstable that it
decomposes at. onee on being separnted 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 faet is, however, that dinzo compounds are, In general,
g0 unstable that their use in color manufacture would be
largely prolibited i it weve in practice necessary to prepare
than in the dry state.

All danger of explosion or of slow deconposition 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
Rhinc consists in evaporating the strongly acid solutions of
diago 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 D1azo 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, C¢HsN:NCl, by Kekulé for diazo
benzene chloride, Blomstrand assumes a formula of the follow-
ing character:

CyH;—N=N

|
al

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 diazonlum 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:

CcH;N=N -+ NaOH = CgH;N=N
Cl ONa
Diazonium chloride Bodium 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:

OsH;N=N, CscH;N:NONa
Inactive with phenols

ONa
Active with phenols

He regards the active form as the first produet 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,
CeHsN:NONu, but draws upon stereo-chemistry to explain
the difference between the two as the following formulas
show:

CgH;N, CcHN

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

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

Bamberger and Hantszeh 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 Kekulé constitution will be used for economy
of space and from the uncertainty associated with the newer
formulas.
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Tur Azo CoMPOUNDS

Though the diazo compounds, which form the basis of the
azo dye manufacture, werc discovered by Peter Griess in
1858, the first fiftcen years passed with little fruit of this
cpoch-making discovery. Aniline yellow was discovered in
1861 by Méne 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 incorreet notion
that the diazo compounds had to be separated from the
solution in which 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 casiest and
simplest operations of the dyc manufacture.

The addition of sodium nitrite to an acid solution of an
amine during diazotization iy casily 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, indieating a sufficient addition of nitrite.

Ifor an easier understanding of the azo dyes, they arc
arranged in groups.

Basic Azo Dyes

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

The reaction at first carried out is the following:

C¢H;—N:N—Cl 4+ CzHz;NH, =
Diazobenzene chloride Aniline

CcH;—N:N—NHCgH; 4 HCl

Diazoaminobenzene
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A molecular rcarrangement of the latter portion of this

substance takes place upon gentle warming with aniline
chloride:

C¢H;N:N—|NHC¢H;, 4 H|C,H,NH,HCl =

Diazoaminobenzene Aniline chloride

CeH;N:N—CgH,NH,-HCl 4 CgH;NH,
Aminoazobenzene chloride
or aniline yellow

The probable course of this molecular readjustment is that
the =NH 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 chiminated 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 cmployed.

On a manufacturing scale the process is carried out as
follows: To the aniline taken, only go 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 sccond 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 finc 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
cnsues and only the free base is fixed upon the fibre, dyeing
1t 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.

Its 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:

CcH;N:NCzH,NH, 4 4H = CgH;NH, + NH,C;H,NH,

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. It is not soluble in water, but it dissolves
in oils. It is employed to color oils, butter, cte.:

CgH;—N :N—C¢H,N(CHj),
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
onc azo group, the other containing two.

NH
Mctaphenylenediamine, CGH4<NH2, 1s diazotized with a

double result. As there are two amino groups in the com-
pound, cither onc 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:

NH
2 N:N—Cl
CsH,N:N—Cl °6H4<
N:N—Cl
Aminodiazobenzene Dis-azobenzene
chloride chloride

The term dis-azo refers to the double azo group. It is
evident that the first compound is in condition to become
coupled with one molecule of metaphenylenediamine and’
the second with two such molecules:

NH, NH,

NH,
C,H,N:N—Cl 4 C;H (NH,), = 06H4N:N—06H3\
, NH,-HOl
Aminodiazobenzene m-Phenylene Bismarck brown
chloride diamine (one component)
NH,
N:N—Cl 4 CgH,(NH,), N:N—06H<
o H/ c/H *\NH,-HCl
AN ~ Xy (VB
N:N—Cl +4 CgH(NH,), N:N—cﬁna\
NH,-HOl
Dis-azobenzene m-Phenylene Bismarck brown
chloride diamine (one component)

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

N:N—C>NH2- HCl
/
N:N—QNHz- HOl

Bismarck brown

It has been found that this latter constituent makes up the
larger part of the commercial dye. In commerce, it appears
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., stan-



156 COAL-TAR DYES

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 (187s5) is of historical interest, for it was the
first azo dyestuff to be prepared in the easicr 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 m-phenylenediamine as follows:

NH,
CG H5N . N—Cl + CGH4( NH2)2 t— Cﬁ H5N M N_06H3<
NH.HC1
Diazobenzene chloride m-Phenylenediamine Chrysoidine

Its constitution is exhibited in the following formula;

NH:2
N
CeH;—N: N—<_—_—>NH2 .HOl

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. TFrom its aqueous solution, hydrochloric acid
causes the separation of brownish yellow flocks which aceu-
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 dircetly and cotton after
mordanting with tannin an orange color. Its use is de-
creasing.

TeE Acip Azo DyEs

The majority of azo dyes are acid dyes, and they owe their
acid properties cither to the influence of sulpho groups,
(—S803H), 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 sulplio 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 beforc they are coupled by the
diazotizing process.

The position and number of the sulpho groups both have
an influence upon the shude 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
usie.

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

Attention will be called to these cffects of acid groups as
the dyestuffs are desaribed in detail.

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

CcH;—N:N—CgH,NH, + 2H,80, =

Aminoazobenzene
06H4—N :N—C(;H:;NHB + 2H20
\so,.gn \so:;n
Aminoazobenzene

disulphonic acid

As a sodium salt, it forms the commereiil dye, which is a
yellow powder. The formula is as follows:
SO;Na

Na,03s®-—N:N—< SNH,

Fast yellow

Reducing agents decolovize it and act upon the central azo
group, breaking the double bond and fixing two hydrogen



158 COAL-TAR DYES

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.

Hydrochlorie acid produces two apparently opposite effects
in first forming a precipitate and then dissolving it. It first
removes the sodium, setting free the sulphonic acid, which
forms a reddish violet precipitate, then i more hydrochloric
acid 1s 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 tums to orange ycllow 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. It 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 reddencd 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 dyc just described. It ig the sodium salt
of aminoazotoluene disulphonic acid.

The formula is as follows:

SO;Na

reoswen

Fast yellow R.

The presence of two methyl groups which this dyc 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,
HO38C¢H4NH,, which upon diazotizing becomes diazo-

benzene sulphonic acid.  Dimethylaniline, C¢gH N (CHj)s, com-
bines with thiy as follows:

06H4—N N + C(;H5N(CH3)2 = c6H4—N:N—°6H4N(CH3)2

\soa/ \s0,H

Diazobenzene Dimethyl- Methyl orange:
sulphonic acid aniline free sulpho acid
(anhydride)

The counstitution of the commercial dye which is the sodium
salt of the above compound is shown below:

Na,03s<:>—N :N—QN(033)2

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 cach benzene ring are here both contained
iIn an amino group. This change of position deepens the
shide of the dye from reddish yellow to orange, and it also
strengthens the basie character of the amino group for the salts
which thig frec 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 yecllow precipitate on adding basic acetate of
lead. Calcium chloride produces a precipitate of shimmering
erystals, while solutions of salt or magnesium chloride causes
the dycstuff to fall as such in minute crystals.

Slight amounts of acid cause it to turn red, and because
of its sensitivencss 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. It i
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), Tropaolin 0O., 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
dycing while methyl orange finds almost its only usc as an
indicator.

Paradiazobenzene sulphonic acid is combined with diphenyl-
awine, (CeHs)2NH, according to the equation:

CH—N:N\ + (C;H;),NH = C;H,—N:NC;H,NHC;H;
N

N / SO3H
NS0y
p-Diazobenzene Diphenyl- Orange IV
sulphonic acid amine (free sulphonic acid)

The reacting substances are brought together in an acidified
alcoholie solution.
Its constitution is showi below as its commerclal form of o

sodium salt:
Na.03s<:>N :N<—_'>NHGGH5

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 phenyt
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
nnd 0 hydrogen atom cxist here in place of two methyl groups
of the methyl orange.

Orange 1V uppears in commerce as an orange yellow crys-
tallinc powder which is easily soluble in hot water, yiclding
an orange yellow color, but it 1s only slightly soluble in cold
water or aleohol.

Hydrochloric acid turng the hot aqueous solution violet,
and a voilet 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 sulphwie 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 commeree.

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 ycllow 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 IV save that the sulpho group is fixed in a meta
position to the azo group in place of a para posttion.

The preparation of the dye requircs metaaminobenzenc
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
{ H N:N NHCsH
Na.038< . N: N\ NHCeHs < > Q /‘ CeHs
Orange IV. Metanil yellow,

X ison. Oranuge. Yellowish orange.
if’;ﬁiﬁﬂ‘ﬂ%’r‘m Vriole‘;, procipitate, Rc;)sanilip: tr:d color and

i, recipitate.
Cu?z:lt;ic soda. Yellow precipilate. 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 s0 to acids.
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Wool Violet S. (1894). The prevailing colors of the monazo
dycs—those possessing a single azo group—are the yellows
and oranges. In wool violet S., there is, however, an example
of n monazo dye whose color appears at the other end of
the spectrum. It possesses both nitro and sulpho groups as
well us a substituted amino group.

The  starting point is dinitraniline, CeH3(NHz)(NOy)s,
which on being diazotized is coupled with dicthylmetanilic
acid, CoH N (CaH;)2(SO3)H.

After diazotizing the reaction takes place as follows:

CsH;—N:N—Cl + CgH,N(C,H;), =

N\(wo,), 50,8
Dinitrodiazo- Diethyl-
benzene chloride n;etanilic acid
C¢H;—N:N—Cs;H;N(O:H;)e + HOI
NO,), S0;H
‘Wool violet 8.
(free acid)

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

NO, SO;Na

| |
02NC>N:N<:>N(02H5)2

‘Wool violet 8

Wool 18 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 DvyEs

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
cnormous 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 formn 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, C¢Hz(CHj3)oNHs, which were
diazotized and united with the sodium salts in alkaline
solution of the two S-naphthol disulphonic acids distinguished
as the G. and R. acids.

In place of xylidine may be used cumidine, CsHz(CH3)3NHo,
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 B-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
AN : —OH
HO;8— & |\ ,3)—S0:H HOz8— Y

R-acid or s-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
initinl substance which is diazotized and coupled with S-naph-
thol disulphonic acid R. as follows:.

C.H;:N:N—Cl + C,(H,0H(SO;Na), =

Diazobenzene R-acid
chloride
N: NC(;Hs
|
OH
+ Hcl
NaO,S —SO0;Na

/

Ponceau 2G.

The dyestuff is a bright red powder, which gives a reddish
yellow solution in water. It is scarcely changed by hydro-
chlorie 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 ycllower 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:

N:NCxH;
|

OH

Na,O;;S—

Ponceau 4G.B.

It is formed from diazotized aniline and f-naphthol sulpho
acid 8., 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. dycs a reddish orange.

Hydrochloric acid causes a ycllowish brown precipitate to
foll.  Bestdes dyeing wool from an acid bath it is cmployed
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), i1s a monoacid dyestuff which
exhibits the cffect of a change in the position of the sulpho
acid group in the moleeule. 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
|
CUN INCgH;
|

S 03 Na
Cochineal scarlet G.

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 yiclds a red precipitate on adding hydrochloric acid. Caustic
soda changes the aqueous solution to an orange ycllow. Con-
centrated sulphuric acid dissolves it.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 1 (1883) is produced from diazotized aniline and
B-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:NCgH,

o

Sudan 1.

It 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 msoluble 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, C,oHe(NH2)SOzH, is diazotized and then
combined with S-naphthol, which completes the formation of
the dyestuff. The combination of the diazotized naphthionic
acid with the second component is as follows:

0;0HgN:NCl 4 C,0H;0H = C(EgN:NC;(H;0OH + HC!
SOz;H \ SO;H
Diazonaphthalene A-Naphthol Fast red A.

suipho acid

The constitution of the dye 1s shown below in the form of
its sodium salt, which appears in commerce:

N———————N
| |
|
S 03N8:

Fast red A.
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The commercial dyestuff is a brownish red powder which
dissolves slightly in cold, but casily in hot water, with a scarlet
color.  Hydrochlovie 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,

Trast 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.

1ts 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 S-naphthylamine,
which has the acid group in the position 6, as shown here:

—NH,

HO;S

f-Naphthylamine-
6-sulpho acid
‘When this compound has been diazotized it couples with
B-naphthol for n sccond component, forming the dye fast
browu 3B, which dyc is here represented as the sodium salt
that appcars in cominerce:

N=———=N
/
Na.O;;S
HO

Fast brown 3B.

The dye is sold as a brown powder which gives a brownish
red solution in water. Hydrochloric aecid turns the color
to reddish violet and a rosaniline 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 allealies.

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.

Z|NH-

SO0,H
Naphthionic acid

Diazotizing its amino group enables it to fix one molecule
of B-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
SO03Na |

—OH
NaQ3S—

Ponceau 4R.

SO3Na

It 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
dissolveg 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., but a different structure, and it allows a comparison
thercfore of the differing shades of the two isomers. Both
arei red dyes, the former a scarlet red and the latter a bluish
red.

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

—OH
HO,S —50,H

fA-Naphtho! disulpho 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:NC;,H;SO0;Na

/ —OH
Na.03S— —S 03N8.

Bordeaux 8.

By comparing the formula of this with that of its isomer
ponceau 4R. the only difference consists in the —SOzH 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, but 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 1s prepared by diazotizing p-sulphanilic aecid,
CeH4NH.SO;H, and uniting to it dioxynaphthalene sulpho
acids of this formula:

OH OH
C@
SO;H
Dioxynaphthalene sulpho acid S.

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

OH OH
N:NCz;H,SO;Na

S 03 Na
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, C¢H3(CH3)2NH,. The second
component is a-naphthol disulpho acid R.G., and has the
constitution shown below:

OH

HO,S —S0zH
/

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

OH
—N:NCsHy(CH;),

Na 03 S— —S 03 Na
Palatine scarlet

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

Agelatinous yellowish brown precipitatefalls on adding hydro-
chlorie acid, while caustic soda changes the color to yellow.

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

The color 18 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 i1s 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 unaphthyl group, —CoHy, in the
place of a xylidine radical. This change in composition is
accompanied by a change of color from scarlet to red.

OH
—N:NCyoH;

NaOg8 SO4Na
Palatine red

Diazo a-naphthylamine plus a-naphthol disulpho acid R.G.
produces the dye whose sodium salt is represented.

The properties of the dye are almost identical with palatine
scarlet. Wool is dyed a Dbluish shade of red. The color
possesses resisting qualities against alkalies and sulphur.
It 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, CcHNH2(OCHj).
After the diazo compound is prepared it is joined to a-naphthol
sulpho acid N, W., C;0HgSO;H(OH).

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

\ N:N06H400H3

SOgNa
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
constdered 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 dertvative with an amino
group, (—NHp), in position 1 and an ‘oxy group, (—OH), in
position 8 of the composition:

OH NH:

Amino-a-naphthol, 1:8

The disulpho acid of this compound with the sulphp groups
in the position 8 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 NH:

noas_qj—sosn

H. acid,
1-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
a-naphthylamine, CoH;NHyHj;, the violet dye is developed.
The sodium salt is exhibited below:

OH N:NC,oH;NHC,H;

| |
N&03 S—CO—S 03Na

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 a(lka,lies.

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-1-naphthol, which for convenience in writing
the formula of the dyestuff is represented in a reversed
position: oH

NH,
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When the H. acid (see under Lanacyl violet) is diazotized
and combined with the 5-amino-1-naphthol, the blue dye is
produced, the sodium salt of which is:

?H

0HI|¢ =—————=—0N]

|
N&03 S—C ‘ SO3Na. NHZ

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 Yeliow D. (x890), 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 nionoazo dyes in possessing a
carboxyl group, (—CO-OH), and this gives a facility for
combination with basic mordants, e.g., chromium hydroxide
on wool.

G-Naphthylamine-6-sulpho acid is diazotized and com-
bined with salicylic acid. It is this second component which
communicates to the dye the property of combming with a
chromium mordant.

—C0-0H

OH
Salicylic acid,
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The sodium salt of the dye is

N —N:N—
NaQ ;85—
—CO0-0H
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 movdant 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 1t 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



176 COAL-TAR DYES

relative positions of these four groups is shown in the con-

stitutional formula: OH OH

H 03 S— —SO0zH
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., NO, and NH,.

Chromotrope 2R. results from the combination of diazo-
bhenzene and chromotropic acid. The sodium salt is repre-
sented, showing the structure:

OH OH

—N:NCgH;

N &03 S \/—S 0 3 Na
Chromotrope 2R.

It 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 w1tl1 ¢hromic acid, changes from a
peacock blue to a very dark violet, accouhng to the time
of exposure to the action of the moulant

The color equalizes well, and it is very fast to light, acids,
and the action of sulphur. It does not crock,

It 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, (—CgH;), 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, CeH,NHo(NO,).

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:NCsH,NO,

Na0;S —S0;Na
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 i 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. (18¢91) may well have been named a
chromotrope dye, for it i3 derived from chromotropic acid.
Indeed, it differs in no particular from chromotrope 2B.
just described, save in the logs of two oxygen atoins 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 ageuts convert a uitro group into
an amino group, so here this dye may be made directly from
chromotiope 2B. by reducing agents.

OH (|)H
N:NCcH,NO,
+ 6H =
NaO38 SO;Na
Chromotrope 2B.
Bluish red
OH ?H
—N:NCzH;NH,
+ 2H,0
Na.O;;S— SO3Na.

Victoria violet 4B.S.
Bluish violet.

Victoria Violet 4B.S, is a powder of grayish green color
which forms a dark violet aqueous solution.

Neither hydrochloric acid or caustic soda causes a pre-
cipitate; but, the former turns it yellowish red, and the
latter a reddish yellow.

Upon wool In an acid bath it dyes a bluish violet which
is fast to washing and does not rub off. It is moderately
fast to light and milling. A slight reddening of the color
is effected by acids and alkalies.

Chromotrope 6B. (1890) is a violet red dye which affords
another example of a change in shade consequent upon a
comparatively slight change in composition. This violet red
dye may be considered as derivative of the bluish violet dye
Victoria violet 4B.S., described above.
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If this Iatter dyestuff slould lose one hydrogen atom from
its single amino group and gain in its place an acetyl, —(Ce Hz0),
group, the new dye would be formed,

In the manufacture, however, the new dye ix not obtained
n this manner.

A component is chosen which already contains an acetyl
group within the amino group. This component is p-amino-
acctanilide, CeI,NH.NH(C,H;0).

It i dinzotized and coupled with clhwomotropic acid, and
the cluwomotrope 61, results, The constitution of the sodium
salt 1s:

OH OH

—N:NCGH4NH(C2H30)

NaO,S —SO0,Na

Chromotrope 6B.
Victoria red

OH OH

|
—N:NC;H,NH,
Na.O;;S— —SO3NE

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 6B. is a grayish brown
powder, whose aqueous solution is a violet red. It 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:

(|)H ?H (|)H (|)I-I
— N:NC,oH; —N:NC,,H;SO03Na
NaO;;S ——SO3N3 Na,O;;S SOQN&
Chromotrope 10B. Chromotrope 8B.
Reddish violet Reddish violet

By comparing the formula of chromotrope 8B. with that
of chromotrope 2R., a naphthyl group, —(CioH7), will be
noticed in the former in place of a phenyl group, —(Colls),
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 mcreased molecular load, resulting
from the introduction into a molecule of one or more heavy
radicals.

IneraiN 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 inorgamnic .dyes. A fabric
steeped In a solution of a ferric salt shows little color until
1t 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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1f the components of azo dyes are not sulphonated, then
the resulting dye is insoluble and incapable of being dirvectly
upplied to the fibre. They can, however, be produced upon
the fibre itself. This method ig employed to a considerable
extent to produce beautiful and fast colors upon piece-goods,
and in ealico printing. Colors thus produced are true
“Ingrain colors.”

The term “ice colors,” often used, refers to the necessity
of keepiug the bath cooled with ice, so that the diazo cow-
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-
tizedl base. The process introduced in 1SS0 chiefly consists
in snturating 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 “lce colors ”” have become serious rivals
of the alizarine dyes,

Of the vartous phenols available forr this process, f-naphthol
is used almost exclusively in practice. Of the bases, a com-
puratively large number are employed. These of course
furnish the amino group, which is diazotized with sodium
nitrite and acid. A list of bases frequently employed is

appended:
) (Nj;—_———@
NH,
Aniline Aminoazobenzene
NH2
NH,
/
0H,

Paratoluidine $#-Naphthylamine
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I|{H2

Metanitraniline

Nitroparatoluidine

NH:
—CH;

__NoO,

Nitroorthotoluidine
NH2
OCH,

OCH,

NH,
Dianisidine

NH:

a-Naphthylamine
NH:

NH,

Benzidine

NH,
Tolidine

NH:

No,

Paranitraniline

N=———=N
Ocn3 (jcn3
NH,

Orthoaminoazotoulene
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Paranitraniline Red (1889) is an ingrain color, insoluble in
water, and camnot, 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 S-naphthol.

A nixture of paranitraniline, and the sodium nitrite neces-
sary to diazotize it afterward, ig sold as nitraniline N. The
paranitraniline actually diazotized is also on the market from
one firm ns Azophosphor Red and as Nitrasol from another
firm. The stability of the compound ig 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.

]
AN
NO.

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 cowposition with paranitraniline red. It
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:

a
N
NO

NO,
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which is the result of caustic soda acting upon paranitro-
diazobenzene chloride as follows:

NO,C,H,—N:NCl + 2NaOH =

p-Nitrodiazobenzene
chloride Na

/
NO,CcH,N—NO -+ NaCl +4+ H,0

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 S-naphthol is
employed, then the product is the same as paranitraniline
red described above.

TeETRAZO 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 unsed 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. It requires that the second com-
ponent of an azo dye shall contain an amino group which
may i 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.

OgH;N:NCzH,NH,

Aminoazobenzene

By diazotizing this and combining it with phenol, for
example, there results:
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Ce¢H;N:NC-H,N:NC,H,0H

Benzene azobenzene azophenol
or tetrazobenzene phenol

N N OH

UV

Tetrazobenzene phenol

By employing S-naphthol as the last component we have a
tetrazobenzenenaphthol, whose formula is:

CsH;N:NC,H N:NC,oH;O0H
Tetrazobenzene-3-naphthol

00

Tetrazobenzene-f-naphthol

TETRAZOBENZENE-S-NAPHTHOL

This latter substance is a most frequently oceurring 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 truc 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 mwot 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 n 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
nuclel 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 p-naphthol; the sodium salt of the product is
shown structurally:

N

N
|
i N\so,Na HO
N

|
SO3Na N

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. TFrom a concentrated
golution 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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It is manufactured from aminoazobenzene which is diazo-
tized and coupled with f-naphthol disulpho acid 7,

The commercial dye is the sodiuin salt of the resulting
compound, whose structure is:

O—SO3N3.
"0/

N————=N S 03 Na
Brilliant croceine M.

The two sulpho groups, no longer distributed one to ecach
benzene nucleus, ave both fixed in the naphthalene nucleus
and their change of postion imposes n change in shade upon
the dyestuff, when used upon wool or silk from a bluish
scarlet to scavlet.

The dyestuff is o Hght brown powder which gives a cherry
red aqueous solution. A Dbrown precipitate falls from its
solution on adding hydrochloric acid. Caustic soda changes
the color to brown instead of producing a brownish red
precipitnte, as in the case of its omer Biebrich scarlet. It
dissolves 1n strong sulphuric acid with o reddish violet color,
which changes, to Dlue aud 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 ved. The
color is fast to light wnd acids but not to washing. Lakes
may be produced with nluminum hydrate and with barium
chloride.

Diamond Black F. (1889) iv a tetrazo dyc chosen for
comparison with the next dye described, in oxder 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 -+ «-naphthol
sulpho acid N. W.

The sodium salt of the dye, which oceurs In commerce as a
brownish black powder, has the following structure:
CI)H
—'002N3. SO3N8,

N:N¢ >
o

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 chromivm saltg is dyed a bluish black.

Diamond Green (18g0) is an acid azo dye which 1s used
to dye chromium-mordanted wool a dark bluish green. It
differs in composition from diamond black F., 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-
mereial dye of the following constitution:

?H

—002 Na SO3Na

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 oue, the
change in color attends this change in composition.

It is a black -powder which gives a dark violet colored
aqueous solution. Hydrochlorie 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 winounts o 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 sults, it dyes red. CH, CH,

In its preparation, aminoazotoluol, CeH4N:NCsH3NH,, 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 counstitution of the com-
ponents and the finished dyestuff.

OH (|3H.3
O—N s N—
SO_;Na,
Cloth red B.

The dyestuff appears ng a dark brownish red powder which
is soluble in water with a red color, Hydrochloric acid causes
a ved precipitate while a violet coloration follows the addition
of caustic soda.

Brack 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 gne of the darker colos. As a basis of the black dyes
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there may Dbe noticed one of the three following complexes
or compound nuclei:
C,0H;N:NC,oHgN:NCoH;,
or
CeHsN:NC;oHgN:NC) Hy,
or
CeH;N:NC)oHgN :NCH;.

In the order of their diazotizing, the three substances i
each complex form the components, and in each complex the
same nucleus appears, because a-naphthylamine is in cach
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 fre-
quently the first components, and the different naphthol
sulpho acids serve as third components.

The process of manufacture for all congists in diazotizing the
first comipouent, combining this diazo product with the sceond
component to form an amino azo compound, diagotizing 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 S-naphthylamine disulpho acid G. of the follow-
ing constitution; the other two components arc placed along-
side for comparison:

30,3 NH2
—NH, —O0H
HO;8— HO;S— k —S0;H

B8-Naphthylamine a-Naphthylamine ﬁ-Naphthol dlsulpho
disulpho acid G. acid
First component Second component Third component
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When the diazo compound of the first component unites
with the second, it joins itsclf to position 4 of that substance,
thus leaving in- 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 poiut of attachment,

The sodium salt of the finished dyestuff has the following
constitution:

SOsNa

Naoas_Qj‘“ TR

Naoss— —SO;Na

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 goda causes o blue precipitate which in pure water
redissolves. Concentrated sulphurie acid forms with it o 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 1s fust to light and resists the action of alkalies and
acids.

Naphthylamine Black D. (1888) is a tetrazo dye whose dye-
ings arc less affected by milling than uaphthol black, but
its resistance to neids is not so grent.

It iy prepared from a-naphthylamine disulpho acid 1:1:7,
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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NN

|
NaOzS— O
|

SO 3 Na
Naphthylamine black D.

an

The dyestuff is a black powder which in water gives a
violet. black solution. Addition of hydrochloric acid cuuses n
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 iurns
green as water 18 added and then a black precipitate scpa-
rates,

Wool and silk are dyed black from an acid bath or from
o neutral bath by the aid of salt. It is moderately fast aud
it 18 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 o single
pure dye, but a mixture of naphthylamine black D. and
naphthol blue black, which will be deseribed later.

Jet Black R. (1888) is a tetrazo dye suitable for a beautiful
blue black on wool and also adapted for dyeing silk a dnrk
blue or black, according to the amount of dyestuff employed.

The dye is prepared from aniline 2-4-lisulpho aecid, which
is diazotized and combined with a-naphthylamine, diazotized
again, and coupled with phenyl a-naphthylamine.

The sodium salt is:

RS
|
S 03 Na

NHOgH;

S 0_‘; Na
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 hmparts 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 ig dyed from a bath acidulated
with acetic neid or from a boiled-off bath coutaining acetic
acid.

The color is not sensitive to acids and alkalies and it is
moderately fast to light and milling,

SunsstanTive CortoNn 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 regist 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 n 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 Boéttiger 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 Dbenzidine,
HyNCgH,—CgH,NHz, 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 termi was inappropriate; than, because
in the application of these dyes neutral or alkaline salts were
employed in the dye-vats, they were more appropriately
called “ salt dyestuffs.”

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.

BeNzZIDINE

Benzidine, which is the starting point of a large mumber
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 hydrochlorie acid
removes the zine 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.

CeH;NH—NHCeH; + HCl = H,NC;H,—C,H,NH, 4 HCl

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 ix as follows:

CcH,NH,
i o |

C¢H,NH,

Benzidine or Benzidine

Congo red requires the diazotizing of hoth the amino

groups of benzidine with the production of tetrazodiphenyl
¢hloride.

NH,
CoH,N:NCl
CoH,N:NCl
S 03 H
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
clapse 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:

NH,

CH,—N :N—010H5<
S 03N8,

03N&
CgH,—N :N—0C;0H5<

NH,
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or, < >

o

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. It 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 o-toldidine.

HoN( »—< SNH; H,N( >®NH2
| i

CH, CH,
Benzidine o-Tolidine
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CH;
CgH,NH, OgH;NH,
CgH,NH, CgH;NH,
\oH,
Benzidine o-Tolidine

The o-tolidine is dinzotized 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:

CQ_N N—GCIL:>©—N N_(;O

S 03 Na S 03 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
the color less delicately sensitive to acids.

It forms a brown powder which communicates a brownish
red color to its aqueous solution. A blue precipitate falls on
adding hydrochloric ncid. 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. It dyes cotton a brownish violet and this
change of color from the Congo dye may be attributed to
the 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 1-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 i the structural formula,
which allows an easy comparison with Congo red:

00

S 03 Na
803 Na
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.

Acrp AND ALEKATINE 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 f-aminonaphtholsulfifio .acid. 7, Whose
composition is:
OH
NH,
NaO;;S

f-Aminonaphthol-
sulpho acid 7.

The sodium salt of the finished dyestuff has the following

constitution:
-
| |
N N

NH,  H,N

OH OH

Na.03S SO3N8:

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. O. 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 S-aminonaphthol-
sulpho acid, y, 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, us the completed
molecule of the dye will show.

O

‘ OH onl
NH, H,N
Na.03S 803 Na

Diamine 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 g-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. (188¢) 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 18 allowed to satisfy one diazo group with f-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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KX

N N OH

H,N—
Na0,C— —SO3Na
OH

Diamine fast red F. Finished in acid solution

The dye 1s 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. It 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 f-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 salicylic 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,

o
N “ OH
N— —NH,
Na0,0— NaO;8
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 1s a benzidine dye. When benzidine is diazotized it 1s
joined to two molecules of salicylic acid.

HO,0

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:

<O

N

2

NaO,C CO,Na

OH OH
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 tumns 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,

It 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 benzidne 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.

C{jimn@@_m

SO;;Na. C 02N8.
OH

Benzo orange R.

The dyestuff appears as a brownish red crystallne body
which is soluble in water with a reddish yellow color. It
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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 1s added.

Cotton and chromium-mordanted wool ave dyed an orange
color which is fast to light but sensitive to acids,

Congo Rubin (189¢1) is prepared from diazotized beunzidine
and one molecule of 2-naphthol-S-sulpho acid, knoww ax
B-naphtholmonosulpho acid B., and also one molecule of
l-aminonaphthalene-t-sulpho acid, known as naphthionic
acid.

In comparison with the two following dyes 1t illustrates
the change of color induced by changing one of the secondary
components. The constitutional formula of the sodium galt
of the dyestuff is:

NH,
NaOgS N:NQON:N
OH

SO3N8,

Congo rubin

The dye forms a greenish crystalline powder which gives
a cherry red aqueous solution. A pure blue precipitate 1
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-8-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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I : I
N
Na03S |

Congo vidlet

Congo violet appears in commerce as a brown powder which
gives a red aqueous solution. Addition of hydrochlorie 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-
8-sulpho acid for one component and then with I-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.

-
N&03 S |

OH
|
SO3N8.

Heliotrope 2B.

OH SO0,Na

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.



206 COAL-TAR DYES

DiamiNg STILBENE DisULpPHO AcCID

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 miore complex tetrazo dyes.

Diamino stilbene disulphonic acid is an example of such a
class of substances, The composition is shown below:

112N<:>GH:GHC>N112
| l
HO,S SO;H

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 tlirust 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
s0 as to show the relative positions of the substituting groups
in the partial and final products:

CH, OH;
SO;H
+ st 04 = - H2 o
NO, NO,
p-Nitrotoluene p-Nitrotoluene

sulphonic acid



THE AZO DYES 207

SOz;H
CH; |
i | — >
-__é 0
/
o
|
SO0z;H
p-Nitrotoluene Azoxystilbene
sulphonic acid disulpho acid
SOzH
| SO.H SO,H

N
N | |
" 0o — HN CH:CHQNﬂz
ON/ Diamino stilbene

disulpho acid

S0,H

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 Hesslan
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:
SO3N& SO3N3,

o oy
N N

NH, NH,
Hessian Bordeaux
The 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. It may be
diazotized upon the fibre itself.

Hessian Purple N. (1886) resembles the last dye Hessian
Bordeaux described, indeed 1t 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 f-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: S0;Na SO;Na
| |
NQCH : GHQN
i |
N N
NH, H,N

Hessian purple N.

By referring to the formula of Hessian Bordeaux, the amino
groups will be found attached to those carbon atoms which
are opposite to those which engage the diazo groups. This
change in position changes the color of the dye from Bordeaux
red to purple.

Hessian Purple N. is a brownish red powder. Its aqueous
solution is cherry red. A bluish black precipitate falls on
adding 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 color
is not fast to light and it is sensitive to acids. It is lews
fugitive upon wool than upon cotton, and it is moderately
fast to milling.

Hessian Violet (1886) may be regarded a relative of Hessian
Bordeaux, for if one amino group be removed and a hydroxyl
group be substituted in the same naphthalene nucleus, though
in a different position, a red dye becomes violet.

D:azotized diamino stilbene disulpho acid is united with one
molecule of a-naphthylamine and one molecule of f-naphthol
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with the result shown below in the formula of the sodium salt
of the dyestuff, which is the commereial product:

SO;;Na SO3Na.
| |
(e oy
! I
COOH
NH,

Hessian violet

The commercial dye 1s a black powder. It dissolves in
water with a reddish violet color. Hydrochloric acid throws
down a blue precipitate. A Dbluish 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:

SO;Na SO;Na

N

N N
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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. It is very fast
to light, though sensitive to alkalis. Dilute acids do not

affect it.
The color is reddened by alkalis, It is used more for

coloring paper than cotton.

REPRESENTATIVE Az0 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. CoMroNENTS COUPLED BY DIAZOTIZING.
Spirit Yellow R.
o-Toluidine 4 o-Toluidine

/o8
C¢H,—N=N(1)C¢H;(CH;)NH, 3:4
Colors fats, oils, waxes and lacquers.

Atlas Red.
Primuline + m-Toluylene Diamine

s s
e\
0<N>06H3 c\N 0eH; 0,

s SO;;Na.
06H3\/\N>0'06H3‘N"‘=N(6)°6H2(NH2)2(°H3) 1:3:4

Dyes unmordanted cotton in an alkaline bath terra
cotta red.

Sudan G.
Aniline + Resorcin

OgH;N=N(6)0Hy(OH), 1:3
Used in coloring fats and oils.
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Namz. CamronenTd CourLep »Y DiazomziNg

Sudan I.
Auiline 4+ pA-Naphthol

CH;N=N(1)C,0H;0H 2
Colors spirit varnishes and oils orange yellow.

Orange G.
Aniline 4 B-Naphthol y-Disulpho Acid
06H5N=N(1)010H4(0H)(SOgNa)g 2:6:8
Iimployed in wool dycing for mixed shades.
Alizarine Yellow G.G.
m-Nitraniline 4 Salicylic Acid
(NO,)C;H,N=N(1)C;H3(COH)(0OH) 3:4
Dyes wool mordanted with chromium salts yellow.

Alizarine Yellow R.
p-Nitraniline 4 Salicylie Aeid
(N02)06H4N=N(1)06H3(002H)(0H) 3.4
Dycs wool mordanted with chromium salts yellowish
brown.

Victoria Violet 4B.S.
Reduction product of Chromotrope 2B. in Alkaline
Solution

H,NC¢HN=N(2)C,; H3(0H)>1:8(SO3Na)»3:6

Wool is dyed a bluish violet in an aeid bath. The dye
cqualizes well and is fast to washing and rubbing.

Cochineal Scarlet 2R.
Toluidine 4 «a-Naphthol Sulpho Acid C.

OH,0,H,N=N(2)C,,H;(OH)SO3Na 1:5
Dycs wool in an acid bath red.

Orange G.T.
Toluidine 4 B-Naphthol Sulpho Acid 8.

CH;03H N=N(1)C,oH,(0H)(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 Aecid S.

CH;C¢H,N=N(2)C;0H;(0OH),S0;Na 1:8:4
Wool is dyed a rosaniline red from an acid bath.
Sudan IIL
Xylidine + B-Naphtlol
(cH3)206H3N=N(1)010H80H 2
Employed for coloring fats, oils and spirit varnishes a
yellowish red.
Azococcine 2R.
Xylidine + a-Naphthol Sulpho Acid N.W.
(CH3)206H3N=N(2)010H5(OH)(SO3N8.) 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. It is sensitive to action of metals.

Wool Scarlet R.
Xylidine + «-Naphthol Disulpho Acid Sch.
(CH3)206H3N=N(2)010H4(OH)(SO:;IT&)z 1:4:8

Wool is dyed a fiery red which resists milling and the
action of Light.

Brilliant Orange R.
Xylidine + p-Naphthol Sulpho Acid S.

(GH3)306H3N=N(1)010H5(0H)(S 03Na.) 2:6

Dyes wool yellowish red from an acid bath. It is also
used for dyeing silk.

Ponceau 2R.
Xylidine + @-Naphthol Disulpho Acid R.

(CHy)oCgH3N=N(1)C,oHy(OH)(SO;Na), 2:3:6

Wool 18 dyed red from an acid bath and it is used for
coloring lacquers.
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Name. CompoNENTs COUPLED BY DIAZITIZANG
Ponceau 3R.

¢-Cumidine <+ S-Naphthol Disulpho Acid R.
(CH;3)3C0sHoN—N(1)C,0H4(OH)(SO3Na), 2:3:6

Dyes wool réd from an acid bath and is used to color
lacquers.

Sudan Brown.
«@-Naphthylamine 4 «-Naphthol
C10H;N=N(4)C1oHg(0OH) 1
Employed to color fats, oils und spirit varnishes.
Fast Red B.T.
«-Naphthylamine + J-Naphthol Sulpho Acid S,
010H7N=N(1)010H5(OH)(SO;;Na,) 2:6
Wool is dyed in an acid bath.
Azocochineal.
o-Anisidine 4+ «a-Naphthol Disulpho Acid Sch.
CH3;0C;H,N—=N(2)C,ocH,0H(SO3Na), 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—OgH,CcH,OH
N—CgH3(C0,H),(0OH) 3:4
Wool mordanted with chromium salts is dyed yellow.

Erika B.
Dehydrothio-m-Xylidine + «a-Naphthol-e-Disulpho Acid
//s\
(OH3);CgHy—N=0. Og H3( CH3)N=N(2) C)0H4(0H)(803Na),

1:3:8
Cotton is dyed rose red without a mordant.
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Nawme. CoMPONBNTH Crilirrip BY DiazongiNGg.,

Chrysoine. .
Sulphuniliec Aexl 4+ Resorcine

SO3N&
oan4<
N=N(6)C¢Hz(0OH), 1:3
Employed for mixed shides upon wool ad sitk,

Orange II.
Sulphnnilic Acid 4 #-Nuphthol

SO:;N&.
°<;H4<
N=N(1)°10H(;0H 2
Wool and silk in nn neid hath wre dyed orange.
Naphthylamine Brown.
Naphthionte Ackl 4+ «-Nuphthol
Na0;80;0H;N=N(4)0 (H;0H 1
Dyes wool in an neid buth o brownish orange which

becomes fust to washing, nlknlis nnd neids by oxidation
upon the fibre witl ¢hromic neid.

Azorubin.
Nuphthionic Acid 4 «-Nuphthol Sulpho Acid N.W.
Na0,80,H;N=N(2)0,,H;(OH)(S0;Na) 1:4
Wool In an acid buth is dyced red which rosists the
action of acids and nlknlis.
Fast Red.
Naphthionic Acid + S-Nuphthol Sulpho Acid 8.
N&03SOIQH0N=N(I)OIQH(;(OH)(808N3) 2:8
Wool in an acid bath is dyed red.
Fast Red D.
Naphthionic Acid 4+ S-Naphthol Disulpho Acid R.
Na.O;;SOmHﬁN:N(1)010H4(0H)(803Na)3 2:8:8
Wool and silk in an acid bath are dyed a bluish red.

The dyc equalizos well and is fast to acids and alkalis and
modcrately fast to light.
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NaMmg. CamponeNTs CoUuPLED BY DIAZoTIZING
New Coccine.

Naphthionic¢ Acid 4 S-Naphthol Disulpho Acid G.
N&O:;SCIQHGN=N(1)010H4(0H)(SO3N&)2 2:6:8
Dyces wool and silk a scarlet which resists light and
1s fast to acids and alkalis.
Ponceau 6R.
Naphthioni¢ Acid 4 B-Naphthol Trisulpho Acid
Na,O:;SCmH(;N=N(1)01(,H3(OH)(SO,A;Na.):; 2:3.6:8
Wool iu an acid bath is dyed a binish red that is fast
to light.
Double Brilliant Scarlet G.
B-Naphthylamine Sulpho Acid Br 4 3-Naphthol
Na0,8(6)C;oHy(2)N=N(1)0,,Hg(OH) 2
Dyex wool a yellowish red: it i3 fast to washing upon
silk.

Crumpsall Yellow.
[-Nuphthylamie Disulpho Acid G.  4-. Salicylic Acid

6:8 (NaO:;S)n_:Cst(Z)N=N(6)06H3(0H)(002H) 3:4
Wool nlone and wool mordanted with chromium salts is

dyed yellow.

Cotton Yellow R.
Primuline 4+ Salicylic Aci

s ]
’ .ol
<J\N>06H3 o\N>061130113

SO3Na,

S

0z >0-0HyN-—===—N(6)CoHy(OH)(00:H) 33
N

Dyes cotton without a mordant in a bath containing
Glauber’s salt. Fast to light and the action of acids and
s0ap.
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NamE. CompPONENTS CoUuPLED BY DIiazomizING
Diamond Yellow R.
o-Aminobenzoic Acid 4 Salieylic Acid

HO,CCH,N=N(1)C;H;(0OH)(CO,H) 4:3

V7ool mordanted with chromium salts i+ dyed a reddish
yellow which is fast to light and milling.

Diamond Yellow G.
m-Aminobenzoic Add 4+ Salieylic Acid

HO,CC;H,N=N(1)C;H,(CO,H)(OH) 3:4

Dyes wool mordanted with chromium salts o greener
shade of yellow than diamond yellow R.

Indoine Blue R.
Safvaniue + A-Naphthol

S—N=N( 1)010H60H 2

Cotton mordanted or unmordanted is dyed a very fast
shade of indigo blue.

Rosophenine S.G.
Primuline + «-Naphthol Sulpho Acid N.W.

P—N=N(2)C,oH;(OH)(SO;Na) 1:4

Cotton is dyed without a mordant from pale rosa 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.
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For cxample, sulphanilic acid is diazotized and coupled
with resorcin, forming resorcin yellow, as shown below:

SO3N8:
cﬁn4<
N=—==N

OH
Resorcin yellow (monazo dye)

If m-xylidine be diazotized and allowed to act upon the
monazo dye resorcin yellow, it will unite with it, forming a
disazo dyec resorcin brown, which appears when completed as

follows:
S 03 Na,

GGH4< OH CH3
N——=N, N——=N
OH CH,

Resorcin brown (disazo dye)

1¢ following list Is made u es formed In a simlar
The foll g ligt is made of d formed 1
manner:

Leather Brown.

p-Anino acetanilid
>7)L-Phcnylcnc diamine
p-Amino acetanilid
Dyes leather and unmordanted jute brown.

Terra Cotta F.

Primnuline
Ym-Phenylene diamine

Nuphthionic acid
Cotton is dyed without a mordant in weakly alkaline

bath containing (lauber’s salt a fast brown.

Fast Brown.
Naphthionic acid
>Resorcin
Naphthionie acid
Wool In an acid bath is dyed brown which is fast to acids
and alkalis.
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Fast Brown G.
Sulphanilic acid
>a-Naphthol
Sulphanilic acid
Wool in an acid bath is dyed brown.
Palatine Black.
Sulphanilic acid coupled
in acid solution 1.8-Aminonaphthol-4-
«a-Naphthylamine coupled sulpho acid
in allzaline solution
Wool and silk are dyed black.

Disazo DyYEs: SECONDARY

In this division of the disazo dyes an aminoazo dye Is
diazotized and then combined with various amines and pheunols.
This class contains many dyes of importance in wool dyeing.
An illustration which is typical in the method of formation
1s the following:

Aniline yellow is one of the simplest monazo dyes and has
the formula given below:

CsH;N=NC,H,NH,-HCl
Aniline yellow (monazo dye)

By diazotizing this, there is obtained the diazotized aniline
yellow:

CeH;N=—NCzH,N=NCl

which combines with S-naphthol, forming Sudan I1I.:

CcH; N=NC;H,N—NCl -+ HOIOHGOH =
Diazotized aniline yellow f-naphthol

CcH;N—=NC,H,N=N(1)C,oH,0H 2. 4 HCl

Supvan III

The following dyes are members of this class:
Cloth Red G. Aminoazobenzene a-Naphthol sulpho acld N.'W.
(1:4).
Ponceau 5R. Aminoazobenzene + S-Naphthol trisulpho
acid 2:3:6:8.



THE AZO DYES 219

Cloth Red 3B. Aminoazotoluene + p-Naphthylamnine-5-
monosulpho acid (2:5).

Crocein 3B. Aminoazotoluene + «-Naphthol disulpho acid
Sch. (1:4:8).

Cloth Red B. Aminoazotoluene 4 «-Naphthol sulpho acid
NW. (1:4).

Bordeaux B.X. Aminoazoxylene 4 p-Naphthol sulpho acid
S. (2:6).

Orchil Red A. Aminoazoxylene 4 B-Nuphthol disulpho acid
R. (2:3:6).

Cloth Scarlet G. Aminoazobenzene sulpho acid + #-Naph-
thol.

Ponceau 4R.B. Aminoazobenzene sulpho acid + S-Naph-
thol sulpho acid B. (2:8).

Crocien Scarlet O. (extra). Aminoazobenzene disulpho acid
+ p-Naphthol sulpho acid B. (2:8).

Fast Ponceau 2B. Aminoazobenzene disulpho acid + g-
Naphthol disulpho acid R. (2:3:6).

Crocein Scarlet 8B. Aminoazotoluene sulpho acid + g-
Naphthol sulpho acid B. (2:8).

Fast Violet (reddish). Sulphanilic acid azo-a-Naphthylamine
4+ p-Naphthol sulpho acid S. (2:6).

Anthracite Black B. a-Naphthylamine disulpho acid azo-a-
Naphthylamine 4 Diphenyl-m-phenylene diamine.

Naphthylamine Black D. «-Naphthylamine disulpho acid
azo-Naphthylamine + «-Naphthylamine.

Diamond Green. Aminosalicylic acid azo-a-Naphthylamine
+ Dioxynaphthalene monosulpho acid S.  (1:8:4).

Diamond Black F. Aminosalicylic acid azo-a-Naphthylamine
+ «-Naphthol sulpho acid N.W. (1:4).

Janus Red. m-Aminophenyl-trimethyl-ammonium < m-
Toluidine < p-Naphthol.

Dinucr Disazo Dyrs oM BeNzIDINE AND ITS HoMOLOGUES

The dyes formed from benzidine and its homologues, as
previously stated in this chapter, by diazotization and coupling
with amines and phenols can be applied to cotton without
the aid of a mordant. They are the so-called direct dyes,
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Benzidine possesses two amino groups and both are easily
diazotized by the aid of sodium nitrite and an acid, with the
result shown below:

06H4NH2 06H4N=N01
——
CgH,NH, CsH,N=N0l
Benzidine Tetrazobenzidine chloride

Thig product may now become coupled with two molecules
of an amine, two molecules of a phenol or one amine and one
phenol. TFurthermore, the amines may be unlike and the
phenols may be unlike, thus widening the scope of this reaction
and producing a large number of dyes. The number is further
increased by the homologues of benzidine, e.g., tolidine,
CH3(HyN)CgH - CcH3(NH,)CHj, having the same power of
producing new dyes,

The coupling action of tetrazobenzidine chloride is not
equally rapid for both molecules of the sccoud component.
The first molecule reacts at once; the complete coupling of the
second molecule is much slower, sometimes requiring several
days.

If the second components are alike, the dyes are known as
simple benzidine dyes: if they are unlike, mixed benzidine
dyes result.

When, for example, the tetrazobenzidine chloride unites
with two molecules of sodium naphthionate and the acid
product neutralized by un alkali, u red dye called Congo red
s formed—the first direct dye whose discovery mtroduced
the manufacture of this valuable class of colors:

NC;H,.0;H,N
Ny,N N N NH,
>Hsclo clOH5<
NaO3S SO;Na
Congo red

A few of the important dyes of this class are listed below,
showing the primary substance (a p-diamine) which is doubly
diazotized as a starting point and the secondary components
which unite with it to form the dye:
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Brilliant Congo G.
(1) p-Naphthylamine disulpho acid
Benzidine< 2:3:6.
(1) g-Naphthylamine monosulpho
acid, 2:6.
Diamine Fast Red F.
(1) Salicylic acid, 4:5.
Beuzidiuc<
(1) B-Aminonaphthol sulpho acid,
2:8:6, n acid solution.
Benzopurpurin B.
(1) B-Naphthylamine sulpho acid Br,
'l‘olidine< 2:6.
(1) B-Naphthylamine sulpho acid Br,
2:6.
Rosazurine B.
1) Ethyl-5-Naphthylamine d-sulpho
Tolidine acid, 2:7.
(1) Lithyl-8-Naphthylamine d-ulpho
acid, 2:7.
Azo Blue. .
2} «-Naphthol sulpho acid N.W,,
Toldine 1:4.
() a-Naphthol sulpho acid, N.W.
1:4.
Benzoazurine G. ‘ .
(2) «-Naphthol sulpho acid N.W.,
Dizmisidinc< 1:4.
(2) «-Naplhithol sulpho acid N.W.,
1:4.
Pyramine Orange 3G. (2) m-Phenylene diamine disulpho

Benzidine acid, 1:3:4:6.
(4) Nitro-m-o-phenylene  diamine,
1:3:6.
Diamine “Black B.H.

(7) Aminonaphthol sulpho acid 7,
Bcnzidinc< 2:8:6 (in alkaline solution).

(7) Aminonaphthol sulpho acid H,,

1:8.3:6 (in alkaline solution).
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Benzopurpurin 10B.
PP (2) Aminonaphthalene sulpho acid,

Dianisidine< 1:4.
(2) Aminonaphthalene sulpho acid,
1:4,
Chicago Bluc 6B. (7) Aminonaphthol disulpho acid S.,
Diunisidine< 1:8:2:4,
(7) Aminonaphthol disulpho acid S,
1:8:2:4.
Carbazol Yellow.
(1) Salicylic acid, 4:5.
Diaminocarbazol<
(1) Salicylic acid, 4:5.
Diamine Sky Blue. (7) Aminonaphthol disulpho acid H.,
Dianisidine< 1:8:3:6 (in alkaline solution).
(7) Aminonaphthol disulpho acid H.,
1:8:3:6 (in alkaline solution).
Naphthylene Red.

1:5 Diamino- <(2) Naphthionic acid.

naphthylene \(q) Naphthionic acid.
Chrysophenine.
Diaminostilbene 4. Phenol, 1.

disulpho acid \(4) Phenetol, 1.

St. Denis Red.
(2) a-Naphthol sulpho acid, N.W.

Diamino- 1:4
azoxytoluene (2) a-Naphthol sulpho acid N.W.,
1:4.

Trisazo DyEs

In all dyes of this class will be found three double nitrogen
or azo (—N=N—) groups. They all become nuplauted by
successive diazotizing reactions in producing the finished
molecule of the dye. For a disazo dye to become a trisazo
dye it is necessary that the former contain an amino group
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which may be diazotized ready for coupling with another
component. The following example will make this clear:
Benzidine, CeH4(NHy)s, with its two amino groups diazotized
may become coupled to two molecules of amines or phenols.
If in one of the second components an amino group is present
this may be diazotized and coupled with a third component
to form a trisazo dye:

Ozxamine Violet G.R.F.
-Naphthol disulpho acid R., 2:3:6.
Benzidine

Phenylene-m-diamine oxamic acid +
m-Phenylene diamine.
Benzo Olive.

alicylic acid.
Benzidine
a-Naphthylamine + Amino naph-

thol disulpho acid H,, 1:8:3:6.
Diamine Bronze G.

alicylic acid.
Benzidine
Aminonaphthol disulpho acid H. +

m-Phenylene diamine.

lumbia Black R.
Columbia Blac minonaphthol disulpho acid 2R. +

Tolidine m-Toluylene diamine, 2:8:3:6.
m-Toluylene diamine.

Benzo Black Blue R. )
-Naphthol sulpho acid N.W., 1:4.
Tolidine<a

a-Naphthylamine 4 «-Naphthol
sulpho acid N.W.
Benro Black Blue G.

Benzidine
disulpho acid

«-Naphthylamine + a-Naphthol
sulpho acid N.W., 1:4.
a-Naphthol sulpho acid N.W.

Alizarine Yellow F. S. o )
/Sahcyhc acld.
Rosaniline<Salicylic acld.
Salicylic acid.
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2
&

Columbia Black F.B.
«-Naphthylanine sulpho acid (Cleve),
p-Phenylene < 1:3.

diamine Aminonaphthol sulpho acid G. +
m-Phenylene diamine, 2:8:6.

A trisazo dve may also be formed from a benzidine dye even
when no amino group appears in either of the second com-
ponents ready for diazotizing. In this case one of the second
components must be of such a nature that a separately pre-
pared diazo compound will couple with it,

The following dyes exhibit this method of formation:

Congo Brown G.

Salicylic acid.
Benzidine<

Resorein.
Sulphanilic acid

Here the second component resorcin, containing no amino
group, is still able to react with diazotized sulphanilic acid,
the third diazo group being brought into the reaction by the
last-named component:

Diamine Green G.

Benzidiue<
/Aminonaphthol sulpho acid H.

Salieylic acid.

p-nitraniline

Columbia Green.

alicylic acid.
Benzidine .
Aminonaphthol sulpho acid 8., 1:8:4.

Sulphanilic acid

Congo Brown R.

Salicylic acid.
Benzidine<

Resorein.

/
a-N%phthylamine sulpho acid L., 1:5.
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Twrrarkisazo Dyrs

Four nzo groups (—N=N—) characterize this class of dyes.
The molecules wre the most complex of the azo dyes but are
more cadly comprchended by regarding them as made of
components simpler than the finished dye held together by
the same binding azo groups throughout.

They are frequently produced on the fubric. A illustration
is fmmished by Hesstan brown M.M., which iz made by allowing
two molecules of diwzotized sulphunilie acikl to act upon a
substance which i already o disazo dye carrying two azo
groups known ax pyraridal brown T.:

Sulphanilie

Lahad N

3 . Resorein
Hessian Brown M.M. | Tolidiued

s /_Resorc.in

Sulphuuiﬁ

acid

The initial disazo dyc pyramidal brown T. is shown within
the dotted line: the guin in thus converting one brown dye
into another brown dye is depth of shade and greater fastness.

Other dyes of this class are:

Sulphanilie
acid |
\m-PheI}ylene
Benzo Brown G. | m-Phenylene(’ (iamine
digmine m-Phenylene
diamine

s
Sulphanilic
acid
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The initial disazo dye in this instance is Bismarck brown,
which is inclosed in the dotted line.
Salicylie acid,
Benzidine
Mekong Yellow G. toxydipheny! methane
Benzidine

Salicylic acid

Two molecules of benzidine are diazotized and each eoupled
to a molecule of sulphanilic acid; then these two molecules
thus prepared join themselves to the central molecule of dioxy-
diphenyl methane.

The following dye is similarly constituted; the final step
being the union of two molecules of the intermediate product
to dioxydiphenyl methane:

Naphthionie acid.
Tolidine
Azo orange R. toxydiphenyl methane.
Tolidine<12

aphthionic acid.

Salieylic acid.
Tolidine
Mekong Yellow R. toxydiphenyl methane.
Tolidine g

alieylic acid.



CHAPTER IX
THE SEVEN FOOD COLORS!?

In the processes of preserving many fruits and vegetables,
and the products made from them, the natunl colors ave
often diminished to such an extent as to give them a deceptive
appearance of inferior quality. To remedy this, artificial
colors are used to restore as far as possible the original shades.

The advent of coal-tar colors of intense power and brilliance,
more durable and cheaper than most vegetable colors, naturally
led to their use in foods and beverages. Had they been
harmless, little objection would have been made against them,
save where a dishonest merchant or manufacturer might hope
by their aid to conceal real inferiority in his goods.

These colors are not all harmless. Some of them are dan-
gerous poisons and others harmless in themselves are dangerous
fromn metallic salts contained therein, or because of the arsenic
they have acquired from the sulphuric acid directly or indirectly
employed in some stages of their manufacture.

The result has been that after long and careful consideration
the number of voal-tar colors for foods and beverages has been
limited by the government to seven. These were selected both
because they are harmless in themselves and their manufacture
can be so conducted as to produce a pure product, excluding
contamination with arsenic or poisonous metallic salts and
avoiding the retention of the raw materials or any foreign
matter whatever, and their patents have expired, leaving their
manufacture open to all competitors.

The arsenic contamination comes from the sulphuric acid
employed. Asthe U, S. Pharmacopceia requires that sulphuric

! Permitted in foods and beverages by the U. S. Government.
227
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acid shall not contain more than one part of arsenic in 100,000,
and as sulphuric acid can be obtained in large quantities
containing only one part of arsenic in 500,000 and without
increase in the price, the muanufacture of these colors free
from arsenic offers no special difficulties.

These seven colors and mixtures of them are regarded as
ample for producing any desired shade in foods, beverages,
condiments or confectionery. The seven permitted colors are:

REp 107. Amaranth.
56. Ponceau 3R.
517. Erythrosine.
OrancE  85. Orange 1.
YeLLow 4. Naphthol Yellow S.
GrERN  435. Light Green S.F. Yellowish.
Brur 692. Indigo Disulpho Acid.

They all belong to the class of acid colors. All except
erythrosine owe their acid properties to the salt-forming
sulpho acid group, (—SO3zH). Erythrosine contains the salt-
forming groups, (—CO-OH), and (—OH).

The seven colors are further classified as:

( Amaranth.

Orange 1. } Azo Colors.

Ponceau 3R.

Naphthol .

. | Yellow S. } Nitro Color.
Acid Colors 1 y1iont Green S. F. | Triphenyl methane

(Yellowish). Color.

Indigo Disulpho
Agid. P } Indigo Color.

\ Erythrosine. Pyronine Color.

Amaranth appears in commerce as a reddish brown powder
which dissolves in water with a fuchsine red color. If hydro-
chloric acid is added to the solution no change oceurs; but it
turns dark when sodium hydroxide is added. It dissolves in
strong sulphuric acid with a violet color which turns bluish
violet on addition of water. Is is not easily soluble in
alecohol.
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This color is prepared by diazotizing naphthionic acid and
coupling this product with f-naphthol disulpho acid R. These
two ingredients and the finished color have the structure
assigned below:

NH:
OH
HO;S SO;H
SO;H
A-Naphthol-disulpho acid R. Naphthionic acid

The sodinm salt of the product of the above diazotizing and
coupling actions I8 amaranth:

Ni———————

=N
OH
N&O:;S S 03Na.

SO;Na
Amaranth

Amaranth is not affected by acids and alkalies, and ylelds

a bluish red which resists to a fair degree the action of light.

Ponceau 3R. forms a dark red powder. In water it dissolves
easily with a cherry red color, but in aleohol 1t dissolves with
difficulty to a yellowish red color. No change in the solution
occurs when hydrochlorie acid is added, but a yellow precipi-
tate falls when sodium hydroxide is used. A cherry red
solution iy formed with strong sulphuric acid and the addition
of water causges no change.

Ponceau 3R. results from the action of diazotized ¢-cumidine
upon S-naphthol disulpho acid R. The commercial colot is the
sodium salt of this product:

CH3
CH, OH
H,N HO,S SO,H
N
CH;

¢ Cumidine #-Naphthol disulpho acid R
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N = N
OH H,C

NaO;S SO;Na CH,
CH;
Ponceau 3R

rosine is the only one of the seven colors containing
It is a yellowish brown powder which forms a cherry
tion in water. Unlike some other dyes of the pyronine
s solution exhihits no fluorescence.

the solution a brownish yellow precipitate falls on the
v of hydrochloric acid, while no change is caused by
hydroxide: in solutions of certain strength a red
ate falls which redissolves in an excess of water.
. the color dissolves in strong sulphuric actd a brownish
solution results, and this by warming evolves iodine

Addition of water to the solution in sulphurie acid
. yellow precipitate.
wrosine may be prepared by treating fluoresceine with
in aleoholic or aqueous solution. The fluoresceine
made by heating together two molecules of resorcin
» molecule of phthalic anhydride to 190-200° C., alone
zine chloride:

—C
Cco V2
HO OH co
Resorcin Phthalic anhydride
0 OH
10\ NN
Ned
AN
o
|
co
/

Fluorescein acid
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N
OH H;C
Na:03 S SO3Na. CH3
CH;,
Ponceau 3R

Erythrosine is the only one of the seven colors containing
iodine. It is a yellowish brown powder which forms a cherry
red solution in water, Unlike some other dyes of the pyronine
class, Its solution exhibits no fluorescence.

From the solution a brownish yellow precipitate falls on the
addition of hydrochloric acid, while no change is caused by
sodium hydroxide: In solutions of certain strength a red
precipitate falls which redissolves in an excess of water.

When the color dissolves in strong sulphwic acid a brownish
yellow solution results, and this by warming evolves iodinc
vapors, Addition of water to the solution in sulphuric acid
causes a yellow precipitate.

Erythrosine may be prepared by treating fluoresceine with
iodine in alcoholic or aqueous solution. The fluoresceine
itgelf is made by heating together two nolecules of resoveiu
and one molecule of phthalic anhydride to 190-200° C. alone
or with zine chloride:

co0—-C

/

HO OH co
Resorcin Phthalic anhydride

\c<
o

pt

Fluorescein acid
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When this has been enriched by four iodine atoms and

further has been neutralized to forin the sodium or potassium
salt, it beconies erythrogine:

N I o I _/ONa

I
N \g/
CO-0K
/
Erythrosine

Orange I. is a reddish brown powder which communicates
an orange red color to water and an orange shade to alcohol.
In both liquids it dissolves casily.

A brown precipitate forms when hydrochlorie acid is added
and change of color to cherry red follows the addition of sodium
hydroxide. A violet solution in strong sulphuric becomes
red brown by dilution with water.

Orange I. is mude by diazotizing sulphanilic acid and coupling
the product with c-naphthol. The sodium salt of this product
is orange I.

Orange I. may be contaminated with the poisonous orange
11, as an hnpurity:

NH:

SO,H OH
Sulphanilic acid a-Naphthol
| ee—————— )

AN
S 03 Na OH

Orange I
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Naphthol Yellow S. comes into the market as a bright
yellow or orange yellow powder. It burns with a yellow
flame accompanied by scintillation. The powder dissolves
easily in water with a yellow color.

Hydrochloric acid turns the solution to a brighter shade of
yellow, but no precipitate is formed. Very different effects
are observed upon adding the potassium and sodiwn hydroxides;
the former causes a flocculent precipitate in exceedingly dilute
solutions while the latter has no effect. The solution in strong
sulphuric acid is a yellow which becomes brighter as water is
added.

Naphthol yellow S. may be made by the action of nitric
acid upon 1-naphthol 2-4-7 trisulpho acid. The potassium or
sodium salt of the product forms the color.

Naphthol yellow S. may contain the poisonous Martius
yellow, either ag an impurity or an adulteration.

OH ONa

H03S SO0;H NaO;S NO,
S 03 H NO,
1-Naphthol 2.4.7. disulpho acid Naphthol yellow 8

Wool and silk may be dyed yellow from an acid bath.

Light Green S.F. (yellowish) is a bright green lusterless
powder which dissolves in both water and alcohol with a
green color. The solution becomes yellowish brown on addition
of hydrochloric acid. Sodium hydroxide bleaches the solution,
and then causes a turbidity with violet color.

Neither barium chloride nor picric acid cause a precipitate.
The yellow solution in strong sulphuric acid becomes slowly
green on dilution with water.

Light green S.F. (yellowish) is manufactured by bringing
together benzaldehyde and methyl benzyl aniline. The con-
densation product thus formed is sulphonated by sulphuric
acid and then oxidized: neutralization then forms the salt,
which is the color.
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CH;
CHO N<
/
CH,
|
CoH;
Benzaldehyde Methyl benzyl aniline
D %
CH, OH CH,
| |
CeH,4 \(L / CoH,
| | |
SO;Na SO;z;Na

Light green 8.F. (veRowish)

Indigo Disulpho Acid is & fine powder of blue color, which
dissolves easily in water with a blue color. A bluish violet
effect is caused by adding hydrochloric acid to its solution,
but this changes to blue again on diluting with water. Sodium
hydroxide develops an olive green which remains on dilution.
The bluish violet which it cominunieates to strong sulphuric
acid ¥ again turned blue as water ix added.

Indigo disulpho acid is one of the products which results from
treating cither natural or artificial indigo with fuming sulphuric
acid. The blue insoluble indigo is cnriched with two sulpho
groups by the process and thereby becomes soluble.

Indigo disulpho acid may be contuminuted with indigo
monosulpho acid:

N N
°6H4< C=C< 06H4
co co

Indigo blue (insoluble)

N NH
H03SCGH3< C=C< >CGH;§SO3H
co co

Indigo disulpho acid (soluble)
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The process of manufacture may begin at the coal-
tar products themselves or at any of the intermediate
products, or even with the finished color as it is found
In commerce itself. In this last ustance the manufac-
ture would consigt in purification of the commercial color
sold as a dye for fabrics to render it pure for the color-
ing of foods. In the eye of the luw the onec who purifies
crude colors is also a manufacturer, as well as he who
fabricates the crude dye itself from the simpler products of
coal-tar distillation.

It will be seen at a glance from the following scheme
of primary and intermediate substances needed for the
making of these seven colors, that the primary substan-
ces are few; further, that excepting indigo disulpho acid
only four primary substances are used, viz.: benzene,
toluene, paraxylene, and naphthalene, and that naphthalene,
which can readily be obtained of a high degree of purity,
enters into the manufacture of five out of the seven food
colors.

The finished product must not be contaminated with any
of the intermediate substances used in the manufacture, nov
with any subsidiary products which may be formed or with
any impurities brought in by the inorganic chemicals eniployed
during manufacture,

The following scheme shows what are the primary amd
intermediate coal-tar products used in the manufacture of
the seven food colors:

Naplhthalene
! {
a-Nitronaphthalene  A-Naphthalene sulpho acid

a-Aminonaphthalene - §-Naphthol

! !
Aminonaphthalene A-Naphthol disulpho
sulpho acid, 1:4  acid, 2:3:6

Amaranth
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Paraxylene Naphthalene

1
Paraxylidene A-Naphthalene
sulpho acid
¢-Cumidine  S-Nuaphthol
f-Naphthol disulpho

acid, 2:3:06

| |

Ponceau 3R.
Benzene Naphthalene
m-Benzene T'hthalic acid

disulpho acid l
T'hthalic anhydride
[p-Benzene

disulpho acil]

Resorein

!

Tluoresceine

!
Erythrosine

Benzene Naphthalene

Nitrobenzeue «-Naphthaleno
sulpho acid
Aniline !
«-Naphthol
Sulphanilic
acid

Orange 1.
Naphthalene

!
«a-Naphthalene
sulpho acid

y
a-Naphthol

Lo
«-Naphthol tri sulpho

acid, 2:4:7
or Naphthol Yellow S.
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Natural or Synthetic
Indigo

‘L.
Indigo-Disulpho-Acid
Toluene Benzene

Benzal chloride Nitro benzene
Benialdehyde Anilillw
Monoethylaniline
Bcnzjj}lethyluniline
Light-Green S.F. Yellowish

TEXT OF INSTRUCTIONS OF THE U. S. GOVERN-
MENT FOR MANUFACTURERS AND CONSUMERS
OF FOOD COLORS.

FOOD INSPECTION DICISION 76
Iswued July 13, 1907.
LisT or Dyes PerMiTrred PreNpING Fuwrmikr INVESTIGATION

The following list of dyes has been recommended in the
decision for use in foods and foodstuffs, pending further
investigation and announcenient of its results:

REp SHALES:
107. Amaranth.
56. Ponceau 3R.
s17. Erythrosine.
ORANCE SIADES:
85. Orange I.
YBLLOW SHADES:
4. Naphthol Yellow S.
GREEN SHADES:
435. Light-Green S.F. Yellowish.
Brue SuabEs:
692. Indigo Disulpho Acid.

The decision further states that these coal-tar dyes must he

mnade specifically for use in foods and bear a guarantee from
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Z

the manufacturer that they are free from subsidiary products
and represeut, the actual compound whose name they bear.

The following statement is necessary in order to illustrate
the principles guiding the Department of Agriculture in fram-
ing this portion of the decision:

An extended study of the large number of so-called coal-tar
dyes which are now in use for the coloring of foods and food-
stuffs has boeen necessary to arrive at a conclusion concerning
the restriction, if any, which may be placed on their use, and
the Department acknowledges the very efficient aid rendered
during the course of this study by Dr. Bernhard C. Hesse, of
New York city. Doctor Hesse has had an extended experience
in this subject through his long association with the leading
dyestuff manufacturers in Germany. Since severing his con-
nection with them he has given his time largely to expert
work along this line.

The literature on this subject is very unsatisfactory as to
what coaltar products are used, and is not to be depended
upon, because of the equivocal nature of the terminology
cmployed. It is impossible to reduce this terminology to an
unequivocal and definite basis for the great majority of such
coal-tar colors.

It was impracticable to go to all those in the United States
who use conl-tar dyes in food products and obtain specimens
of the coal-tar colors so used. This is true not only because
ol the large number of such users and their wide geographical
digtribution, hut also because of the reluctance which would
undoubtedly be encountered among many such users to disclose
the nature ol the products employed by them.

The sources of coal-tar materiale are limited in number,
however. By reference to the book entitled “A Systematic
Survey ol the Orgunic Coloring Matters,” by Arthur G. Green,
published in 1904, on pages 9 and 10 thereof, it will be seen
thut thore are thirty-seven different concems in the world
engaged in the manufacture of coal-tar materials.

Thevelore 1 canvass of these sources for such coal-tar color-
ing m.itars s, in their judgment, or in their business practice,
they regund s proper for use in food products, seemed the best
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mode of obtaining a knowledge of the field of the coal-tar
colors here in question.

Communication was had, therefore, with thirteen manu-
facturers of coal-tar colors in an endeavor to obtain from
them a list of such coal-tar colors as in their judgment or
business practice were deemed suitable for use in food products.
When this co-operation was established, request was also made
for information as to the composition of the coal-tar samples
submitted, and in order to avoid confuston samples were t0 be
identified by reference to the ¢ Systematic Survey of the
Organic Coloring Matters,” by Green, in which each coal-tar
color has its own number. This information is necessary to
reduce the terminology to a common and unequivocal basis,
The thirteen manufacturers, or their accredited agents, with
wliom communication was held probably represent from 85
to 90 per cent of the total dyestuff output of the world.

In order to make provision for the twenty-four makers on
the list in the Green tables, and not included in the thirtcen
makers consulted, a request for samples was made from two
New York city houses who themselves import coal-tar colors
from. sources other than the above, for use in food products.
Their products must fairly represent any output not repre-
sented by the thirteen makers above mentioued.

The question of the choice of dyes for the coloring of food-
stuffs has been decided on the basis of those dyes which have
been submnitted by the manufacturers or their aceredited
agents, but it was impossible to consider any dyes when the
manufacturer or the accredited selling agent was unwilling to
state uncquivocally what the dyes submitted were, so that
they could be identified chemically.

When thosc interested in placing dyestuffs on the market
for the coloring of food have shown unwillingness to give
information of this kind as to what they sell, and by thus
selling, recommend, the burden of proof as to the harmlessness
of such dyes lies with them, and until such proofs are adduced,
the use of such dyes should be inhibited.

With this knowledge of the specific nature of the dyes
reccommended, the Department has made a study of those
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concerning which there has been the greatest unanimity of
opinion among the manufacturers or their agents as to their
fitness; and in the cases where such dyes have been studied
as to their physiological action, nnd the reports have been
favorable, they have been included in the tentative list pro-
posed in the food ngpection decision herewith.

This tentative list of dyes includes a wide range of colors
sufficient for all legitimate purposes. Among them are none
which are patented, so that their manufacture is open to all
interested in the dye industry.

One point must be particularly emphasized regarding the
use of these dyes, namely, the need for the manufacturer’s
guarantee of purtty. It is the manufacturer above all who
knows the exact nature of his dyestuffs, and if he i willing to
sell his colors for use in foodstuffs he should be willing to
guarantee that the dyes really are what they are represented
to be, that they are not mixtures, and that they do not contain
haymful impurities.

In orvder further to minimize the possibility of harmnful
impwitics existing in these dyes, it has been thought necessary
to require a fwther cxmmnination by cowmpetent experts, a
certificate from whom is necessary, stating that the dyes in
question are what they are represented to be.

'OOD INSPECTION DECISION 76—Conltnucd
[So much of it as relates to colors]

The use of any dye, haruless or otherwise, to color or stan
a food in o manner whereby damage or inferiority is concealed
i specifically prohibited by law. The use in food for any
purpose of any mineral dye or any coal-tar dye, except those
coal-tav dyes hereinafter isted, will be grounds for prosecution.
Pending further vestigations now under way and the an-
nouncement thercof, the coal-tar dyes hereinafter named,
mule specifically for use in foods, and which bear a guaranty
from the manufacturer that they are frec from subsidiary
products and represent the actual substance the name of
which they bear, muy be wsed In foods. In cvery case a certifi-
cate that the dye in question has been tested by competent
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experts and found to be free from harmful constituents must
be filed with the Secretary of Agriculture and approved by him.

The following coal-tar dyes which may be used in this
manner are given numbers, the numbers preceding the names
referring to the number of the dye in question as listed in A. G.
Green’s edition of the Schultz-Julius “Systematic Survey of
the Organic Coloring Matters,” published in 1904.

The list i1s as follows:

RED SnapEs:
107. Amaranth.
56. Ponceau 3R.
517. Erythrosine.
ORANGE SHADES:
85. Orange I.
YELLOW SHADES:
4. Naphthol Yellow-S.
GREEN SHADES:
435. Light Green S.F. Yellowish.
Brug Snabgs:
692. Indigo Disulpho Acid.

Hach of these colors shall be free from any coloring matter
other than the one specified and shall not contain any con-
tamination due to imperfect or incomplete manufacture.

H. W. WiLey, FrepveErick L. Dunvrar, Gro. P. McCagg,
Board of Food and Drug Inspection.
Approved: James WiLsoN, Secretary of Agriculture; Gro. B.
Correryou, Secretary of the Treasury;, OsCAR STRAUSS,
Sceretary of Commerce and Labor.
WasmnagToN, D.C., June 18, 1907.

1°00D INSPECTION DECISION 77
Issued Septecmber 25, 1907
CeBRTIFICATE AND CONTROL OF DYES PERMISSIBLE For USE IN
CoLoriNg Foops aAND FooDSTUFFS
The Department of Agriculture is in receipt of a large
number of inquiries concerning the interpretation to be put
on that portion of F.I. D. 76 which refers to coal-tar dyes not
inhibited for use in coloring foods and foodstuffs,
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The term “ mannfacturer,” as used i 1. I. D. 76 and in the
present. decision, applies to a person or company responsible for
the purification of the crude or raw dye for the purpose of
placing it in a condition fit for use m foods and foodstuffy;
or to the aceredited selling agent in the United States of such
person or company. Such accredited agent nmwst file, on
behalf of his forcign prineipal, if the latter does not file it,
a manufacturer’s certificate, and it will be considered that the
responsibility for such certificate will rest upon the aceredited
agent and not upon the foreign principal.

For each permitted dye two certificates must be filed by
the manufacturer, the fisst to be known as the “ I'oundation
certificate,” the second known as the ““ Manufacturer's certifi-
cate.” It is suggested that the foundation certificate be in
the following form:

KFOUNDATION CERTIFICATE

L....... Ceieeeas , the nudersigned, vesiding at ...............
(Street address.)
i the ity of. ... olit ..., county of... .. e , State of. .
.......... ‘evnn .. hereby certify under oath that I have personally
examined and tested for ... oL yof oo o , county
(Full pawe of coneern.) (City.)
of ... G yStateof ..o iliaL , theinaterial kunown as
................ , which corresponds to the coloring matter minm-
bered ... ... in A. G. Greew’s Edition (1904) of the Schultz-Julius

Y Systematic Survey of the Organice Coloving Matters,” aud of which

a oue (1) pound sample marked .. .... is herewith submitted. I
have found the said material to consist of that coloring matter only,
ta be free from harmful coustituents, und not to coutain any con-
tamination due to mperfeet or tncomplete manufacture.
(Here tnsert a complete stutement of all the tests applied to determine:
A. Identity.
B, Absence of
8. Mineral or metallic poisons.
b. Harmful organic constituents.
c. Contaminution due to amproper or tncomplete manufaciure.
Spectal attention should be given to setling forth fully the quantitics or
volume of cach materigl and reagent employed, its strength or concentra-
tion, lemperature, duration of treatment, Limits of delicacy of tests employed,
and any other information that is necessary lo enable others to repear
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accurately and correctly oll the work herein referved to and thus arrive at
identical results. For each iest performed, stule what conclygions are
drawn from it and why.)

(Sigua.tl'u:c. o.f.éh.e;n'is;t'l;l:;.\;i;);: lll( (‘!N.:u:l;;i.n.ui.:i(.m.)
CERTIFICATION.

For the manufacturer’s certificate the following form is
suggested:
MANNFACTURER'S CRRTIFICATE

I ....... e , the undersigned, a resident of the United
States, doing busmess B e , tuthe eity of ... L.
(Street wdidress.)

seoutyof ool ,Stateof ..ol
undcr the styleof ...l , do hereby certily nuder oath

(Full name of voncern.)
that I am the manufacturer of the material knownat ......... ...
which eorresponds to the coloriug watter numbered ...... in the
1904 Green Edition of the Schultz-Julius Tables, of which the accom-
pauying foundation certificate, signed by ............... ... , the
examining chemist, is the report of an analysis of a fair, average
sample drawn from a total batch of ...... pounds.

" (Signature of manufacturor)
CERTIFICATION.

The foundation certificate must be filed with the Secretary
of Agriculture at the time the first request is made of the
Secretary to use any or all of the permitted dyes for coloring
foods and foodstuffs.

The following form of supplemental certificate iIs suggested
in those cases where a manufacturer desires to apply for
permission to place on the market a new batch of a coal-tar
dye, which dye has already had a foundation certificate and
a manufacturer’s certificate filed for it:

SUPPLEMENTAL CERTIFICATE

IL...... e , the undersigued, residing at,..............
(Street address, )
inthe cityof ............... yeountyof ..o Ll , State of
................ , hereby certify under oath that I have 1>crsonally
examined and tested for ......... ... ... yof Lol , couuty of
(Full name of conc¢ern. ) (City.)
.......... ceee-nStateof ...... ... ..., ., the material known as

........... +.+.., which corresponds to the coloriug matter num-
bered ...... in A, G. Green’s Edition (1904) of the Schuliz-Julius
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“Systematic Survey of the Organie Coloring Matters,” of which a
ore (1) pound suuple muked . ... .. % herewith submitted, and I
have found it to cousist of that coloriug matter only and to be free
fromn harunful constitnents and not to contaim any eontaminatian due
to lmpevfeet or ncomplete manufacture.

This examination was conducted In strict accordance with the
detatled scheme of examination fully set forth in the foundation certifi-

eate fled ..ol e
(Dnte.)

(Signaiure of ehewist.)
CERTIFICATION.

This supplemental certifieate should likewise be accom-
panied by the same type of manufacturer’s certificate as is
described above.

When the certificates filed with the Departinent of Agricul-
ture are found to be sutisfactory, a “lot number” will be
assigned to each batch, which lot number shall apply to that
batch alone and to no other bateh of the same color.

According to F. I. D. 76, the seven permitted coal-tar dyes
therein named, made specifically for use in foods, may be used
in foods provided they bear a guaranty from the maunufac-
turer that they are free from subsidiary products and represent
the actual substance the name of which they bear. The
guaranty herein considered shall be applied as follows:

Each package sold by the manufacturer should bear the
legend ““ Part of Certified Lot Number .. ..... 7 The founda-
tion certificate, as well as the corresponding supplemental
certificate, does not apply to any certified dye beyond the
packnge originally prepared by the one establishing this
certificate. If such o package be broken and the dye therein con-
tained be repacked, the repacked dye, except as hereinafter
provided, becomes an uncertified dye, and as such is inhibited.

There i3 no objection on the part of the Department of
Agriculture to mixtures made from these permitted and
certificd dyes, by those who have filed certificates with the
Depurtment, but one (1) pound samples of such mixtures, and
the trade name under which each mixture is sold, must be sent
to the Secretary of Agriculture, and no such trade name or
keyed modification thercof may be used for any other mixture.
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The exact formula—that is, the true names as well as the
unmbers assigned to the original package and the proportions
of the ingredients used—should be deposited with the Secre-
tary of Aguiculture, but such formula nced not appear on the
label; in lieu of which may appear the legend “ Made from
Certified Lots Number ...... and Number ...... ;7 ete. If
the packages of these mixtwres bearing this legend be broken
and repacked, the mixture becowmnes, except as hereinafter
provided, an uncertified one, and hence its use is mhibited;
that is, the guaranty of the manufacturer shall extend only to
the packages prepared by himself and only for so long as they
remain in the unbroken form. Whenever new lots of pre-
viously established mixtures are made, making use of new
certified straight dyes therein, thus necessitating a change in
the label, 1-pound samples of the new mixtures should be
sent to the Secretary of Agriculture.

The term “ competent experts’” as used in F. I. D. 76
applies to those who, by reason of their training and experience,
are able to examine coal-tar coloring matter to ascertain its
identity and to determine the absence of foreign matter not
properly belonging to the product, which, if present, renders
the substance unfit for use in food products.

The term ““ bateh 7’ as used above ig such a quantity of the
product as has undergone the same treatment at the same
time and the same place as & unit and not otherwisc—that is,
the lot for one purification.

Those to whom certification is given with respect to their
dyes and a lot nuinber assigned should control the sale of such
batches so that they may account to the Department of
Agriculture by inspection of their books or otherwise for the
destination and disposal of each batch,

Those using these certified dyes in the preparation of foods
and foodstuffs must be in a position to substantiate the fact
that the dyes so used were of a properly certified character.

There is no guaranty on the part of the Department of
Agriculture that because the tests described in any foundation
certificate have once been accepted, the permanency of such
acceptance is assured,
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In those cases where a package of a straight dye or a mixture
of such dyes, bearing proper labels to the effect that they ave
of a certified lot or lots, is hroken and repacked in still smaller
lots, or treated with solvents, nuxed, ete., the person or com-
pany so treating these dyes must stand sponsor for their
integrity. This may be accomplished by submitting a state-
ment to the Secretary of Agriculture as follows:

SECONDARY CKRTIFICATE

1, e yresiding at Lo L. , do hereby
(Il ndadress.)

certify under onth that T have vepaeked ... M. of certified lat (ar

fats) ... puveliased M oLl , of

.................. . Thix repackiag has been aecamplished in the

following fasldon: .. ..o i i e cees

(Name.)
CERTIFICATION.

On presentatiou of thix certified fovm, properly filled out,
to the Secretary of Agricultuve, o lot number will be assigned,
which number should be used in labeling according to the
nmethods already described. If, for example, a portion of lot
number ‘1277 i3 repacked in smaller packages, the lot
number ““ 127 A7’ will be assigned to this repacked dye, to
enable the Department to follow this into consumption if
neeessary and still trace it back to the person by whom the
dye was oviginaly certified.

. W. Winry, F. L, DuoNnar, Gro. P. McCang, Board of Food
and Drug Inspection.
Approved: Jamrs Winson, Seerctary of Agriculture.

Wasunaron, D. G, Sept. 16, 1909.

100D INSPECTION DECISION 106
Tasucd Mareh 25, 1909
AmenpMmenT 10 Foov INsveerioNn Dscision No. 77
(A definitiont of the terms ™ Bateh ™ and ™ Mixtures ™ as used therein.)

The definition of the term “ batch ” as given on page 4,
lines 12 to 14 of Food Inspection Decision 77, is hereby
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extended to include also the contents of any one package,
cask, or other container holding 500 pounds ov lest of dye,
even though the contents of such package, cask, or container
has not undergone the same treatment at the same time
and the same place as a unit.

The word “ mixtwres ”’ as used on page 3, line 15 from the
bottom, and following, of Food Inspection Decixion 77 is
hereby declared to mean not only such mixtures as consist
wholly of certified coal-tar dyes, but also those which contain
one or move certified coal-tar dyes (and no other coal-tar dye
or dyes) in combination with other components, constituents,
or ingredients not coal-tar dyes, which other components, con-
stituents, or Ingredients are in and of themwselves or in the
combination used harmless and not detrimental to health or
are not prohibited for use in food products; the exact formula
of such mixtures, including all of the components, constituents,
or ingredients, or other parts of the mixture, together with a
statement of the total weight of mixture so made, must be
deposited with the Secretary of Agriculture and a one (1)
pound sample thereof must be sent to the Secretary of Agri-
culture, but such forinula need not appear on the label; in
lieu of which may appear the legend “ Made from certified
lots Number ...... and Number ...... , etc.,” and no men-
tion need be made of any censtituent or constituents other
than of the certified coal-tar dyes employed.

H. W. Witey, F. L. Dunvap, Gro. P. McCagr, Bourd of Kood
and Drug Inspection.
Approved: James WiLson, Secretary of Agriculture.

WasHINGTON, D. C., March 19, 1909.

FOOD INSPECTION DECISION 117
Issued May 3, 1910

Tae Use oF CeERTIFED COLORS
Food Inspection Decision No. 76, published July 13, 1907,
gives a list of seven coal-tar dyes, which may, without objection
from the Department of Agriculture, be used in foods until
further notice. Food Inspection Decision No. 77, published
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September 25, 1907, provides for the certification of dyes.
TFood Inspection Decision No. 77 was amended March 25, 1909,
by Food Inspection Decision No. 106, Some manufacturers
have succeeded In producing the seven colors, under the con-
ditions outlined in Food Ingpection Decision No. 77. Certified
dyes arc now on the market, Certified dyes may be used in
foods without objection by the Department of Agriculture,
provided the use of the dye in food does not conceal damage
or inferiority. If damage or inferiority be concealed by the
use of the dye, the food 1 adulterated.

Uncertified coal-tar dyes ave likely to contaln arsenic and
other poisonous waterinl, which, when used i food, may
render such food injurious to health and, therefore, adulterated
under the law.

In all cases where foods subject to the provisions of the Food
and Drugs Act of Junc 30, 1906, are found colored with dyes
which contain ecither arsenic or other poisonous or deleterious
ingredient which may render such foods injurious to health,
the cases will be reported to the Department of Justice and
prosecutions had.

The Department is in possession of facts which show that
there are so-called vegetable colovs on the market which con-
tain excessive quantities of arsenic, heavy metals, and con-
taminations due to imperfect or incomplete manufacture.
While the Department has raised no objection to the use of
vegetable colory, per se, yet the use of colors even of vegetable
origin, open to the objection of excessive arsenie, ete., should
not be used for coloring food products.

F. L. Duncar, Gro. P. McCanE, Board of Food and Drug
Inspection.
Approved: Jamrs Winson, Secretary of Agriculture
WasHINGgTON, D. C., April 7, 1909.



CHAPTER X
THE PYRONINES

Trw pyronines form a class of dyes whicll exhibit. yellow,
yellowish red, rose red, bluish, and violet red, aud blue colors
that produce most brilliant and beautiful effects.  They
often possess a splendid fluorescence, especially when dyed
upon silk, less frequently on wool, and seldom upon cotton,
except with the occasional use of an oil mordant.

The chief raw material which comes direetly from coal tar
is naphthalene, which is converted into phthalic acid and
then into phthalic anhydride, in order to be combined with
the phenols and amino phenols to produce the bhases of the
various pyronine dyes.

The pyronines comprise a small subclass of basie dyes
called pyronines and a larger class known as phthaleins:
latter class contains further the cosines and rhodammes.

THE PYRONINES

This class of dyes differs from the phthaleins in containing
only two benzene rings, while the latter has tlree. The
benzene rings contain side-chaing of ammino, (—NH,), wnd
hydroxyl, (—OH), groups which appear, c.g., in the form
of dimethyl-m-amino phenol, C{H4(OH)N (CH3),.

By the use of aliphatic aldehydes and acids, the phenols
may be condensed into substances which on the subsequent
elimination of water and oxidation are converted into dyes.

Pyronine G. (188¢) appears in crystals
of a green lustre which impart a red color HO N(CH;3),
to water with a yellowish fluorescence.

The first step In its preparation is the
union of formaldehyde with dimethyl-m- Dimethyl-m-amino phenol
248



THE PYRONINES 249

amino phenol. These substances unite with the separation of a
molecule of water:

0 HO N(CH;3),
I+ 2 =
H—C—H
Formaldehyde Dimethyl-m-amino phenol
(CH;),N/ \OH  HO/ \N(CH,),
+ H,0
H—C—H
Tetramethyldiamino-
dioxydiphenylmethane

In this product it will be noticed that the hydroxyl groups
arc in the ortho position in reference to the methane cabon
atom, and the uext step involves the fwther separation of
another molecule of water and a union of the rings by the
remaining oxygen atom—an anhydrization characteristic of
the pyronine and phthalein dyes. The result appears in the
following formula, and it is brought about by the action of
councentrated sulphuric acid:

(o}
(033)2NO/ \ON(OH:;)z
N/

H—C—H
Tetramethyldiamino—
dipbenylmethane oxide

By oxidation and the formation of a salt, the dye is pro-
duced with the structure as follows:

N(CH;),

o
cl
Neo”
|

H
Pyropine G.
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Hydrochloric acid turns the red aqueous solution to a
bright orange, while sodium hydroxide causes a pale red precipi-
tate. It dissolves in strong sulphuric acid with a reddish
yellow color which turnsg to red when the solution is diluted
with water.

Silk, wool, and also cotton mordanted with tannin and
tartar emetic are dyed a carmine red which is moderately
fast to light and even faster to soap.

THE PHTHALKINS

This class of dyes takes its name from phthalic anhydride,
C10H6(C0)20, which is easily formed from phthalic acid by
distillation. In its turn phthalic acid is made by the oxidation
of naphthalene, naphthol, or dinitronaphthol.

Thus, naphthalene, one of the largest individual constit-
uents of coal tar, is the basis of the manufacture of this par-
ticularly brilliant clasg of dyes,

Out of the threec phthalic acids theoretically possible, the
one obtained by the oxidation of naphthalene or its derivatives
is that which has the two carboxyl groups attached to neigh-
boring carbon atoms, known as orthophthalic acid, of the
following constitution:

C0-0H
/ BN
/0
\c 0:-0H ) \C (o)
Naphthalene Phthalic acid Phthalic anhydride

The discovery of the first dye from phthalic anhydride was
made in 1871 by Adolph Baeyer. He found that, on heating
phthalic anhydride with a phenol and some substance, e.g.,
fused anhydrous, zinc chloride, to take up water, a con-
densation takes place that may be represented as follows:

co _/O(CH,0H),
CeH, >o + 20H;0H = CgzH, >o + H,0
co 0o

Phthalic anbydride Phenol Phenolphthalein
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Contrary to expectation the middle oxygen of the phthalic
anhydride is not the one which is replaced by the two phenol
radicles through loss of a hydrogen atom from each, but one
of the oxygens of a carbonyl group; thus an unsymmetrical
formula results.

The hydrogen atom which is removed from cach molecule
of phenol stands opposite to the hydroxyl group or occupies
the para position. TFrom the mecthod of formation, a lactone
ring remains unbroken in this molecule of phenolphthalein,
and this was supposed to be the cause of the development
of color in all the various phthaleing to be described.

As the substance itsclf has no color at all and only develops
its characteristic red color on adding an alkali to form a salt,
and as the lactone ring is now regarded as broken when the
salt of the substance is formed, the ring fornation can no longer
be regarded as the potential source of color possibilities.

What i¢ supposed to take place when, for exumple, the
sodiumn salt of phenolphthalein is formed may be represented
ay follows:

HO oH
i
N\,
AN |
\0 + Na;OH; + NaOH =
|
/CO
in. NaO 0
Phenolphthalein. Colorless a \ : : /
|
—CO0-ONa

Sodium phenolphthalein. Red
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As the alkali salt is formed, the lactone ring is broken and a
hydrogen atom is lost from a phenol hydroxyl causing a re-
arrangement of valence for that phenol residue into a quinone

formation.

Quinone formation

The intimate counection between the phthaleins and the
triphenylmethane compounds is evident from the fact that,
by the action of nascent hydrogen, the phthaleiny are reduced
to phthalins, which are derivatives of triphenylmethane.
During this reduction the lactone ring is broken with the for-
mation of a carboxyl group.

The simplest example of such a reduction is best shown by
the simplest phthalein, called phthalophenone, It lacks
the two hydroxyls of phenolphthalein, otherwise it is stinilarly
constituted.

C(CsH;) CH(C;H;),
06 H4 / \ 0 + 2 H — C i) H4 /
\— co —/ \C 0. 0H
Phthalophenone Triphenylmethane

carboxylic acid

When the latter compound is written in the following formn
the resemblance is at once apparent:

CeH;
c H“/—Qe H;
C;H,C0-0OH
Triphenylmethane carboxylic acid

This substance loses CO, by dry distillation and is changed
into triphenyhnethane CH(C¢Hj) 3.

The transformation of phthalophenone into triphenylmethane
already shown, and now farther into phenolphathlein, com-
pletes the proof of connection between the phthaleins and
triphenylmethane. This latter conversion is carried out by
first treating phthalophenone with dilute nitric acid, which
introduces two nitro groups into the molecule, forming dinitro-
phthalophenone. By reduction, the nitro groups are changed
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into amino groups and by diazotizing these wmino groups and
boiling with acid, two hydroxyl groups become fixed where
the original nitro groups entered and the product is phenol-
phthalein.

Phenolphthalein (1871) occurs in the form of yellow
erystals or a buff-colored powder, which will not dissolve in
water, but iy castly soluble in aleohol.

It iy made by heating together the solid white phthalic
anhydride and crystalline carbolic acid in wmolecular propor-
tions, fused znce chloride or councentrated sulphuric acid
being added to take up the water formed.

co C(CcH,0.H),
C-H,l >0 + 2C('H50H = CGH,i 0 + H_,O
¢ co l;henol \__ co __._.__:
Phthalic Phenolphthalein
anhydride

When alkalies are added to an aqueous solution to which
a few drops of the aleoholic solution have been added, an in-
tense red s produced.  Upon thig action depends its use as
an ndieator o volumetrie analysis.  As shown above, the
lactoue ring ix broken when the alknli salt iy formed which
produces the red color. An excess of strong alkali causes
decoloration. It is chiefly used as an indicator in quantitative
analysis.

Fluoresceine (1871), (Uranine), 1¢ a dyc which in the forn
of its sodinm salt exhibits a yellow ¢olor in its aqueous solu-
tion with a most intense yellowish-green {luorescence.

The coloring power of such a solution is very great, one part
of urmnine giving n defiutte pale green fluovescence to 16 mil-
lion parts of water. Whole rivers may be colored for a time
with n kilogrmnm of the dye. The courses of rivers that are
purily subterrancun huve been determined by thus coloring
the wnter. By this menns it has been proved that an under-
ground comection exists between the Dunube and a small
river called the Aach, which flows into Lake Constunce.

Fhuoresceine is formed by heating together molecular pro-
portions of phrithulic anhydride and resorcin, C(H4(OH),, to
195°=200°, until no stcamn is given off and the mass hag
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become solid. The cooled melt is pulverized and it serve:

for the manufacture of the eosines.
The formation of fluoresceine may be represented thus

/CO
06H4 0 + 206H4(0H)_)' =

\CO
Phthalic anhydride 2 mols. resorcine
C(;H:;\({H
| Noausé
cﬁn4< o “UUHUE 4L em,o0
\CO
Fluoresceine

The fluoresceine is a brown powder which will not dissolve
in water but does digsolve in alcohol. On adding fluorcs-
ceine to an alkaline solution it dissolves and forms the
sodimm salt called uranine, and it is this compound which ix
50 inteusely fluorescent in dilute solution. In & concen-
trated solution it does not show fluorescence.

Uranine. As the salt of the fluoresceine or uranine ix
formed, the lactone ring ig broken and a quinoid rearrange-
ment produced which is shown in the formulas below:

NNV NN oNs

CeH4—0
o Do N¢/
CsH CeHs—ONa
"Nooona —COONa
Uranine. Fluoresceine Uranine, Fluoresceine

Uraniue is used in dyeing yellow upon silk and employed
to some extent in printing upon wool.

A yellow precipitate iz thrown down from an aqucous
solution of the dye by hydrochloric acid, while caustic soda
changes the color and causes it so show a darker green
fluorescence.
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Uranine forms nsoluble lakes with lead and silver whicl,
from being non-poisonous, may be used for coloving toys and
rubber,

Eosine (1874), (Eosine Yellowish, Eosine G.G.F., Eosine G.,
Eosine extra, Eosine A., Eosine D.H.). Iluoresceine is
capable of yielding one of the most brilliantly beautiful dyes
by further wodification. It was discovered by Heinrich
Caro in 1871 that bromine would be absorbed by fluores-
ceine, which therehy became transformed into a Dbeautiful
red dye. To this dye he gave the name of Fosine (Ifos,
flush of dawn), because of its beauty and brilliant effect
when dyed upon silk.

The mieasure of appreciation bestowed upon the new color
is shown by the initial price of $100 per peound which it
commanded. This did not prevent its immediate use for
dyecing sitk. It stimulated, at the same time, the production
of o whole scries of dyestuffx.  All of them are of exceeding
Deauty, though unfortunately more or less fugitive in chur-
acter. It appears in the market as reddish blue crystals ov
2 brownish red powder soluble in water with a bluish ved
color. A green fluorescence 18 exhibited by the dilute
solution.

It is prepared by treating fluoresceine in either alcohol or
water with browine when four atoms of bromune become
fixed In the molecule, two in each resorcine nucleus.  The
pure potassiu sult crystallizes with six molecules of water
with the foruula, CoHeBr,0,K.6H,0, and has the fol-
lowing structure:

\O O OK
6H,0

—CO0-0K
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TaE STRUCTURE OF JSOSINE

In the molecule of eosine there are three benzene rings,
one furnished by the phthalic anhydride, the other two by
the resorcine residues. The hydroxyl groups must be in the
resorcine portions of the dye molecule because they were
in the resorcine at the start; but thelr position in reference
to the methane carbon remains to be determmined; then, also,
the position of the four bromine atoms—whether they enter
the resorcine or phthalic acid residues or are distributed in both.

The first step In this solution was taken by Baeyer when
he decomposed the eosine molecule with boiling caustic soda.
Thiy produced a substance whose composition and constitu-
tion were already known, This substance was dibromo
dioxybeuzoyl benzoic acid of the following constitution:

COOH
CUH4<

C0-C,H(OH),Br,

Dibromo dioxybenzoyl benzoic acid

The eosine molecule in order to produce this must have

broken along the dotted line of the formula below:

i
Br 1 0 Br
noO/ \Oon
Br Br
i
/ COOH

Now the hydroxyl and bromine.atoms will retain in this
acid formed the same positions they occupied in the eogine
woléeule. By the use of fuming sulphuric acid, G, Heller de-
composed this acid. Water wag separated and a dibromodioxy
anthraquinone was formed. The positions of the hydroxyls
and bromine atoms in this product are well established and the
only possible method of its formation seems to be as follows:
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E Br
—COOH ni —C0— \OH
SO + H20
gg____ CO— Br
OH

Dibromo dioxy- Dibromodioxy
benzoyl benzoic acid anthraquinone

In this latter substance, the positions of the hydroxyls
and bromines are knowu, i.e., the two hydroxyls occupy the
para and ortho positions in reference to the carbon atowm
underscored; while the two corresponding meta positions
arc taken Dy the bromines.

By this nothing has been proved i regard to the hydroxyls
and bromines of the other resorcine radical which was aliwi-
nated in the formation by the boiling caustic soda, of the di-
bromo dioxybenzoyl benzoie acid.

Richard Meyer by a siugle brilliant experiment has proved
that the other resorcine radical has the same coustitution
as the first. He melted puwe dibromo dioxybenzoyl benzoic
actd and obtained phthalic anhydride and cosine. The pro-
geessive gtops of this beautiful reaction may be seen from
the equations:

—CO \co

Phthalic anhydnde leromresorcme

Eosine (lactone formula)
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This demonstration clears np the question of the position of all
four hydroxyls and all four bhromines; incidentally proving also
the position of the hydroxyls in the molecule of fluoresceine.

The entrance of the four bromine atoms has the effect of
changing the yellow of fluoresceine to the pinkish red of eosine,

Fosine dissolves in 2 or 3 parts of water. Yecllow usolable
flocks areformed by hydrochloric acid. The color becomes darker
on adding caustic soda and o yellowish red produet separates.

Wool and silk are dyed a piukish red from w weakly acid
batli: silk exhibits o yellowish red fluovescence. It is also em-
ployed for coloring paper and varnishes. An imitation vernilion
i produced by using a colored lake of this dye with red lead.

It combines with oxides, forming insoluble ov slightly soluble
lakes. They wmay be prepared by mixing agueous solutions
of the metallic salts with eosine, when the bught. colored pre-
cipitates ave thrown down. If aleohol be added to the dilute
aqueous solution of eosine, its flourescence s mereased.

Eosine Orange and Eosine 3G. are nmixtures of dibrom and
tetrabrom fluoresceine.

Erythrosine (1876), (Erythrosine B., Erythrosine D., Pyrosin
B., Rose B., Soluble Primrose, Eosine J., Eosine Bluish,
Todoeosine, Dianthine B.), is an iodine derivative of fluores-
ceine. It contains four atoms of jodine i place of the four
broniine atoms of eosine.

The method of preparation is the same as for eosine, using
todine in place of Dbromine. The four bromine wtoms on
entering fluoresceine change 1tg yellow color to the pinkish
red of eosine, and when the four iodines enter, the yellow
is changed to a bluish 1‘ed Tho stracture of the sodium

salt 1s: ONa
O\C/O

—CO-ONa

Erytbrosine
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The potassinm salt is also a commercial form of the dye.
The dyestufl itself ix o brown powder, which imparts a cherry
red color to its solution in water. The solution fails to show
any fluorescence.

A brownish yellow precipitate falls on adding hydrochlorie
acid. A soluble red preapitate alzo falls on adding caustic soda.

Wool and cottou that have wordanted with aluia are dyed
o lluish red.  Lrytluosine is also used in paper manufacture
ardd 1 photograplhy.

Eosine B.N. (1875), Methyl Eosine, Safrosine, Eosine
Scarlet B., Eosine B., Scarlet J., J.J., or V., Eosine D.H.V.,
Eosine Scarlet B.B. extra, i% a {luoresceine devivative which
contains both bromine nud nitro groups.

Tither the dibrov fluovesecine may be niteated in an aqueous
solution or the dinitrofluovesceine may be bDromiuated in an
aleoholie solutiou.  The resulting produck is the same in either
age and the potassinw salt of the compound ix shown below:

Br Br
NN DA OF

NO, NO,
2 \c / 2
|

—CO0.0K

Eosine BN.
Alkali salt of dibromdinitro fluoresceine

The dyestufl it a brown «rystalline powder which dissolves
easily In water with u yellowish red color. If the solution is
made dilute, it exhibits o wenk green fluorescence.

(irecuish yellow flocks separate fromi the solution when
hydrochlorie acid is added. No change occurs with caustic
soda.

Silk and wool are dyed a bluish red, but of a somewhat
darker shade than with erythrosine. This is more suitable
for wool than for silk. The color is faster to light and milling
than the majority of the eosines.
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In comparison with eosine, which is a flouresceine contain-
ing four bromine atoms, this dye differs in having two of the
four bromines replaced by two nitro groups and there results
from this exchange o darkening of the color as well as greater
fastness.

Phloxine (187s5), (Phloxine P., New Pink), is a chlorine
compound of eosine, but the chlorine is present in that part of
the molecule derived from the phthalie acid used in its manu-
- facture. In noune of the dyes of this class so far discussed has
any halogeu appeared fixed in the benzene ring of the phthalie
acid constituent of the dyestuff.

In phloxine, however, two chlovine atoms are fixed in the
phthalic acid nucleus. These two chlorines are brought into
this molecule by using dichlorphthalic add instead of plain
phthalic aeid, aiud when thix is melted with rescorein, a dichlor-
fluoresceine results. By the action of bromine upon this
latter produet, four bromine atomns become fixed w the nuelei
of the resorcin portion of the molecule., The potassium salt
of thig forms the phloxine of commerce.

The structural formula shows the relative positions of the
bromine and chlorine atoms:

Br Br
0\ /0\ /OK

B
Br \c/ T
|

C0-0K

Cl1

Cl
Phloxine

The commercial dyestuff is a brownish yellow powder,
whose aqueous solution has a cherry red color, and also a
greenish yellow fluorescence. Upon warming the solution
with hydrochlorie acid a brownish yellow precipitate is thrown
down. Caustic soda turns the solution to a more bluish red.
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Wool or silk is dyed from an acid bath a bluish red, without
exhibiting any fluorescence, and the shade is bluer than that
from erythrcsine.

Cotton may be dyed, after first mordanting it with tin,
lead, or aluminum salts.

Phloxine T.A. (1882). In the previous dye, phloxine, just
described, two chlorine atomns are implanted in the phthalic
acid nucleus of the molecule. By employing tetrachlor phthalic
acid in place of dichlor phthalic acid, and combining this with
resorcine a tetrachlor fluoresceine is produced with four chlorine
atoms in the phthalic acid residue. When this compound
is treated with bromine in aleoholic solution, four bromine
atoms become fixed in the resorcine nucler and the produet
is Phloxine T.A., which appears below as the sodium salt of

commerce:
Br Br
0\ O /0\ O /OK
Br \c / Br
|

Cl —CO0-0K

Cl Ol

Cl
Phloxine T.A.

It will be noticed that thix dyc differs from phloxine in com-
position only by the two wdditionnl chlorine atoms. These
have an influence in deepening the bluish shade of the red dye.

Phloxine T.A. hns the appearance of brick red powder
which dissolves in wnter with o bluish red color, and a slight
dark green fluorescence. On the addition of hydrochloric
acid decoloration takes place and a reddish flocculent pre-
cipttate appears. Caustic soda produces no change.

Rose Bengal (1875), (Rose Bengal N., Rose Bengal A.T.,
Rose Bengal G.), 18 a brilliant bluish red dye which is a direct
derivative of dichlorfluoresceine. It is made from this sub-
stance by treating it with lodine, when four atoms of iodine
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become fixed in the resorcine nuclei of the complex niole-
cule. The two chlorine atoms are fixed in the phthalic acid
nucleus. The potassium salt has the following structure:

O\O/O\O/OK
NN
|

CO0-0K

Cl

cl
Rose Bengal

It forms a dark red powder, soluble in water with a cherry
red color. No fluorescence is visible. A brown precipitate
falls on adding hydrochloric acid. A carmine red soluble
precipitate is caused by caustic soda.

Wool is dyed a bluish red without exhibiting auy fluores-
cent effects.

Cyclamine (188¢). If sodium sulphide is allowed to wct
upon dichlor fluoresceine, the sulpbur changes place with an
oxygen atom. It is supposed that the oxygen joimning the
resorcine nuclei is the one which is replaced by the sulphur.
When this product is treated with bromine, four bromnine
atoms become attached to the resorcine rings and cyclamine

is formed:
Br Br
O\O/S\ /OK
Br \c/ Br
|

CO0-0K

Ol
01

Cyclamine
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In aqueous solution, ¢yclamine has a rosaniline red color
without showing f{luorescence. A reddish flocculent pre-
vipitate forms with hydvochloric acid. No change follows
the addition of caustic soda.

Wool and silk are dyed a bluish red color {rom o neutral
bath.

THE RHOVAMINES

The pyronine dyes discussed to this point have been acid
in character on account of the carboxyl group which each
contains und, further, because of the phenolic hydroxyl group
also present. The former is brought into the molecular
structure by the phthalic anhydride and the latter by the
regorcin employed in their manufacture.

If in the final product the phenolic hydroxyls are replaced
by amino groups or by substituted amino groups, then there
is o change in the dye molecule from an acid to a basic char-
acter. These dyes therefore forin salts with acids.

The rhodamines are consequently basic pyronines. Phenols
already containing amino groups are ewmployed in their
preparation and communieate a basie character to the rho-
danuines, of which they become a constituent part.

Rhodamine B. (1887), (Rhodamine O.), differs from the
preceding dyes of this class by containing amnino groups.
These communicate a basic character sufficient to cause it
to dye cotton mordanted with tannin.

The amino groups are present in the metaminophenols
which are constituents of the melt:

OH OH
NH, N(C2Hjs),
Metaminophenol Diethylmetaminophenol

The diethyl derivative of metaminophenol is the com-
pound usually employed. This is melted with phthalic
anhydride and rhodamine B. results. It exceeds in bril-
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lancy the splendid eosines. The hydrochlovide salt of the

dye 1s:
(0235)2
O\O/O

CO OH

N(CoH,-)z

Rhodamine B.

Rhodamine B. (1887), (Rhodamine O.), belongs to a scries
even more brilliantly beautiful than the eosines, though it is
closely related to them and belong to the same class, viz,
phthaleins. As the name suggests, it containd nitrogen in
the form of an amino group. In this particular they differ
from the eosines, and to this difference must be traced their
greater brilliance.

The presence of the amino groups gives to an otherwise
acid dye sufficient basic character to cause it to unite with
cotton mordanted with tammic acid.

The amino groups are not implanted In a large molecule
of a dye, but they are already fixed in cach of two moleeules
of one of the constituents of the dye. This constituent is
metaminophenol

OH

NH,

Metaminophenol

This substance may be made according to n process thut
starts with metasulphanilic acid, which is fused at 280-200°
with twice its weight of caustic sodn and a small wnount
of water, After dissolving the melt in water, it is mnde neid
and then sodium carbonate is added.

Ether is used to extract the solution, and ufter the solvent
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is distilled off, the c¢rude product is purified by recrystallizing
from water.

By choosing o diethyluictasulphanilic acid for the above
fusion with caustic soda, a dicthylmetaminophenol results.

OH

N(C.Hj),

Diethylmetaminophenol

It 1y this substance which on fusing with phthalic acid
produces rhodamine B.

Cl

(02H5)2N\ /0\ /N( CyH;),

g/
| /CO-OH

Rhodamine B.

This dye at once exated the attention of chemists by its
brilliance and other properties and stimulated activity in this
field of color chemistry which had lain dormant for several
years.

Furthermore, it was welcomed by dyers, for it enabled
them to secure handsome rose red shades upon cotton mor-
danted with tannin. Its basic character gives it this
power.

Heretofore, with the wcid eosines, it was necessary to
develop on the cotton the undesirable lead lake of erythrosine.
Afterward it was found to be a valuable dye for wool and
silk.

The dyc appears as n reddish violet powder or as green
crystals, which are easily soluble in water with a bluish red
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color. It also dissolves easily in alcohol, and even dilute
solutions in this solvent exhibit strong fluorescence. Warm-
ing causes the fluorescence to disappear, but it reappears as
the liquid cools.

Hydrochloric acid in small amounts causes a gradual separa-
tion of the crystals of the hydrochloride, much hydrochlorie
acid turns the solution scarlet.

Caustic soda in small amounts causes no changes in the cold
solution, but a rose red flocculent precipitate separates on
warming. Large amounts of caustic soda cause the separa-
tion of red flocks even from a cold solution; on leating the
odor of dimethylaniline is given off.

The dyeings of rhodamine B. are also esteemed for their
fastness.

Rhodamine 3B. (1891), (Anisoline), 18 of a bluer shade of
red than rhodamine B., and the cause of the increase of blue
in the red dye is to be attributed to an ethyl group, which
forms an ethereal galt or ester with the carboxyl group of tho-
damine B.

The dye may be prepared by treating rhodamine B. with
aleohol and conducting dry hydrochloric acid gas through the
solution, A molecule of water is thereby eliminated and the
ethyl group is united to the carboxyl group ag shown below:

Cl
|
(C.H; )L’.N\ /0\ /N( C.H;),
O\/O
|

/€0-00,H,

Rhodamine 3B.

By comparing this dye with Rhodamine B. it will be noticed
that the additional ethyl group implanted in this dye was the
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fifth, but that on replacing the hiydrogen of the carboxyl group
an ester is formed. We should thus expect that the acid
character of the carboxyl group would be overcome, and that
the basic character would at the same tiwe be emphasized,
and this is in fact what actually occurs.

The dyestuff forms a brownish red powder with a bronze
lustre. Its aqueous solution shows a violet red color, with
brownish red fluorescence when counsiderably diluted. In
alcohol it dissolves, yielding a red solution with a purplish red
fluorescence.

Hydrochlorie acid turns the solution yellow, but on dilution
1t becomes red again.

No change takes place by adding caustic soda to a cold
golution of the dye, but on heating sapomification of the exter
occurs and the original base of rhodamine B. is regener-
ated.

Silks, wool, and cotton that hay been mordanted with tannic
acid and tartar emetic ave dyed a bluish shade of red of o bluer
cast than rhodamnine B.

Galleine (1871), (Alizarine Violet, Anthracene Violet), iy o
violet dye which appears in commerce as o voilet paste or as
dark green crystalline powder of metallic lustre.

It is formed when phthalic anhydride is heated with pyro-
gallol CgH3(0H)3. Atmosphere oxidation produces a quinone
formation with the complex molecule,

OH
OH

OH

Pyrogallol

Pyrogallol may be made by heating gallic acid in nn auto-
clave to 200-210°, or by heating gallic acid in glycerine in
an open vessel at 190-200°, until no more carbonic acid is
given off.

By either method a theoretical yield is obtained.
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When this acts upon phthalic anhydride, the combination
takes place as follows:

—CO HO OH
+ 2 =
Phthalic Pyrogallol
anhydride
OH OH
HO (o)
AVAVAAN
+ 2H,0
Ne”
\o

/
—CO

Galleine

The melt is boiled with water, dissolved in sodium carbonate,
and after filtration acid is added, which precipitates the color-
ing matter,

Another constitution has been given to it as shown here:

OH OH
\?/
—C0-0H

Galleine

Galleine is a weak acid. In cold water 1t is slightly soluble,
but it dissolves more easily in hot water with a scarlet
color.

It dissolves easily in a solution of caustic alkali with a beau-
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tiful blue color. The ammoniacal solution is violet and it
yields violet precipitates with metallic salts, Hydrochloric
acid turns the aqueous solution yellowish brown.

(alleine is & mordant dye and it is classed among the phthal-
eins because of its mode of formation rather than for its
properties. In these it shows greater resemblance to the
alizarine dyes. While the phthaleins almost all exhibit
gome shade of red, the lake of galleine is violet.

Its colored lakes possess a fastness far superior to the dye-
ings of the rest of the phthaleins.

Galleine produces upon wool mordanted with potassium
bichromate and tartar emetic, dark shades of violet reputed
for their beautiful **bloom.” Fast shades of violet are dyed
upon mordanted cotton. Lead mordants yield a beautiful
grayish violet. Galleine is ewployed in cotton printing, in
connection with the acetate of aluminum or chromium. By
steaming, acetic acid 1 set free and the aluminum or chro-
mium lake is fixed upon the fabrie.

Though somewhat superseded as a dye, it is still extensively
employed in the manufacture of coeruleine.

Coeruleine (1871), (Alizarine Green, Anthracene Green), is
like galleine and for the same reason clussed wanong .the
phthaleins, though like that dyestuff its properties recull
those of the alizarine dyes.

It is prepured from galleine by heating it to 200° with con-
centrated sulphuric acid. Twenty parts of acid to one of
galleine e employed. The red color tums gradually to a
brownish green. The cooled mixture on pouring into water
throws dowu the dye as a bluish black powder which is washed
und dried.

This powder by rubbing shows a metallic lustre,

It 1s almost insoluble in wuter, alcohol orether; in glacial
acetic acid it dissolves with a green color. The sgolution in
concentrated sulphuric acid is olive green and that in hot
aniline blue,

The action of sulphuric acid in the above operation is
to extract o molecule of water from the molecule of galleine.
Thus, by this removal and an internal rearrangement of the
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molecule, a violet dye becomes a green one, whose composi-
tion is given:

OH
\q/ \mon o A o\ RBoy

T N mo - \T/\
C0-OH

4 —CO

Galleine Coeruleine

With sodium bisulphite the insoluble coeruleine combines
to form a soluble compound called coeruleine S., which is easily
decomposed again by boiling its solution or by the influence
of either acids or alkalies, when sulphur dioxide is given off.
Upon the formation of this soluble bisulphite compound
depends its use in cotton printing. This soluble sodium
bisulphite compound of coeruleine mixed with the acetate of
aluminum or chromium is printed upon the fabric. Upon
steaming the printed material, the bisulphite compound de-
composes, acetic acid i8 evolved and the aluminum or chromium
lake firmly attached to the fibre.

With the chromium mordant, dull olive greens are pro-
duced which equal in fastness the alizarine colors, The color
is also fast to boiling soap or caustic alkalies.

Excellent results are sccured with coeruleine on wool.
Coeruleine may be uged in conjunction with alizarine colors
to produce a large variety of very fast shades.

Tue Acip RHODAMINES

The Rhodamines differ from the Eosines in possessing a
basic character because of the amino groups they contain.
If, however, the rhodamines are treated with sulphuric
acid, then the entrance of sulpho groups (SOzH) into the
molecule brings them mto the ¢lass of acid dyes, since the acid



THI¢ PYRONINES 27

character now predoruinates in spite of the amino groups st
present, They lose thewr value for cotton when losing the
basic property, which enabled them to combine with tl
tannie acid mordant upon the cotton fibre.

They guin in value for wool and silk in their acquired aa
properties and form fast dyes which equalize well during tl
dyeing operations.

Fast Acid Violet B. (1888), (Violamine B.). When anilit
acts upon fluoresceine chloride, the uniline residues (CgHsNH—
become fixed in the positions which the hydroxyl gronps d
occupy. Thus the amino groups of the aniline convert tl
fluoresceine into a rhodamine and furthermore into phenylate
rhodamine.

The sulphonation of the diphenyl rhodamine thus forme
produces the acid dye whose constitution appears as follows:

C(,H.;NH / \ /N CsH;

CO OH

N\
Fast acid violet B.

Fast acid violet B. is n dark Dluish violet powder which di
solves easily in water with a violet color. It gives a reddis
violet color to alcohol, though it is only slightly soluble in it.

Hydrochloric acid causes blue f{locks to separate, whi
sodium hydroxide ¢nuses no change save to turn the solutic
a cherry red color, The solution in strong sulphuric ac
is first a reddish yellow, then on adding water violet, ar
finally blue flocks separnte.

Silk and wool are dyed a violet which vesists fading ar
equalizes well. Upon silk weighted with tin salts it iy
very fast shade.

Fast Violet A. 2R. (1888), (Violamine R.), is almost identic
with the last named dye, for it differs only in containing tv
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methyl groups in addition to fast violet B. These are im-
planted in the molecule by employing orthotoluidine in place
of aniline to react with fluoresceine chloride. The process
is the same as for the above dye and the final step is treating
with sulphuric acid to form the sulpho acid. The sodium
salt of this sulpho acid 1s the dye.

The influence of the two additional methyl groups is to give
a redder shade of violet; their position may be seen in the

formula.
CH3 °6H3_‘NH /N ch4-cH3
SO;;Na
Ne”

i
COOH
/

Fast violet A. 2R.

Fast Violet A, 2R. is a violet red powder which easily dis-
solved In water with a violet red color. It ig soluble in alcohol
with the same color.,

Hydrochloric acid causes bluish red flocks to separate,
but sodium hydroxide has no effect. The solution in strong
sulphuric acid is yellowish red; on adding water, bluish red
followed by a separation of bluish red flocks.

Sitk and wool are dyed a reddish violet. The dye equalizes
well and is fast to light and alkalis, It is not sensitive to
acids nor to washing.

Acid Rosamine A. (1891?), (Violamine G.), is formed by
the action of mesidine upon flouresceine chloride. Mesidine
is a trimethylaniline whose methyl groups are arranged as
shown below:

H3C \CHy

CH;
Mesidine
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Two molecules of mesidine react with fluorvesceine chloride

and when the resulting product is sulphonated, the constitu-
tlon is:

(CH;);C‘,H—NH / N NOGHZ(CH?,);;
SO Na O /W

COOH
/ (o)

Acid rosamine A,

Acid rosamine is a bright red powder whose aqueous solu-
tion iy yellowish red. Red flocks separate on adding hydro-
chloric acid, Sodium hydroxide only turns it yellower,

It dissolves in strong sulphuric acid with a brown color
which changes to reddish brown as water is added; then red
flocks separate.

Silk and wool are dyed a lively rose color which does not
casly fade.

Fast Acid Blue R. (188¢), (Violamine 3B.), is a more
complex dye than the last described in two particulars. The
fluoresceine chloride has two chlorine atoms in the phthalic
ackd ¥ing and it 1s therefore a dichlor fluoresceine chloride.
Upou this paraphenetidine is allowed to react and its con-
stitution is shown below as an ethoxyaniline.

NH,

0C,H;

Paraphenetidine

When two molecules of this substance have reacted with
diecldor fluovesceine and the- product sulphonated, the dye
then is fortued by neutralization as n sodium salt:
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(°2H50)06H3‘NH\ /0\ /N‘06H4'002H5

SO;;Na.

Cl

Fast acid blue R.

Fast acid blue R. is a dark Dluish violet powder. In water
it is easily soluble with o dark blue color. In alcohol it is

slightly soluble with the same shade.

Blue flocks separate by adding hydrochloric acid. Sodimu
hydroxide changes it to violet which on heating turns red.
In strong sulphurie acid it is first reil, which an addition of
water turns reddish violet with a separation of blue flocks.

The dye equalizes well and silk and wool are dyed o fast

blue shade.



CHAPTER XI
THE INDAMINES, INDOPHENOLS, THIAZINES, OXAZINES

THE INDAMINES

TrE indamines are among the oldest dyestuffs known, for
they were formed in the oxidation experiments which were
carried out upon aniline by Runge and Perkins more than
half a century ago.

They are all blue to green in color and would have been
available as dyes were it not for their sensitiveness to the
action of avids. Indeed, if an excess of acid be present, they
are decomposed direetly into a quinone and amines.

Although their instability prevents their use as dyes, they
vet possess a theoretical and practical interest as intermediate
products in the manufacture of the safranines.

The sinplest materials which may be employed for form-
g an indamine are p-phenylenediamine and aniline and the
resulting product is phenylene blue,

NH,
H,N NH,

p-Phenylene Aniline
diamine

Oxidizing agents remove hydrogen atoms from one amino
group of the p-phenylenediamine and from both the amino
group nnd the benzene ring of the aniline, A union of the
two residucs is thus effected while the hydrogen is separated
ax witer.  The parts of the two molecules involved forming the
combination are shown in the cquation:

275
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NH, H|
H,N Pl NH%HI + 20 =
{

H,N

+ 2H,0
N\~NE

Phenylene blue.
(An indamine)

To produce this blue dye, cqual molecular quantities of the
two substances arc oxidized by potassium bichromate in a
cold neutral aqueous solution.

By reduction the blue color of the dye fades into the white
of the leuco compound and this change is cffected by the
taking up of a hydrogen atom by cach of the nitrogen atoms
exhibiting a double bond. This leuco compound is identical
with p-diaminodiphenylamine.

NH

AN

H,N NH,

Leuco base of phenylene blue or
p-diaminodiphenylamine

By oxidation these two hydrogens are removed and the
phenylene blue is restored.

Phenylene blue is too semsitive to acids for employment
as a dye. It 1s introduced to show the linking together of
two benzenc rings by a nitrogen atom, the first step toward
the formation of the safranines.

In the above reaction, the p-phenylencdiamine may be
replaced by such substances as yield paradiamines upon
reduction, nitrosodimethylaniline and dichloroquinoneimide
are examples,
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NO ——  NCl
< NCl
N(CH3),
Nitrosodimethyl- Dichloroquinone-
aniline imide

Bindschedler’s Green. If in place of p-phenylenedianiine,
dimethylparaphenylenediamine and in placeof aniline, dimethyl-
anilme are used and the mixture subjected to oxidation,
a green dye known as Bindschedler's green results instead of
phenylene blue. In other words, the fixation of four methyl
groups upon the anino and imido nitrogens of the phenylene
blue changes the color to green. These requisite methyl
groups arc brought into the reaction by the employment of
initial substances that are already enriched by methyl groups
which the course of the reaction leaves undisturbed,

N
O/\O
CH,),N
(OHa): \N(0H;),01

Bindschedler's green.
(Dimethyl-p-phenylenediamine + dimethylaniline.)

Bindschedler’s green dissolves in water with a  beautiful
green color. Alkalies chaunge the color to a beautiful blue.
If it is reduced, hydrogen is taken up in the same manner,
us by phenylene blue, and tetramethyl diaminodiphenylamine
is formed; the green color fades away with the formation of
this leuco compound.

NH
N
(CH3) N N(CH3),

Tetramethyl-diaminodiphenylamine.
Leuco-Bindschedler’s green
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Witt’s Toluylene Blue. Oxidation of a mixture of dimethyl-
p-phenylenediamine apd m-toluylenediamine produces a reac-
tion analogous to that in forming the foregoing dyestuffs.
Toluylene blue is thus formed.

NH, CH;3
(CH3)oN H,N NH,
Dimethyl-p-phenylenediamine m-Toluylenediamine

The dyestuff has the following composition:

N
Ao
(OH;),N
32 H N/ \NH-HCI
2

Toluylene blue

Toluylene blue is distinguished fromn the other indamines
described above by its greatcr stability. The salts formed
with one molecule of acid are blue; those formed with two
molecules of acid are colorless. Reduction converts it mto
leuco compound triaminotolylphenylamine.

Witt’s toluylene blue has attained considerable theoretical
importance because of its transformation on hecating with
water into a eurhodine called neutral red. The character of
this change will be shown under the eurhodines,

In u similar manner an indamine is formed by the oxida-
tion of p-phenylenediamine and m-toluylenediamine. The
resulting compound is simpler than Witt’s toluylenc blue by
the two methyl groups which in that dye were substituted
for the hydrogen of the amino group.

N
AN CH,
H,N
/N \NH.
H, N NH-HO!

“impler toluylene blue
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This indamine is of interest since by simply boiling with
water it is couverted into the curhodine, toluylene red. (See
this.)

NH
VAN
/N \eE,

0 4 HOl

(CH;).N H H.,N NH,

Toluylene blue,

Leuco base
(CH;),N N/ NH,.HCl

Toluylene red.
he dye

Tuw INvoOrURNOLS

The indophenols have both in structwre and in the sub-
stances eraployed for their production a close resemblance to
the indanines.. Indeed it i possible to convert an indamine
by the action of potassium hydroxide into an indophenol,

Ax p-phenylencdinuine is the starting pomt in the forma-
tion of the indamines so it ig likewise in the manufacture
of the indophenols.

The simplest indophenol is produced by the simultancous
oxtdntion of par Lphvnylcnvdmmmo and phenol. If an amine,
a.g., if aniline had Ixen used in place of phenol, an indamine
would hnve been formed,

H.NC,H,NH, + C¢H;0H + 0, =
Paraphenylene~ Phenol
diamine
HN=CH,=N—C¢H,—O0H + 2H,0
Indophenol

According to its properties the structure of the indophenol

should be written as follows: x
7\
H,N—C4H,—N=C;H,=0 or

BN No

Indophenol Indophenol
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This formula, exhibiting a quinone oxygen, is the -more
probable from the fact that this substance possesses no acid
properties which it would be expected to show if a hydroxyl
group were present. This view is further supported by the
fact that the leuco indophenol, formed by the action of two
hydrogen atoms breaking the double bonds, does exhibit
weak acid properties, This shows the presence of a hydroxyl
as shown in the formula:

g
H, N/ \OH

Leuco indophenol or Indophenol white
An instance of the dircet transformation of an indamine
into an iudophenol is shown by the action of potassinm hydroxid
upon Bindschedler’s green. Dimethylamine is climinated
at the same time.

/CGH4N(°Ha )2
\ + XKOH =
06H4=N( C H3 )2 -Cl
Bindschedler’s green
H
OcH,N(CH3), |
N< + N(CH3): + K0l
06H4=O
Indamine Dimethylamine

Thus the close relation between the indophenols and in-
damines is made at once apparent.

The leuco indophenols exhibit in a pronounced degree
the character of phenols. They dissolve in solutions of the
caustic alkalies. They are, however, casily oxidized in this
alkaline solution by the action of the air and at once changed
into the indophenols, which, being insoluble in alkalies, separate
from the solution. In acid solutions the leuco indophenols
are not thus affected by atmospheric oxygen.

Upon the solubility of the leuco indophenol in alkaline
solution and its easy atmospheric oxidation depends its use
in dyeing.
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Indophenol itself apparently from its chemically indifferent
character shows no affinity for the textile fibers. This dif-
ficulty is overcome in practice by a process exactly like that
for indigo dycing, The fibers arc immersed in an alkaline
solution of leuco mdophenol. This colorless substance does
have an affinity for the fibers and they become in consequence
thoroughly impregnated with it. Exposure to the air then
develops the color by oxidation. A bath of potassium
bichromate may also be used for the development of the
color.

Direet dycing of its fibers hag been accomplished by impreg-
nating them with an amine and a phenol and then passing
slowly through a bath of potassium bichromate or bleaching
powder, which develops the color at once.

Indophencl Blue. The only indophenol of technical value
s the ona produced by the combination dimethylparaphenyl-
onediamine and a-naphthol.

=

+ + 20 =
(0H3 )2N/ OH
Dimethyl-p-phenylene- a-naphthol N
diami;
tamine / \

+ 2H,0

(CHz),N ||
(o]
Indophenol blue

The commercial dyo is a dark brown powder or a.dark blue
puste with shining bronze lustre. It does not dissolve in
wuter; nleohol dissolves it to a blue solution. Hydrochloric
neid tmens the Dlue aleoholic solution to a reddish-brown.
Sodinm Irydroxide has no cffect upon the same solution.

It is decolorzed by stonnous chloride. Concentrated sul-
phuric neid yields o ycllowish-brown solution from which the
addition of water causcs the separation of brown precipitate.
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It is employed for producing indophenol white, in which
form the application is made to the technical fibres.

Indophenol blue is sensitive to the actions of acids and
it is decomposed by them in the same way as the indamines.
In the pressure of an excess of acid, indophenol blue s separated
in a-naphthoquinone and dimethyl-p-phenylenediamine.  Thix
sensitiveness to acids hag retarded the use of indophenol Dblue
in printing and dyeing, for it is otherwise particularly adapted
on account of its indigo color, the fastness to washing and
its cheapness, to become a formidable rival of indigo. Turther-
more it is affected by the action of steam.

A new sphere of usefulness has latterly appeared for the
indophenols in the production of the sulphur dyes.

TaE THIAZINES

The name for thiy class of dyes is derived from the Greek
(Befov, sulphur) and Irench (azote, nilrogen). These dyes
resemble the indamines and indophenols in their structuve.
The entrance of an atom of gulphur into the molecule, for in-
stance, of an indaminc confers upon these new dyes their
charactenstic propertics.

The most marked advantage aceruing from the acquisition
of this sulphur atom is the diminished sensitivencss to the
action of acids. This sulphur atom takes up a cevtain central
place in the dye molecule which is in the ortho position to
the nitrogen atom in diphenylamine. It unites with a earbon
atom in cach benzene ring and this while binding the two
rings together it helps to form a new central ring mnde wp as
may be seen from the following formula of four carbon atoms,
one nitrogen, and one sulphur atom.

/ N\/

H2N/ \S / \NH -HCl

Lauth’s violet
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In 1876 Lauth discoveved the first dye of this class and it

recetved the name of Lauth’s violet.  If paraphenylenediamine

in a solution containing hydrogen sulphide be oxidized by

forrie chiovide, Tauth’s violet is produced. That the con-

stitution of tlis dye as indicated above is correct was proved
by Bernthsen in the following brilliant manner.

By the action of sulphur upon diphenylamine, a thiodiphenyl-
amine was formed.

H H
N
—_—
s/
Diphenylamine Thiodiphenylamine

Bpon nitrating this product two nitro groups become fixed
in positions which are para to the imido nitrogen, thus forming
parndinitrothiodiphenylamine.

H

V2N

Paradinitrothio-
diphenylamine

B3y reduction the two nitro groups are converted into amino
groups nnd diparaaninothiodiphenylamine 1s the result.

H
AN

H,N NH,

s~

Paradiaminothio-
diphenylamine

This compound 18 in every way the‘sapae as the leucg ba,?e:
of Lautl’s violet and by oxidation 1t Is converted directly

into that dyestulf.
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N N
O/\O O/\
AN Nm NN Nwr ma

Base of Lauth’s Balt of Lauth’s violet.
violet The dye

Lauth’s violet is a beautiful dye, but on account of the poor
yield—20 per cent of the theoretical—and the consequent high
cost, it never met with extensive practical application. It i
now superseded by one of the most important dyes, called
methylene blue.

Methylene Blue (1876). By replacing the four amino
hydrogens of Lauth’s violet with methyl groups, methylena
blue would be formed. It is not prepared in this manper;
but it is of interast to note that the entrance of four wmethyl
groups induces a change from violet to blue, and further
that the more complex product is casier of manufacture and
of more extensive application.

This dyestuff was first discovered by Caro, who prepared
it by the oxidation of dimethylparaphenylenediamine in a
solution containing hydrogen sulphide. Its constitutional
formula allows of casy comparison with Lauth’s violet given
above.

N
AV N
(CH3),N 4 N(CHj3),
S

|
c1

Methylene blue.
(Chloride)

For its technical preparation nitrosodimethylamiline
ONCgH4N(CH3)e was reduced with cither hydrogen sulphide
or zin¢ dust and the dimethylparaphenylenediamine so pro-
duced was oxidized with ferric chloride in the presence of
hydrogen sulphide. Zinc chloride was added and the com-
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bination which this made with the dye was the commercial
methylene blue.  Addition of comunon salt separated it from
the solution.

During its formation, two molecules of dimethylpara-
phenylonediamine are brought together; one nitrogen iy
climinated to allow the combination to take place. This
nitrogen cseapes in the form of ammouia gas.

At present an improved process which employs sodium
thiosuphate hus almost completely superseded the other
methods.  In earrying out this method, one molecule of
diuethylparaphenylenediamine and one molecule of dimethyl-
aniline are oxidized I the presence of zine chloride. The
reactions wlieh take place and the intermediate products
formed nuy be represented as follows:

NH.

+ H.8.03 + 0 =
(CH3):N

Dimethylparaphenylenc—
diamine

o

(CH;),N{ )S-S0;H

Thiosulphonic
acid of the same

+ H,0

Witl this produet, the dincethylaniline enters into reaction,

NH, H
+ 20 =
(CH; )N S8-S0;H N(CH;).

Dimethylamine

N
/\
+ 2H,0
(CH3):N N\ :
N N(CHj),
N

$0,
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By further oxidation of this the central ring is closed and
by combining with the hydrochloric acid, the methylene blue
is formed.

N
/\,/\O
L/ + HCl + 0 =
H
\s \N(cns)z
N

S0,
N
N\
(CH;),N N N(CH;), + H,80,
S
|

Cl
Methylene blue. (Chloride)

The thiosulphate process for the manufacture of this dye
has the advantage of requiring only one-half as much di-
wethylparaphenylenediamine as the other processos: hecause
of the possibility of employing dimethylaniline—u nrore easily
accessible and cheaper substance.

Moreover by this method the yield 18 greater and the prod-
uct algo of greater purity.

The free base is separated with difficulty from its salts, but
this may be obtained by the action of moist silver oxide upon
the hydrochloride when a hydroxyl probubly replaces the
chlorine,

By reduction it takes up two hydrogens and passes casily
into its leuco-base, tetramethyldiaminothiodiphenylamine,

H
N
VAN
(CH-3 )‘_’N \/ N(CH3)2
S

Leuco base of
methylene blue
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This base appears in the form of colorless leaflets which
camot enduie exposure to the air without being rapidly
oxidized again to the blue dyve.

Methylene blue is the most important of all the blue basic
coloring matters. It is especially fast to light and extensive
apphcation i found for it in cotton printing and dycing, in
which processes 1t 1s by the use of tannic acid fixed upon the
fibre n the form of a tannin salt or lake. It is especially
adapted for the production of sky blue tints and in accord-
anee with its character 1t shows little affinity for wool,
and it ~hows when dyed upon wool an extreme sensitive-
ness to light. It is also but poorly adapted for dyeing
silk.  or the production of certain shades methylene blue
is toned with methyl violet, malachite green, or other basic
colows.  The methylene blue, freed from the zine chloride
contained i the commercial dyestuff, is employed in medicine
hecanse of s valuable antiseptic qualities.

Methylene Green (1886). If u single nitro group is im-
plauted in the molecule of methylene blue it is changed into
the dye ethylene green.  To produce thig change it is only
necessary to dissolve the blue dye in concentrated sulphuric
neld and treat it with one molecule of nitric acid. In one of
the henzene rings o single nitro group becomes fixed upon the
entbon atomr which is noxt to the nitrogen as shown in its
formuln:

NO: N

/\
(CH3)N W N(CH3),
R
|

Cl
Methylene green.

(Chloride)

Tt is therefore a mononitromethylene blue. The commercial
product is a dark brown powder which easily dissolves in water
with n greenish-blue color, In alcobol it 1s .but Spanngly
woluble. Hydrochloric acid does not affect it, sodinm hydroxide
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causes a separation of violet-colored flocks.  In concentrated
hiydrochlone acid it dissolves with o dark green color and thigs
on dilution changes to blue.

Gentianine (1886). Tlis dyc stands in relation to it
congtitution half way between Lauth’s violet, of slight com-
meretal value, and methylene blue, which is of great industrial
importance. In Lauth’s violet the four amino hydrogens
remained unsubstituted, in methylene blue all four hydrogens
were substituted by methyl groups, but in Gentianine G. only
two of these hydrogens in one amino group have been replaced.
The effeet has been to produce o dye ncither blue nor violet,
but. a bluish-violet,

In its preparation paraphenylenediamine and paramina-
dimetbylaniline arve oxidized, in o solution containing hydrogen
sulphide, by the addition of ferric chloride. Ity formuln is:

N
N\
(CHj).N S NH,
S
|

Cl

Gentianine

It appears in commierce in the forw of a zine chloride double
galt, which is a reddish-brown powder. Water dissolves it
casily, forning a bluish-violet solution; it dissolves lcss casily
in aleohol. Hydrochloric acid turng the solution grecner.
Sodium hydroxide changes the color to violet and then cnuses
a dirty violet precipitate. Concentrated sulphuric acid yields
a ycllowigh-green solution which the addition of water turns
first blue and then blue-violet,

The leuco-base is casily produced by reducding agents aund
oxidizing agents quickly restore the color of the dye.

It is ecmployed to dye cotton which hag been mordanted
with tannin a bluish-violet.

New Methylene Blue N. (1891). This dyc produces redder and
fuller shades than methylene blue, and it owes these propertics
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to the methyl and ethyl groups with which methylene blue
way be regarded as curiched. Its preparation may be car-
vied out by the sodium thiosulphate process described under
methylene hine.

. Sy
. The oxidation of two molecules of monoethylorthotoluylene-
diawine produces the dye,

N
NH, /\/w
C.H HN C,H,HN NHC,H;
25 \/ 25D
CH,

CH; CH; S
Cl
Monoethyltoluylene- Now methylene blue N.
diamine (Chloride)

1t ¢ o brown crystalline powder of metallic lustre which
dissolves easily i water with a blue color and in alcohol with
n greenish-blue.  Addition of hydrochloric acid produces
a puve blue, while sodium hydroxide causes the separation
al a brown precipitate.

A yellowish-green solution is formed with concentrated
sulphurice acid, but this is changed to a pure blue by adding
walter.

The color when onee reduced to its leuco-base by zine dust
18 ot onee restored by exposure to the ar.

Thiocarmine R. (1890). The basic thiazines thus far
deseribed ara not suitable for dyecing wool. By the process
ol sulphonation the buasic character is neutralized and a pre-
dominnting weid charncter is  developed. Thiocarmine s
such a sulphomnted thiazine which is used for wool dyeing.
It nwy be regarded ns n methylene blue which has been en-
dehed with both banzyl groups (CeHsCHg) and sulphonie
neid groups.

For its preparation aminocthylbenzylanilinesulpho acid
is employed s a starting point and it is subjected to oxidation
by chromie acid in the presence of sodium thiosulphate. By
this process n thiosulphonic acid is formed, which is then con-
densed  with othylbenzylantlinesulphonic acid when by the
further action of heat the thiocarmine results.
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N
O/\q
N(CoH;5)CH,CoH
NaS03C¢H,CH,(C,H;)N/ \s/k/ i ‘ 6

Thiocarmine R.

S0y

Thiocarmine R. comes into the trade in the form of an indigo
blue powder or paste. Hydrochloric acid does not affect it
nor does sodium hydroxide in a cold solution, but on henting
a change to violet takes place. The solution in strong sul-
phuiic acid is green, but on dilution it becomes blue.

When 1t is reduced by zine dust and then exposed to the air,
the color returns.

It is distinguished by its power of equalization, that is, the
dye attaches itself to the fibre in a uniform manner, and it
Is recommended as a substitute for indigo carmine, although
it has less resistance to the action of light. To acids, alkalies,
and the process of milling, thiocarmine is reasonably fast.

Tar OXAZINES

From the thiazines, the transition to the oxazines is ecasily
mmade so far as the conception is concerned. If oxygen is
substituted for the atom of sulphur in the centre ring of the
thiazines, then the thiazines result, The lattor may all be
regarded as derivatives of phenoxazine; for this appears as
the central nucleus of this whole class of dyecs. At the same
time, it may be seen how the oxazines and thiazines differ
by comparing the following fornwulas:

N H
N N
O/ AN O AN
N No”
Nucleus of the thiazines Nucleus of the oxazines

or thiodiphenlyamine or phenoxazine
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Meldola’s Blue (1879). When nitrosodimethylaniline and
B-naphthol are brought together in solution in glacial acetic
acid, a condensation occurs and a blue dye is formed. This
process for producing a blue dye was discovered in 1879 by
Meldola and hence the product bears the name of Meldola’s
blue. The character of the rcaction 13 shown below.

(1) H

94 HCl
Nitrosodimethylaniline fp-naphthol
AN\
(CH3).H

N0/
b
Meldola’s blue. (Chloride)

For convenience in writing the formwula, the naphthol
molecule is somewhat distorted from its usual form. The
one oxygen atom which is climinated in the form of water s
not sufficient to remove all of the hydrogen nacessary to enable
the condensution to tuke place. This extra hydrogen No. 1,
in the formula above is oxidized by nn excess of nitroso-
dimethylaniline nnd this is in turn by this very operation
reduced to  dimcethyl-p-phenylencdiamine.  This Intter sub-
stanee s nlways found in the mother liquor of the manufacture.

Latterly an-improvement has heen made in the preparation
of this dyve by employing alcohol as the solvent for the reaction
in place of glacial acetie acid.

Meldola’s blue is a dack violet-colored powder with a bronze
lustre. The mucous membranes are violently attacked by
the dust which arises in shaking or pouring the powdered
dyestuff.
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It dissolves easily in water with a bluish-violet color. Hydro-
ehloric acid causes the violet solution to turn blue. Sodiumt
hydroxide causes a brown precipitate. A blackish-green
solution is effected in strong sulphuric acid, which changes to
blue on diluting with water.

Cotton which is mordanted with tannin and tartar emetic
is dyed blue. It is also suitable for dveing silk and wool.
The color resists very well the action of light, acids, and soap:
but it is not so stable against alkalies. It is employed ax o
substitute for indigo.

Muscarine (1885). This is a blue dye produced by con-
densation of the two components, nitrosodimethylaniline
and 2.7 dioxynaphthalene acting upon ane another.

NO HO AN OH HCl
+ —
{CH3)-N H

Nitrosodimethylaniline 2.7-Dioxynaphthalene
OH
A
AN
CH;)>N
( 3 )2 \o /
Cl

Muscarine. (Chloride)

Muscarine forms a brownish-violet powder which dissolves
with difficulty in cold but easily in hot wuter, with a bluish-
violet color. Boiling the aqueous solution with zin¢ dust
decolorizes it by converting it into the leuco compound. On
exposure to the air, oxidation causes the bluish color to
return.

Hydrochloric acid produces a violet precipitate, while sodium
hydroxide dissolves the dye to a yellowish-brown solution.
Strong sulphuric acid forms a bluish-green solution that by
gradual dilution with water changes first to blue, then to
violet: finally a violet precipitate fails.
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If hydrochloric acid is added to the warm aqueous solution,
the hydrochloride is precipitated in the formi of fine needles,
which are green in reflected light, but violet n transmitted
light. Sodium hydroxide produces a red precipitate which
will dissolve in ether with a brownigh-orange color with a
dark green fluoresence. It dissolves in strong sulphuric
acid with a brown color that changes with addition of water
first green and then blue.

Cotton is mordanted with tannin and tartar emetic, and then
dyed blue while it is not found to be suitable for wool.

Reducing agents transform it into the leuco base which on
exposure to the air rapidly turns blue again.

Nile Blue 2B. (1891), 18 a dye closely resembling Nile blue
A, deseribed above, The color produced by it upon mor-
danted cotton is a greenish-blue instead of a pure blue. This
effect corresponds to a change in the composition and this
depends upon the use of benzylnaphthylamine in place of the
simpler naphthylanine used fov the Nile blue A. Iixcept
for the benzyl residue, it has the same constitution as that

dyestuff.
A

(C2H;5)oN NHCH,O0;H;

\?/
Cl
Nile blue 2B.
(Chloride)

This dye appears as a crystalline powder of a greenish lus-
tre. Cold water dissolves it with difficulty; but in either
hot water or alcohol it easily dissolves with a greenish-bluc
color. The addition of a little hvdrochloric acid induces the
separation of reddish-violet flocks, while a large amount forms
a brownish-yellow solution. A brownish-red precipitate fol-
lows the addition of sodium hydroxide. The brownish-red
solution which it forms with strong sulphuric acid lets fall a
violet precipitate when water is added.



CHAPTER XII
THE EURHODINES AND SAFRANINES

Tur EURHODINES

TaE curhodines ave the simplest of the azine dyes and consist

of two benzene nngs joined by the azine group <l\|I >
. N

further with amino groups symmetrically attached to the
rings. They are in consequence dianiinophenazines.

\N/O O\N/ N

Phenazine Diaminophenazine.
Nucleus of eurhodines

The proof of the structurc of the eurhodines may be under-
stood frowmn the following reactions:

Phenazine was produced by condensing pyrocatechol with
¢-phenylenedianine, three molecules of water being eliminated.

N
OH H,N AR
+ + 0 = + 3Hy0
OH H,N
: \n"
Pyrocatechol o-Phenylene- Phenazine
diamine
If o-toluylenediamine is condensed with pyrocatechol we

obtain similarly methylphenazine.
N

VAR CH;y
AN 74
Methylphenazine

295
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Now methylphenazine can be prepared and was prepared
in another way, the study of which reveals cleaily the con-
nection of the eurhodines to phenazine.

By a process of oxidation and subsequent heating, the two
compounds p-phenylencdiamine and o-toluylene are con-
densed to simple toluyene red.

O Oc " O -
NH,
\N /
p-Phenylene- o-Toluylene- Toluylene red.
diamine diamine Color base

When this toluylene red is diazotized, a tetrazo compound
is formed. If this tetrazo product is boiled with alcohol,
two amino groups are eliminated and methylphenazine results.

N.
ARVAT: "
N

Methylphenazine

From these reactions and products, it is concluded that the
simple tolulyene red is a diaminomethylphcenazine, and that
it has the constitution shown above,

Neutral Red (1879). The curhodine known as ncutral red
is formed similar to that for toluylene red given above. The
two substances brought together for this purpose are dimethyl-
p-phenylenediamine and m-toluylenediamine. By oxidation,
these substances unite and pass through the interesting phase
of first forming a blue substance called toluylene Lluo. The
product is then boiled, whereby it is transformed into ncutral
red.

(LR O
e N Y N NN NN

Neutral red. Neutral'red.
The base The dye
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Here we have substances analogous to those condensed to
produce toluylenc red, which was converted into methyphen-
azine and thus proved a diawmnino derivative of phenazine:
the ncutral red cmploys a dimethyl-p-phenylenediamine
in place of the shupler p-phenvlenediamine, the two methyt
groups not affecting the condensation whereby the dye is
fornied. Neutral red is a dark blackish-green powder, which
comniynicates a carmine red color to its aqueous solution, while
it dissolves in alcohol with a magenta red shade that exhibits
a slight hrownish-red fluorescence.

The first effect of hydrochloric acid is to turn it blue, pro-
ducing a pure bluc when an excess has been added. A yel-
lowish-brown preeipitate falls on adding sodium hydroxide,
and this precipitate dissolves in aleohol or ether, giving strongly
flnorescent solutions.

Disgolved in strong sulphuric acid, the color is green; this
changes on diluting, first to blue and then to magenta red.

From a ncutral bath, cotton mordanted with tannin is dyed
a bluish-red.

Neutral Violet (1879). This dye differs from ncutral red
ouly in having & methyl group less; the vemoval of this mathyl
group from its position in the benzene ring works a decided
change in the color of the dye, turning it from red to violet.

N /N
(CH;),N N/ NH, (CH;),N \w/ NH,-HCl

Neutral violet. Neutral violet.
The base The dye

Neutral violet is a greenish-black powder which, inhaled
in the form of dust, violently attacks the mucous membranes
of the nose and throat, causing sncezing.

Water casily dissolves it, giving a violet-red solution. Only
a slight change is caused by hydrochloric acid until an cxcess
has been added, when the color becomes blue. A brown
precipitate falls on adding sodium hydroxide. A green solu-
tion is formed with strong sulphuric acid; but this changes to
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blue and then to violet as water Is slowly added. Cotton
mordanted with tannin is dyed a reddish-violet.

THE SAFPRANINES

The safranines are among the oldest of the coal-tar dyes.
Indeed, mauve, the very first dye prepared by Perkin in 1850,
has becn shown after long-continued rescarch to be a true
safranine. Few dyes have presented more difficulties in
deternining their composition and structure or have enlisted
such frequently repeated attempts of many chemists to attain
formulas which should give rational explanation of the syn-
theses, properties, and reactions of these dyes.

The most striking property of these dyes is their strongly
marked basic character, which in many respects claims Kkin-
ship with the ammonium bases; further, among other pecul-
larities, they have a charactenstic bitter taste.

The safranines, as members of the azines, contain a double

nitrogen group <T >, and their strongly basic nature may
N’

be ascribed to this group. Two amino groups are also
present. The hydrogen atoms of these amino groups may be
replaced by acetyl groups. Even then the nature of the
molecule as a whole, though acid radieals are present i the
amino groups, remams basic, lending support to the view that
the azine group is responsible for their behavior as strong
bases.

The safranines are capable of forming three classes of salts
with acids. according to the strength of the acids cinployed.
The monacid salt is the most stable and is not  decomposed
by water, while the diacid and triacid salts cannot ecxist in
the presence of much water.

The three salts exhibit very different colors. The stable
monacid salt is red; the diacid salt requiring a weak acid
solution to keep it from decomposing is blue; the triacid salt
which can exist only in the presence of strong sulphuric acid
or very strong hydrochloric acid is grecn. In view of these
facts, it is easy to see how a solution of the dye safranine
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itself in strong sulphuric acid, which at Bagt’ i%;gq:e&n, will pass
through a blue phase to the final and stab‘fes-‘,r'gﬂo :
gradual addition of more and more water a‘@'mmp Jeciaiis
succession triacid, then the blue diacid salt, leaving the re
monacid salt. able to maintain its stability in an aqucous
golution,

By reduetion, the safranines arc converted into leuco-
compounds which possess a double character according to
the circumstances; bemng quite stable in acid solution, but,
if produced m an alkaline solution, they become oxidized
alwost immediately back to their original color by the oxygen
of the air.

If stannous chloride and hydrochlorie acid are used for the
recduction, it i found that one molecule of the chloride is able
to reduce one molecule of safranine to its leuco-base.  Henee
it follows that only two atoms of hydrogen are added to the
molecule during the conversion.

Safranines are formed by many methods, among which are
the following:

1. By heating indamines with primary monamines, with
partial reduction of the latter.

2. By the shwultancous oxidation of p-diaminodiphenylanine
and it# analogues with primary aromatic amines.

3. By a shnilar oxidation of p-diamines and two molecules
of primary bases. '

4. IFinally, by oxidation of m-aminodiphenylamine or its
analogues and p-diamines.

The safranines are also formed from the reaction of amines
upon aminonzo compounds.

Technical Preparation. Their preparation from these latter
compouuds of course necessitates their reduction, which splits
them into p-diamines and monamines; for the azo group
is ot present in the sufranines,

In the manufacture almost cxclusive use I8 made of that
process wherein one moleeule of a p-diamine and two mole-
cules of o monamine are united by means of a simultaneous
oxidation of all three units.

The required mixture of thoge amines is obtained by the
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reduction of the aminoazo compounds. Usually there is
prepared a mixture of aminoazotoluol and o-tohudine by
diazotizing o-toluidine with sodivn nitrite and hydrochloria
acid, The product is then reduced and conscquently splig
by zinc dust or iron filings acting upon hydrochlorie acid.
The result is a mixture of ona molecnle of p-toluylenedianune
and two molecules of o-toluiding; or in place of the latter one
molecule of toluidine and onc wmolecule of aniline. Thiy
mixture is neutralized with powdered chalk and then, after
the addition of potassium bichromate, kept at a boiling
temperature for some time.  Weldon mud and oxalic acid may
be used for the oxidation processt in place of the bichromate,

The fiust products of these oxidations are  indamines;
but as boiling continues, the excess of the monamine present,
by aid of the oxidation that is going on, enters the reaction
and converts this first-formed indamine mto a safranine.

Stmultancously violet-colored by-products ave formed which
on account of their weaker basic properties can be made to
form a precipitate by the addition of sodium carbonate or
chalk and are thus separated from the safranines, which remain
dissolved. Later, fromn thig solution, the addition of salt
causes the separation of the safranines themsclves.

The first safranine is said to have been discovered by Guinin,
Mamas and Bounct in Lyons by the oxidation of mnuve.
It was afterward prepaved by heating aniline which contained
toluidine with lead unitrite. Another method was to allow
the arsenic acid, used for 2o many years as an oxidizivg agent
in rosaniline manufactire, to act npon aminonzobewzene.
Naturally a¢ intermediate products andnoazo comnpounds
were first formed by the action of lead nitrite.

The dye is now manufactured almost exclusively by the
oxidation of ome molecule of p-toluylenediamine, one mole-
cule of o-toluidine, and one moleeule of aniline. It is employad
prineipally in dyeing cotton.

Frequently other yellow dyes, auramine, chrysoidne, wud
turmeric are used in combination with it to produceithe searlet
tones which are similar to those of Turkey red; but in fagtness
they are still considerably inferior,
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In gilk dyeing, safranine is wsed to produce beautiful shades
of rose. Latterly safranine has been diazotized and com-
bined with B-naphthol to produce a blue basie dye which
Is used in dyeng tannin-mordanted cotton under the name of
indein; this has carned a reputation for great fastness.

Structure of the Safranines. Onc of the first fornulas pro-
posed for safranine wmade it appear as an azo compound
with the characteristic grooap —N=N— holding together the
parts of a complicated molecule.  This fornmla was founded
upon the fact that aminoazotoluence and o-tohuidine when
heated together in aleoholie solution produced a safranine,

_ NH,
CH, N CH;
CH3
NH,
Aminoazotoluene o-Toluidine

The method of their anion iy secen fromn the reaction which
follows:

:i
H
CH
CH
|+ oD =
H,N N B
CH
H
H
'A'n”:ix;ba‘zc.;tol.uen; o-Toluidine
CH,—
Con N\ m
| OO+ =
H,N N /

CH,
Safraninre (Wit’s formula)
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But this formula was shown to be incorrect by a method
of preparation where no azo compound was used and where
none could be formed during tha process. The substances
employed were p-phenylenediamine and aniline.  Oxidation
of these two substances yiclds phenosafranine. It was after-
ward found that by the simultancous oxidation of a p-diamine
and two molccules of a monamine that the safranines them-
selves could be prepared. This of course shut out of con-
sideration safranines as azo compounds. Nietzki afforded
assistance in understanding the safranine formula when he
prepared the dye by oxidation of cqual molecules of dicthyl-
p-phenylenediamine and aniline. This showed the probable
presence in the dye molccule of two monamine radicals with
their benzene rings attached. Then by preparing o tetra-
ethylsafranine he supplied further cvidence that two amino
groups were also present. Leaving out the methyl groups
for simplicity, his formula would appear as shown below:

©\<|
2 / N\
AN

Cl

Contrary views, well supported, often came in conflict, and
no more interesting and valuvable exposition of chemical
methods in their progress step by step to the solving the
constitutional formula of a dyc can be found than that of
safranine.

The introduction of the many views and the evidence as it
accumulated through a half century would ouly confuse the
student at this point. At present, the structure will be
considered in the light of a regular progress from the
substances employed until the details of the formula are
understood.

Under. the indamines, it was stated that theso dyes were
of little value on account of their sensitiveness to acids. They
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do, howevey, foru o half-way step to the formation of the
safranines.

The sitplest indamine is a substance containing two benzene
rings joinod by an muine group and having the other groups

allixed in the para positions in these two rings as shown
helow:

N
RN
NH
NH/ ?
The simplest indamine.
A blue dye

Now thix dye i prepaved by oxidizing molecular propor-
tions of p-pheuylencdiamine and aniline; we may consider
them as forming w unton thus:

AN

| + + 20 =
NETH NH, | Nm,
ceemmnypas! NH
p-Phenylene- Aniline Phenylene blue

diamine

This oxidation :awd union is brought about by potassium
bichrowate in neut val solution; but this does not give sufficient
renson for weiting the Tormula ax just given.

Iowever, o way be cdenrly established by another method
where the two benzene rings are joined by a nitrogen atom
and where 1he aniduo groups are present, onc in each ring in
the pura position. This method employs p-diaminodiphenyl-
wmine.

H,NO H,NHO,H,NH, or 11211'C>_NH_©NH2

All that i needed 1o convert this into the indamine known
us phenylene blae is the removal of two hydrogen atoms
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from the molceule by oxidation in accord with the reaction

below:
N

N

| NH,
; NH
p-Diaminodiphenylamine Phenylene blue
N.
7\
NH,

HN/

Phenylene blue

Furthermore by reduction, phenylene bluc is converted
into a leuco compound which is identical with p-diamino-
diphenylamine.

It may now be seen that the following facts arc clearly
established for phenylene blue and also for safranine of which
these are a part:

1. Three nitrogen atoms ar¢ present in a double benzene
molecule.

2. One of these holds the two benzene rings togother.

3. Of the remaining two one is present as an amince group
in one ring, the other as an aminc group in the other ring.

4. Both these amino groups are in the para position to the
linking nitrogen.

It is further established that when p-phenylencdiamine
and aniline are oxidized, they will be linked by a nitrogen
atom, and the other groups will be in para positions to the
linking nitrogen because the product thus obtained is identienl
with phenylene blue.

Following a similar method of preparation, if we link with
p-phenylene diamine, in place of aniline, m-toluylencdiamine,
we shall obtain another indamine known as toluylene
blue,
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H,N HN JNE B
p-Phenylenediamine m-Toluylenediamine
N
/ \ CHy
4+ 2H, o
H,N H,N

Toluylene blue

This toluylene blue exhibits the interesting peculiarity of
changing to a red dye, on simply boiling with water, known
ng toluylene red. 1t is an example of oxidation whereby two
hydrogens are removed and a second nitrogen linking talies
plnee within the moleeule as follows:

s NEN
s N CH;
g + 0 ——

H;N H H ! HN HN,
O Oc H,
H,N NH,
A\

Toluylene blue Leuco base
Toluylene red. Leuco base

NH N.
/ \ CH; / \ CH3
+ 00— + H,0
H,N NH, NH,
\NH/ H,N \N/
Toluylene red. Toluylene red.
Leuco base Color base

The formmtion of this new substance by a double linking
of u second nitrogen atom is important; for safranine contains
a siuilur oue nnd wn understanding of this will help to explain
tho latter.
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But how is it assuvad that the second nitrogen linking
ocaurs as vepresented? This double linking of two henzene
rings in neighboring ov ortho positions forms a substance
known as phenazine.

/N

\\N/

Phenazine

A glance at toluylene red shows that it contains the phenazine
as its nucleus. But how may the strueture of phenazine be
proved to be as represented. It is proved in this manner:
Pyrocatechol and o-phenylenediamine condense to form
phenazine.

(- 20 -~ -0

Pyrocatechol o-Phenylenediamine Phenazine

+ 3H,0

Methylphenazine may be prepared in a gimilar manner by
condensing o-toluylencdinmine and pyrocatechol.

/N Nex,

AN 74

Methylphenazine

Now a very close relationship exists between toluylene red
and methylphenazine which shows conclusively that the
phenazine is the nucleus of the red dye. This was proved by
Bernthsen and Schweitzer, who, by diazotizing the two amiuo
groups of toluylene red, were able to eliminate them und replace
them by hydrogen. The resulting compound was found to
be methylphenazine itself.

When p-phenylenediamine and two molecules of aniline
arc oxidized, there is first formad an indamine with its single
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nitrogen linking and then by the further action of the second
molecule of aniline, the indamine develops a second nitrogen
linking and a phenazine containing a thivd buezene ring is
formed. This i phenosafranine, the simplest of the safranines,
of the following constitution:

O/N\O E//N\
o \Ir_/ NH, H,N \Ir_/ NH,

Phenosafranine. Phenosafranine.
Paraquinoid linking Orthoquinoid linking

This phenosafranine 1x chiefly of theoretic interest; but
it assists in understanding the constitution of safvanine itself,
which we may regard as a dimethylphenosafranine.  Sum-
marizing the progress thus far by a servies of structural for-
nrulas, we have:

NH NH
SNE /N o,
HyN NH, H,N
Leuco-indamine Leuco toluylene blue
or leuco phenylene blue
N
AN Ne,
H,N NH,
\yg”
Leuco toluylene red, (Simplified form)
N. N
AN Ner O N Nom,
]
CH;),N NH, CH;),N NH,
( 3 \N / ( 3 | \N / 2
Cl

Toluylene red. Color base Toluylene red. The dye
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N
7N\

H,N NH,

N
|

Phenosafranine. Color base
N /
5o N N\ \cH, H;C 7 N/ \¢H,;

NH, H,N NH,
mo. B8 NV \n/ ’ ’ Nn

[ | Net
Safranine: the dye. or Safranine: the dye.
Paraquinoid linking Orthoquinoid linking

Safranine, the individual dye. This dye appears in commeree
as a reddish-brown powder. In water, it dissolves casily with
a red color; in aleohol, it yiclds a solution with a yellowish-
red fluorescence. It is not a simple substance, hut a mixture
of the two bodics of the constitution shown here, which differ
only in the first having a phenyl group, the sccond a tolyl
group attached to the lower central nitrogen atown.

N N
50/ N N/ \cH, 5o N N \cr,
H>N NH H,N >
2 \N/ 2 2 \N/ NH,
| Nt | a1

CH;

Commerical safranine
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The present technieal method for its manufacture consists
in the oxidation of equal molecules of p-toluylenediamine and
o-toluidine to the corresponding indamine and then the further
condensation of thit with one molecule of o-toluidine to form
at last the desired safranine. The gradual progress of
this reaction toward the cud produet will be observed
below:

I'irst the formation of p-toluylenediamine from o-toluidine
by the diazo reaction is:

CH;
NH,
+ NaNO, -+ 2HCl =
CHjy
o-Toluidine N=N
| + NaOl + 2H,0
Cl

Diazo compound

°H3 GHB
N=N CH, N:N/ \CH;
] + = + HOl
ol NH, NH,
o-Toluidine Aminoazotoluene
CH; CH;
N:N CH;
+ 4H =
NH,
CH;
NH, H,N/ \CH;
+ + 2H,0
NH,
c~Toluidino p-Toluylene-

diamine
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Then the condensation of the p-toluylenediamine with the
o-toluidine and aniline follows thus:

H,C N H, H: CH,
| + 20; =
H,N JH H!\ /NH,
ey e
p-Toluylenediamine  Hy, H o-Toluidine

+ 4H,0
Aniline hydrochlonde Ho \ /
N

Bafranine hydrochloride.
The dye

Note. If the aniline is replaced by a monoaklyl-o-toluidine,
a safranine yiclding a clearer shade of red in dycing is
formed.

Hydrochloric acid changes a safranine solution to a Dluish
color, Sodium hydroxide causes a brownish-red precipitate
to fall. The solution in strong sulphuric acid is first green, and
on dilution first blue and finally red. This is explained by
the formation of an unstable green triacid salt in the strong
acid, a decomposition by a hittle water into an unstable blue
diacid salt, and on further dilution a further decomposition
into the stable monacid salt which the addition of mor
water does not affect.

Safranine colors cotton but slightly and so is easily washed
out; but, as a basic dye, it dves cotton mordanted with tannin
and tartar emetic red. It is cmployed in cotton printing,.
also to tone the shades of alizarine red. Silk is dyed to some
extent; but the dye possesses less value in wool dyeing.
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Safranine has been found to be poonaus.  The Weil (Zetts.
fir Hygiene, 1891, p. 35), states that .05 graw of safranine
hydrochloride per kilo weight is a fatal dose for a dog, injected
hypodermically. A peeuliar eruption of the skin has also
been caused by a lining material dyed with safranine.  The
color bage of safranine has the sawe color as the dye iself,
and it is soluble in water with the same colar. It may be
prepared by adding barium hydeate to the solutiow of safranine
sulphate.  The strong basic property of thiv color baxe ¢nablex
it to draw carbon dioxide from the air to form the carbonate.
The color bage has the constitution indicated:

N N.
H3C / \ \CHB H,C / \ CH;
or
H>:N NH. NH.
’ N\n/ ) gy’ V' \n/ :
o/ | |
Safranine. Safranine.
Color base Anhydride of color base

The first formula eoxhibits the base asg corresponding to
ammonium hydroxide; but repeated crystallization from hot
water has been found to produce a base free of the clements
of water. This anhydrous base may be accounted for by a
splitting off of u molecule of water and a readjustinent to the
paraquinoid constitution as shown in the sccond formula.

Fast Neutral Violet B. (1880), i% a puaste of Dronze lustre
or a bronzc-colored powder, which gives a reddish-violet
solution with both water and aleohol. 1t ix prepared by the
reaction of nitrosodimethylaniline upon dicthyl-m-phenylenc-
diamine.

No

(CH3)oN C.H;HN| INHOC,H;

Nitrosodimethyl- Diethyl-m-phenylene—
aniline diamine
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Y
(CH;).N \N/k NHC,H;
\a1

C,H,
Fast neutral violet B.
m s-EthylMimethylethyl-
phenazonium chloride
An excess of hydrochlove acid changes the solution fromn
violet to blue.  Sodium hydroxide has no effect until an excess
has been added, when the dye is partially precipitated. Strong
sulphurie acid dissolves the dye with o veddish-gray colov; itthen
turus blue-violet on adding water and finally weddish-violet.
Past neutral violet B dyes twniied cotton a fust violet,
ad it s only wsed for dyelug and printing this fibre.
Methylene Violet RRA, 3RA ix o reddish-violet dye which
is #old ag a brown powder that s casily soluble in water or
aleohol with a violet red colov.  Oxidation of dimethyl-p-
phenylenedinmine and aniline eayses thelr union and forms
the dye.
/N
(CHy),N Ny NH,
I \a1
CqH;,
Methylene violet RRA, 3RA
a s-Dimethylsafranine chloride
Hydrochlovie acid turns the solution bluish-violet, while
sodium hydroxide causes o brownish-red procipitate to fall,
Coneentanted sulphurie neid forms with it n green  solution
which the gradunl nddition of water turms first blue and finally
violat red.
Tunnined cotton is dyed reddish-violet. It is employed
chiefly for cottou printing wud is reasonably fust.
Safranine MN. appewrs as n blnek powder, which is soluble
v wuter with o reddish-violet color. The reddish-violet
solutiou in aleohol=shows nn orange fluorescencao.
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The substances brought together and caused to unite by
oxidation to produce this dye are dlmethyl-p-phenylcno-
diamine with aniline and o- or p-toluidine, Its structure is
given by the following formula:

/N\/chs
(CH3).N NH._,

C(’ H l’
Safranine MN
m s-Phenyl-a s-dimethyl
diaminotoluphenazonium chloride

(OoHr)zNO ON(oons)

CGH,-

Amethyst violet.
Tetraethylphenosafranine

The reddish-violet aqueous solution i turned blue by hydro-
chlovie acid, while sodium hydroxide produces o dark-red preei-
pitute which dissolves in mueh water to a reddish-violet color.

Biue, green, and reddish-violet colors arc made to appear
in suceession by dissolving the dye in strong sulphurie acid,
ad gmdundly adding water.

Amethyst Violet (1883), is a derivative of phenosafranine
containing four ethyl groups symmetrically arranged in the
molecule.  The dye i made by oxidizing diethyl-p-phenylene-
dinine together with diethylaniline and aniline. The three
coustituents arc wrranged below in the relative positions
they oceupy in the completed dye molecule.

(C.H;),N O ON(czns)z O

Dxethyl-p—phenylene- Diethylaniline Aniline
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Amecthyst violet is a blackish-gray powder whose aqueons
solution is reddish-violet. The fuehsine red aleoholie solu-
tion displays a bluish-red fluorescence.

Hydrochloric acid converts it to blue color, while sodium
hydroxide leaves it unchanged. Dilution of the green solu-
tion in strong sulphuric acid turns it blue and then bluish-
violet. Silk is dyed a shade of violet which fluoresces to u
reddish tone.

Mauve, Perkin’s Violet has the unique distinction of being
the first dye to be made from coal-tar products on o conuncreial
scale. W. H. Perkin, in 1856, discovered it and put it upon
the market in a form soluble only in alcohol. This expeusive
solvent limited its use to the dycing the most costly of all
fibres, silk. The shade was at once highly prized by the silk
dyers and its appearance was the gignal for the most astonish-
Ing activity and rescarch by all Furopean chemists. No
single discovery in the field of chemistry can compare with
this in its tremendous influcncee in opening and develaping
an entirely new and untried ficld.

Mauve has been long superseded by other dyes save Tor
English postage stamps, which were colored with this 1auve
until the close of Queen Vietoria’s reign. More thau a seora
of different trade names have been applied to it, of which the
niost appropriate was Perkin’s violet,

The manufacture of mauve consisted h oxidizing » mixture
of aniline and toluidine, when a derivative of safranine resulted.

N
me N N N\cn,

Cﬁ H5 HN \ / N H2
N

| Not
C;H,CH;
Mauve: Perkin's violet.

m s-Phenyltolusafranine
chloride

Mauve was sold as a reddish-violet paste or veddish crystals,
which were insoluble in cold water and only soluble with
difficulty in boiling water to a reddish-violet solution.
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Hydrochloric acid does not affcet the shade, but a bluish
violet precipitate falls when sodium hydroxide is added. The
olive green color in strong sulphurie acid is changed first
to green when water is added, then to blue, and lastly to red-
dish-violet.

Mauve dyes silk a reddish-violet. It is used to whiten silk
in the skein.  Cotton may be dyed without cmploying a mor-
dant, In fastness to light, mauve is superior to mcthyl
violet.

Heliotrope B, 2B is u safranine used in cotton printing to
tone the shades of alizarine violet. The xylidines are required
for 1ts manufacture, It is prepared by coupling together
nitrosodimethylaniline and a mixture of m-xylidine and p-xyli-
dine hydrochlorides which react to produce heliotrope B, 2B.
The factors and the product are grouped thus:

CH, NH,
NO HC;

(CHy),N NH,

CH4 CH;
Nitrosodimethyl- m-Xylidine p-Xylidene
aniline

N OHs

VRN

(CH;),N Ny NH;
\\ CH;
\01
OH,

CH;
Heliotrope B, 2B.

Heliotrope B forms a brown paste or a powder of a grayish-
green color, which dissolves in both water and alcohol with a
rosaniline color.
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Hydrochloric acid leaves the color unchanged until a great
excess has been added, when it turns blue, Sodium hydroxide
causes a red precipitate to fall which, when filtered off, will
dissolve mn water. If dissolved in strong sulphuric acid, it
passes through the shades of green, blue, and red on the gradual
addition of water.

Cotton mordanted with tannin i dyed a reddish-violet.

Magdala Red (1868), is a heautiful dye whose high price limits
its application to silk. Upon this fibre, it is used to produce
the most delicate rose-red shades which exhibit a splendid
fluorescence of a peculiar pearl-gray character. It 1t com-
posed of two naphthalene rings joined by the azine group,
i.c., the nucleus of the dye is so constituted.  Ifor its manu-
facture, the complex aminoazo compounds are cmployed,
which must first be decowposed and then the produets
must recombine with the aid of added amino com-
pounds.

Magdala red is made by the mutual reaction of the hydro-
chloride of aminoazonaphthalenc with naphthyahnine.

N N

W/ AN N/ \/w
HTK/\N/ H’!‘ \N/k/NHZ
| I L
CioHy CioHy

Magdala Red. Bases

N—=NC;H /
— V65 or another
form

\ N=N 06 H 5
NH, H2NU NH,
a-Aminoazo- a~-Aminoazo- a-Naphthyl-

naphthalene naphthalene amine
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O\/ \/(j O ) 0

7\ j
H,N NH,

/\N/ NN
[ \Gl | \01
CyqHy CoH;

Magdala red

The question must arise as to the preliminary decomposi-
tion of the azo compound, so that the products obtained are
avallable for recombinig with the other amino compounds
to form tha dye itself.

An iustance of such decomposition and rearrangement may
be shown by the formation of a ginilar dye through the fusion
of aminoazonaphthalene with aniline and anihne hydrochloride.

The aminoazonaphthalene passes first into the isomer
hydrazone.

\/\lN:Ncﬁns O/N—NHCGHS
Hsz p o

a-Aminoazonaphthalene Hydrazone

By n migration of the auiline residue from the side cham
iuto the main ving, we obtain a compound available for union
with the other components.

_ NH
N—NHOGH; O y
N’ HN \NHC,H;

Hydrazone Anilidoquinonediimide

AN
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It is now in condition to unite with aniline with the elinuna-

tion of ammonia.

Aniline
NC;H, H
/ G544
+ 2NH;
NH
06H5N/ |

By oxidation an azine ring is developed and the dye is formed.

+ H,0

CgH;
Phenylrosinduline
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Milling Blue (1890), is a naphthylsafranine, which unlike
the safranines in general is not used for cotton dyeing. On
the contrary, it is used for dyeing wool which has been treated
with chromium mordant.

Miling blue is the product of melting together anilineazo-a-
naphthylamine with the hydrochloride of a-naphthylamine

and aniline.

/ \N=N0,H, /W/
HzNU LNHB
Anilineazo-a-Naphthylamine a-Naphthylamine

O/N\

NHC.E
AV /L/ oFs
l—.._l|
CeHj
Milling blue

Milling blue is a bronze-colored powder which forms a blue
solution in water.

Hydrochloric acid causes a blue precipitate to fall while
sodinm hrydroxide turns the solution bluish black. The bluish-
green solution which it makes with strong sulphuric acid
turns blue when water is added.  Wool which has been mor-
danted with chromium salts is dyed blue.

Indazine M 13 a beautiful blue dye so ecloselv rclated to
mauve thnt it is often called pseudo-mauve. The dye is the
hydroehlovie acid salt which yiclds a blue solution with water
and also with aleohol. The base itself is soluble in water
with a red color.
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Indazine M is prepared by bringing together nitroso-
dimethylaniline and diphenyl-m-phenylenediamine when the
indazinc 1s formed.

ON

CsH;HN NH /N(CH3)2

CeHj

Diphenyl-m-phenylenediamine Nitrosodimethylaniline

06HrN/O\N/O\N(CH;;)2

L]
chr,
Indazine M.

Indazine M has the appearance of a blue powder. Hydro-
chloric acid turns its solution bluer and sodium hydroxide
gives a blue precipitate. A blackish solution iy formed with
concentrated sulphurie acid which dilution with water turns
to blue.

Cotton when mordunted with tannin is dyed blue which
is fast to washing and furthermore is not affected by acids
and alkalies.

The dye is not a homogencous substance. It contains an
ingredient of a more greenish-blue shade which is believed
to be the result of the further action of nitrosodimethylaniline
on the true indazine.

NaraTuyrn Dyes

Three dyes, a red, a violet, and a blue have been placed
upon the market which produce valuable fluorescent shades
upon silk.

Their structure is of peculiar interset since a comparison of



THE EURHODINES AND SAFRANINES 321

their constitutional formulas allows us to see how the color
of a dye is influenced by the entrance of additional phenyl
groups into the dye molecule.

Naphthyl red is a naphthosafranine.

CRAAKL D

HN/O\N/OW

l

CeH;
Naphthyl red

Tf one of the hydrogens of the amino group in this molecule
i exchanged for a phenyl group, then the red color twms to

violet.
OYN\/Q

NHCgHjy
g’ N \n
[
CeHs
Naphthyl violet

Now when the hydrogen of the imino group is replaced by
a phenyl group, the color is converted from violet to blue.

0cH ;N \Ir-/

CgH;
Naphthyl blue

The naphthyl red recalls the magdala red described above,
which differs only in having a naphthyl instead of a phenyl
group attached to the central or azine nitrogen.
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CONAAL D

NH,

ax” NV \n/

THE APOSAFRANINES

The dyes classed as the aposafranines are of simpler strue-
ture, in possessing one amino group in place of two, than the
safranines, and yet their discovery was latev. The study
and clucidation of their constitution was nearly parallel with
the nvestigation of the safranines. The two classes bear
50 close a rclation to cach other that many of the facts bronght
slowly to light were of mutual assistance in solving their strue-
ture and in arriving at rational formulas for both.

The constitution of aposafranine is apparent fromn the tormula

below:
O/N\O
BN’ \Ir-/

CeHs

Aposafranine.
(Simplest representative)

Aposafranine i at once seen to contain three benzene vings
to the central azine group and therefore it falls into the class
of the azine dyes. No dye of this class, however, hax in veality
so simple a constitution as represented above; for in these
dycs, a naphthalene group is always preseni.

If the imino group is affixed to the naphthalene nucleus,
then the special name of rosinduline is given to it. 1f, on the
contrary, the imino group located in the benzene ring, it is
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ealled an vsorosinduline, A difference in color results accord-
ing to the location of this imino group.
Rosinduline: Chiefly shades of red.
Aposafranines { Isorosindulines: Chiefly shades of blue and
1 green.

Rosindulines. Induline scarlet as a rosinduline contains
the mino group in the naphthalene nucleus of the dye
moleeule,

Induline seadet i prepared by melting together azo-deriva-
tives of monoethyl-p-toluidine and a naphthylamine hydro-
chloride.

AN Ner,

HN/ \N/
. 1
(LGHr,

Induline scarlet

Induline scarlet is a red powder which is soluble in water,
with a red color, and in nleohol with an orange color exhibit-
ing n yellowish fluorescence.

No change is caused by adding hydrochloric acid.  Sodium
hydroxide precipitates a resinous violet-colored body.  The
solution in strong sulphurie acid is a wine red, which by adding
water pussest through green to red.

Cotton mordanted with tannin is dyed scarlet red. It is
used principnlly for cotton printing.

Azocarmine G 18 a red paste with a lustre of gold which
digsolves with difficulty in water and communicates to it a
bluish-red color. Iun its manufacture, phenylrosinduline is
first. formed nnd by fuming sulphuric acid this is converted
into a disulpho neid of which the sodium salt forms the com-
mereinl dye, The process consists in melting together aniline-
wonuphthylamine and aniline, and aniline hydrochloride.
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ccnrN/ l\j N/ O

cc H;

Phenylrosinduline.
Base of azocarmine G.

As an example of the readjustiuent which is believed to
take place in the complex anilineazonaphthalene before it can
form a union with aniline to produce the dye, the following
reactions may be giveu:

First, the aminoazo compound changes its forms from an
azo to a hydrazo compound by the shifting of a hydrogen
atom from the amino group to the azo group as follows:

N—NHCgH;

O N=NCH; ~— O V4
H,N

Azo form Hydrazo form.
Anilineazo-a-naphthylamine Anilineazo-a-naphthylamine

The azo group then breaks up; the anilido group —NHCsH 5
clhanging position with the neighboring hydrogen atom, thus
producing anilidonaplthocuinoneditmide.

N—NCGH;
O Y 6 %
NHC;H
ax” 6Hs

Hydrazo form Anilidonaphtho-
quinonediimide

N\

HN

Now the action of two moleendes of aniline upon this
substance which has wdergone o double transformation
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before it is ready to act, produces phenylrosinduline as
follows:

N E 1 EN]cH;

CeHj

Anilidonaphthoquinonediimine

NCgH,H

V4

+ 2HN;

N
OoHsN |

CsH;

The action of oxygen is now necessary to remove two
hydrogen atoms and form the azine ring.

NCeH, [H

06H5N/ N|H + O]

CgH;
N.
2N + H0

OgHsN \n/
L

CsHj
Phenylrosinduline.
The base whose sodlum salt of
the disulpho acid is the dye azo-
carmine G.
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Azocarmine G in its bluish-red aqueous solution yiclds a
red precipitate on adding hydrochloric acid; this precipitute
is, however, soluble in water; sodium hydroxide produces na
change. In concentrated sulphuric acid, it dissolves with
a green color and the addition of water to this solution causes
a red precipitate to fall.

Wool is dyed an even and fast bluish-red, which is pretty
fast to light and not sensitive to acids and alkalics.

It is emploved for producing mixed shades,

Rosinduline 2G. By treating azo¢arminc G, which is a
disulpho acid, with fuming sulphuric acid, it is converted. into
a trisulpho acid, When this trisulpho acid is heated with
water to 160-180°, a phenvlamine group is replaced by oxygen
and aniline is eliminated. Rosinduline 2G is the result.
This is the sodium salt of rosindone monosulpho acid.

N
/N /N
—_—
o/ N\ %
(|’6 H;
Rosindone «-Naphthophenazine

Rosinduline 2G is a scarlet powder, which water dissolves
with a scarlet red color.

From the aqueous solution, a ycllow precipitate falls if
hydrochloric acid be added. A scarlet precipitate is caused
by sodium hydroxide. The solution in strong sulplhuric neid
is a dirty green color; but when a moderate amnount of wnter
has been added and some time has clapsed, a deposit of golden
yellow crystals separates out.

Both wool and silk are dyed an orange-red, from an add
bath, and the color is fairly fast to washing and milling: It
also shows good resistance to acids and alkalics. The dyc
equalizes so well that goods may be at once placed in & boiling
bath of the dye.
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If this base rosindone be distilled and the vapor passed over
zine dust kept at a red-heat, oxygen and a phenyl gronp wre
split off, leaving the well-known naphthophenazine; thus
proving the constitutional formulas ascribed to phenyl-
rosinduline and rosindone.

N
ZINN
——
o’ \N/ N
06H5
Rosindone a-Naphthophenazine

Rosinduline G. is a red powder which dissolves In warm
water with an orange red color. This solution gelatinizes
on cooling and standing, The dye is made by heating the
sodium salt of phenylrosindulinenaphtho-6-monosulpho acid
with water under pressure.

N&O;;S Na 038

N
7N\
—_

0,H N \N/ o/ NV \n"

|
06H5 CuH;
Rosinduline G.

This 18 a valuable acid dye for wool and silk.

The cffects of hydrochloric acid and sodium hydroxide are
the same as for rosinduline 2G.

The dirty green solution in strong sulphuric acid gives a
brownish precipitate on diluting with water.

The scarlet which it dyes upon silk has the same propertics
as rosinduline 2G.
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Tue ISOROSINDULINES

This class of the aposafranines differs from the rosindulines
in having the substituted amino groups attached to the benzene
1s well as to the naphthalene nucleus.

The 4sorosindulines differ further in being blue and green
1yes while rosindulines are shades of red.

Neutral blue is prepared by allowing the hydrochloride of
trosodimethylaniline act upon phenyl-f-naphthylamine.

NOg
(CH;),N HI|T
OgH;
i imethyl- nyl-s
Nlﬂm: v m}:ﬁi(:l?glumine

AN

Neutral blue

Neutral blue forms a dull brown powder which is casily
oluble in water and in alcohol with a violet color.

No change occurs on adding hydrochloric acid save when a
arge excess is used; the shade is then a little bluer. Sodium
Jydroxide gives a violet precipitate, The brownish violet
n strong sulphuric acid turns violet with addition of water.

Cotton mordanted with tannic acid is dyed a blue which
3 useful for mixed shades. It is not suitable for wool or silk
or does it long resist the action of light or soap.
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Basle blue R. ig another blue dye of the sorosindulines.
It is a brown crystalline powder, and it dissolves in water
with a bluish-violet color. If zine dust is warmed with the
solution, the color disappears; but it becomes blue agam by
cxposure to the action of the air.

Basle blue R. results from the action of the hydrochloride
of nitrosodimethylaniline upon 2.7 ditolylnaphthalenediamine.

NHCzH,CHj3
NO
(C H; N HN!
C¢H,CH,
Nitrosodimethylaniline 2:7-Ditolylnaphthalenediamine
NHC;H,CH;
N
7\
CH;),N
(CHy), N
Cl
C¢H,CH,
Basle blue R.

If to the bluish-violet aqueous solution of this dye hydro-
chloric acid is added, a blue precipitate falls while a bluish-
black precipitate is caused by sodium hydroxide.

In strong sulphurie acid, the dye dissolves to a grecnish-
brown solution, then upon gradual addition of water, a change
to green first occurs succeeded by a violet, followed by the
scparation of a bluish-violet precipitate.

Cotton mordanted with tannin and tartar emetic is dyed
blue. This dye has been largely superseded by indoine blue.
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Azine Green G.B. This dye is of interest in allowing us
to see the cffect of removing two methyl groups and a sliding
of an amino group in basle blue R. The color changes con-
sequently from blue to green. The methyl groups were
situated in two separated benzenc rings, thus making them
tolyl groups.

Azine green G.B. is made by the action of nitrosodimethyl-
aniline upon 2.6. diphenylnaphthylenediamine.

NHCgH;
N
7\

CH;),N
(CH3): N’
| \e1
CeH;
Azine green G.B.

Azine green G.B. is a dark-green powder which is soluble
in both water and alcohol with a green color. Green pre-
cipitates fall either on adding hydrochloriec acid of sodium
hydroxide.

Concentrated sulphuric acid dissolves the dye to a brownish
golution, but the color turns to green on adding water.

Cotton mordanted with tannin is dyed dark green.



CHAPTER XIII
THE QUINOXALINE, QUINOLINE, AND ACRIDINE DYES

THE QUINOXALINE DYEs

THE quinoxalines were discovered by Hinsberg, who applied
the term as a general name for the products he obtained by
the action of diketones upon o-diamines. The simplest repre-
sentative is a pure quinoxaline from o-phenylenediamine and

glyoxal.
N
NH, , OHO CH
| —— + 2H,0
NH, OHO OH
N

o-Phenylene- Glyoxal Quinoxaline
diamine

Later those compounds of purcly aromatic character
were termed azines, of which phenazine is the simplest example,

N.
03H 4/ >° 8 H4
\x
Phenazine

Flavinduline is the only important dye of this class and
it has the peculiarity of possessing no auxochromous group.
It is formed by phenanthrenequinone acting upon ¢-amino-
diphenylamine in glacial acetic acid.
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N
co H,N 7\
cO HN
| N
CoHs | Mo
CgH5
Phenanthrene~ o-Amino- Flavinduline
quinone diphenylamine

It may be seen from the formula that the flavinduline has
phenazine as a nucleus.

Flavinduline is a powder of a color between a brownish
yellow and an orange red. Its aqueous solution is orange red.
No change is caused by hydrochloric acid, but a grayish green
precipitate is caused by sodium hydroxide, and this later
turns to a grayish yellow.

QuinoLIiNE DyEs

Quinoline resembles both benzene and pyridine, for it
consists of a benzene nucleus and a pyridine ring joined.
It may be regarded as naphthalene in which a carbon und
hydrogen of the latter have been replaced by a nitrogen wtom.
Acridine bears to quinoline the same relation that anthracenc
does to naphthalene. Indeed the analogy between the three
nitrogenous substances pyridine, quinoline, and acridine and
the hydrocarbons, benzene, naphthalene, and anthracenc mny
easily be seen from the following skeleton formulas of the
two series:

0 ()

Benzene Naphthalene Anthracene

N N N
Pyridine

Quinoline Acridine
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Quinoline is a colorless liquid with a high boiling-point
(239°), possessing a characteristic disagreeable penctrating
odor and a high refractive power. The nitrogen is responsible
for its basic propertics, through which it is able to form salts
with acids. It turns brown on exposure to the air.

Quinoline is prosent in coal-tar, in the oil obtained by the
distillation of bones, in “stupp’’ fat obtained from distillation
of the bituminous mercury ores of Idria. It may be made
synthetically by the cclebrated Skraup method of heating
togoether nitrobenzene, aniline, glycerine and sulphurie acid.

Quinoline yellow: spirit soluble (1882) is made from a
methyl derivative of quinoline called quinaldine, wherein the
methyl group stunds attached to the carbon atom next to the
nitrogen in the pyndine ring.

OH;
N

Quinaldine or
a-methylquinoline
When quinaldine is heated with phthalic anhydride, two

hydrogens from the methyl group of the quinaldine unite
with an oxygen aton from the anhydride to scparate as water,
while the union of the residues produces the quinoline yellow.
In the formuly, the double bond indicates the point of union
subsequent to the removal of the molecule of water.

/00

\m/
d oY

Quinoline yellow.
Soluble in spirit

Quinoline yellow Is a yellow powder which water will not
dissolve, while alcohol dissolves it with difficulty to a yellow
solution.
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Concentrated sulphuric acid dissolves it, forming a ycllowish
red solution, but the addition of water causes the separation
of the dye as a yellow flocculent precipitate.

Spirit varnishes and waxes are dycd yellow. It is used for
making the soluble quinoline yellow.

Quinoline yellow: water soluble (1882) is made from the
spirit-soluble quinoline yellow just described, by the action
of fuming sulphuric acid. Two sulphonic acid groups (—SO3H)
become fixed in the quinaldine portion of the molecule. The
sodium salt of this disulphonic acid is the dyec:

co
N

>o
\c/xcncgn4(s03Na)2

Quinoline yellow.
Soluble in water

The position of the two sulphonic acid groups is as yet
uncertain.

This dye is a yellow powder which is easily soluble in both
water and alcohol with a yellow color. Hydrochloric acid
simply brightens it while caustic soda darkens it. The yellowish
red solution in strong sulphuric acid turns yellow on addition
of water.

Wool and silk are dyed a prized shade of greenish yellow
in an acid bath. It replaccs the yellow dyc picric acid. Tho
color is very fast to light and is not sensitive to acids and
alkalies; it is less fast to washing and milling.

Its widest application is in silk dyeing. Reducing agents
do not affect it.

AcripiNE Dyes

Acridine, which gives its name to a few ycllow and orange
dyes of this group, is basic in its nature. It is a solid which
crystallizes in colorless needles, which may be sublimed.
Upon the skin and mucous membranes it has an intensely
irritating effect. Crude anthracene and crude diphenylamine
contain acridine in small amounts. Dilute solutions of its
salts show a greenish blue fluorescence.
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The structurce of acridine may be proved to consist of two
benzene rings which arc united in ortho positions of union
by a nitrogen atom and a carbon atom, and it may be prepared
svnthetically from diphenylamine and formic acid, Diphenyl-
amine contains two benzene rings joined by a nitrogen atom
which in turn hold a hydrogen as shown below:

H
2N
HCO-0OH

Diphenylamine Formic acid

When this Is treated with formic acid, the hydrogen attached
to the nitrogen together with the hydroxyl of the formic
acid unite to produce water, while the formyl group (HCO)
affixes itself to the nitrogen, yielding formyldiphenylamine.

/T\
O HCO O
Formyldiphenylamine
AN
H| H

HCO
Formyldiphenylamine

Zinc chloride acting upon this removes the oxygen from the
‘ormyl group and a hydrogen from each benzene ring in the
‘orm of water, and a molecule of acridine is produced.

N

AN
.74
H

Acridine
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Acridine may now be seen to consist of three six-membered
rings, the middle one containing a single nitrogen. This
single nitrogen has sufficient influence to impart to the whole
molecule a basic character whereby it forms salts with agids.
By comparison with alizarine, a very close resemblafice 1
apparent, sincc a replaccment of the single nitrogen aton
by a carbon with an attached hydrogen atom would at once
convert acridine into alizarine.

Some acridine products were formed as impurities during
the manufacture of rosaniline from aniline and toluidine.

For example, chrysaniline and crude commercial ehrysaniline,
known as phosphine, were obtained from the waste material
left from the rosaniline melt when the arsenic process was
employed. These dyes are more or less impure forms of
diaminophenyl acridine.

TN \xE,

N

NH,

Diaminophenyl acridlne

Acridine Yellow. When m-toluylencdinmine is treatoed
with formaldehyde a condensation of three molecules into
one results, with the separation of water as shown below:

— CH;
NH, H,N NH, H,N NH,
HCH; O = + H,0

NH, CH, CH

. 8
H NH, ./
CH; CH,
Formaldehyde m-toluylene- Tetraaminoditolylmethane

diamine
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It will be noticed that if this new substance could loge
amnmonia from the amino groups which are nearest together
a thicd closed ring would be formed and a product resembling
aeridine would result.  Hydvochlorie aeid acts upon it, splitting
off anunonia as follows, forming dinminodimethylhydroacridine.

NH

NE, NN \NH,

CH, O
CH,

Diaminodimethyl-
hydroacridine

Oxidation of this intermediate product removes a hvdrogen
atom from the middle nitrogen and the middle carbon and
eauses the union of these two atoms across the ring, thus
forming the dye acridine yellow, which is sold in the form
of hydrochlorie acid salt.

In commerce, it ig o yellow powder which dissolves with
a vellow color and a greewish flourescence in both water aud
aleoliol.

N
N, N 1N\ \Ng,-HO

CH,

N\g” \/ CHy

H
Acridine yellow
hydrochloride

Both hydrochloric acid and sodium hydroxide cause a
yellow precipitate to fall. In strong sulphuric acid it forms
n bright yellow sohdtion from which addition of water causes
n yellow precipitute to deposit,

Silk i dyed a greenish yellow with a greenish fluorescence.
Jotton mordanted with tanniu is dyed yellow.

Acridine Orange NO is pl‘gpared in a manner similar to
that for acrdine yellow save thut the substances used to
condense with formaldehyde are somewhat different, Form-
aldehyde is brought together with two molecules of m-amino-
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dimethylaniline when a condensation with elimination of
water takes place as follows:

o N(CHj3),
|
! NH,
HCH|O . =
Tr——— NH,
H
P i N( c H3 )2
Formaldehyde m-Aminodimethylaniline
(CH3),N NH,; H;N N(CH;3),
H,0
AN
N/
CH,

Tetramethyltetraaminodiphenylmethane

This product separates a molecule of ammonia on treatment
with hydrochloric acid and a closed central ring is formed. Sub-
sequent oxidation removes two hydrogens as explained under
acridine yellow and then the product is acridine orange NO.
The hydrochloride of this is the commercial form and it ususlly
appears crystallized with one molecule of zinc chloride, as
shown below:

N
(CH;),N 7N N(CH;),HCl
4= ZnCly

N\
C
H
Acridine orange NO
The dye is an.orange-colored powder which dissolves to
form an orange yellow solution with a greenish fluorescénce
in both water and aleohol, Hydrochloric acid turns the solution
red. Sodium hydroxide calses a yellow precipitate, Its
solution in strong sulphuric acid is almost colorless though
it possesses a greenish fluorescence; addition of water turns
this solution orange at first, then red.
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Cotton mordanted with tannin is dyed ovange. Silk in a
boiled-off soap bath is dyed orange with a greenish fluorescence.
It is moderately fast to light and to the action of soap.

Acridine Orange R. Extra. In this dye, the effect of the
addition of a phenyl group upon the shade of a color may be
observed. The only difference between this dye and acridine
orange NO is a phenyl group which replaces the hydrogen
atom attached to the central carbon atom of the molecule.
This changes the orange dye to an orange red dye.

To secure this difference in composition, 1t is only necessary
to select benzaldehyde in place of formaldehyde, where the
requisite phenyl group is brought into the reaction at the hegin-
ning. One molecule of benzaldehyde is condensed with two
molecules of m-aminodimethylaniline; this is carried on in
an alcoholic solution by aid of the dehydrating action of
hydrochloric acid.

B N(CHj),
m|
L T Nemy),
O™, | o
| N(eHE),
sl
S
N(CHj3),
Benzaldehyde m-Aminodimethylaniline

(CH3),N(" \N(CHj3); (CHs).N N(CH;),

+ H,0
CH

A
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From this product a molecule of ammonia is separated,
forming a closed ring central, with the result of yielding the
leuco compound of the dye; when by oxidation two hydrogen
atoms are removed, the liuking of the centrzl nitrogen and
carbon atoms occurs and the dye is produced. The hydro-
chloric acid salt is the commercial form of the dye and its
congtitution ig shown below:

N
(CH;):N /N N(CH;3),-HOl

A4
I

Acridine prange R. extra

It appears in commerce as an orange red powder which gives
an orange yellow solution, while in alcohol, in addition to the
orange yellow color, there appears a greenish fluorcscence.
Hydrochloric acid turns. it red, while sodium hydroxide
produces a yellow precipitate.

In concentrated sulphuric acid the solution is yellow with
a green fluorcscence, while an addition of water turns it red.
Cotton is dyed orange red by aid of a tannin mordant.

Leather Yellow, Phosphine N., Phosphine P.  In the manu-
facture of rosaniline or fuchsine by the arsenic acid oxidation
process a large amount of waste product was formed. This
was of the nature of a dye and being too valuable to throw
away was worked up and put on the market under a varicty
of names, c.g., maroon, grenadine, geranium, ccrise, juchten-
roth, scarlet-cardinal, camelia, amaranth, Russian red, fuchsine
scarlet, fuchsine ponceau, fuchsine yellowish, ote. These
different names were used by various firms for pructically
the same product—an impure phosphine.

Research upon phosphine proved it to be mainly the sub-
stance known as chrysaniline, which 1s a derivative of acridine.
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The waste product from the rosaniline manufacture con-
taincd mauve aniline, chrysaniline, rosaniline, violaniline
and resinous matters. The process of extracting the chrys-
aniline was more or less difficult and tedious. By boiling
with hydrochloric acid the violanilme and resinous matters
remained insoluble and could therefore be separated. The
rosaniline remaining was destroyed by reduction with zine
to its leuco compound.

The chrysaniline which thus made up the bulk of the
phosphine was an unsymmetrical diaminophenylacridine of
the following constitution:

/NN,

N
|

NH,
Phosphine P.
Leather yellow

It comes into commerce as orange yellow powder which
communicates a reddish ycllow color with a yellowish green
fluorescence to its solution in both water and alcohol.  Hydro-
chloric acid is without action while sodium hydroxide produces
a bright yellow preeipitate. Concentrated sulphuric acid will
dissolve it with a bright yellow color and u greenish fluorescence,
from which addition of water produces a reddish yellow solution,

Leather yellow is used especially for dyeing leather; it is
also employed for printing upon woolen goods. Cotton is
dyed yellow by the assistance of a mordant and the color is
moderately fast to soap but not to light.

Benzoflavine is a yellow dye for mordanted and unmordanted
cotton. For sitk and wool 1t is of less importance. As in
the other acridine dyes, we have here the action of an aldehyde
producing a condensation of two molecules of a diamine so as
to yield acridine as a nuecleus with various substituting groups.
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One molecule of benzaldehyde reacts with two molecules of
m-toluylenediamine. From the relative positions of the mole-
cules as they are placed below, it may casily be seen how
its three molecules become joined by the clunination of a
molecule of water and one of ammonia.

H,N/ \NH, H,N NH,
H;C CH;
m-Toluylene m-Toluylene

diamine diamine

HCO

Benzaldebyde

Oxidation and union with an acid of the utermediate product
formed above yields the completed dye benzollavine.

N
5NNV | N\ \NE,-HC1

H;C CH,

N
|

Benzoflavine

Benzoflavine appears as brownish orange ycllow powder
which dissolves slightly in cold but easily in hot waterto which
it communicates a yellowish green fluorescence.

An orange-colored precipitate falls where hydrochloric acid
is added and a yellowish white one when caustic soda is
added. In concentrated sulphuric acid it dissolves, exhibiting
strong green flourescence; this solution turns yellow and
ﬁgz]lglz yields an orange precipitate as water is gradually
added.



CHAPTER XIV
ANILINE BLACK

FroM aniline alone, one of the simplest coal-tar derivatives,
there has been produced for years by one of the easiest processes
of oxidation a black dye which iy one of the most valuable
in the whole range of synthetic colors. The qualities which
have won for aniline blunck so high a degrec of estcem are its
great resistance to the action of soap, light and air. Further-
more, it resists successfully the action of weak chlorine, though
strong chlorine converts it into a reddish brown.

Although the method of applying this dye to fabriecs was
discovered by Lightfoot in 1863 and within the first decade
of the manufacture of synthetic dyes, the constitution of
this color has I spite of the long-continued research of many
investigators failled of n satisfactory solution. Recently
Willstacter and Moore claim to have digcovered its constitution.

One of the marked properties of ordinary aniline is its
tendency to turn rapidly on exposure to the air from a colorless
liquid to a brown one. The process of converting aniline
into a black dye consigts in using oxidizing agents to hasten
the progress of the oxidation toward black insoluble dye.

Among the oxidizing agents employed are manganese
peroxide, lead peroxide, chromic acid, ferric salts, potassium
ferrocyanide, permanganic acid, chloric acid and chlorates
in the presence of metallic salts. Of the metallic salts, those
of copper and vanadium are most efficient and most
appreciated.

The function of these substances is to withdraw hydrogen
from the sniline by oxidizing it away, leaving the aniline
residues to join together and form the dye.

343
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It is of interest to note when chlorates and metallic salts are
employed for oxidation how small & quantity of the metallic
salt i8 necessary to oxidize large amounts of aniline. The
most remarkable of all of the metals i vanadium. According
to Wits, part of vanadium with the aid of the required amount
of potassium chlorate will suffice to convart 270,000 parts
of aniline salt into aniline black. After vanadium follow in
the order of their efficiency cerfum, copper aund iron; iron
Is noticeably wecaker In its action than the others.

From thesc facts the conclusion is drawn that the metallic
salts simply play the part of oxvgen carriers. Ouly those
metals are effective which have two slates of oxidution.
It therefore appears that the metallic salts in their bigher
state of oxidation act upon the aniline; when thus reduced
to a lower state they are again raised by the chlorate present
to the higher state and again become active upon nwre aniline.
As evidence of the correctness of this view, it hug been shown
that when cuprie chloride has been used with an suflicient
aroount of potassium chlorate cuprous chloride i present in the
mixture.

Aniline black is an insoluble substance of a busic nature
which in its free state 1s a dark violet to black in color. The
salte formed by union with acids are, however, a dark green.
These salts are unstable compounds and are by wnshing
with water partly decomposed, and yet the removul of the
whole amount of the acid is accomplished with difficulty.

Aniline black is insoluble in almost all solvents. It docs
nevertheless dissolve in aniline with diffieulty to n violet
color; on standing this violet shade passes over into a brown.
Phenol dissolves it more easily with a bluish green color.

If the insoluble aniline black is treated with fuming sul-
phurie acid, different sulpho acids are formed, according to the
strength of the acid and the time it is allowed to act. These
free sulpho acids are green, while their easily soluble alkali
salts are of a dark violet.

When submitted to reducing agents, aniline black forms
an insoluble leuco compound which in a strong acid solution
is slowly oxidized to the original aniline black., In an alkaline
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golution the same reaction proceeds very rapidly. If strong
reclucing agents are employed; as for example tin and hydro-
chlorie acid, a complete splitting up of the molecules occurs.
The deconposition products include para-phenylenediamine,
pa,ra,-diaminodiphenylamine and diphenylamine, These facts,
coupled with knowledge that energetic oxidation converts
aniline black almost completely into quinone, leads to the
conclusion that during the condensation of the aniline to
aniline black, the nitrogen of one aniline radical must attach
itself to the benzene ring of another and further more in the
para position to the nitrogen atom alrcady present.

Aniline black is rarely sold in the completed gtate, but is
developed upon the fabric. It is used for dyeing cotton and
in calico printing. It is less employed for wool, which, to take
the dye successfully, is treated first with chlorine.

Most frequent use is made of potagsium bichromate and
copper salts; but since, in printing, the copper salts corrode
the iron parts of the printing apparatus, these soluble salts
of copper have been replaced by the insoluble gulphide of
copper which, after being printed upon the fabric and in the
presence of air and moisture, oxidizes to copper sulphate and
then assists in the intended oxidation.

In printing a mixture of aniline hydrochloride, potassium
chlorate and copper sulphide thickened with starch paste may
be employed. The printed goods are hung in a room with
moist air heated to about 30°. At first an oxidation of copper
sulphide to sulphate takes place and then, through its action,
the aniline salt becomes oxidized to aniline black. Vanadium
salts have now largely replaced the copper salts.

For printing, it is important that the change from aniline
to aniline black shall not take place in the paste containing
the mixed ingredieuts; otherwise the paste would soon become
useless, hence the more vigorous oxidizing agents such as
chromic acid manganese peroxide cannot be used.

In dyeing aniline black a constant excess of acid must be
present; but in printing this excess of mineral acid would
injure the fabric and besides stimulate the formation of aniline
black in the printing paste. In place of this acid it is often
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customary to employ an excess of free aniline and partly
replace the aniline hydrochloride with an alkali tartrate.
Such a mixture will remain a long time inactive, forming no
aniline black and only developing that color after it has been
applied to the goods and been subjected to a certain degree of
evaporation and consequent drying upon the fibre.

A disadvantage attending the dyeing and printing of aniline
black is the tendency to twn to a greenish black on exposure
to acid fumes; ever so slight an amount of such fumes as
may be passed into the air from the burning of sulphur cown-
pounds contained in illuminating gas suffices to chunge the
shade of goods thus exposed. The remedy is a more encrgetic
oxidation during the printing, which seems to produce a bluck
far less sensitive to these fumes.

In the dyeing of cotton a strong solution of aniline sulphate
containing free acid and potassium bichromate is prepared
and the cotton is immersed therein, As soon as the solution
is heated, the developed aniline black wttaches itself to the
fibre. The aniline black thus produced is converted into the
insoluble base by passing the goods through & bath containing
sodium carbonate or suspended chalk.



CHAPTER XV
THE ALIZARIN DYESTUFFS

Turkey Red. This brilliant dye, on account of its fastness
to light and to washing, has long been held in the highest
esteent. Its use in dyeing was known to the Persians, Hindoos,
and Igyptians. The presence of Turkey red in the wrappings
of Egyptian mummies gives proof of its great antiquity.

The source of the dye was the root of the plant Rubia Tinc-
toruny, more often called madder root. IFrom the Kast
the plant was first introduced into Italy under the name
of Lizarl or Alizari. Its cultivation began in Holland in the
middle of the sixteenth century. Later the cultivation spread
over many of the countries of middle and southern Europe
and eventually to North and South America.

Madder is the form in which the dyestuff camec into the
trade, It is a fine dark brownish red powder made by grind-
ing the madder roots, which have first been fermented in
heaps and then dried, The growing root, however, exhibits
no red color, but it contains a glucoside called ruberythric acid
which by aid of fermentation or acids is broken up into a
sugar and alizarin, the true dyestuff, according to the follow-
ing equation:

O36H3014 + 2H0 = 2C4H;305 + 0©,4Hg05(0H),

Ruberythric acid Alizarin

While alizarin is the chief constituent in madder of value to
the dyer, it is accompanied by other coloring principles,
purpurin and xanthin, besides resinous and gummy ingredients;
these, during the elaborate operations of dyeing, were finally
elimiated.

The agricultural production of the madder root and the
manufacture of alizarin was suddenly threatened in 1868

347



348 COAL-TAR DYES

with a rival artificial product from coal-tar through the dis-
covery of two German chemists Graebe and Liebermann.
They found that when alizarin was heated with zine dust
a new substance known as anthracene was formed. This
clearly showed alizarin to be a derivative of anthracene,
a long-known product of coal-tar distillation.

These chemists at once set about the task of reversing their
newly discovered reaction in the hope of producing alizarin
from coal-tar anthracene. The intermediate substance, a
substance of quinone character, though it was not known
to them, they called anthraquinone, and at the same timc
they regarded alizarin as dioxyanthraquinone. So much
had their fusion of alizarin with zine dust revealed to thewm.
The recognition of alizarin as dioxyanthraquinone borce
immediate fruit, for it enabled themn to obtain alizarin by
fusing dibromanthraquinone with potash.

This first success of a deliberate intention to prepare syntheti-
cally a dyestuff is one of the most ilustrious technical attain-
ments of modern times, and 1t 1s almost without parallel in
the chemnical technical congequences resulting from it.

It was next sought to substitute the cheaper sulphuric
acid in place of the bromine, to form a disulphonic acid of
anthraquinone which should in turn by fusion witlh caustic
potash result in the formation of alizarin just as dibrom-
anthraquinone had previously done.

The labors of Graebe and Liebermann, however, to produce
alizarin from a sulphonic acid of anthraquinone were failures
because they did not use a sufficiently high temperature to
convert their primary material anthraquinone into its sul-
phonic acid. H. Caro, however, by employing sulphuric acid
at a temperature of 200° C., succeeded in sulphonating his
anthraquinone and obtaining a product which on fusion with
potash yielded alizarin. Graebe and ILiebermann together
with Caro patented this process, while at almost the same date
Perkin patented the process in England,

Alizarin. Pure alizarinisof an orange yellow color insoluble
in water and found in the trade mixed with water in the form
of a 20 per cent' paste. It is never sold in the dry form for
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the reason that it cannot be so finely divided again or so
successfully suspended in the water of the dye-bath. Experience
has shown that, though the alizarin in paste form is regarded
as insoluble, is still dissolves in a slight but cufficient degree
to fulfill its function as a dye while the dried alizarin has
lost this power.

Alizarin by itself cannot communicate any coor to a fabric.
It is not a dye until it is brought in contaet with a mordant,
c.g., aluminumn hydroxide, with which the fibres are charged.
Its shight solubility enables it to combine with the mordant
to form a red color. This combination of alizarin and mordant
I+ texmed a “lnke.” Suhsequent operations profoundly modify
the properties of this lake before the brilliancy of Turkey red
is attained. The process necessary to accomplish this will
be given later.

The technical difficultics in the way of the commercial
manufacture of alizarin were great, but were soon overcome
and the important process became onc of the most prolific
sources of revenue known to the color inuustry.

There were produced in Europe for each day of the year
1888, 60 tons of 10 per cent paste. Keen competition and
the gradual perfecting of the methods lowered the price of
alizarine from about §1.50 per pound for a 10 per cent paste
in 1870 to 22 cents a pound for a 20 per cent paste in 1900.

ALIZARIN AND 178 RELATION 10 ANTURACINE

Alizarin is not far removed in its constitution from that
product of coal-tar known as: anthracenc, The formula of
anthracene recalls that of naphthalenc with the addition of
another carbon ring. Its graphical formula i1s shown in the
diagram below:

VaenN

2

3
CH/

Anthracene
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This hydrocarbon is foand in that portion of the distillate
of coal-tar boiling above 270°C.  Under the influence of bichro-
mate of potash and sulphuric acid, the central carbon atowms
lose their hydrogen and take on oxygen, thus converting
the anthracene into anthraquinone, whosc formula reveals
the change.

Anthraquinone

This substance is pale yellow, but it develops a more decided
yellow to orange color when by further treatmient it is converted
into the hydroxyl derivative which is alizarin itself.

Of the many possible dihydroxy derivatives of antlun-
quinone, that one alone can produce colors with wordants
which has the hydroxyl groups in the position 1:2 to the
carbouyl group of unthraquinone. Thus alizarin  nlone
possesses the power of dyeing prepared mordanted yarms or
c¢loths.

Below ig given the formula of alizarin:

co OH
7\/ 9\ OH

N¢o”

Alizarin

To indicate the position of side groups in both anthraquinone
and anthracene, use is made of a serics of figures 1-8 ns ghown
in the figure and the middle carbons are further numbered
9 and 10.

Alizarin crystallizes in the form of reddish browu needles
which dissolve slightly in aleohol nnd scarccly ut all in
water. The crystals melt at 289°-290° C. and sublinie nt a
higher temperature in beautiful long red needles, 1t dissolves
with a violet color in a solution of caustic alkali. Carbon
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dioxide causes a previpitation from this solution of the acid
salt. Alizarin is oxydized to phthalic acid by nitric acid
and is reduced to anthracene by heating with zine¢ dust.

Alizarine combines with various metallic hydroxides to
form colored lakes and these are the insoluble dyes which
remain fixed in the fibres of dyed fabries. Of the various
lakes, only four are much used in practical dyeing; those
formed by the action of the hydvates of aluminum, chromium
and iron and tin on alizarin. The aluminum lake is red,
that of chromium brownish violet aud that of iron blackish
violet, that of tin rose.

For a long time the view was held that it wss anthra-
quinone disulphonic acid which on fusion with potassium
hydroxide produced alizarin, This view was later shown
to bae false, for only the monosulphonic acid of anthraguinone
would give alizarin; the disulphonic acids, on fusion with
potassium hydroxide furnished isopurpurin and flavopurpurin
both of which arc not di- but trioxyanthraquinones. As a
matter of fact, this was known to a few technical chemists
In 1871, but 1t was not gencrally known until it was published
five years later by Perkin.

For the commercial manufacture of alizarin, the purest
anthraquinone is used. The anthraquinone is prepared from
anthracene by oxidation, using bichromate of potash and
sulphuric acid. Inpractice a 50 per cent anthracene is employed
and this by steam distillation is changed into a fine powder.

The oxidation is carried out in lead-lined vats arranged so
that the mixture may be heated Ly dircet steam. If only
the purest anthracenc is used and the oxidizing mixture is
not too concentrated, the anthraquinone separates out as a
soft gray powder. Washing frees it from all acid. The dried
anthraquinone is then dissolved in concentrated sulphuric
acid, and 1t is precipitated In a purer state by the addition
of water, It is further purified by distillation with superheated
steam. '

To convert it Into monosulphonic acid, it must be treated
with fuming sulphuric acid containing 15 per cent of sulphuric
anhydride at the lowest possible temperature. The A-mono-
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sulphonic acid (the sulphonic group in the position No. 2 in
the formula) seems to be the chief product, while the (-acid
(having its sulphonic acid in the position No. 3) iy formied
in small quantities only.

The B-monosulphonic acid can be separnted from sove
disulphonic acid unavoidably formed by the pnrtial erystalli-
zation of the sodium sult of the former. By partinl neutrali-
zation of the acid mixture, the anthraquinone monosulphonate
of soda separates at first. The process is carried out so as to
form as little of the disulphonic acid as possible.

In the old method of alizarin manufacture the oxidation
process depended on the oxygen of the nir, and consequently
in order to give the air freest possible access to the fusien
it had to be spread ow in thin red layers in shallow vessels.
But this method has been superseded for more than twenty
years. Potassium chlorate is now used to furnish the necosay
oxygen and the operation ig carried on in closed vessels under
pressure. The ndvantage of melting under pressuve s the
ease In regulating the temperature, especially when much
water 1s present, while in open vessels a much grenter coneen-
tration was nccessary to reach the required tempernture.

One part of anthraquinone mwonosulphonate of soda und
three parts of sodium hydroxide are placed with potussiun
chlorate and a certain amount of water in u horizowtal eylin-
drical iron kettle provided with a stirrer, It is then stirred
and heated for a long tite to 180-200° U.

The fusion is then dissolved in water nud the alizarin
precipitated with hydrochlorie acid, which decomposes the
soluble sodium compound, sctting free the insolublo nlizarin
to settle as a precipitate.

Alizarin appears in conunerce as a yellow puste contuining
80 per cent of water. The renson for sclling it ns n puste
18 that it forms a powder when dried which is diflienlt
to distribute in wuter in a sufficiently fine nidd homogencous
condition for dyeing operntions. But when shipped to India,
it is in the forn of a dry powder prepared from a puste pre-
viously mixed with starch. When this powder thus prepared
is placed in water the swelling of the starch graunules separntes
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the particles of alizarin, forming a thin paste suitable for
the dyer.

Russian dycrs, however, purchase alizavin in the form of
2 dry powder, which they dissolve in caustic soda and then
precipitate in the dye bath itself with hydrochlorie acid. This
process 1s gaid to give move intense dyelngs than those obtained
with alizwin in the paste form.

A distinetion 18 mnde between a bluish and a yellowish
alizarin. Tlis does not mean that a pure alizarin varies
in color, but shuply that those varicties of alizarin found in
the market wre somewhat impure, the bluish being the puver
of the two and the yellowish contuminated with both of the
trtoxyanthraquinones, ssopurpurin and fluvopwpurin,

ArruicartoNn or ALzarIN IN DyYrRiNG

Immemorial usage in the production of Turkey red with
madder brought the art to a high state of perfection by the
nid of empirical processes most claborate and tedious, The
suceess of this highly prized color involved, according to J. J.
Hummel, in the emulsion process no less than fourteen different
operations. DBeautiful results were secured by its use, The
yarn was first boiled in a solution of sodium carbonate and
dried, the worked in an emulsion of oil, dung, and sodium
carbonate, steeped in water and in sodium carbonate, sumached,
wovdanted with aluminum hydroxide, dyed with 10 per cent.
alizarin sumach and blood, cleared with sodium earbonate,
finally clearing with soap and stannous chloride. To finish
these processes required about three weeks, but a genuine
Turkey red was produced, brilliant and durable.

The substance which remained upon the fibre and gave
the red color was not a simple lake formed by the union of
the acid alizarin and the basic aluminum hydroxide, but a
more complex substance which contains besides these two ele-
ments two other inorganic bases, viz,: lime and stannic oxide
and in addition tannic acid, fatty acids and sometimes phos-
phoric and arsenic acids which with the alizarin constitute the
acid portion of this very complex lake. Tuwrkey red, therefore,
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strikingly illustrates the rule that a color is stable in pro-
portion to the number of different constituents of the lake,

In dyecing Turkey red, the only mordant basc which is
directly applied is a salt of aluminum. The lime and stannic
oxide contained in the final actual lake are introduced during
the different operations of dyeing and clearing.

Yarn is mordanted by immersing in a solution of alum or
aluminum sulphate and then in a bath of sodium carbonate
or chalk, The same mordant answers for printing calico or
other cotton fabrics. Colored designs on a white ground are
secured by printing the mordant on the places which are
later to appear colored. A special mordant for this purpose
is prepared by adding a solution of alum to a solution of lead
acetate insufficient to cause a totul or complete double decom-
position with the addition of some sodium ecarbonate, The
solution contains both basic acctate and basie sulphate of
aluminum. Aluminum acetate alone gives less desirable
results, for it makes the goods impervious to water and diffi-
cult to wet out. Starch is used to thicken the mordant in
printing,.

The aluminum hydroxide is precipttated from that portion
of the solution which has actually penctrated the fibre by
the following operations; these leave che hydroxide in a
granular and not in a gelatinous condition.

The goods are hung in a large room kept at a temperature
of 32—40° C. with careful regulation of the amount of moisture
present. Here it remains until by the loss of a considerable
portion of the acetic acid, the salts of aluminum become more
basic and at the same time ncarly insoluble.

The next operation, called dunging, consists in passing the
goods through a hot bath which contains cow’s (or pig’s)
dung and chalk. The sulphuric acid and what remains of
the acetic acid is removed by the chalk, while by mechanical
action principally, the dung prevents any detached parts
of the mordant from contaminating the white parts of the
fabric. The pieces after thorough washing are passed into
the dye bath containing alizarin which beginning at a low tem-
perature finally rises to a boil.
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Analysis of materialy dyed with madder, a natural mixture
of alizarin and purpurin, scems to show that the red contains
alumina and lime m the ratio of two moleeules of Al,O3 to
three molecules of Ca0. TInvestigations of Licchti and Suida
show the most probable formula of the usual alizarin lake
to be

Al,03€a0(C,4H;03);3- Hy O

This ratio of the lime to the alumina is disturbed in the
later process of soaping which removes some of the lime. The
goods contain lime taken up from the chloride of lime used in
a previous bleaching process but more is taken from the eal-
enreous water used in making up the dycbath.

Roscnstichl states that the presenee of lime in the water
i9 o necessity.  The alizavin-line lake, though insoluble in
pure water, casily dissolves in water containing carbonie
acid; and as natural waters usually contain caleium bicarhonate
as well as free carbonie acid, o congiderable amount of the
alizarin is dissolved as a lime lake and this is then taken up
as such by the aluminum hydroxide in the fibre.  But the final
high temperature of the dye bath causes the avolution of
carbon dioxide and the consequent precipitation of lime
lake, which accumulates on the bottom of the vat and thus
entails a loss of ahizarin.  To counteract this evil Rosenstiehl
recommends adding caletum acetate to the dye bath, or i
the water contains much lime, acetic acid alone. The bath
is maintained slightly acid at first. The alizarin dissolving
in the calcium acetate gradually decomposes it on a sufficient
increase of temperaturc. Acetic acid is thus set frec and the
alizarin-lime lake which is formed and also frea alizarin
unite with the aluminum hydroxide in the fibre.

At this stage of the process the red has a dull appearance
and it has to pass through the clearing process to attain its
full brilliancy. Boiling in a solution of soap and stannous
chloride follows, The action of the latter, though complicated,
accomplishes In part the removal of some of the sodium from
the soap and forms stannous hydrate, The soap, thus rendered
more neutral, more casily gives up fatty acid to the color
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lake. This Is proved by the taling up of an appreciable amount
of fatty acid during the process. The stannous hydrate works
on the brown impuritics fixed on the fabric with the alizarin.
It reduces and thereby decolorizes themi. At the same time,
it s itself gradually oxidized to stannic hydrate and this
combines with a portion of the alizarin to form an orange
lake and thus the entire red color is brightened.

Another method of sccuring the same brightening effect,
is to pass the dyed picces through a moderately warm bath
of a soluble gtannous salt, nitro chloride of tin. Thig ix formed
by the addition of stannous chloride to an cqual weight of
nitrie acid.

The fastness of alizarin red depends upon the presence
of fatty acids or oxidized fatty acids. The soaping operation
does not furnish sufficient fatty acid and the other operations
are required to thoroughly saturate the fibre with this necessary
substance. Turkey red, the most permanent color obtained
with alizarin, contains the largest amount of fatty acids.

The oil upon which the dyers used to depend to furnish
this fatty acid in the old method wasg called “ huile tournante ”
or gallipoli. It is a variety of olive oil which by partial decom-
posttion contams free oleie acid and this forms an cmulsion
when used with alkaline carbonates.

The yarn or {abric was passed through an cmulsion of this
kind and then by exposurc to air a part of the oil was oxidized
to compounds insoluble in alkuline carbonates. This process
consumed much time and was very tedious.

Raneid gallipoli is no longer used, or at least infrequently.
The so-called “Turkey red” oil produces the sane result
more efficiently and more rapidly. It is prepared from castor
oil by the action of sulphuric acid below 40° C. and washing
with brine or sodium sulphate solution to remove free acid
and then neutralizing with ammonia or sodium carbonate.

Though the composition of the product is somewhat uncer-
tain, it is regarded as the alkali salt of ricinoleo-sulphuric aeid
C17H3,(HSO3-0)COOH. The process of oiling may be carried
out before or after mordnuting with aluminum hydroxide
or even after dyeing if the process i3 subsequently ussisted
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by steaming. In some nstances the Turkey red oil is added
to the dye bath itself.

Tannin in some forni, as sumach or catechu, is added to
the dye bath, for by uniting with part of the aluminum hydrox-
ide it forms fuller shades. Glue may be added to forn insol-
uble compounds with the tannie acid and thus protect parts
of the design which are to remain white. On heating tho
dye bath, the aluminum hydroxide on the fibre decomposes
tha finely divided compound of tannic acid and glie and it
becomes saturated with tannie acid.

It is absolutely necessary in the production of fine shades
from alizarine that therc bhe not the slightest trace of iron
present, which changes fine red or pink to a dull red oreven
brown. Special attention is therefore required to guard
against traces of iron, but as the color in printing is in constant
contact with the stecl serapers (called the “doctors”) of the
printing rolls, traces of iron cannot be prevented from being
taken up by the color, but the presence of ron cven is harm-
less if it can be prevented from entering the alizarin lake
in the ferrie state, and this can be cffected In several ways.

Addition of stannous chloride or stannous hydrate reduces
all the iron to the ferrous state. Arsenious acid, by combining
with the ferrie iron to form an insoluble salt, renders it harmless,
for this salt 1s not decomposable by alizarin. If sulphocyanide
s aclded to tho color, the iron, oxidized to the ferric state
by nitrate of aluminum, forms a ferric sulphocyanide.

Alizarin Violet 1s produced on cotton by a process very
similar to that used in Turkey red dycing. The blue shade
of nlizarin 18 used, the yellow shade cannot be employed
for this purpose, because the anthrapurpurin present in the
latter gives grayish violet cffeets while the flavopurpurin
also produces a reddish violet.

Ferrous acetate is the mordant used. In the dyeing chamber,
it 1s decomposed into ferric hydrate and acctic acid. The
goods are then treated with cow’s dung and chalk, after which
washing and dyeing with alizarine follows. Sodium arsenite
Is often used in the dye bath to produce faster and brighter
shades. Part of the ferric iron in the bath is reduced to ferrous
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iron and thus a compound lake of ferric and ferrous oxides
results. The reduced ferrous oxide is supposed to play the
part in violet that lime does n the red. In the color arsenious
acid 18 also found,

Brown. Alizarin red may be toned brown by the admixture
of Prussian blue. Fine shades of brown may also be secured
by a mixture of iron and aluminum mnordants.

Wool. Alizarin is used to advantage in dyveing wool ou
which colors similar to those on cotton are produced which
are fast to milling and light. The wool 1s mordanted by boiling
it with alum and crecam of tartar. To obtain bright colors,
it 18 necessary to use acid caleium acctate or nectie acid, and
furthermore it is necessary to dye first cold, gradually and
slowly heating the bath to a final boiling temperuture.

The colors obtained with tin as a mordant are not affected
by light, but they become dull on milling with soap.

Silk. Alizarin and related dyes may be applied to silk
which has been charged with various metallic mordants.
Brightening is accomplished by boiling in a soap buth. Full
and fast colors arc produced, but they nre applied only in
those cases where fastness is o necessity.

Recovery of Alizarin from the waste of the dye bath. On
passing goods dyed with alizarin through the chalk buth
after stcaming, the surplus alizarin detaches itself and falls
to the bottom of the vat in the form of a Inke or lakes, together
with other impurities, forming a mud. To recover the nlizarin,
the mud Is treated with dilute hvdrochlorie acid,which sepamices
the alizarin in insoluble form; this is colleeted mnd wushed.
Then it is dissolved in dilute soda filtered and repreeipitnted
with hydrochlorie acid.

If iron should be present in the color, warm sulphnrie neid
will dissolve it, leaving pure alizarin behind.

Reactions of Alizarin on Textile Fabrics. Boiling solutions
of caustic alkalies moderatcly coneentrated do not remowve
any of the color from the dyed fabrics nor do diluted neids
effect a change. Concentrated acids act by partially or wholly
removing the metallic base from the color Inkes. The different,
alizarin colors possess varying powers of resistance against
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acids; thus the violet is more casily decomposed than ordinary
red, while the greatest resistance is offered by Turkey red.

Cotton fabrics are completely dissolved together with the
dve itself in coneentrated sulphurie acid, but on diluting with
water the dye is separated as an insoluble flocculent precipitate
which 13 then caught on a filter, washed and dried. It may
then be sublimed or recognized by the violet color it imparts
to alkaline solutions.

Powcerful oxidizing agents like itric acid or ferric chloride
destroy alizarin.

Chloride of lime in dilute solution has no effect upon Turkey
1ed, but the ordinary alizarin red is gradually destroyed.
The simultaneous action of chloride of lime and an acid will
destroy cven Turkey red,

Useful application is made of this property in producing
white designs upon a Turkey red ground, The red fabric
is printed with tartaric acid and then passed through a solution
of chloride of lime. On the spots printed with the acid, the
color is bleached by the liberated chlorine and at the same
time the exeess of tartaric acid dissolves the alumina.

Alizarin Is not affected Ly potassium bichromate, but it
1 destroyed by free chromic acid. White designs may there-
fore be produced on red by passing the fabric through a solution
of potnssinm bichromate and then printing with tartaric
acid, which, by liberating chromic acid, bleaches the color.

Nitrous fumes change alizarin red to ulizarin orange.

Though the alizarin oolors arc not affected by light and
air, they are temporarily changed by heat to a brownish red.
Fxposure to air at the ordinary temperaturc almost com-
pletely restores the color, This change is supposed to depend
upon the loss of water of hydration from the red color by the
action of the heat and the regaining of it again from cool
moist air.

TRIOXYANTHRAQUINONE

Purpurin. In the madder dyestuff prepared from the
madder root, a sccond coloring matter named purpurin was
always found accompanying the alizarin. When madder
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was used in dyeing, the purpurin showed the property of
uniting with mordants and forming a shade of red which
modified to some degree the red shade of alizarin itsclf.

Purpurin is a derivative of anthraquinone and differs
from alizarin in the posscssion of one more oxygen aton.
This extra oxygen atowm has a definite position in the moleeule
as may be seen from the following formula:

%80

Purpurin

Purpurin possesses the property not shared by alizarin
of dissolving in a solution of aluminum sulphate, and this
property is made use of in separating and estimating the
amount of purpurin in a sample of conunereial alizarin.
It is only nceessary to boil the sample in a solution of alum-
Inum sulphate; the purpurin dissolves, leaving behind the
insoluble alizarin, which is filtered off. By adding an acid
the purpurin is precipitated, collected on a filter and weighed.

Small amounts of alizarin may be detected in purpurin
by dissolving the sample in a solution of sodium hydroxida,
and exposing to light. The purpurin is in time competely
destroyed, while the sodium alizaratc remains unaffected.
The unchanged soluble sodium alizarate will on the addition
of sulphuric acid form alizarin. This alizarin may be sepu-
rated from the liquid by shaking with cther, evaporating to
dryness and the residue tested 1n the ordinary way for alizarin.

Although the alkaline solution of purpuriu quickly fades
on exposure to light, yet the combination of purpurin and an
aluminum mordant produces a beautiful sgearlet which is
fast to light.

Purpurin may be made artificially from alizarin by oxidizing
it by means of sulphuric acid and manganese dioxide, or
arsenic acid or by fusing alizarin sulphonic acid (the so-called
alizarin purpurin suphonic acid) with potassium hydroxide.
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The red produced upon cloth charged with an aluminum
mordant is much yellower than that produced by alizarin
under the same circumstances.

Purpurin produces upon cloth mordanted with chromium
hydroxide a reddish brown. On account of its high price
and its inferior fastness to light, it enjoys but a limited technical
use, Flavopurpurin is isomeric with purpurin and the only dif-
ferenee in its constitution ig the change of one oxygen atowmn
from position 4 in purpurin to 6 in flavopurpurin, This change
of position in the oxygen atom induces a change in the shade
of the dyc with an alum mordant from scarlet to a yellower
red than purpurin.

The structurc of flavopurpurin is shown as follows:

L0

Flavopurpurin

Flavopurpurin consists of a brownish yellow paste which
will not dissolve in cold water and ouly with difficulty in
boiling water. The dry substance dissolves easily in aleohol
and crystallizes from its solutton in golden ycllow needles
which melt at over 336° C.

It dissolves casily in sodium hydroxide, forming a purple solu-
tion of the sodium salt, but the ammoniacal solution is brown
in color. The reddish brown color of the dye dissolved in
concentrated sulphuric acid is changed on adding sufficient
water to the orange yellow color of the dyestuff, as it is pre-
cipitated in an insoluble condition.

Cotton 18 dyed with an alum mordant to a red which iy
yellower than {sopurpurin. It 1s used cspecially for cotton
printing. In combination with alizarin it is cmployed for
producing the most common shades of Turkey red. Flavo-
purpurin somctimes replaces madder for fast dyeing upon
wool. Together with alizarin and alizarin orange it was
used for dycing the leggings of the cavalry in the Austrian
army.
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The permanent character of the dye is shown by its with-
standing unchanged the test of a 30-day exposure to July and
August weather, Dyed wool suffers no change by the action
of sulphurous acid of 4% Bé.

Flavopurpurin is a hydroxyl derivative of alizarin and it
contains the third hydroxyl group in the second benzene ring.

It is prepared by melting a-anthraquinone disulpho acid
with sodium hvdroxide and potassium chlorate. By this
process two dioxyanthraquinones anthraflavic acid and iso-
anthraflavic acid are formed and they often oceur in the
commercial product. They are valueless for coloring purposcs
and only ocecasion loss of material.

Flavopurpurin is especially suited for printing on cotton
goods, since it combines with mordants more rendily than
alizarin  and 4tsopurpurin is developed only by a gentle
steaming.

Isopurpurin. This dyestuff was originally found to accom-
pany the alizarin obtained fromr the madder root and in
consequence the colors produced from alizarin were modified
by its presence.

It s now produced from coal-tar anthracene in a manner
analogous to that for alizarin.

Isopurpurin is a trihydroxy derivative of anthraquinone
or a monoxy derivative of alizarin. It has the same empirical
formula as purpurin and flavopurpurin and ouly differs from
these so far as structure of its molccule in the position of one
oxygen atom. By comparison of the formulas of alizarin and
purpurin below we see their close resembluance:

CO OH CO OH
mon HOCCOOH
co co
Alizarin Isopurpurin

Isopurpurin is formed by melting f-anthraquinone disulpho
acid with sodium hydroxide and potassium chlorate. Isoanthro-
flavic acid is formed as an intermediate product.
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It forms a brownish red paste as a commercial article, but
orange-colored needles when the dry substance is crystallized
from hot aleohol. Cold water docg not digsolve it and hot
water only with difficulty. It does not dissolve in benzene,
but is casily dissolved in alcohol and the needle-shaped erystals
obtained from its solution melt at over 330°C.

In a solution of sodium hydroxide it dissolves to form a
bluish violet color; iIn an ammoniacal solution the color iy
reddish violet. Strong sulphurie acid dissolves it with a
brown color, but dilution with water causes an orange yellow
msoluble precipitote of the unchanged dyestuff.

Cotton mordanted with alum is dyed a searlet red.

NaO;8 {SO;Na ' Na 'OH
+ Na |OH

f-Anthraquinone
disulpho acid

Alizarin Orange A. Thig orange dye I8 a brownish
yellow paste which is prepaved from alizarin by simply
treating it with nitric acid of a strength 30—40° Bé. The insol-
uble alizarin is suspended in ligroin or nitrobenzol or glacial
acetic acid to enable the nitric acid to act upon it.

The action of the nitric acid consists in implanting a nitro
group in position 3 of the first benzence ring of the alizarin
molecule as shown by the formula below:

OH
OH

NO,
Alizarin orange A.,
or g-nitro ahizarin
If the alizarin orange be dried, it forms orange yellow needles
which will dissolve in benzene or glacial acctic acid and melt
at'244° C.
The dyestuff dissolves in a solution of sodium hydroxide,
forming o rosaniline color. If zine dust is added to this solu-
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tion the color changes to blue, then later to a yellowigh brown.
However, on cxposure to the air this Iatter color goes back
again to blue.

Strong sulphuric acid dissolves it with a ycllowish brown
color which, on the addition of water, deposits a bright yellow
precipitate.

The influence of the single nitro group Is seen when this
dye is employed with the various mordants in comparison
with alizarin itself.

Pure alizarin with an alum mordant on cotton yields a
red, while this dye yields an orange; alizarin with an iron
mordant produces a violet and with a chromiumm mordant
brownish, while alizarvin orange A with an iron mordant a
reddish violet and with chromium a reddish brown.

Alizarin orange A also serves as a starting point in the
manufacture of alizarin blue.

Alizarin Red S. Alizarin. If alizarin which i3 insoluble
In water is treated with sulphurie acid, a sulpho acid 1s formed
and the resulting product will dissolve in water.

To effect this, 1 part. of alizarin is heated to 100°-150° C.
with 3 parts of concentrated sulphuric acid containing 20
per cent of the anhydride. The process is completed when
a sample dissolves completely in water. The product is dis-
solved in water and the excess of sulphuric acid iy precipituted
by milk of lime or baium hydrate. The filtrate obtained
is made neutral and then cvaporated,

Alizarin monosulphonic acid is the product from the acid
and with the position of the sulpho group corresponds to that
in the formula:

OH
OH

SO;H
Alizarin red S.
This free sulpho acid is soluble in water. The commercial

product is the sodium salt Cy4H502(OH)3S8O03Na; it dissolves
in watcr with a yellow color. When an excess of sodium
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hydroxide is present the other two hydrogen atoms are replaced
by sodium, forming o very soluble salt that digsolves in water
with an intense violet color,

The addition of hydrochloric acid to the commercial product
changes it to bright yellow. Concentrated sulphuric acid
gives a yellowish red solution which turns bright yellow on
adding water. Sodium hydroxide turns the solution violet.

Though the dyc is soluble in water, it cannot be used to
dye wool dircetly, and to obtain a red on wool it is necessary
to usc an alum mordant. A good scarlet results from onc
bath with alizarin red S alum and oxalic acid. This dye
posscsses the advantage of being used upon wool, for which
alizarin itsclf is poorly adapted.

The application of sulphuric acid is not limited to making
a soluble sulpho acid of alizarin, but it i+ uzed in the same
manner upon scveral other hydroxy devivatives of alizarin.

Alizarin Red 3W.S. By treating {flavopurpurin with
sulphurie acid in a manner similar to that for alizarin red
S., a soluble sulpho acid is formed containing one sulpho
group In position 3 of the molecule.

Alizarin Garnet R. Alizarin Cardinal. When nitric acid
acts upon alizarin under suitable conditions, a nitro alizarin
is formed by the fixation of one nitro group in position 4 in the
molecule.

OH

\0 0/ N0,
a-Nitroalizarin

This product is called a-nitro-alizarin, and though without
value as a dye, it is on reduction converted into an amino
alizarin, which is the dye alizarin Garnet R. The conversion
of a-nitro-alizarin into the amino compound is effected by
the alkali sulphides.

The dyestuff will not dissolve in water und it is sold as a
carmine red to reddish brown paste. Alcohol dissolves 1t
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with a carmine red color. Hydrochlorie acid turns the paste
brown. Sodium hydroxide produces a carmine red solution.
The brown solution in strong sulphurie acid yickls n carmine
red precipitate with addition of water.

Cotton nwordanted, with alum is dyed n bluish red, 1§ is
also used for calico and for modifying the shades of alizarin.
Wool is also dyed with it.

Alizarin Brown is a derivative of alizarin, which contuins
onc additional oxygen atom, and it thus becomes a trioxy
derivative of anthraquinone. Though it is a derivative of
alizarin, it is not formed from it. Two subsinnces very
unlike the final product are brought together and caused to
unite under the influence of sulphurie acid, which nbstrnets
water during the reaction. One method employs gallic ned,
benzoie acid and sulphuric acid, and the renclion may be
reprcsented thus:

i CO0 OH
CcO-
/
S + 2H,0
H
HO 00/
Benzoic acid Gallic acid Anthracene brown

or anthragallol

By comparison of the formulas, authracene brown will
be found to be somerie with purpurin, fluvopurpurin and
4sopurpurin.

Anthracene brown may also be prepared by the action of
anhydrous zine chloride upon phthalic wnhydrido und gullic
acid.  The zine chloride in this instance serves the same pur-
posc as the sulphuric acid i the other method of munufucture,
that i, abstracting the clements of water.

‘The dyestuff is sold as a dark brown paste which does not
dissolve in water, but does dissolve in alecohol with a yellow
color. Hydrochloric acid causcs no change. Sodium hydroxide
produces a greenish blue color.  Strong sulphurie acid dissolves
it with a brownish red color, but this solution deposits a brown
precipitate when water is ndded.
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Cotton which has been mordanted with chromium salts
18 dyed a fast brown. It is also employed in printing upon
cotton. It is also used upon wool with the aid of a chromium
mordant.

TETRAOXYANTHRAQUINONES

Alizarin Bordeaux B: If ordinary alizarin with its two
hydroxyl groups be oxidised with strong fuming sulphuric
acid containing 80 per cent of the anhydride and a temperature
of 30° C. is maiutained for three or four days, a change occurs
and two oxygen atoms are added in certain definite positions
in the molecule and thus two additional hydroxyls are added.
The product s consequently a tetraoxyanthraquinone and
the new hydroxyls are to be found in positions 5 and 8 in the
molecule as shown below:

10

Alizarin Bordeaux B. Tetraoxyanthraguinone

The brownish red paste which i+ the commereial form of this
dyce does not diggolve in water, but it goes into solution in
aleohol with o brownish orauge color,

Sodium hydroxide yiclds a reddish violet solution.  The
solution in concentrated sulphurie acid is bluish violet, which
on dilution with wuter yiclds a brownish wed precipitate.

This is n mordant dye similar to alizarin, but it produces
with the various mordants much bluer shades than alizarin.
It produces on cotton with an alum mordant by the Turkey-
red process bright and fast shades of a bluish claret.  Violet
bluc shades arc produced by a chromium mordant. Wool
reccives bright bluish shades with a chromium mordant.

PENTAOXYANTHRAQUINONES

Alizarin Cyanine R. This dyc Is produced directly from
alizarin Bordeaux B. just mentioned, by oxidizing it with
manganese dioxide and sulphuric acid. Onuc oxygen atom is
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added which gives risc to an extra hydroxyl group In position
4 in the first ring. This additional hydroxyl group in this
position has the effect of producing bluer shades than alizarin
Bordeaux B. with its three hydroxyl groups.

OH OH
/CO\OOH
OH\co/ OH

Alizarin cyanine R.

The dye is sold as a dark brown paste which water does
not. dissolve. In glacial acetic acid it dissolves with a yellowish
red color possessing a greenish fluorescence. Sodium hydroxide
and sulphuric acid dissolve it to form a blue solution. In
concentrated sulphuric acid 1t dissolves with a blue color
and a reddish fluorescence; this solution on dilution with
water lets fall a dark brown precipitate.

Wool mordanted with alum is dyed violet and with a
chromium mordant blue. The color is fast o the action of
acids, alkalies and light.

HEXA0XYANTHRAQUINONES

Rufigallol. This derivative of alizarin, with its six hydroxyl
groups, is not an oxidation product of alizarin. 1t is formed
from two molecules of gallic acid, cach alrcady possessing
three hydroxyl groups. They are caused to combine into the
alizarin derivative by the influence of sulphuric acid.

o m| OH

co
HO / i H OH
r ......... PO o . o -
HO iH HO! C H
HO
Gallic acid Gallic acid OH
CO.
HO / \ OH
+ 2H,0
HO OH
Ngo”
HO co

Rufigallol
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Rufigallol is & brownish powder which 1¢ insoluble in water.
If hydrochloric acid iy added no change is effected.  Sodium
hydroxide dissolves the paste to a blue solution which changes
rapidly on exposure to the air. It dissolves with a red color
in strong sulphurie acid.

Wool by the aid of a chroniuin mordant is colored browu.

Anthracene Blue W.R. It is of interest to note that anthra-
cone Dlue W.R. is isomeric with rufigallol.  Six hydroxyl
groups are found i cach—three in cach benzene ring. Dif-
ference of position alone of these groups makes a brown dye
of onc and a bluc dyo of the other.

The starting point for this dyestuff is 1:5-dinitroanthra-
quinone

) O O O
\00/ \CO/

mltroanthroqumone Anthrncene blue W. R

which by means of fuming sulphuric acid containing 40 per cent
anhydride is converted mto n product that needs only to be
heated with dilute sulphurie acid to convert it into the blue
dye.

The commercial dyestuff is a dark brown paste which
water does not dissolve, though alcohol dissolves it with a
reddish color and a yellow fluorescence. Sodium hydroxide
forms a bluc solution. Concentrated sulphurie acid dissolves
it with a violet blue color and a brownish red fluorescence.

Wool with an alum mordant is dyed violet; but with a
chromium mordant blue. It is used in cotton printing with
alum and chromium mordants.

On account of the fastness of its dyeings, anthracene blue
W.R. is especially suited to produce blue shades upon cloths
used for military uniforms which must undergo exposure to
all kinds of weather.

Acid Alizarin Blue B.B., G.R. By comparing the formula
of this dyestuff with that of anthracenc blue W.R. a dif-
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ference of two sulpho acid "I()upg will be observed. They
arc located in posltlom ad 7, Under their influence the
dyestuff 1s soluble in water.

The dyestuff itsclf is the sodium salt of the disulplo acid
of anthracene blue W.R. but it ig not prepared from this dye.

The initial substance used in its preparation is diamino-
anthrachryson disulpho acid. This by boiling with alkalies
loses its two amino groups while retaining its two sulpho acid
groups, which form salts with alkali present. Tts structure 1s

shown below:
NaOg8s /W / \
SO3N3

HO /\co/

Acnd alizarin blue
B.B. and G.R.

The dye appears as cither a dark or bright red erystalline
powder which dissolves with a red color in water. However,
it will not dissolve in aleohol.

Hydrochloric acid causes a reddish violet precipitate to
fall.  Sodium hydroxide turns the solution a violet blue, and
i an excess be added a precipitate falls. In concentrated
sulphuric acid the color is bluish and on dilution the color
turns to that of the simple aqucous solution.

Wool In an acid bath is colored blue with a reddish cast.
By subsequent treatment with chromium fluoiide a purer
blue is produced. It is unaffected by acids and alkalics and
1t 1s also fast to milling.

Four wecks’ exposure to August and September weather
had no effect upon its fastness.

Alizarin Blue R. This valuable blue dye is a direct derivu-
tive of alizarin, but differs from the alizarin previously
considered by containing an additional ring, and in this ring is
found a nitrogen atom. It partakes in conscquence of the
character of quinoline. The chemical name of the dye 1s dioxy-
anthraquinone quinoline.

For its preparation, alizarin is trcated in such a manner
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as.to produce f-nitroalizarin; thus the necessary nitrogen
atom for thc new ring is introduced. Now by the further
treatment of this product. with glycerin and sulphurie acid
in the preseene of nitrobenzene and aniline the dyestuff is
formed. The three carbon atoms of the glycerin molecule
furnish the carbon atoms for the new quinoline ring.

The new ring and the original alizarin molecule are easily
secn in the following formula:

O\CO/O

Alizarin blue R

This synthesis, first employed for making this dyestuff, was
carcfully studied by Gracbe, who concluded the structure to
be represented by the accompanying formula. The belief
that a quinoline compound was actually formed here was
most beautifully confirmed by Skraup, who prepared pure
quinoline itsclf by heating together aniline glycerin sulphurie
acid ‘and nitrobenzol,

The method now cmployed for producing alizarin blue is
similar to the synthesis of quinoline, for it is now manufactured.
by heating nitroalizarin, aminoalizarin with glycerin and
sulphuuic acid to 105° C. When the heated mass is poured into
water the-alizarin blue is precipitated and thoronghly washed
from the persistently adhering sulphurie acid. Almost quan-
titative yiclds of the dye arc obtained.

Alizarin Blue S. This dye differs from alizarin bluc in
being soluble in water. It is prepared dircetly from alizarin
blue by treatment with sodium bisulphite. In appearance
it is chocolate brown powder that dissolves easily in water
with a yellowish brown color. In aleohol it does not dissolve.
Hydrochloric acid turns to a reddish yellow while sodium
hydroxide yields a bluish violet solution. In strong sulphuric
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acid it dissolves with a dark yellow color; addition of water
produces a brown precipitate,

When a solution of this dye is heated over 70°C., it dissociates
from its sodium bisulphitc combination and the insoluble
alizarin blue separates. Its use in printing depends upon
this property, for by printing the -lye upon cotton mordanted
with chromium and then steaming the decomposed salt forms
with the mordant a lake of a blue color.

Strong acids and alkalies and even alkali carbonate decom-
pose the soluble combination of sodium bisulphite with the
dyestuff.

Alizarin Blue S has been employed as a substitute for
indigo, but it is inferior to it in its fastness to light.

Alizarin Green S. A change in the position of one nitrogen
atom in the molecule of alizarin blue S suffices to change the
dye from blue to green, as it is used with a chromium mordant
upon cotton. This change produces alizarin green S.

The new position of the nitrogen atom is secured by employ-
Ing a-aminoalizarin or alizarin garnet R as the starting point.
In this substance the nitrogen is already fixed in the desired
position and by heating it with glycerin, sulphurie acid and
nitrobenzol, the new ring is completed in the form shown:

WO - OWO

a-Aminoalizarin Alizarin green S.

The dye is a black paste which is soluble in cold water on
account of treatment with sodium bisulphite. From its
solution, the alizarin green will separate under the influence
of heat or of hydrochloric acid. Sodium hydroxide turns the
solution violet. Itformsa darkblue solution in strong sulphuric
acid from which dilution with water forms a dark blue pre-
cipitate.
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Wool mordanted with chromium salts is dyed a fast bluish
green. It is also employed in calico printing.

Alizarin Black P. Few derivatives of alizarn are capable
of ylelding black dyes. The blue dyes, however, when used
of sufficinnt strength, produce shades which are almost black.
In the present instance flavopurpurin must first be nitrated
ag a starting point.

HO \GO/O O\CO/O“’

Flavopurpurin f#-Nitroflavopurpurin

The nitro compound may then be reduced to the amino
compound which, upon heing subjected to action of glycerin,
sulphuric acid, nitrobenzene and aniline is enriched by the

L0

A-Aminoflavopurpurin

addition of a nitrogen-bearing ring. Thus a quinoline deriva-
tive is formed, the structure of which is seen to be as follows:

OH OH
/CO\ - /C 0\ oH
HO
Noo N \oo” ON
Alizarin black P. Alizarin blue

By comparison of the annexed formula of alizarin blue, it
will be scen that with the development of a hydroxyl group
in position 6 of this dye a change from blue to black would
result.



374 COAL-TAR DYES

Alizarin black P is a grcenish black paste which water
does not dissolve, though alcohol dissolves it with difficulty.

Hyrochloric acid turns the paste to a brownish color.
Sodium hydroxide dissolves the paste, forming a dirty green
solution. A dirty reddish brown solution is effected by strong
sulphurie acid; addition of water turns the solution yellowixh
brown and then as the diluted solution cool¢ a brown pre-
cipitate falls.

Wool mordanted with chromium is dyed violet gray to
black according to the amount of dyestuff cmployed.



CHAPTER XVI
INDIGO

Among all the coloring matters employed by man, indigo
may fairly claim to be the oldest and most valuable. Blue
ribbons taken from the wrappings of mummics that were
5000 years old have been proved to contain indigo as the
coloring matter.

Its value and fastness are such that okl army uniforms
containing three per cent by weight of the blue dye have been
treated with reducing agents to dissolve and recover this
valuable and durable color.

Indigo is now obtained from the indigo plants (Indigofera
tinctoria chiefly) and synthetically from the coal-tar products.
No more striking example of the attainments of modern
synthetic chemistry could be shown than the successful com-
petition of the synthetic product resulting from less than
a score of years of arduous research with the natural product
from the plant, the result of 50 centuries of culture and manu-
facture.

The alarm now felt by the indigo planters of India, whence
comes to-day most of the natural indigo, as they see a shrinkage
of thousands of acres in arca formerly devoted to indigo culture,
is so great that the Indian Government has beecome aroused
upon the question and has appointed experts to find out how
the indigo industry may be saved from ruin by the introduction
of improved methods of culture and manufacture and the
production of a pure and honest product.

The same fate now threatens the rich Indian planters which
overtook the European growers of madder, when in 1868 began
the gradual but sure extinction of the culture of madder
by the discovery of synthetic alizarin from coal-tar; the

3756
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same alizarin that was more laboriously cxtracted from the
root of the madder plant.

There is something of a just though none the less tragic
retribution falling to-day upon the Indian planters. From
time immemorial they have enjoyed the princely incomes of
their great cstates, feeling secure in their position and wholly
indifferent to improved methods and with the Oriental willing-
ness to rather increase their profits by secandalous adulteration.
It remains to be seen, now that the peril is appreciated, whether
the culture may be so economically carried on as to retrieve
their position against the purer synthetical product now
so well intrenched in the markets of the world. The issuc is
extremely interesting and also extremely doubtful.

NATURAL INDIGO: VEGETABLE INDIGO

Indigo does not occur in the plant as a blue substance,
but as a chemical constituent of a more complex colorless
compound in the juice of the leaves of the plant. This com-
pound is known as indican, and is dissolved from the leaves
of the plants as they are steeped and fermented under water
in large steeping vats. The soluble indican passes off in solution
as the water is drained away from the plants into other vats
where the liquid ig agitated for scveral hours; sometimes by
coolics who stand waist deep in the liquid, beating it into a
froth with bamboo poles,or sgometimes by paddlewheel machines.
The purposc of this agitation is to cxpose the liquid to the
oxygen of the air. Meanwhile the soluble and colorless indican
Is decomposing into a sugar and indigo white which takes
up oxygen from the air and is converted into insoluble indigo
blue. This can now be separated by filtration from the liquid.

Formerly this was supposed to be the way the indigo was
produced, but of late years much difference of opinion has
arisen over the chemical explanation of the process; one
view being that indican breaks up into glucose and indoxyl
which in turn oxidizes into indigo.

Indigo was introduced into Furope in the sixtecnth cen-
tury; but for a great many years it extensive use was success-
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fully opposed by the cultivators of woad (Isatis tinctoria) a
plant producing an inferior variety of indigo blue dye. These
woad growers Industriously circulated the report that mdigo
was not only an infertor dye, but also a corrosive and per-
nicious drug. Fear of the ruin of the woad business from the
new competing dve was the real motive of their false reports.

So much feeling was aroused that pressure was brought
upon the English, French and German Governments to pro-
hibit its use. In France under Henry IV an edict condemned
to death anyone found using this “pernicious drug” or “devil’s
food,” as it was called.

SyNTHESIS OF INDIGO

To Adolph Bacyer of Munich, the leading spirit and master
of indigo rescarch, the world owes more than any other the
unraveling of the constitution of the molecule of indigo blue
and the success in discovering maethods to produce it syntheti-
cally on a commereial geale in competition with the natural
product.

The vegetable product containg indigo blue, indigo red, in-
digo brown and indigo gelatip besides widely varying amounts
of impuritics. Of these indigo blue is the valuable constituent
used in dyeing, and it almost is solely with this that the ques-
tions of constitution aud production:have been concerned.

For nearly half a century Bacyer and his gtudents have
kept at work upon the problems connected with its cconomical
production. The first successful product was offered on the
market In the month of July, 1897, by the Badisch Aniline
und Soda Fabrik. The commercial importance of the product
three years later (1900), was such that the Dircctor Brunck
gtated that in that ycar the firm had produced about 2,000,000
pounds of the synthetic indigo blue, an amount cqual to that
grown upon 250,000 acres of land in India.

As carly as the year 1844 indigo had been the subject of
research, and some progress had been made by the early investi-
gators until 1865. The more profound work of Bacyer begins
with this latter date. In the quarter of a century before he
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began, it had been discovered that oxidation of indigo converts
it into isatin; that distillation of indigo with potassium hydrox-
ide produced aniline; that fusion with the same alkali yielded
anthranilic acid, and nitric acid produced nitrosalicylic and
plcric acids, whose constitional formulas appear below:

co NH NH,
Nco
NE/ COOH

Isatin Aniline Anthranilic
(o-Aminobenzoic) acid

OH
O, N OH O N, NO,
CO0-0H
NO,
Nitrosalicylic acid Picric acid

Now from the fact that these products resulted from the
disintegration of the molecule of indigo, 1t could be gathered
that indigo bluc contained a benzenc ring and further that
attached to this ring there must be both carbon and nitrogen
in the neighboring positions to cach other, thus cxhibiting
the following nucleus as an actual constituent of the molecule
of indigo blue.
=

o= /
Cb- H4< or
N—
\N=

Nucleus known to exist in indigo blue
previous to Baeyer’s researches

As isatin was a product of the oxidation of indigo, it occurred
to Baeyer that by the reverse process of reduction he might
cause the molecule of indigo to form again. In the attempt
to obtain it by this reduction he failed; but by the linc of
work then undertaken he discovered other substances such
such as indol, oxindol, and dioxindol, and these were of great
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service In helping to arrive at the constitution of indigo
itsclf.

CH CH, CHOH
cH, N¢H 06114< co c.H, %60
\NE NH \NH
Indol Oxindol Dioxindol

Baeyer believed that indol was a very close relative of
indigo, and this was afterward proved to be true by Mencki,
who in 1875 did obtain a very small amount of indigo blue
by allowing ozone to act upon indol.

However, at this time, the clue suggested to Baeyer by ths
constitution of indol was that whatever substance was taken
for the synthesis of indol must contain the same nucleus as
indol itsclf, ic.

CH CH=—CH~—
cﬁn4< \cH cﬁn4<
Indol Indol nucleus

A substance containing this nucleus was found by Baeyer
and Emmerling in o-nitrocinnaniic acid and in 1869 they suc-

CH=CH—COOH
R 74
6 4\
NO,

o-Nitrocinnamic acid

ceeded In producing indol from this ncid by fusing it with
potassium hydroxide and iron filings. The function of the
alkali was to climinate a carbon atom and the iron was to
do the same for the oxygen.

Firmly convinced of the close relation of indol to indigo
blue, Baeyer hoped by starting with the same substance,
o-nitrocinnamic acid, from which he had made indol to now
form indigo blue itsclf by some modification of the process.

The modification was that he would attain the molecule
of indigo blue through isatin instead of indol as the inter-
mediate step; for although at first, as stated above, he failed
to get indigo blue from isatin by simple reduction, he did
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later succeed with the aid of acetyl chloride, phosphorus
trichloride and phosphorus.

Comparison of the formulas of o-nitrocinunmic acid, indigo
blue and isatin reveals the close rclation of the three.

CH=—CH-C0-0H

°en4<
NO

o-Nitrocinnamic acid

2

CQH7N04-—002 -— H20 — CKH[;NO

o-Nitrocinnamic acid Indigo blue

09H7N04—002 — HB — CSH[',NOI_I,
o-Nitrocinnamic acid Isatin

Baeyer knew that o-nitrociunamic acid could casily bhe
made to give up carbon dioxide. Apparenily the removal
of two atoms of hydrogen and an atom of oxygen aud the
subsequent climination of the castly removed carbon dioxide
would result in the formation of indigo Dlue as indicnted in
the reactions above.

The attempt to climinate thesc two hydrogens was siecessful,
but since they could not be renoved together with the oxygen
as water, an indirect method wag employed as follows:

The o-nitrocinnamic acid was first cliangaed into bibrom-
nitrohydrocinnamic acid by the action of bromine.

CH=CH-COOH CHBr—CHBr—COOH
CGH4< + Bry = 06H4<
NO, NO;
o-Nitrocinnamic acid Bibromnitrohydrocinnamic acid

Now the two hydrogens were climinated in combinntion
as hydrobromic acid by treatment of this bromine produet
with alcoholic potash; the result is a new acid with two less
hydrogens—o-nitrophenylpropiolic acid,

C ! HBr f —Cf HBr i —COOH
CoH, < S j -
NO, + 1 2KOH |
Bibromnitrohydrocinnamic.t;:id o
C=C—COOH
06H4< + 2H20 + 2KBr
NO,

o-Nitrophenylpropiolic acid
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This indirect climination of two atoms of hydrogen from
o-nitrocinnamic acid was most important in the synthesis
of indigo blue. In comparison with isatin, this new acid
merely contains one more molecule of carbon dioxide; in
comparison with indigo blue it contains onc more carbon
dioxide and one oxygen atom, as shown in the following empir-
ical formulas:

CoH;NO,-CO0;, — CyH;NO,

o-Nitrophenylpropiolic acid Isatin

09H5N04-—002 - 0 — CSH5N0
Indigo

It now becomes apparent that to form isatin from this acid
carbon dioxide must be removed and to form indigo oxygen
in addition must be climinated, By boiling o-nitrophenyl-
propiolic acid with potassium hydroxide Bacyer obtained
isatin, and by another trial employing at the same time with

the alkali a little grape sugar, ag a reducing agent for the
~ oxygen, he produced indigo blue itsclf.

This synthess of indigo blue by Bacyer in 1880 after fifteen
years of rescarch is onc of the most admirable triumphs of
synthetic chemistry. The practical consequences were believed
to be the ulitmate replacement of the natural indigo by the
synthetic product and the highest hopes for ity future wiure
entertained.  These hopes failed, however, of realization for a
long time on account of the cost of the necessary materials and
the poor yiclds of the technical processes.

When cinnamic acid is converted into nitrocinnamic acid,
only a small per cent of the required ortho compound is formed;
the paranitrocinuamic acid is uscless for indigo manufacture.
Even if the cinnamic acid is converted into the ester before
nitrating and though this gives a yield of 70 per cent of the
ortho conipound still this is too small a yicld for profit. Further
when o-nitrophenyl propiolic acid is finally transformed into
indigo blue, a part passes over into isatin instead.

The synthetic indigo blue prepared by this process did,
however, work its way to some extent into commerce on account
of the advantages it possessed for the calico printer of being
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developed upon the cloth. It is only nccessary to print the
o-nitrophenylpropiolic acid upon the doth and carry out the
last steps of the Baeyer synthesis to convert the acid into
indigo blue. For this purpose the best success has been obtained
with sodium xanthogenate as a reducing agent and bovax
as the alkali.

In practice a pastc consisting of o-nitropropiolic acid mixed
with borax and sodium xanthogenate with starch for thicken-
ing is printed upon the cloth. Hanging the fabric np m a
warm chamber then accomplishes the removal of carbon
dioxide and the reduction of hydrogen simultancously, when
the indigo bluc appears.

CoNSTTIUTION 0 INDIGO

In the above synthesis, the empirical formwula of indigo
blue has been considered as CgHsNO, but in reality it is more
complex than this, as was shown by E. V. Sommamga. e
determined the vapor density of indigo blue and from the
result found that the formula must be double that of the
empirical one employed previous to this date; consequeuntly
(CgH;sNO), is the correct formula.

The constitutional formula of indigo blue has passed through
various phases of growth and correction according to new
facts brought forth from time to time, until to-dny there is a
practical agreement in accepting the formula given below as
the true one.

The evidence which has led to this structure of indigo bluo
may be summed up as follows:

1. The presence of a benzene ring in the molecule as shown
by its easy oxidation into isatin, which contains such n ring.

2. The easy formation of indigo blue from indoxyl and isa-
tin is evidence of the prosence of the following group, containing
the benzene ring plus a second ring formed by the aid of a
nitrogen and two carbon atoms:

g
c6H4< >°:
N
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3. The vapor density corresponds to the molecular formula
Ci16H10N202; therefore requiring two of the above groups in
the true formula.

06H4< > (1) (1)< > Ootte

4. These groups must be joined together by & union of the
carbon atonms numbered (1) so as to contain the larger group
CeH4—C—C—C—C—C¢H,, because o-dinitrodiphenyldiacetyl,
which contaius this nucdleus, has been converted into indigo.
blue.

5. The nitrogen atoms arc present as imide groups, as
shown by the formation of N-diethylindigo from N-ethyl-

pseudoisatin.
co co
06H4< >C=C< >06H4
NE NH

Indigo blue

cOo cOo
o =g
NH NH
Chromophor

InpiGo BLUE a8 A DyE

Indigo blue is a solid substance of a deep blue color which
appears in commerce from India in lumps, often bearing the
impress of the cloths which have held it during the removal
of water. These lumps are powdery, and crock the fingers
in handling. When rubbed with some smooth, hard object,
the lumps become burnished to a shining, coppery lustre
which during the time of the alchemists caused it to be con-
sidered as a mineral or metal.

Indigo Blue on Wool. Indigo blue will not dissolve in
water, and it posscsses no salt-forming groups; it 18 in mo
sensc a dyestuff. Salt-forming groups are introduced,
however, by trcatment with cither hot strong sulphuric or
cold fuming sulphuric acid, whereby sulpho acid groups
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become lodged in the molccule and indigomonosulpho and
indigodisulpho acids are formed. The lattor of these, in the
form of its sodium salt, iy the indigo carmine of comimerce.
It is soluble in water and is suitable for dyeing wool
mordanted with alun in a bath containing sulphuiie acid.
This treatment produced a shade upon wool long known as
Saxony bhlue, though now nearly obsolete.

(+]0) N co
N&03SCGH3< / G=C< 06H3SO3N&
NH NH

Indigo carmine

A more lasting and brighter shade of blue is produced by
subjecting wool to the process desceribed below for cotton with
caution against a harmful anmount of alkali.

Indigo Blue on Cotton. Cotton has no affinity for the soluble
form of indigo employed upon wool. Though it is stained
blue by immersion in a bath of indigo cannine, the color is
easily washed entirely away with water.

To dye cotton, indigo blue must be converted into its lecuo
compound, which dissolves in an alkaline solution. In this
soluble form and dissolved in an alkaline bath the colorless
indigo white easily penetrates the cotton fibre, and on removing
it from the vat the oxygen of the air at once oxidizes it to
indigo blue.

The preparation of the vat for dyeing cotton requires the
finest pulverization of the indigo blue and a production of
nascent hydrogen in contact with the fine dyestufl in the vat.
Less than one per cent of hydrogen (.84 per cent) suffices to
change completely the nature of the insoluble indigo. It
loses its color and changes to white by the fixation of two
atoms of hydrogen; it becomes soluble in an wlkaline liquid,
and from being neither acid nor base in character, it becomes
acid in nature and forms salts which will dissolve in water,

The requisitc hydrogen may be furnished in a varicty of
ways with the necessary condition of maintaining the buth
alkaline. An old method, widely used for a long time,
employed the decomposition of organic matter by fermenta-
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tion to evolve the hydrogen. Molasses and bran were placed
with the finely divided indigo in the vat of water.

So vigorous a fermentation was caused that the evolved
gas caused a blue froth to appear over the surface of the liquid.

Another wethod of obtaining hydrogen cheaply employed
ferrous sulphate (copperas) and wilk of lime. The ferrous
hydroxide thus formed became oxidized to the ferric hydroxide
at the expense of the water and released hydrogen.

FeSO, + Ca0.H, = CaSO0; + FeO,H,
¥e0.,H, 4 H,0 = FeOyH; + H

Zine dust and sodium hydroxide also produce nascent. hydro-
gen in an alkaline solution. Sodiuni zineate remainy dissolved
in the solution.

Zn +4 2NaOH = ZnO,Na, + 2H

Sodium zincate

But of all methods that wost widely employed to-day uses
sodium hydrosulphite as the reducing agent.

The old vats for dyeing indigo blue upon cotton had to
be of extra depth and partly under the fioor of the dye-house
to accomumodate the sediment which must settle before the
dye bath becane clear enough for the immersion of the cotton.
As the blue froth is brushed away, the liquid below will appear
of an opaque greenish yellow when the reduction is proceed-
ing satisfactorily. If the liquid appears a bluish yellow, the
reducing action has not procecded long enough, and if the
shade is reddish yellow too much alkali is present.

The process of dveing cotton yyrn consists in passing the
moistened “chain’ in at one end of the prepared and settled
vat 80 as to go under a roll near the bottom but above the
sediment, then to a roll at the other end of the vat but at the
game level and back and forth from end to end by aid of other
rolls at higher levels until the fibre is uniformly saturated
with the indigo white solution.

It then emerges from the end of the vat opposite to the
one where it entered. The color of the yarn is greenish yellow
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as it starts on a long trip over varions rolls high up in the air,
and the color rapidly deepens to a blue as the oxygen converts
the soluble indigo white into the insoluble indigo blue in the
fibre. If a deeper shade is desired it is only necessary to repeat
the operation of passing it again through the vat and alring
it until the proper depth of blue is secured. To neutralize the
alkali vetained by the yarn, it is passed through a bath con-
taining weak acid and then into another of wuter to thoroughly
cleanse it.

However the hydrogen may be produced in the vat, its
action is always the same and the change in the indigo blue
is represented as follows:

014H10N202 + 2H = 014H12N202
Indigo blue Indigo white

These hydrogen atoms were formerly supposed to attach
themselves to the two central carbon atoms of the molecule

thus:
coO (o]4)
csn4< c=c< >c@114
NH: HH NH

Indigo white.
(OM formula)

But because it has beert discovered that indigo white pos-
sesses the properties of a phenol, which necessitates the union
of this hydrogen with oxygen to form a hydroxyl group,
the position of the added hydrogens has been changed, as
shown in the later formula:

co O0OH
CgH, o=c< >06H4
NH NH

Indigo white,
(Later formula)

This indigo white exhibits acid properties by virtue of its
hydroxyl hydrogen and it can form salts in alkaline solution.
These hydroxyl hydrogens are in such  unstable ¢ondition
that they are instantly removed on exposure to the oxygen
of the air.
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Indigo white may be obtained as a white crystalline powder
by the addition of hydrochloric¢ acid free from all traces of aiv
to its alkaline solution. It may be separated from the hquid
by filtration and drying; both operations, however, econducted
in an atmosphere of pure carbon dioxide or some other ert
gns.  Indigo white dissolves in aleohol, ether, and in solutions
of the alkalies, forming yellow-colored liquids. The alcoholic
solution shows a blue fluorescence.

SYNTHETICATL, PRopueTIoN or INDIGO PROM o-NTTROBENZAL-
DRIYD

The known tendeney of aldelyyde and ketones to condense
with one another was made use of by Bacyer and Drewson
to produce a substance that could be eastly transfored
into indigo bhue.

They brought together o-nitrobenzaldehyde and  acetone
which condenses to form v-nitrophenyl-lactomethyl ketone as
follows:

COH OH(OH)CH,COCH;
°6H4< + CH3COCH3 — C(;H4<
NO, NO,
o-Nitrobenzaldehyde acetone o-Nitrophenyl-lactomethyl ketone

By climinating the clements of water from the hydroxyl
and the ncighboring methylene group e-nitroacetocinnamone
is formed:

COH-0HCH,COCH, CH=C0HCOCH,
06H4< — H;0 = 0(;H4<
NO, NO,
o-Nitrophenyl-lactomethyl ketone o-Nitroacetocinnamone

This latter compound in the presence of ulkalies nud atmos-
pheric oxygen changes at once into indigo bluc.
OH=—O0HCOCH,
206H4< + 2KOH =
NO,

o-Nitroacetocinnamone

co co
06H4< >c=o< OgH; + 20H;C0.0H 4 2H,0
NH NH

Indigo blue
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This method has been used for producing indigo blue on the
fibre in calico printing. The firm of Kalle & Co. have placed
a colorless cryvstalline compound upon the market under the
name of indigo salt T, which is a sodium bisulphite compound
of the o-nitrophenyl-lactomethyl ketone. After printing this
upon the fabrie, the blue color is developed by passing it
into a strong alkaline bath and then exposing to the air.
Water and acetic acid are thus chiminated and indigo blue
developed.

This method labors under the commereial disadvantage of
a lack of sufficient toluene, which is the starting pomnt for the
manufacture of the o-nitrophenyl-lactomethyl ketone needed
in this synthesis, Therc is not sufficient toluenc available to
replace by this process the natural indigo consumed by the
technical world, Other synthetical methods of conversion
of toluene into o-nitrobenzaldchyde have been discovered,
but this leads to no increasc of the insufficient raw material.

HruMANN’s SYNTHESIS oF INDIGO BLUr

Professor Heumann of Zurich employed a method involving
o radical departure from previous methods of attacking the
problem of making indigo bluc synthetically. The carlier
workers cmployed bisubstitution products of the ortho-
benzene series of compounds. Heumanne mployed a mono-
substitution product and he discovered in phenylglycocoll
a substance which reacts with fused potassinm hydroxide
to form a bisubstitution product of benzenc. This new product
1s ketoindoxyl:

T HO!O0C
R co
06114?< i >0112 = 06114< >0112 + H0
NH
\r~u
Phenylglycocoll EKetoindoxyl

It will be seen at once that we have here a half indigo molecule
plus two hydrogen atoms. This hydrogen is so easily removed
that on exposure to the air it is remoxed by the oxygen to
form water and the residues unite to form indigo blue.
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On account of the low yield of indigo blue by this method,
it i hardly of more thon theoretical interest, but a greater
nuportance attaches to o derivative of this phenyl glycocoll,
alled o-phenylelycocoll earboxylie aeid.

CO-0H

CGH4<
NHCH,CO-0H
o-Phenylglycocoll
carboxylic acid

The Badische Aniline und Soda Fabrik have for a score of
years worked persistently upon the problem of producing
a sgynthetic indigo blue which should compete successfully
from a commercial standpoint. They now employ the Heu-
mann synthesis, but nodified so as to start with the cheaper
substance naphthalene.

Naphthalene is oxidized to phthalic acid by strong sulphuric
acid together with metallic mercury. The discovery of the
importance of mercury was purely accidental. The yield of
phthalic acid by using sulphuric acid alone was very unsatis-
factory and every effort was made to ascertain tbe most
favorable conditions for increasing the yield. One day on
return from lunch the chemist engaged upon this research
found the operation conducted during his absence a very
much lavger yield than usual and he sought in vain for the
anse of this most astonishing and gratifying result. Per-
sistent questioning of the assistant at last revealed the fact
thnt during the heating of that particular quantity the assistant
hnd brokeu a thermmometer as he was stirring the hot mixture
of nuphthulene and acid and the mercury had gone into the
liquid.

This was most fortunate, and the process now never omits
the mercury, which so increases the yield that this is now
one of the cheapest processes of the art.

COOH

(=,

Naphthalene Phthalic acid
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This phthalic acid is next converted into phthalinide first by
the influence of heat and then by ammonia: sodium hydroxide
and chlorine then transform this product into anthranilic or
o-aminobenzoic acid, as shown in the scheme below:

CO0-0OH CO-0H
06H4< —_— C(‘H4 >NH —_— °6H4/
C0.0H \co \NH,
Phthalic acid Phthalimide Anthranilic acid

or o-Aminobenzoic acid

When the ocohloracetic acid reacts with anthranilic acid
o-phenylglycocollcarboxylic acid is formed and this leads
at once upon the track of the Heumann synthesis.

CO0-0H
csn4< ! Gl' 0H,C0-0H =
NH|HE 4+
Anthranilic acid + chloracetic acid =
CO0-0H
csn4< + Hal
NHCH,C0-0H

o-Phenylglycocoll carboxylic acid

It is but a step from this last substance to indigo blue itself
and this conversion is effected by heating it with sodium
hydroxide; an intermediate phase of the reaction is carboin-
doxylic acid; the alkaline solution precipitates indigo blue
on treating it with a current of air.

CO-0OH (+]0)
can4< _CHyCO-0H —— 06114< CH
NH NH
o-Phenylglycocoll- Carboindoxylic acid

carboxyiic acid

co
206114< >cn 4+ 0 =
NH
Cco Co
06H4< >C=C< >06H4 + H20
NH NH

Indigo blue
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It 1s to be regretted that Heumamn did not live to see his
method brought to a conmuercial success. The advantages
of this process lie in the amount of naphthalene which is
sufficient to replace all the natural indigo and i its cheapness,
though its price has doubled within a comparatively short
time.

Indophor. Under thit name there has been sold for o long
t'me u grayish green powder.  Thig i the earboindoxylie
acid mentioned above. It iy used for prodacing indigo biue
in calico printing.

Among other gyntheses one by R. Blank starts with c¢hlox-
malouic ester which is condernsed with aniline to furnish the
benzene ring. The anilide thus formed 14 converted into
carboindoxylic ester and this by saponification and oxidation
is readily changed into ndigo.

Sundineyer oviginated a synthesis which starts with chloral
CCl3.CHO and ewplovs hydroxylamine and introduces the
benzene ring in the form of aniline.

NAPHTHALENE INDIGO

It 1s of interest to note that employing the Heumann syn-
thesis upon the naphthalene glycocolls produces varieties of
indigo containing two naphthalene radicals w place of the
usual benzene vings. By this change In composition

cO CO
010H<s< >C=C< >clonc
NH NH

Naphthalene indigo

the color is changed frow blue to green.  These can be produced
with a good yield, but have little tochnienl value.

InprGo Rup

Recalling to miund that indoxyl may be oxidized to indigo
blue, it will be seen that a carbonyl dervative of indoxyl
alled  oxyisocarbostyndl could undergo a like oxidation and
condensntion to w substanuce annlogous to indigo blue but
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coutaining two carbonyl groups. Gabriel and Cohnan pre-
pared such a derivative of indigo and gave the name of car-
bindigo, a red compound.

C(OH) co co
4 /7
206H4§ >CH > 06H4< ¢c=¢C c(‘;H-l
NH NH \NH

Indoxyl Indigo

COH
2c(;n4< NeH ———s
00-NH

Oxyisocarbostyril C¢O—. CO—.
0sHL c=c<— >cﬁn4
GO-NH NHCO

T Carbindigo (red)

Carbindigo reacts like indigo when subjected to reduction
and oxidation.

Indirubin, indigopurpurin is an isomer of indigo blue
and may be prepred by mixing weakly alkaline solutions
of indoxyl and 1satin. Baeyer and. Emmerling, who prepared
this, called it an indogenide of isatin.

co C(OH)
csn4< N c=c< }n
NH CeH,

Indirubin or indigopurpurin

It is possible that this synthetic product is identical with
the indigo red found in the natural indigo.

Tue Inprco REDS, oR THE THIO-INDIGO Dvng

The splendid qualities of indigo have been esteemed for
so many centuries that a new dye of any other color which
could claim close relationship with it would fall heir to n
large share of the enduring appreciation of that celebrated dye.

Two red dyes have lately appeared upon the maket frow
the firm of Kalle & Co. which are closely related to indigo.
These dyes are known as thio-indigo red B and thio-indigo
scarlet R. They contain sulphur (feiov, (ireek for sulphur)
as the name would indicate.
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Upon the market, these dyes appear in the form of red
pastes which contain 20 per cent of insoluble coloring matter.
They are reduced by agents furnishing nascent hydrogen
to levco compounds that will dissolve in alkaline liquids.
Hence they are applied in o manner gimilar to indigo by the
vat 1nethod.

Thio-indigo red B has the following formula, wherein it
will be observed that two imino groups (=NH) have been
replaced by two sulphur atoms with a resulting change of
color from blue to red:

cen4<c:>c=c<cso>csn4

Thio-indigo red B.

co co
06H4< >O=C< >06H4
NH NH

Indigo blue

Thio-indigo red B is also soluble in sodium sulphide and at
the same time wndergoes reduction so that it muny be employed
for dyeing in a manuer sinilar to that for the sulphur dyes.
This method, however, produces a shade inferior in quality
to that produced from the vat process.



CHAPTER XVII
THE SULPHUR DYES

Tuis clags of dyes is at once one of the most valuable and
the least understood. Their extensive development nnd
application are comparatively recent; they are ingoluble in
water, are not capable of being refined by any known method
of crystallization and are rapidly oxidized in moist condition
by the air; hence the little present knowledge of their chemieal
cougtitution,

They derive their name from the fact that sulphur cither
alone or with caustic alkali or alkali sulphide is used in the
preparation of almost all of them.

These dyes dissolve, however, in solutions of sodium sul-
phide.  From these solutions unmordantad cotton extracts
the dye ‘which on subscquent exposure to the air is oxidized
to an ingoluble fagt color in the fibre; the process Iy exactly
analogous to that of indige dyeing. In the solution of soditun
sulphide, it is supposed that the dye is present as a leuco
compound which the oxygen of the alr converts into the dye.

A single dye of this cass was discovered o 1873 awd for
some unaccountable reason no further work was done upon
the sulphur dyes for twenty years.  This first dye, called by
it discoverers Croiwsant and Brettoniére, (“Cachou de Luval’”)
resulted from their having fused sawdust, bran, and cven
animal and human exerement with sodium sulphide. In
spite of is offensive odor, it found extensive emiployment
it dyeing unmordanted cotton a greenish yellow, which
turned brown by atmospheric oxidation. Susbequent treat-
ment with metallic salts made this shade exceedingly fust
to acids, alkalies, washing and fairly resistant to light, but
not to the action of chlorine.

394
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The sulphur dyes which arc once oxidized by the alv are
insoluble and lose their power of dissolving again in sodium
sulphide solutions. Indeed the character of the dye is wholly
changed.

Vidal’s Black. In 1893 Vidal made an important advance
in the manufacture of sulphur dyes when he fused the poly-
atomic phenols and quinones with sodium sulphide. Later
he employed p-phenylencdiamine and p-aminophenol. The
last-named substance yiclded the valuable Vidal black when
it was fused with sodium polysulphide, or its cquivalent,
sulphur and sodium sulphide. This has found exteusive
cmployment.

Vidal believed his black dve to have the following constitu-

ool

Vidal black ()]

and his belief was based upon the fact that Bernthsen’s dioxy-
thiodiphenylamine was found to be an intermediate procuct
if only a lower temperaturc was cmployed for the fusion.

Its formula is:

Dloxythlodlphenylamme

Immedial Black V. (18¢97). Further advance was made by
firm of Casella & Co. in I‘rankfort, which introduced of many the
sulphur dyes under the name of “immedial dyes.” Their
immedial black V rcsulted from the fusion of p-oxy-o-p-
nitrodiphenylamine with sodium sulphide and sulphur. This
substance was preparcd by the action of dichlornitrobenzenc
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upon p-aminophenol, which may be caried out with the aid
of sodium acetate in either water or alcohol. The reaction
is as follows:

NO,
Cl HHN
+ =
0-N OH

Dinitrochlor- p-Aminophenol
benzene H

NO,
2N

o,N OH

+ HC!

p-Oxy-o-p-dinitro-
diphenylmethane

The fusion of this product with sulphur and sodium sulphide
yields the immedial black V.

Immedial Blue. Oxidation of Inunedial black V before
it has become fixed upon the fibre by hydrogen peroxide or
steam and air converts it into immedial blue, another valuable
shade.

Vidal Black S. is the Vidal black which has becu treated
with sodium bisulphite.

Immedial Sky Blue i# a sulphur dye which results fromn
fusing dimethyl-p-amino-p-oxy-diphenylamine with sodium
polysulphide at 110° to 115°.

H
N N
O/ \O + Sodium polysul- / "\
phide (x10-115°)
CH;),N OH (CHj),N oH
( -3) 3) \SI/

S
Immedial sky blue (?)

The most important sulphurdyes are the blacks and browns,
though there are also found among them blue, green, yellow
and orange dyes; red is lacking. The substances used for
various examples of these dyes are given below:
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St. Denis Black (1894) results from the fusion of p-phenylene-
diamine with sodium polysulphide. It dissolves in water
containing alkall or alkall sulphide with a bottlo-green color
from which hydrochlorie acid throws down a brown precipitate.
Caustie soda turng the solution bluer.

Unmordanted cotton is dyed shades fromn grayish blue to
black.

Sulphine Brown (1898) is an example of sulphur acting
upan organie substances containing no nitrogen. To make
it, oils, fats, or fatty acidg are melted with sodivm polysulphide.
It dissolves in water to a dark-green solution. Hydrochlorie
acid canses o complete precipitation, meanwhile disengaging
hydrogen sulphide.  Caustic soda makes no change.

Unmordanted cotton i« dyed a dark brown, which is changed
by oxidizing agents to a reddish brown. The various shades
restst the action of soap,acids and light, but uot that of chlorine.

Italian Green (1895). The mixture of substances melted
together for this dye cousists of p-nitrophenol, caustic soda,
sulphur and copper sulphate. The dye is a black mass resem-
bling coke. The greewn solution in water oxidizes by exposure
to the aiy, letting fall & green precipitate. A black precipitate
and the evolution of hydrogen sulphide results upon adding
hydrochlorie acid.

Unmonrdanted cotton i¢ dyed a dull green which 1s very
fast. to light; it also regists washing and alkalies hut not acids.

Printing Black for Wool (1896) is produced by muxing 1:8-
dinitronaphthalene and 1t 53-dinttronaphthalene and suspending
in an alkaline solution of ghwose containing sodium sulphite.
Reductiou takes place and the dye is formed as a bluish-black
powder. Water dissolves 1t casily with a violet color which is
changed to a bluish green solution by caustic soda.,

Wool is dyed a violet black from an acid bath; the dyc iy
also used in wool printing.

Other sulphur dyes upon the market are cotton black D,
thio cotton black, thioeatechine P, thiocatechine S, cotton
brown, autogeno Dblack, auromal black, thional black,
cross dye Dlack, fast black B, fagt black B.S, kryogene
blue, printing blue for wool, anthraquinone black, cte.
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Remarks upon the Sulphur Dyes. It is now bclicved,
that the sulphur dyes contain one or more groups of organic
diguiphides which are converted by NayS into soluble mer-
captans, These mercaptans have a direct affinity for the cotton
fibre and are oxidized during the dyeing operation to the
original disulphide. Sulphur dyes appear to contain certain
chromophore groups (thiazole and thiazine):

H

N
c—N —c” No—
4o )

N\s”
Thiazole Thiazine group

The thiazole grouping is found especially in the yellows
and the thiazine in the immediate black, The Badische Com-
pany has discovercd a new series of thiosulphonic acids obtained
by the action of Na,8,0;3 on quinone. This scries yiclds new
blue sulphur dyes when fused with dimethyl-p-phenylenc-
diamine (CHj3),NCe¢H,NH, sodium sulphide and sulphur. It
scems probable that these dyes contain the thiazine grouping.

The Héchst Color Company has ﬁnally obtained red sulphur

dyes containing the azine group < | > by treating hydroxyl-

ated azines with Na,S and copper salts.

Detection of Sulphur Dyes on Cotton. The presence of
sulphur dyes on cotton is shown by boiling the sample with
a ten per cent solution of caustic soda and, after rinsing,
boiling it in a solution of stannous chloride, Hydrogen sul-
phide will be liberated if a sulphur dye is present.*

The primary materials for the manufacture of the sulphur
dyes have been classified by Friedlander as follows:

Crass I. includes the primary materials for the manufacture
of the blues, violets, and blacks. These substances
fall into three groups.

Group 1. Nitro and aminophenols.

% A. Wahl, Mon. Sei., Sept., 1907, 608-15.
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Group 2. Nitro and hydroxy derivatives of diphenyl-
amine,
Group 3. Indophenols or leucoindophenols; indamines
or leucoindamines.

Crass 1I includes the primary materials for ycellows, browns,
This clags is made up of the m-dianines and their
ring substitution produets containing a CHj
group in the ortho-position; also the amines
having o the meta-position some one of tha groups

NO,, OH, SO;H.



CHAVTER XVIIL
MORDANTS

Tre animal fibres silk and wool when dipped, without
previaus treatment, into solutions of coloring matter frequently
absoth the color and hold it'so firmly thut it is retnined during
subsequent washing.  Cotton on the contrary hns far less
power either to abxorh the color, or to hold it o ns to resist
waghing nfterward.  Many substances hove the power to so
affect the character of the cotton fibve that it then Iehaves
wore like silk and wool; it then absorbs the color wnd does
not give it up again to water.

The substornees which faeilitnte the dying of cotton 1 this
way are called wordants (Kreneh modre, to bite), from the
wden that they were capable of Dbithag to ov opeuing ihe
cotton fibre so tlwt the coloriug mnterinl could cuter nud find
s0 seeure o lodgment within the fibre that 1t could not be
removed by water,

Commou nlum is a wordant, nud an Hustmtion of its hehavior
toward a dye called camnine from cochinenl will exhibit its
precige fimetion m oOnaking cottan retain the dyce nupurted
to it If alum i dissolved i water, the solution will remain
colorless and  tvanspuvent; wddition of aqun mnmonn will
produce o white flocculent  gelatinous cloud of nluminum
Liydroxide, necording to the following renction:

K2A12(804)4 + 6NH40H =
24A103H; 4+ K804 + B8(NH,),80,

This hydroxide is whita and mnkes the solution turbid until
1t fivally settles to the bottom ns a precipitate, leaving the
Liquid eleav ubove it. I u hittle red cochineal extract be poured

400
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into the same vessel containing the aluminum hydroxide,
the conteuts well shaken md the precipitate allowed to settle
again, it will be noticed that the aluminum hydroxide has
selzed the color and become stained by it, and on settling to
the bottom the water is left colorless as before, all the red
dye being extracted {rom the solution. This white gelatinous
insoluble substance has a capacity which cotton has not, of
fixing or uniting with coloring matter so as to hold it fast.

If an impeveeptibly #mall amount of this gelatinous alu-
minw hydroxide could be first fixed in or on the cotton fibre,
it could not be washed out, for it does not dirsolve in water
and the fabuic thug enriched by this slight addition would
assert the properties of aluminum hydroxide itsell and absorb
colors and hold them firmly.

This is just what is done in preparing cotton by the use of
mordants. The cotton in the form of loose flocks or in the
form of yamm or cloth is thoroughly and evenly saturated
with a solution of alu, squeezed nearly dry and then passed
into an alkaline solution of, "e.g., sodimn carbonate of the
proper strength. At every point the particles of alum in the
fibre are reached by the dissolved particles of the sodium
carbonate and transformed into the white insoluble jelly-
like aluminum hydroxide (or according to conditions a basic
alumimuu sulphate) as shown in the following equations:

K2A12(804)4 + 3N8:2°03 + 3H20 =
2A1,0;H; + K80, + 3Na,S0, 4 3CO0,

The cotton 1 then wished without losing what it hus gained
by this treatment and the now mordanted fibre will absorh
the various shades of color and hold them securely, heyond
the power of water to remove.

There are many substances which are used as mordants,
some white in themselves, others colored; of course the colored
ones will modify the shade of the dye subsequently applied,
and even the colorless ones often change the color of the pure
dye. An example is furnished by aluminum hydroxide which,
colorless itself, produces various shades of blue when dipped
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into a sotution of logwood; another colorless mordant, hydrox-
ide of tin, precipitated on cotton develops shadex of red
when dipped into a similar solution of logwood. From this
example it is evident at once that a single dyestuff may furnish
the dyer with a variety of different colors according to the
particular mordant employed.

The primary reason, however, for the use of a mordant
is the imparting to ordinarily indifferent fibres the capacity
of seizing and holding firmly the dyes that could not other-
wise be retained.

Though silk and wool have been mentioned ag fibres which
easily become colored without the assistance of mordunts,
still these substances are sometimes needed, when thelr action
is similar to that exhibited in the case of cotton. In aluw,
KAl (80,)424H,0, we have an example of o common mordant.
The aluminum in this substance is the efficient agent, for 1ts
hydroxide is insoluble, and forms the truc mordant, Other
substauces contain the same element, and oftentimes it ix
applhed to the cloth in such a form that the process of ageing
(exposure in a moist condition to the air) will produce an
insoluble compound of aluminum ready to combine with a
dye. Sometimes the acetate of aluminum, AIC,Hz0.,)s.
is used; for this salt easily lends itself to the process of ageing.
This ageing consists In the decomposition of the aluminum
acetate by the water which is present upon the dump fabrie
or in the steam that is used to hasten the ageing process. The
final stage is reached when the acetate is all changed to alumi-
num hydroxide, the reaction for which follows:

Al(02H302)3 + 3H20 = A103H3 + 3C2H402

John Thom was the first to observe that there is nn elective
affinity of the bases for the various coloring matters, thut
is, that the bases have a stronger attraction for some coloring
matters than for others. An example of this may be seen in
alunina, which has a stronger attraction for the principle
of madder than for that of logwood, and a greater affinity
for the latter than for quercitron. When a piece of cloth
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mpregnated with alumina is immersed in a decoction of
quercitron bark, it acquires a fast yellow hue; but, if it is
afterward well washed and then kept for some time in a hot
solution of loowood, the alumina parts with the color of the
quercitron to combine with that of the logwood, and the cloth
changes from yellow to purple. If now it be digested for a
few howrs with an infusion of madder (hot), the coloring
principle of the logwood is turned out, and the aluminn unites
with that of the madder, the cloth is now found to be red
instead of pmple. The amount of the alumina upon the fibre
does not seem to be sensibly altered by these substitutions.

CHARACTER oF THE TEXTILE FI1BRES

‘Wool Fibre. The wool fibre is both acid and basic in character,
disgociating the salts used as mordants and combining with
both the acid and the base of the salt. The reaction 1 most
complete at the boiling temperature, but for the best results,
the salts must not be decomposed until they have had time
to penetrate into the fibre. Decomposition is retarded by
the use of sulphurie acid, hydrochloric or oxalic acid or by
tartrates and oxalates in conjunction with the mordanting
salt.

Silk Fibre. Silk absorbs acids from their dilute aqueous
solutions and retaing them tenaciously (Rawson). Silk behaves
like wool taward metallic salts used for mordants, It decom-
poses the #alt even in cold solutions. Silk acts like wool townrd
coloring matters in general but has less affinity for acid colors
and a greater for busie colovs.

Cotton Fibre. Cotton, while it is the cheapest of the textile
fibres, is nt the same time the most difficult one to dye. This
difficulty nrises from the well-nigh indifferent character of
the fibre. It betrays neither the properties of an acid nor a
buase and thervefore exhibits little tendency to form salts with
coloring matters in analogy to the action of wool and silk.
Yet in some cases it docg exhibit an activity strongly marked
as when hmmersed in a solution of tannic acid it seizes it
with great avidity and absorbs large amounts from the solution.
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Among the most important morganic imordants are those
which are salts corresponding to the sesquioxide hases of the
general formula R.0;. The salts of aluninuum, chrowiam,
and iron are the most prominent examples. There are many
different. salts of these bases in actual use and which particular
one is to be used depends upon the kind of fibre to be dyed
and the kind of dye itself to be applied. Tun all cases, the
object sought by the dyer is to precipitate from the soluble
mordant salt an insoluble residuum in the structure ol the
fibre itself, which later shall combine with an otherwise elusive
coloring matter, turning it into an insoluble compound thnt
will not wash away.

This insoluble residuum entrapped in the fibre is chem-
ically different from the salt itself and it consists either of the
hydroxide of the base or a very bagie snlt of the same base.
Various means are emrployed for the fixation of this hydroxide
in the structure of the fibre, but it is interesting to note that
the fibres themselves often exert a sufficiently strong decom-
posing action without the usual addition of some alknline
reagent,

When, for instance, cotton fibres are steeped In an aqueous
solution of alum, K3Al:(S0»424H,0, and then nfter drving
replaced In pure water, a precipitate of the hydrate of alu-
minun is left within the cell-walls and tube without the presence
of alkali. This is probably due to the dialytic action of the
outer membrane of the fibre which allows the digsocinted
crystalloidal part of the alum to diffuse into the wuter while
the colloidal msoluble hydroxide cannot escape.

The various insoluble precipitates formed by the combinn-
tion of the hydroxides with the soluble dycs are usunlly
known as lakes. Other metallic salts share with alum the
property of so dissociating as to leave imsoluble hydroxides
in the fibre.

When wool, which by nature is both acid and basic, is in-
mersed in a solution of alum, the wool combines with the neid
and basic portions of the dissociated alum and this action of
the wool is so strong that if. left to itself the aluminum hy-
droxide would attach itself too fast and too irregulurly to
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the fibre so as later to cause uneven dying. To prevent this
rapid decomposing action of the wool a certain amount of
sulphuric acid as retarding agent may be used.

ArumiNuMm SanTS

Aluminum is an element which by the variety of its com-
pounds and the instability of many of themn exhibits a peculiar
adaptability to the needs of the dyer. It forins normal salts
in which its foll valence of three is saturated by the radicals
of the cammon acidy, and it algo forms basie salts wherein
Iwdroxyl groups have replaced one or wore of the acid radicals,
This facility of forming basic salts i of the greatest value in
many ways, for the properties of wool and cotton differ so
much in their active influence on « solution of alum that when
such a solution 1is used to mordant wool, free sulphuri¢ acid
or a similarly acting agent must be put in the solution to pre-
vent aluminum hydroxide from being too rapidly deposited
in the fibre and therefore unevenly. In mordanting cotton,
on the contrary, the alum would be acted upon too slowly
by the inert cotton and thus a compound of aluminum more
casily disgsociated i¢ used and the compound then ewmployed
i+ one of the many basi¢ salts of aluminum. Aluminum
sulphate, having releagsed a portion of its acid and taken
hydroxyl in its place, is #0 much more susceptible of decompo-
sitlon in aqueous solution than the normal sulphate that the
Inactive cotton can cause a deposition of the required amount
of hydroxide in its own fibre,

I have spoken of basic aluminum sulphate as if there were
but one; as o matter of fact there are many busic sulphates
with varying proportions of acid and basic groups. Some
are soluble and some insoluble; the latter of course cannot
be used as mordants. Not only are many basic sulphates
known, but basic acetatcs, basic chlorides and others, all
possessing some particular advantage for some particular
kind of dycing.

The commonest and the oldest compound of aluminum,
known as alumn, is a translucent white crvstalline substance
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consisting, for about half its weight, of water of crystalliza-
tion. The facility with which it crystallizes makes it easy
to purify and this has kept it long a favorite form of alum-
inum in the art, for a slight amount of iron as impurity in
aluminum compounds works great injury to many dyes.
A further advantage arises from the presence of potassium
sulphate, which remains in the solution when alkali or the
ageing process is used to precipitate the hydroxide in the
fibre; the mere presence of the potassiumi sulphate causes
a greater degree of dissociation of the salt and a more abundant
fixation of the insoluble residuum in the fibre.

Aluminum sulphate, Aly(S04)318H20 is now nuch prized
and much used on account of its cheapness and purity. There
is danger of the presence of iron and of free acid; furthermore, it
is of more irregular composition than alum, but manufacturers
have overcome these objectionable features and produce a
pure article.

The basic salts may be produced by the addition of sodium
hydroxide, sodium carbonate and sodium bicarbonate, also
by other soluble hydroxides and carbonates. According to
researches of Liechti and Suida, aluminum sulphate is decom-
posed by sodium carbonate and sgodium bicarbonate as
follows:

Al(804); -+ Na003 + Hy,0 =
Aly(804)2(0H), + Na,§0, + 0CO.

a more basic sulphate where the aluminum suffers a greater
loss of acid 1s formed according to the following equations:
2A1,(SO,); + 6NaHCO; =

Al4(S04)3(0H)g 4 3Nay80, 4 600,
A still more basic sulphate results as follows:
A12(304)3 + 4N8:H003 =

Al>(804)(0H), -+ 2Nay80, + 4CO,

These basic sulphates are soluble in water, and their solu-
tions are made by adding the proper proportions of aluminum
sulphate and sodium carbonate or bicarbonate.
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The cotton to be mordanted is inmewsed in the solution
of basic aluminwm sulphate; the cotton slowly decomposes
the basie salt, precipitating aluminum hydroxide in the fibre:
the more hasie the sulphate used, the more hydroxide deposited.
To hasten and also to mcrease the deposition the cotton may
be passed throngh a weak solution of anmmonia.  This com-
pletes the removal of sulplunde acid from the basie salt by
substituting hydroxyl groups in their place:

Al,(S0,)(0H), + 2NH,0H = 2Al0;H; -+ (NH,),S0,

It s belicved that aluminum sulphates exist still move hasic
in character than any of those givew above, but they are
ingoluble, and it way be that thete very bagie and iusoluble
compounds fixed upou the fibre act as true mordauts ag well
as the hydroxide of aluminum itself. By the increase of the
basice character of these sulphates of aluminmw, the integrity
of the molecule is greatly distwwbed. The norual sulphate
c¢nnnot be decomposed either by boiling or by diluting with
wuter; the basic salt, Al,(S04).(0T1),, dissociates slowly and
incompletely; the more hasie salt, Al4(S04);(0H)g, dissociates
more easily and the still more basic salt, Al(SO4)(OH),,
breaks up very quickly on boiling or diluting with water,
separating gelatinous aluminum hydroxide. In the presence
of cotton, the instability of these snlts i incrensed, much to
the advantage of the mordantivg processes.

Aluminum Acetates. The acctates, both normal and basie,
distinguish themwselver from the corresponding xulphates hy
their greater iustability and consequent easier dissociation
undev the influences of hent and dilution on thelr agueous
solutions.  The normal ncetate has not been obtained in the
free statc as a solid. A solution of a salt of this formula
Al (Col304). may be wade by dissolving aluminum hy-
droxide in neetie acid, but it is regarded as consisting of alu-
winum dincetate and acetic acid. Careful evaporntion of this
solution leaves a salt of this composition,

Al,{02H30,)4(0H),
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Solutions of the normal acetate are prepared by acting on
aluminum sulphate with lead acetate; the lead sulphate
falling as a precipatate is filtered off:

Aly(S04)3; -+ 3Pb(C2H303); = Aly(C:H303)¢ -+ 3PbSO,

According to Liechti and Suida, normal aluminum acetate
is not dissociated by boiling or by dilution with water. By
the addition of various proportionate amounts of sodium car-
bonate to solutions of the normal acetate, varying degrees
of basicity may be obtained, as illustrated in the following
equations:

2Al,(0.H30:); + NaC03 + H0 =
2A19(02H302)50H + 2Na,C._,H302 + 002

2“2(C2H302)6 + 2N32003 + 2H~_,'0 =
2Al1,(C,H30,)4(0H)> + 4NaC,H3;0, 4 2CO0,

2A12(C§H302)6 + 3N8:2003 + 3H,0 =
2A15(C2H30:)3(0H); + 6NaC,H30, + 3CO,

2A1,(CG,H30s)g + 4Nay00; + 4H,0 =
2A12(02H302)2(0H)4 + BN&CBH302 + 4002

Doubling the formula in the second and fourth equations
reveals the progressive action of sodium carbonate in form-
ing the basic salt. The basic acetates thus obtained—more
or less sodium acetate being present in each case—suffer
dissociation on heating. The more basic the acetate, the
lower the temperature of dissociation. If alkaline sulphates
are absent, no dissociation is produced at the ordinary tem-
perature by dilution with water. If alkaline sulphates are
present, both the normal and basic acetates are dissociated
by dilution with water, and more readily by heating. The
precipitates formed by heating basic aluminum acetate in -
the ahsence of alkaline sulphates, do not redissolve on cooling;
if alkaline sulphates are present, the precipitates thus formed
do redissolve on cooling. When aluminum acetate is made



MORDANTS 409

from alum in place of aluminwmn sulphate, the solution of
course tontaing a soluble alkaline sulphate, potassium or
amivonium sulphate:

K,Al(804), -+ 3Pb(C,H;0,), =
Al,(C,H;0,); + XK.80, + 3PbSO4

The more common method of making basie aluiminum acetate
i# by the combined action of lead acetate and sodiun carbonate
on a ®olution of aluminum sulphate:

Al,(804); 4 2Pb(CyH30,), + Nay,€03 =
Al,(C,H;0,),(0H), + 2PbSO, + 2NaC,H30, + CO,

In both ingtances, a soluble sulphate is produced, and the
aluminuin acetate dissociates more easily. Where the shight
amount of lead acetate remaining dissolved i the solution
would be mjurious, calelum acetate is used in place of lend
acetnte.

The ease with which aluminuin acetates dissociate facilitates
their use in printing upon cotton where a paste containing
both the dye and mordant are simultaneously fixed upon
the fibre, which later pass over heated rolls, or through a
hented moist chamber. The heat and moisture cause the
rapid disengagement of the volatile acetic acid with the pro-
duction of aluminum hydroxide in the fibre which in tumn
seizes the dye and holds it fagt in the tissue.

Cotton fabries immersed in solutions of basic acefates need
no alkalies to decompose the salt, for on passing the fubric
through a warm wmoist room, acetic acid rapidly volutilizes,
lenving the insoluble hydroxide, which s now ready to receive
the dye.

Note. The acctate of aluminum, in decoriposing by heat
on the fibre, yields acetic acid, which helps to dissolve the
nlizarin and thus enables it to penetrate the fibres and combine
with the nluminum hydroxide (Benedikt and ICnecht, p. 207).

Aluminum Sulphate Acetates. These doubl¢ compounds
of aluminum with sulphuric and acetic acid radicals are
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easily prepared and in many cases favorably influence the
production of full and richer colors than either sulphatos or
acetates of aluminum alone. When less than the required
proportion of lead acetate is used, then a double salt results,
according to Liechti and Suida as follows:

The nonnal sulphate acetate does not dissociate on dilut-
ing its solution, but it does on heating, differing in this respect:
from both normal aluminum sulphate and normal aluminu
acetate, neither of which dissociate on diluting or boiling.

The basic sulphate acetates disgociate both on diluting
and on heating, the greater readiness to diswociate being
shown by the more Dasic salts. The precipitates formed
are gelatinous, and if the salt i¥ not wmore Dbasic than
ALSOL(CyH30,)30H, it redissolves on cooling. The alumi-
num sulphate acetates, normal or basie, yield nearly the whole
of their alumina to the fibre during mordanting and ageiug.
In this respect they are much stronger mwordants than the
aluminum sulphates, and are of about the same strength as
the basic acetates. The investigations of Koechlin, Schoacl
and D. Koechlin have shown that in mordanting with
sulphate acetates, basic aluminum sulphate, and not aluminun
hydroxide, is fixed upon the fibve.

Solutions of aluminum acetate and aluminum sulphate
acetates, both normal and basic, are known ag Red Liquor,
because used in dyeing reds, and not {rom its own color.

Aluminates. In the above-mentioned compouuds, the
element. aluminum is playing the part of @ base-forming ele-
ment; its hydroxide, AlOzHj3, exhibity the function of a base
by dissolving in acids to form salts of those acids, but in n
different environment it can exhibit the functiong of an acid-
forming element, as when the gelatinous insoluble hydroxide
dissolves iIn a solution of sodium hydroxide to form u snlt
known as sodium aluminate, as illustrated by the following
equation,

A103H3 + 3NaOH = Na.3A103 + 3H20

The acid character of aluminum hydroxi(ie is weak and the
aluminates in solution are easily decomiposed by all acids,
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even carbonic acid; aluminum hydroxide is precipitated, a
salt of sodium or potassium remaining in solution. In a
similar way, in solution, the aluminates are decomposed by
ammonium salts, potassium or sodium salts, as the stronger
bases combine with the acid of the ammonium salt, whereas
the aluminum hydroxide does not combine with the ainmonia,
and it remains in the free state as a gelatinous precipitate:

Al(0OH),0K 4 NHl = AlO3H; + KCl + NH;

Use is made of this reaction in fixing the mordant. Sodium
aluminate oceurs in cormuerce as a lumpy powder of a slightly
greenish-white color. It Is readily soluble in water, but not
deliquesceut and is decomposed by carbon dioxide in the
moisture. It is used for a mordant on cotton piece goods,
but cannot well be used on cotton yarn on account of its caustic
action on the hands of the workmen. Sodium aluminate
offers the great advantage that it does not carry iron into
the ultimate color, and that it is fixed on the fibre in a short
time without ageing. It finds but limited employment as
it camnot be used with acid mordants. The goods are simply
impregnated with the aluninate, rapidly dried at an elevated
temperature, and passed through a solution of ammouniun
c¢hloride at 50 to 60°C. The aluminum is thus fixed ay nlu-
minu hydroxide. Sodium aluminate is not used ns a mordant
for silk or wool because it is too alkaline for those fibres. IFor
the production of lukes, the coloring matter iy mixed with a
solution of sodiwn aluminate and precipitated by the addition
of wulphuric acid. These lakes are considered by Morin to
be richer than those obtained from alum, and are produced
at one-half the cost.

A number of other compounds of aluminum are prepared
and used as mordants in special cases. Aluminum chlorides,
normal or basice, yield little aluminum hydroxide to the fibre
and they attack vegetable fibres so that they are not suitable
for mordants. They arc made use of as carbonizing agents for
destroying vegetable fibres in wool. The mixed material is
placed in a solution of the normal chloride, the excess of the
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liquid removed and the material dried. The disintegrated
vegetable fibreg are removed as dust by shaking.

Aluminum Thiocyanate, Al(CNS8);, c¢an be boiled in solu-
tion without decomposition, and the salt, AI(CNS),OH, is
also stable, but the more basic salts are decomposed on boil-
ing; mere dilution will not cause the decomposition of any
of these salts.

It possesses the great advantage that it- does not attack
the steel doctors of the priuting machines, and thus does not
introduce iron into the printing color; hence the purity and
brilliancy of the alizarin is preserved. The high price of the
article has prevented its more general employment, Alu-
minum thiocynate may be obtained by the double decomposi-
tion of aluminum sulphate and barium thiocyanate:

Al,(SOy); -+ 3Ba(CNS), = 2Al(CNS); - 3BaSO,

Aluminum Chloride Acetate, Al(Cl1)(C2H305),, yields
according to Liechti and Suida only 3} per cent of its alumina
to the fibre, after steaming, drying and ageing. It has been
obtained from aluminum sulphate, lead acetate and barium
chloride golutions. It does not dissociate on diluting or
heating.

Aluminum Nitrate Acetate is produced by the double
decomposition of aluminum sulphate with acetate and nitrate
of calcium or lead.

CHrOMIUM MORDANTS

Chromium exhibits in its various compounds the double
function of an acid and a base-forming element. The hy-
droxide of chromium is a greenish gelatinous insoluble sub-
stance which dissolves in acids to form salts,

20!03H3 + 3H2804 = Or2(804)3 + 6H20

Iere it shows its marked basic property, but when in the
presence of sodium hydroxide it likewise dissolves, forming
casily decomposable salts, called chromites, where chromium
is a weak acid-forming element.
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Potassium Bichromate, K:Cr,0;. The moxt common and
the most important compound of chromium i3 potassiuny
bichromate; here the chromium acts as an acidforming
clement. Thiy salt suffers decomposition when wool is im-
wersed W itg solution, the extra chromimm anhydride cgu-
Iiuing with some constituent of the wool, aund allowing the
normal patassinu ebramate to remain in the solution. This
clwomimua anhydvble CrOy 18 not in the proper form for a
wordant, and i some way it must lose oxygen and becomic
reduced to the lower oxide Cra()3, which in the hydrated form
s o teue mardant. The wool itself exerts saue reducing action
ou it, but usually this process is completed by some organic
redueing agent like tartarie or oxalic acids simultaneously
used, which by abstracting oxygen in the presence of water
converts the CrO; to the hydrate CrO3Hy

20r0; = Cr:03 + 30 (wed up in oxidizing the tavtaric acid).

Thus the objeet of the process is to fix clwojun hydroxide
iu the fibve, wlich #o charged in turn fixes the dye.
Chromium Sulphate, Cry(804)3, sivilar in its behavior to
nlundnwn sulphate, @ wsed to furnish by its decomposition
chrommuu hydroxide to the fibre. 1t may be made by dis-
salving chraminm hydroxide in sulphuric acid. From this
solution on  cevaporation violet blue eyrstals of the compo-
sitlon  Cea(N8O4)3151H0 may be obtained. A solution of
chromium sulphate is not decamposed by dilution or boiling
or by both netions exerted simultanconsly. Solutions of
chromiwm sulphnte give precipitates of chromivin hydroxide
when neted upon by sodium hydroxide; wn execess of the
latter redissolves the precipitate which, however, 18 thrown
down ngain by boiling, By the addition of sodium hy-
droxide to solutions of chromivm sulphate, in amount
insuflicieat to produce the normal chromivin hydroxide, basic
sulphates way be formed analogous to the aluminwn sulphates
of vurying degrees of busicity.  They vary i stability accord-
ing to their busicity and the presence of alkaline salphate:.
Boiling docs not decompose the basic sulphates, but dilution
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does; the more basic the more easily they are decomposed.
Chromium sulphate is not wsed as such but in combination
as chrome alum. This salt KuyCro(804)424H-0, is produced
when a mixture of potassium bichromate, sulphwic acid and
some reducing agent, asg alcohol, sulphurous acid, ete., is heated.

K:0r,0; + H,80, + 880, 4 23H,0 =
K20r,(S0,4)424H,0

A peculimvity of basic chromiwm sulphates in comparison
with corresponding basic aluminum salts is their behavior with
alkaline sulphates; these cause the aluminum salts to dis-
soclate more readily, giving aluminum hydroxide to the fibre;
the alkaline sulphates retard the dissociation of basic chromium
sulphates. Consequently bastce salts of ¢hiromium made from
chrome alum do not dissociate so easily ay those made from
chromium sulphate, the presence of alkaline sulphate causing
increased stability,

Chromium Thiocyanate, Cr(CNS);, has an especial advan-
tage in printing on cotton for developing brilliant and fast
blacks with logwood.

The normal salt does not dissociate on boiling or on diluting.
By the addition of sodium hydroxide i proper porportions
basic salts of considerable stability are formed, The normal
salt yields only 5 per cent of chromium to the cotton fibre
while a basic salt Cro(CNS)2(OH), yields about 34 per cent
of its available chromium to the fibre. This salt is used by
calico printers for the production of steam logwood blacks
which are very brilliant and fast colors.

Basic Chromium Acetates. The salts Cra(C2H302)50H and
Cra(C2Hz04)2(OH)4 together with intermediate compounds
have been prepared by treating lead acetate with basic chro-
mium sulphate. These salts dissociate with difficulty, but
with more ease on boiling and diluting the more basic they are.

Chromium Chloride Acetates. ThecompoundCr, (CoH302) (Cle
and others are obtained by dissolving basic chromium
chloride in acetic acid or by the action of calelum acetate and
caleium chlovide on chrome alum. The most basic salts only
show & tendency to dissociate on heating and diluting. The
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salt CroCH{C2H305)2(OH)3 yields to the cotton fibre in mor-
danting 50 per cent of its chromium. (Tiechti and Schwitzer.)

Other compounds of chromium are made and used for
special purposes or hecause they have given fine effects n
the hands of certain men who have given time to the study
of their peculiar properties.

Iron Comrounbs

Fernous acetate i one of the iron compounds that is of
n1ost assistance to the dyer. The normal salt Fe(CoHz02)24HoO
may be made by the action of a solution of lead acetate upon
ferrous sulphate or by dissolving iron in acetic acid. The
salt crystallizes in green monoclinic prisms which quickly
oxidize on expoxure to the nir, to basie ferric acetates, hence
its solution is too unstable to be used as a mordant.

Pyrolignite of iron, known as iron liquor or black liquor,
is an impurc ferrous acetate which in practice is found much
more pure thun the pure salt, :nd it s o valuable mordant.
It s prepured by treating scrap iron with pyroligneous acid
(erude acetic acid). The tarry matters which rise to the top
of the vnt are skimmed off. The liquid containg besides the
essentinl ingredient ferrous acetate, some ferric acetate and
tarry matter. The iron salt of pyrocatechin, which iy preseut
together with other cnpyreumatic substunces is cousidered
by Moyret to be the substance which prevents the oxidation
of the liquid.

Pyrolignite of iron is used in cotton dyeing, in greater quan-
tities in culico printing and in black silk dyeing.

Ferrous Sulphate. This substance forms green crystals
known as green vitriol. The crystals effloresce, on exposure
to the air, turning white and later as oxidation proceeds chang-
ing to brown basic ferric sulphate. Ferrous sulphate is one
of the oldest mordants and is largely used in wool dyeing,
It is used to a considerable extent in cotton dyeing, also for
the prodnction of Prussian blue in calico printing and for
the formation of chamois yellowish brown color on cotton
by the action of sodium carbonate.
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Organic Morpant. TanwNic Acib

Tannic acid i¢ one of the most important mordants for
cotton, and enormous quantities of it are used in preparing
that fibre to receive coloring matter. Cotton, though to
decompose the more basic metallic mordants of aluninum
and chromium, is very indifferent to these in comparison with
its strong affinity for tannic acid, which it seizes from aqueous
solution and holds fagt withiu the fibre.

It is a vegetable product found in many species of plants in
the form of g glucoside (?) which upon extraction from the
vegetable tissue containing it and boiling with dilute acids
breaks up, forming tannic acid and sugar. It exists in gall-nuts,
sumac and other tannin matters and it mny further be pre-
pared synthetically by the condensation of two molecules
of gallic acid.

OH CO-0OH HO
OH OH HO

206H3 OH = 06H2 OH HO 06H2 + H20
CO0-0OH 0— ocC

It ig most readily obtained from gall-nuts, It comes into
the market in small buff-cclored scales. The purest and best
tannic acid is made from gall-nuts in the following manner:
The c¢rushed galls are heated with water to form a concentrated
solution, the temperature ranging from 40 to 60° C. When
the lquid i sufliciently concentrated, it is vun off and
allowed to setile twelve hours. It is then vun through a
filter into a closed drumi in which it is agitated with one-
quarter its volume of ether (.750 sp.grv.) for several hours.
The emulsive liquid thus produced is run into closed taiks
and allowed to remain at rest from eight to ten days, during
which time it gradually separates into two parts. The upper
ethereal layer, which containg the impurities, i drawn off, and
the ether removed by distillation, the lower layer being also
separately distilled to recover the ether until it acquires a
syrupy consistency.



CHAPTER XIX
EXPERIMENTAL WORK
Ix the following experiments the benzene molecule with its

six carbion and six hydrogeu atowws is represeuted by the
plain hexagon below:

|
C
7\
H—C C—H
CyH, |
: H—C C—H
\G/
|
H
Benzene Benzene Benzene

Abbreviated formula

If one of the hydrogens is replaced, e.g., by a nitro group
(—NOy), theu the abbreviated formula stancs for the benzene
molecule minus the hydrogen which has been replaced, i.c.,
CoH,.

NO2

Nitrobenzene

ExPERIMENT 1

Properties of Benzene. Pour a few drops of alcohol upon

n {lat piece of board and an equal number of drops of

henzene near by; then ignite both and note the character of

the two flumes. To one cc. of alcohol add two drops of
417
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benzene; pour out the mixture upon the board and ignite
it. How does the flame compare with that of pure alcohol
or pure benzene?

The burning of aleohol (containing 52.2 per cent of carbon):

C,H,0 4 30, = 3H,0 4 200,
The burning of benzeue {containing 92.3 per cent of carbon) :
2C¢H; + 30, = 126 -+ 6H,0

The oxygen of the air (about 20 per cent) is sufficient to burn
both the hydrogen and the carbon of the vapor of aleohol;
but it is sufficient to burn the hydrogen and only a part of
the carbon of the vapor of the benzene. The unburnt carbon
passes off as dense black sioke.

To 1 ce. of benzene in a test-tube, add an equal quantity of
ether. Do the liquids mingle or separate on shaking?

To a test-tube containing a few drops of oil or a piece of
tallow as large as a pea, add a few cubic centimeters of benzene
and note the effect of continuous shaking.

ExpPERIMENT 2

Nitrobenzene from Benzene.

CﬁH(; + HNO;; — 06H5N02 + H20
Benzene Nitrobenzene
NO2
Nitrobenzene

To 150 grams (or 83 cc.) of concentrated sulphuric acid in
a one-half liter flask add, Kttle by little, with frequent rotary
shaking, 100 grams (ov 71 cc.) of concentrated nitric acid of
gpecific gravity 1.4.
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After the mixture has been cooled to the temperature of
the room by water running from a tap over the flagk or by
immersing it in water, add in small portions 50 grams of
benzeune, shaking frequently, so as to make the liquid acquire
a rotary motion in the flask.

The temperature should be kept under 50° to 60° C.; should
it rige higher, interrupt the process and immerse the flask for
a short time in water.

After all the benzene has been added, attach a vertical
glass tube to the perforated stopper to serve as an air con-
denser. Tt is then heated in o water-bath for am hour at 60°,

the themmometer i the water. The following renction has
taken place:

CGH(; + HNO;; = 06H5N02 + Hgo

Benzene Nitrobenzene

The liquid is then well cooled and poured into a separating
funnel, where it i allowed to stand a few minutes while it
sepuwrates into two layers.  The lower containg the spent
sulphurie acid and the excess of nitrie acid, and it is sepa-
rated from the upper layer of nitrobenzene by slowly opeuing
the stopeock and allowing it to run out into a beaker.

The nitrobenzene 1s then vigorously shaken severnl times
with wnter; since the nitrobenzene is heavier than wuter,
it will now be the lower layer. This must be kept in mind
or the wrong layer may be thrown away.

When thoroughly washed by shaking several times with
fresh portions of water and separating each time from the
water, it 18 poured into a dry flask and warmed on a water-
buth with granulated caleium chloride until the turbid liquid
becomes clear. It is then poured carefully off from the
culeium chlovide and purified by distilling from a fractionating
flask attached to n long air condenser.

Nitrobenzene boils at 206~207°. The yield from 50 grams
of benzene is 60-70 grams,
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ExruriMENT 3

Dinitrobenzene from Nitrobenzene.

NO:2 NO2
from
NO,
m-Dinitrobenzene Nitrobenzene

In the previons experiwent the temperatwre i* kept undev
60°, to avold converting a large portian of the beuzeue mito
dinitrobenzene, wlich it i the object of the present expeu-
went to produce exclugively; hence a higher tempevature will
be necessary.

Fornwlax of the tluee isomerie dinitvobensenes,

NO:2 NO:
NO,
NO,
o-Dinitrobenzene m-Dinitrobenzene
NO: NO2
NO,
NO,
p-Dinitrobenzene The Dinitrobenzene
produced in this
experiment

For this purpose 10 gramns (or 8.3 cc.) of nitrobenzene are
gradually added (under a hood) to a flask containing a wixture
of 25 grams (or 14 cc.) of concentrated sulphurie weid and 15
grams (or 10.7 cc.) of fuming nitric acid. The wixture is
heated for half an hour upon a water-bath, ‘the flask being
frequently shaken. This shaking is nccessary on account of
the immiscible character of the liquids and the more
frequently it is thoroughly done the sooner the reaction is
finished.
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The followmng reaction hag taken place:

C¢H;NO, 4 HNO; = G H,(NOy), + H,0

Nitrobenzene m-Dinitrobenzene

On cooling #omewhat, the mixture is slowly poured into
cold water which 'is constantly stirred. The insoluble yellow
dinitrobenzene which twmg solid is filtered off, washed with
water, and presved upon a porous plate or dried by pressing
between thickly folded sheets of filter-paper.

When thoroughly dry it is recrystallized from aleohol.

Dinotrobenzenc melts at 90°, The yield is 10-12 grams.

ExXverIMENT 4

Aniline from Nitrobenzene.

NH: NO:2

from

Aniline Nitrobenzene

Fifty grams (or 42 cc.) of nitrobenzene and 90 grams of
granulated tin are placed m a round-bottomed flask of 1%
liters capacity. To this mixture 200 grams (or 166 ce.) of
hydrochloric acid are gradually added in the following manner:
About one-tenth of the acid is added and an air condenser,
a glass tube 3 feet long and 4 inch in diameter is attached to
the flask in an upright position and the mixture well shaken.
It becomes warm in a short time and ebullition begins. When
this begins, the flask is 1mmersed and rotated in cold water,
or better, under water flowing from a faucet until the reac-
tion has moderated.

The second tenth of the acid is then added and the above
operation repeated. When one-half of the acid has been
added, the violence of the action diminishes and the last half
of the acid may be added in larger portions,
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The reaction which takes place between the tin and acid
is represented thus:

Sn 4+ 2HCl = SnClL, 4 2H

The nascent hydrogen from this reaction then reduces the
nitrobenzene:

°6H5N02 + 6H = 3H20 + 06H5NH2

Nitrobenzene Aniline

The aniline formed unites with the excess of Iydvochlorie
acid present to form the hydrochloride:

C¢H;NH, + HCl = OCgH;NH,-HCl
Aniline Aniline hydrochloride

In order to make the reduction complete, the flask is heated
for an hour on a water-bath. To separate the free aniline
from the mixture, the warm solution is diluted with 100 cc.
of water, then a solution of 150 grams of caustic soda in 200
grams of water is gradually added. The caustic soda sets the
aniline free from its combination with hydrochloric acid and
converts the stannous chloride into sodium stunnate, fromn
which the aniline is separated by a steam distillation.

If the liquid boils on adding a portion of the cnustic soda,
the flask should be cooled in water before adding more cnustic
soda. The action of the soda is:

C¢H;NH,-HCl + NaOH = CgH;NH, + NaCl 4 H,O0
SnCl, 4 2NaOH = H,Sn0, 4 2NaCl
H;Sn0, + 2NaOH = N2,Sn0, -+ 2H,0

2N2,8n0, + H,0 = N2,8n0; + 2NaoH 4 Sn

After the entire solution has been added, the condenser is
attached and steam is conducted through the resulting pusty
liquid by means of a glass tube from a neighboving flask
of water kept vigorously boiling. The tube should extend
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almost to the bottom of the flask containing the mixture,
inclined at an angle of 45° toward the flask of boiling water.
The steam passes out of the flask into the condenser, through
a tube ending just under the stopper, carrying with it the
vapor of aniline and steam. The mixed aniline and water
appears milky as it runs down the inner tube of the con-
denser,

Gradually the oily aniline collects under the water in the
receiver. When the liquid appewrs no longer milky, the
receiver is changed and some 250 ce. more liquid is dis-
tilled.

The distillates are now mixed, and 25 grams of common salt
added for each 100 cc. of liquid, which is then shaken to
dissolve all the salt. The aniline is extracted from the solution
by shaking with ether in a separating funnel. The solution in
ether is dried with a little solid caustic soda, and then (caution
from fire) the ether is poured off into an evaporating dish and
evaporated by placing it on a boiling water-bath under which
the light has been extinguished hefore bringing the ether
near it.

The aniline is then distilled. Its boiling-point is 182°.
The theoretical yield may be very nearly attained.

ExXpERIMENT 5

Formation of Aniline Salts. Into four watch-glasses, each
about two inches in diameter, pour the following liquids in
order and in amount enough to make them one-fourth full:
TFirst, water; sccond, dilute hydrochloric acid; third, dilute
nitric acid; fourth, dilute sulphuric acid.

Add to each glass a single drop of aniline and note the
effect. Usc a separate clean glass rod to stir each liquid in
turn and note what happens. Is there a difference . solu-
bility of the uniline salts In the various acids and in the
water?
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ForMULAS OF THE ANILINE SALTS.

CgH;NH,- HCl CcH;NH,-HNO;  (CcH;NH,),H,S0,

Aniline Aniline Aniline
hydrochloride nitrate sulphate
S 0

H2NH HNH2

¥ "0 00

Aniline Aniline Aniline
hydrochloride nitrate sulphate

ExPERIMENT 6

Solubility of the Aniline Salts in Aniline. Pour into each
of the well-cleaned watch-glasses from the previous experi-
ment enough aniline to make them one-fourth full. To the
first add one drop of dilute hydrochloric acid; to the second
one drop of nitric acid; to the third, one drop of sulphuric
acid; and to the fourth, acetic acid in the same manner.
Note the effect in each case. Stir the liquid carefully with
a dry glass rod in each case. Does the aniline appear to
dissolve the salts?

EXPERIMENT 7

Solvent Action of Aniline on Indigo. Drop a little finely
powdered indigo into a few cubic centimeters of pure aniline
contained in a test-tube. Warm the tube with shaking and
examine the colors of the aniline by transmitted light, holding
the tube nearly horizontal, and looking through it from below.

EXPERIMENT 8

A Blue Color from Aniline by Bleaching Powder. To a
test-tube nearly full of water, add one drop of aniline and
shake thoroughly. The aniline will dissolve. Pour out three-
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quarters of the solution; add water to nearly fill the tube,
and shake. To this dilute solution of aniline, add drop by
drop a clear solution of bleaching powder in water.

A violet color will appear in the solution, growing darker
with the successive additions of the bleaching-powder solution.
This color changes quickly to brown.

Very dilute solutions give no color or a very faint one;
but on addition of a few drops of a very dilute ®olution of
ammonium hydrosulphide the liquid becomnes rose colored.
The limit of this reaction is one part of aniline in 250,000 parts
of water. (Jacquemin, Ber., 1X, 1433.)

ExPERIMENT O

Blue Color from Aniline by Acidulated Potassium Dichro-
mate. To n test-tube containing about 1 ce. of concentrated
sulphuric acid, add two drops of aniline, Carefully shake the
tube and add an aqueous solution of potasstuin dichromate
drop by drop with continual shaking until the liquid in the
tube appears to turn black. Then pour a few drops of this
liquid into a beaker of water standing on a sheet of white
paper and stir it. The water will be colored a beautiful blue.

Exreriment 10

A Violet Color from Phenol with Ferric Chloride. To a
very dilute solution of phenol or carbolic acid, add -a few drops
of a solution of ferric chloride and note the effect. A violet
color forms in the liquid.

Add bromine water to a dilute solution of carbolic acid
and notice the immediate turbidity caused by the tribrom-
shenol formed.

OH OH

Br Br
+ 3Br; = + 3HBr

Br
Phenol s-Tribrom phenol
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ExpERIMENT 11

Action of Concentrated Hydrochloric Acid on Malachite
Green. Make about 10 cc. of a concentrated solution of
malachite green; then add concentrated hydrochloric acid
until the color is turned to a reddish yellow. The dye has
not been destroyed by the strong acid, but its color has been
changed by the union of a molecule of the acid to a second
amino group of the dye.

Into a glass cylinder of water held between the eye and a
window, pour single drops of the above solution aud note
the gradual loss of the reddish-yellow color and the restoration
of the original green, as the acid salt decomposes on its way
down toward the bottom of the cylinder.

CeHj
/CeHs //
C—CsH,NH, + HOl = C(&—CyzH,NH,
\CyH,=NH, /N
| H Cl
ol CsH,~NH,
|
Cl
Malachite green Malachite green

in an excess of
hydrochloric acid

ExperRIMENT 12

Tannic Acid Lake of Malachite Green. Dissolve 5 grams
of tannic acid and 5 grams of sodium acetate in 50 ce. of
water. To a solution of 2 grams of malachite green in 200
grams of water, add the first solution with shaking as long as
a precipitate keeps on forming. Allow 1t to stand several
hours.

This insoluble precipitate is the tannic acid lake of the
dye which is produced in the cotton fiber when it is mordanted
with tannic acid and subsequently dyed in this color.
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ExrerIiMENT 13

Spirit-Soluble Malachite Green. Filter off the precipitate
of the last experiment. Renwove the filter from the funnel
and spread 1t out in o warm place without disturbing the
colored lake. When it is dry, separate it fromn the paper and
pulverize a portion and dissolve it in alcohol. This spirit-
soluble dye is used in coloring lacquers and varnishes.

ExprriMuNT 14

The Salting Out of a Dye. Prepare a solution of 1 gram
of malachite green in 100 cc. of water. Sprinkle a few drops
of the colored liquid on a piece of filter-paper. Now add to
the remaining Hquid 50 ce. of a saturated solution of common
salt and shake thoroughly. Allow the liquid to stand quietly
for a few minutes and notice what change has taken place.
Sprinkle a few drops on filter-paper and compare the spots
with those upon the first paper.

IxpreriMENT 15

Rosaniline Lake for Coloring Lacquers and Varnishes. To
a solution of % gram of rosaniline in 100 cc. of water, add,
in small portions as long as a precipitate forms, a solution
containing 5 grams of tannic acid and § grams of sodium
acetate In 50 cec. of water. Shake after each addition of
tannic acid and allow the precipitate to settle before adding
another portion.

Filter and wash the precipitate; then allow it to dry upon
the filter in an air bath at 100° C. Pour alochol upon the
dried precipitate and note that it dissolves. This insoluble
tannate forms a spirit soluble dye for varnishes and lac-
quers.
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ExXPERIMENT 16

The Color Base of Rosaniline. Add to a solution of %
gram of rosaniline in water, a solution of sodium hydroxide
in water until it is decolorized, The solution now contains
the color base of rosaniline. Now add very dilute hydro-
chloric acid gradually and watech tc see if the color re-
turns, If the solution of rosaniline he sufficiently concen-
trated, the color base may be precipitated so that it can be
seen on adding the sodium hydroxide,

CH; /0113
CsH;NH, /06H3NH2
C—<06H4NH2 4+ NaOH = HOO—CzH NH, -4 NaCl
\C,H,=NH, \C,H,NH,
Cl
Rosaniline Rosaniline.
Color base

ExpeRIMENT 17

The Leuco Base of Rosaniline. To a solution fo rosa-
niline in a test-tube, add enough zine dust to cover the bot-
tom of the tube and then add hydrochloric acid drop by
drop until the color disappears. This must be done very
slowly and the addition of acid stopped just before the color
has all disappeared. Place a drop of the solution on filter-
paper and touch the spot with a drop of a solution of 1 gram
of chromic acid in 100 cc. of water. The leuco base is formed
by the reduction and the dye is reproduced by this oxida-
tion.

OH; CH;
/CeHgNHz /°6H3NH2
0—06H4NH2 + 2H = HO—CGH4NH2 + HCl
\C¢H,~NH, \C¢H,NH,
Cl
Rosaniline Rosaniline.

Leuco base
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ExpERIMENT 18

Rosaniline Test Paper. An amount of rosaniline equal to
a swall hean is powdered and dissolved in 100 ce. in boiling
water. The solution is then filtered and into it are dipped
strips of filter-paper half an inch wide. They are dried by
hunging them over a string in a place free from the slightest
fumes of acid. These strips should not be red, but only a
fuint rose color. If the color is stronger, the solution should
be diluted until the faint rose shade is veached.

Touch one of the dried strips with a drop of dilute acid.
The spot turns white, due to the formation of a poly-acid salt
of rosaniline. This paper is used to detect any excess of acid,
¢.g., in making aniline salts by gradually adding the acid to
the wniline.  Litmus-paper could not be used in this case;
for litmus is turned even by the aniline salt itself. The
rosnuiline test-paper is not affected by the aniline salt. The
nmines in general arve of such weakly basic character that the
acid portions of their salts turn blue litmus red.

Exvermvenr 19

Preparation of Sulphanilic Acid.

NH2 NH:
+ H2 S 04. — + H2 0
S0;H
Aniline Sulphanilic acid

One hundred grams of concentrated sulphuric acid are poured
into a dry flask, and then 30 grams of freshly distilled aniline
are added in small portions with shaking. The mixture is
then heated in an oil-bath to 180-190°, until on removing a
few drops and adding caustic soda, no unchanged aniline
sepurates.

To accomplish the compete conversion of the aniline will
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require from four to five hours. The reaction mixture after
cooling is poured into water that is constantly stirred. The
sulphanilic acid separates out in crystals. It is filtered off
and washed with water and recrystallized from boiling water.
An addition of a little animal charcoal to the boiling solution
will give a white product on filtermg and allowing the acid to
crystallize.

ExperIMENT 20

Methyl Orange. Ten grams of sulphanilic acid, previously
dried on the water-bath, are dissolved in 150 cc. of water
containing 3.5 grams of anhydrous sodium carbonate. This
solution is then treated with a solution of 4.2 grams of pure
sodium nitrite in 20 cc. of water.

After cooling this mixture by immersing the beaker in cold
water, hydrochloric acid is added to the extent of 2.5 grams
of the anhydrous acid. To easily obtain this amount of acid,
add to concentrated hydrochloric acid an equal volume of
water. Find the specific gravity with the hydrometer. Con-
sult a table for the amount of anhydrous acid in 1 cc., and
take the number of cubic centimeters necessary to yield 2.5
grams of anhydrous acid.

Previous to diazotizing the sulphanilic acid, prepare a solu-
tion of 7 grams of dimethylaniline in the theoretical amount
of hydrochloric acid. To neutralize the dimethylaniline, 25 cc.
of water are added to it and then hydrochloric acid is added,
a little with constant stirring. After cach addition of acid
a drop of the solution is placed on the rosaniline test paper
to detect the slightest excess of free acid, which if present
will decolorize the paper.

The solution of dimethylaniline thus obtained is added to
the diazotized solution of sulphanilic acid and the mixture is
made alkaline with a solution of caustic soda,

The methyl orange separates at once from the solution.
The addition of 25 grams of finely powdered common salt and
stirring until it is dissolved will cause the separation of more
of the dye from the liquid.
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The dyestuff is filtered and pressed out upon a porous plate
ovr between thick folds of filter-paper. It is then recrystallized
from a little water.

NH2-HCl N=NCl
+ HONO = + H,0
SO H SozH
Sulphanilic acid Diazo benzene
hydrochloride chloride-p-gulpho acid
==NC1 N=——=N
+ _ + HOl
S0;H N(CH3), SOz;H  N(CH;),
Methyl orange,
(Free acid)

ExpERIMENT 21

Preparation of Para-aminodimethylaniline. Dissolve 2
grams of the dye, methyl orange, in as little boiling water
a8 possible, and while the solution is kept hot on a water-
bath, add gradually a solution of 8 grams of stannous
chloride in 20 grams (17 cc.) of concentcated hydrochlorie
acid until the dye is decolorized. The solution is then cooled,
and if the sides of the glass are rubbed with a glass rod,
sulphanilic acid separates. It is then filtered through asbestos
or glass wool. The filtrate is diluted with double its volume
of water and & solution of caustic soda is added until the
hydrate, which separates, is almost redissolved, The liquid
will hot become clear and the addition of the soda solution
may be stopped when no further decrease of turbidity -of
the liquid is noticed.

Tt is then extracted several times with ether. The ethereal
solution 18 dried with small pieces of solid caustic potash—
allowing it to stand over night—the ether being finally poured
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carefully off into an evaporating dish (Caution: Danger from
fire) and evaporated as described in Experiment 4.

The para-aminodimethylaniline 1s left behind, having the
appearance of an oil which, on rubbing with a glass rod, will
solidify.

N=—=———=N
4+ 38HCl 4+ 4H =

SO;;Na. N(CH3)2

Methyl orange
NH2 NH2-HC!
-+ 4+ NaCl
SO;H N(CHj3),-HOl
Sulphanilic p-Amino dimethyl
acid aniline (salt)

The caustic soda sets the base free from its salt

NH:2

N(CH3),
p-Amino dimethyl aniline

ExprerimenT 22

Methylene Blue. Treat a portion of the para-aminodi-
methylaniline from the last experiment with small quantities
of dilute sulphuric acid until it barely dissolves, This
should be done with especial care not to use an excess of
acid. A few drops of this solution are added to a very
dilute solution of hydrogen sulphide in a beaker to which
has been previously added 4 of its volume of concentrated
hydrochloric acid. Now add to this mixture a few drops of
ferric chloride.

Methylene blue will be fornied, giving an intense and beau-
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tiful blue to,the solution. -This reaction, according to Emil
Mischer, ix a test for as small an amount of hydrogen sulphide
us one part in 50,000,000 to 100,000,000 parts of water,

EXPRRIMENT 23

Leuco Base of Malachite Green. To an aqueous solution
of malachite green add zine dust and then dilute hydro-
chloric acid very gradually, drop by drop, until the liquid
18 decolovized. Put a drop of the colorless liquid on filter-
puper and touch the spot with a drop of a solution of one
gram of chromic anhydride (CrOs) in 100 cc. of water, The
green color reappears.

In this experiment the nascent hydrogen from the zinc and
neid produces lenco-malachite green or diaminotriphenyl-
methane, according to the reaction:

CgH; /CeHs
0<06H4N(0H3)2 4+ 2H = HC—CysH,N(CH;); -4 HCl
\¢yH,~=N(CH;), C¢H,N(CH;),
Cl
Malachite green. Malachite green.
The dye Leuco base

On touching the spot on the filter-paper with chromic acid,
oxidation takes place and malachite green is reformed.

ExXPERIMENT 24

Action of Acids on Rosaniline.

CH,
CHs _/GGH;NE,
C;H;NH, /
C.-CgH,NH, 4+ HOl = 04{—CgH,NH,
\¢xH,=NH, 2N
| H QCl
ql C¢H,—NHy
cl
Rosaniline Rosaniline

(acid salt)
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To a concentrated aqueous solution of rosaniline in a test-
tube, add concentrated hydrochloric acid, a few drops at a
time, until the color turns rveddish yellow. The solution now
contains a certain hydrochloric acid salt of rosaniline which
exists only In an acid solution.

Into a cylinder of water, held between the eye and the light,
pour a few drops of this liquid-and note the change to red
as the drops fall farther and farther toward the bottom of
the cylinder. The dilution soon becomes so great that the
added molecule of hydrochloric acid is given up and the color
of rosaniline returns.

EXPERIMENT 25

Preparation of Diazoaminobenzene.

C¢H;NH;, 4 HCl = CgH;NH,-HCl
Aniline Aniline hydrochloride
06H5NH2-HCI 4+ HONO = CgH;N=N—Cl! + 2H;0
Diazo benzene
chloride
O¢H;N=N—Cl + H HNCeH; = OCgH;N—N—HNCGH;
Tmm— ) Aniline Diazoamino benzene

N=——=N—NH

Q0

Diazoamino benzene

Ten grams (or 9.6 cc.) of freshly distilled aniline are dis-
solved i a mixture of 100 cc. of water and 30.6 grams (or
25.5 cc.) of hydrochloric acid, sp.gr. 1.2. The solution is
cooled by immersing the containing beaker in ice-water, and
stirring. This solution is then diazotized by the addition of
S grams of pure sodium nitrite in 50 cc. of water. A ther-
mometer may be used as a stirring rod and the nitrite solution
added slowly enough to keep the temperature below 10°.

A second solution of 10 grams of anibne in 50 grams of
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water is previously prepared according to directions given
above, employiug exactly the theoretical amount of hydro-
chlorie¢ acid to unite with the aniline: the solution should
not have enough free acid to decolorize rosaniline paper when
a drop of the solution ix placed upon it. This solution is
well cooled with ice-water and then added to the diazo
solution with constant stirving.

Then 50 grams of sodinm ncetate are dissolved in the least
amount of water possible, well cooled, and added with stirring
to the above mixture of the diazo compound add and the
aniline hydrochloride.

After standing for an hour, the diazoaminobenzene separates
out and is filtered off with suction, washed several times with
water and well pressed out between thick folds of filter-paper,
It is veerystallized from ligroin.

The melting-point of dinzoaminobenzene is 98°.

ExvrriMeNt 26

Preparation of Aminoazobenzene. This cxperiment shows
the molecular transforruntion of a dinzoaminoe compound into
an aminoazo compound.

Mix in a smull beaker 10 grams of crystallized and finely
pulverized diazoaminobenzene and 5 grams of pulverized
aniline hydrochloride; theu ndd 25 grams (or 24 ce)) of freshly
distilled aniline. The mixture is now heated with constant
stirring on the water-bath for nn hour nt 45°. At the end
of the hour it is cmptied completely into a larger beaker,
water added, and dilute ncetic acid until wll the aniline has
dissolved and the undissolved precipituto is wholly solid.

After filtering this off, it is washed with water and then
heated in a large dish with nbout u liter of water and hydro-
chloric acid until most of the precipitate has been dissolved,
Filter the solution and nllow the filtrute to stand. Steel-blue
crystals of aminoazobenzene separate after some time. These
are filtered off and washed, not with water, but with dilute
hydroehloric acid.

If the aniline hydrochloride required for this experiment Is
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not on hand, it may be prepared by adding uniline to hydro-
chlorie acid while stirring aud testing with rosaniline puper
to avoid nn excess of acid.  After cooling, the pasty mass of
crystals is filteradd on asbestos or glass wool pressed fiuly
together on the filter by a pestle and spread out on n porous
plate or folded filter-paper.

CeHsN=N-—HNC.H; + H|CH,NH, =

Diazoaminobenzene Aniline

C“H5N=N°(;H4NH2 + 0(;H5NH2

Aminoazobenzene
N=—=m==N
NH,
Aminoazobenzene

IxreriMeNT 27

Preparation of Benzene Monosulphonic Acid. To 150
grams of fuming sulphuric acil which contains 5-8 per cent
of sulphuric anhydride (S8O3) in o 200-ce. flask, provided
with an air condenser, add gradually with good shaking
and cooling by water running over the outside of the
flask, 40 grams (or 44.4 cc.) of benzene. Before adding the
next portion, always wait until the last portion—which always
floats on the surface of the acid—lissolves during the shaking.
This process of sulphonation requires 10~15 minutes.

The resulting mixture is then added, with continual stirring,
drop by drop, from a separnting funncl, to three or four times
its volume of a eold-saturated solution of common salt con-
tained in a beaker. To prevent the beaker being heated
above the room temperature the beaker is placed in a larger
vessel filled with ice-water.

After some time and more quickly by rubbing the walls of
the beaker with a sharp-edged glass rod, the sodium salt of
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the benzgene monosulphonic acid separates ont i the form of
leaflets with a greagy lustre. On long standing the quantity
mereagses o mueh that the beaker may be inverted without
spilling the contents.

Should the separation of the crystals be long delayed, 10 ce.
of the liquid is poured into a test-tube, and cold water from
the tap allowed to run over the outside of the tube while it
is vigorously shaken and the inside of the tube rubbed with
a sharp-edged glass rod. The solidified contents of the tube
1+ poured. back into the main quantity in the beaker. This
hastens the cvystallization of the whole. At tinses it way
require several hours standing before the erystallization cowes
to an end.

The pasty mass of crystals is then filtered off with suction
on a Buchner funnel, firmly pressed down with a mortar
pestle and washed with a Little saturated salt golution. The
salt 18 dried by transferring it to a linen bag and squeczing
it under a heavy pressure. It is then pulverized and heated
to dusty dryness in an air bath at 110°.  About 100 grams is
the yield.

Dissolve 5 grams of this crude product in hot absolute alecohol;
the adhering sodium chloride will not dissolve. Filter from
this residue and, on cooling, the pure benzene monosulphonic
acid will separate out.

ExrerIMENT 28

Preparation of S-Naphthalene Sulphonic Acid.

7N SO.H
\J + H,80, = + H,0

Naphthalene f-Naphthalene
sulphonic acid

A mixture of 50 grams of pulverized naphthalene and
60 grams (or 33 cc.) of purc concentrated sulphuric acid are
heated in an open flask in an oil bath for four hours at170-180°.
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When cool, the solution is carcfully poured with stivring into
one liter of water and the naphthalene which has not been
attacked remaing undissolved and is filtered off. If the
filtration proceeds very slowly, the turbid liquid 1s poured
off from the coarse pieces of naphthalene. The filtrate i
neutralized at the boiling temperature in a large dish with a
paste made by triturating 70 grams of dry slaked lime with
warm water.

The resulting mixture is filtered as hot as possible through
a wet filter cloth stretched over a frame. The precipitate
i# washed with hot water. The filter cloth is then folded
together and thoroughly squeczed, letting the liquid run out
into another dish. The resulting usually turbid liquid is fil-
tered and united with the main portion.

This solution is evaporated In an open dish over a free flame
until a test portion will solihfy to a erystalline paste on
rubbing with a glass vod. After allowing the solution to
stand over night, the separated caleium S-naphthalene sul-
phonate is filtered off with suction. It is washed once with
water and then pressed firmly together and spread out on
folds of filter-paper.

The sodium salt is obtained from this product by dissolving
it in hot water and treating it gradually with a concentrated
solution of 50 grams of crystallized sodium carbonatc. After
cooling the precipitated calcium carbonate is filtered off with
suction, washed with water, and the filtrate cvaporated over
a.free flame until crystals begin separating from the hot
solution.

After standing several hours at the temperature of the
room, the crystals are filtered off and the mother hiquor
further concentrated. Several hours later, the second lot of
crystals is filtered off and these are united with the pre-
ceding lot and dried upon the water-bath. Yield, 60-70
grams.

The naphthalene 1s sulphonated on heating with sulphuriz
acid, according to the following reaction:

010H8 + H2804 = cloH7SO3H + Hzo
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In this experiment, however, there is formed not a single
sulphonate, as in the case of benzene, but a mixture of two
isomeric compounds whose founulay are:

S03H

ij Oij .
«a-Naphthalene f-Naphthalene
sulphonic acid sulphonic acid

Which one of the two products shall be formed in the grenter
amount depends upon the temperatuve. At the tewperature
of the above experiment (170°) theee parts of F-acid are
formed to one part of a-acid.

If the experiment had been cartied out at 100, then four parts
of a-neid would have been founad to one part of g-acid. The
separation of these acids depeuds upon the differing solubility
of the caleium sults of the two isoweric acids. At 10° one
part of a-galt dissolves in 160.5 parts of the A-salt and requires
76 parts of water for its solution.  From a solution containing
both salts, the more soluble f-walt must crystallize out first
and thus by fractional crystallizntion be separated from its
more soluble someric salt of the a-acid.

ExveriMent 29

Preparation of f-Naphthol from Sodium-p3-Naphthalene
Sulphonate.

SO;Na OH
-+ NaOH = + N&2303

Sodium~2-naphthalene A-Naphthol
sulphonate

10 parts sodium-G-nnphthalene sulphonate,
30 party sodium hydroxide (purc as possible);
1 part water.
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The sodium hydroxide is hroken into small picces the size
of a bean, treated with the water, and heated in a nickel
erucible (11 em. high and 8 em. in diameter % a convenient
size), with sturing at 280°.

The stirring is done with a thermometer the lower end of
which is protected from the action of the fused caustic soda
by a copper case or tube, about 16 cm. long and & mm. in
diameter. The thermometer is supported by a one-hole
stopper, having a canal cut down one side. The bottom of
the tube is filled with ol to such a height as to cover the
bulb of the thermometer. By pushing a perforated cork over
the upper end of the thermometer case it may be used a
the stirring rod. The hands should be protected by gloves
and the eves by glasses.

As soon as the melt reaches 280°, the heating is continued
with a smaller flame and the sodium naphthalene sulphonate
is added gradually with stirring. The temperatwre will fall
after each addition: no more of the salt is added until the
temperature again riges to 280°.

When all the salt has been added, the flame is inereased
somewhat and then the mass becomes pasty with cvolution
of steam and frothing, and finally, at about 310°, the real
reaction takes place. By holding the temperaturc at 310-320°
for about five minutes the mass liquefies and the reaction is
complete, The melted mass is poured upon a strong copper
plate with upturned edges, of such a size that the plate is
covered with only a thin laycer of the iquid. The portions of
the dark sodium naphtholate may be easily distinguished
from the brighter caustic soda, When the mass is cold, it is
broken up and dissolved in water. The naphthol itself iy
precipitated at the boiling temperature by the addition of
concentrated hydrochloric acid (under the hood), and after
cooling extracted with ether.

The ethereal solution is dried over fused anhydrous Glauber’s
salt and the ether distilled off and saved; a fractionating
flask with a wide delivery tube is uwsed. When the ether has
been removed, the naphthol remaining behind is distilled
over without using a condenser.
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Melting-point of S-naphthol is 123°; the boiling-point, 286°.
Yield, half the weight of the sulphonate used.

ExrerivEnT 30

Preparation of o- and p-Nitrophenol.

06H50H + HNO; = CiH(OH)NO, 4 H,0
OH OH
NO,
NO,
o-Nitrophenol p-Nitrophenol

In 200 cc. of hot water arc dissolved 80 grams of sodium
nitrate; the solution is then cooled and treated while being
stirved with 100 grams of concentrated sulphuric  acid.
When the mixture hag been cooled to 25°, add from a drop
funnel, drop by drop, with constunt stiring, a mixture of 50
grums of crystallized phenol and 5 grams of alcohol, which
has been melted by gentle warming. During this time the
temperature is kept between 25-30° by immersing the con-
taining beaker in water.  Should the phenol mixture solidify
in thé drop funnel, it may safely be melted again by pouring
warm water over the outside of the drop funnel and then
wiping it dry.

When the reaction mixture has stood for two hours, it is
trented with frequent stirring, with double its volume of
water; the desired product scparates and colleets as an oil
at thie bottom of the beaker. The chief portion of the water
is then poured off from the oil; this residue is washed with
water and after adding § hter of water it is distilled with steam
until no more o-nitrophenol passcs over. Should the nitro-
phenol solidify in the condenser, it may be removed by with-
drawing the water from the condenser and then as the
temperature rises from the passage of the steam it will melt
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and flow out. On readmitting the cold water, it must be
done slowly to prevent eracking the hot glass tube.

The distillate is cooled and filtered. The separated o-nitro-
phenol is washed with water and pressed out on a porous
plate or between thick folds of filter-paper -and dried i a
desiccator. It is then obtained quite pure.

The non-volatile p-nitrophenol has remained during the
above distillation in the flask. In order to obtain it, tha
mixture ig cooled by immersion in cold watcr. The aqueous
solution is then filtered off from the insoluble portion; the
filtrate is then boiled for 15 wninutes with 20 grams of animnal
charcoal; the water which evaporates is replaced by an equal
quantity. The charcoal ig filtered off, and the filtrate allowed
to stand in a cool place over night and the p-nitrophenol
separates out in long, nearly colorless crystals (ncedle-shaped).
Any oil still remaining in the distillation flagk is boiled with
a mixture of one part of concentrated hydrochloric with the
use of animal charcoal.

o-Nitrophenol melts at 43°; yield, 30 gramns.

p-Nitrophenol melts at 114°; yield, 5-10 grams.

ExpErIMENT 31

The Preparation of Malachite Green. 1. The Preparation
of the Leuco Base, A mixture of 50 grams of dimecthylaniline
and 20 grams of benzaldehyde is heated in a porcelain dish
frequently stirred, on a water-bath for four hours, with 20
grams of zinc chloride which has been previously prepared
for this purpose by fusion in a porcelain dish and pulveriza-
tion when cold.

The product is a viscous mass which cannot be poured
directly from the dish. To melt it, boeiling water is poured
upon it while it is being heated on a water-bath. While still
hot, it is poured into a half-liter flagk.

Steam is passed into it until no more drops of dimethyl-
aniline appear in the attached condenser. The product
remains behind in the flask as a non-volatile sticky mass
which adheres firmly to the walls. This is the impure leuco
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base of the dye. When the contents of the flask have beconie
cold, the aqueous portion is poured off; the base, sticking to
the walls of the flask, is washed several times with water
and then dissolved in the flask with alcohol while it is being
warmed on the water-bath.

The aleoholic solution is filtered and allowed to stand over
night in a cool place. The pure base separates out i colorless
erystals.  These ave filtered off and washed with aleohol and
dried by pressing between the folds of filter-paper and sub-
sequent exposure to the air. A sceond product may be
obtatned by cvaporating the mother liquor to one-half its
volume and allowing it to stand in a cool place.

Should the base separate from its alcoholic solution as an
oll instead of n the form of crystalsy, this is due to the usc
of an msufficient quantity of aleohol for the solution. To
veniedy this more aleohol is added and the mixture is heated
until the oil has dissolved and the cooling is repeated.

/CoHs
CsH;CHO 4 2C;H;N(CH;), = HC—CzH,N(CH3), + H,0
C;H4N(CHjy).
Benzaldehyde Dimethylaniline Malachite green.
Leuco base

2, Ozidation of the ILeuco Base and Its Conversion into
Malachiie Green.  Dissolve 10 grams of the leuco base (thor-
oughly dried) by heating 1t in a quantity of dilute hydro-
chloric acid, which corresponds to 2.7 grams of anhydrous
ackl.  To obtain this amount of acid, dilute purc hydrochloric
acid with double its volume of water, deternine its speeific
gravity, and by reference to a table find how much anhydrous
acid the solution containg. Calculatc how many cubic centi-
meters of this solution must be taken to get the required
2.7 grams of anhydrous acid.

The colorless solution of the leuco base in this amount of
acid is then diluted in a large beaker with S00 ce. of water
and treated with 10 ce. of 40 per cent acctie acid (sp.gr.1.0523),
prepared by gradually diluting glacial acetic acid with
water,
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The mixture is well cooled by adding pieces of ice; then
with stirring gradually add, during five minutes, a quantity
of lead peroxide paste which contains 7.5 grams of pure lead
peroxide. The peroxide is weighed off in a beaker and stivred
with the addition of sufficient water to make a very thin
paste.

After adding the peroxide, the mixture is allowed to stand
five minutes with frequent stirring; then add a solution of
10 grams of Glauber's salt, dissolved in 50 cc. of water.  The
solution, after stirring and allowing to stand for five minutes,
is filtered through a folded filter from the precipitate of lead
sulphate and lead chloride. The filtrate is treated with a
filtered solution of 8 grams of zinc chloride, dissolved in the
least possible amount of water; a saturated solution of snlt is
then added until the dye s wholly precipitated.

The complete precipitation of the dye may bhe casily recog-
nized by bringing a drop of the solution with a glass rod on a
filter-paper when a bluish green preeipitate will appear, sur-
rounded by a circle of still fainter light-green color.

The precipitated dye is now filtered off with suction, washed
with a little saturated salt solution, and pressed out bhetween
folds of filter-paper. To further purify it, the dye may be
dissolved again in hot water, and after filtering and cooling,
thrown out by adding the saturated salt solution.

9Hs CuHj
HCL-C;H,N(CH;); + O = HOCLCzH,N(CH;),
C¢H,N(CHj;), C;H N(CH;).
Malachite green. Malachite green.
Leuco base (white) Color base (white)
C H' /C Hr,
'HO! C—ch4N(GH;)_ + H ol = (:(,11411'((:11,.;)2 4+ H,0
i | CsH N(CH3), ! N\CsH,=N(CHj),
' o1
The dye:

Malachite green
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ExpERIMENT 32

The Preparation of Fluorescein.

co
6 )0 + 20,H(0H) =
co

Phthalic anhydride Resorcin
/CGH4_0H
o< >°
0cHi—OH
06H4<>0 CoHs + Hz0
éo

Fluorescein. (Free acid)

No/
|
C0-ONa

Fluorescein. (The sodium salt)

Thoroughly mix and grind together in o mortar 15 grams of
phthalic nuhydride and 22 grams of resorcin and heat the
mixture in n small benker suspended in an oil bath to 180°.
To the mnss when fused, add while stirring, and in the course
of ten minutes, 7 grums of pulverized zine chloride, This is
cusily prepured as follows: Ten grams of the commercial salt,
which nlways contuing water, are carefully heated i a porce-
lain dish over a free flame until it melts. When it has been
kept in a fused condition for a few minutes it is cooled and
the solidified substance ig removed from the dish and pul-
verized.  (The commercinl salt referred to is the anhydrous
and not the c¢rystallized zine chloride.)

After the addition of the 7 grams of the anhydrous salt,
the temperature is increased to 210° and the heating con-
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tinued until the liquid, which gradually thickens, beconies
solid, for which one-half hour may be necessary.

The cold brittle product is removed from the beaker by
gently chipping at the edge of the solid cake with a sharp
knife and then cracking out the cake in fragments, or it may
be more quickly done by breaking the beaker and removing
the preces of glass adhering to the cake. The product is
finely pulverized and boiled ten minutes in an open digh with
200 cc. of water and 10 ce. of concentrated hydrochlorie acid.
This cffects the solution of the substance which did not enter
the reaction; the hydrochloriec acid is nccessary to dissolve
the zine oxide and basic chloride. The fluorescein is filtered
from the solution, washed with water until the filtrate ig no
longer acid and then dried on the water-bath.

The insoluble fluorescein is casily soluble in a solution of
caustic soda. To a little of the powder, enough to cover the
bottom of a test-tube, add, drop by drop, with shaking, o
solution of caustic soda until the fluorescein dissolves. Pour
the solution nto a large cylinder of water dvop by drop.  Ax
the heavy solution sinks down into the water a splendid green
fluorescence will be noticed by reflected light, cspecially if
the observer walks around the vessel during the experiment.

ExXPERIMENT 33

The Preparation of Eosine.

Br o Br
HO 7 N OH
Br Br
N
o + 4Br, = |\/o + 4HBr
CO co
Fluorescein. Eosine. (Tetra-
(Free acid) brom-fluorescein)

free acid
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Place 15 grams of fluorescein in a flask and pour upon it
75 cc. of aleohol (about 95 per cent), and add with frequent
shuking 33 grams of bromine, drop by drop, from a Winckler’s
burctte. This prevents any danger from the bromine coming
in contact with the fingers. As the specific gravity of bromine
is very nearly 3, the 33 grams will occupy 11 ce.

As the bromine is being added, it will be noticed that the
the portion of the fluorescein which has not dissolved in the
aleohol steadily diminishes and that as soon as about one-half
the bromine has been added, a clear dark reddish-brown
solution ¢ formed. This 1% due to the fact that the fluoerscein
dibromide, which ig first formed, is casily soluble in aleohol.
By the further addition of bromine, the fluorescein tetra-
bromide or cosine is produced. This, since it is only slightly
soluble in aleohol, separates out in the form of brick-red
leaflets. When all the bromine has been added, the mixture
s allowed to stand for two hours, the precipitate is then
filtered off, washed several times with alcohol, and dried
upon the water-bath.  The product so obtained is a compound
of oae molecule of cosine nwnd one molecule of alcohol,  Pure
eosine is obtained from it by heating in an air bath at 110°.
During the heating the color brightens. Since eosine is itself
insoluble in water, the soluble salt of sodium, potassium, or
ammouiumn iy prepared for use as the dye.

\c/ Br
CO-ONa

Sodium salt, eosinc



448 COAL-TAR DYES

ExpERMMENT 34
The Salts of Eosine.

Br Br
(o] 0
\ / \ ONH,
Br! \c/ Br
|

CO-ONH,

Ammonium, eosine

1. Ammonitum Eosine. Pour into & crystallizing dish suffi-
cient concentrated ammonia to fill it one-eighth full. Over
the top of the dish place a strong filter-paper large enough to
allow the edge to be pressed carefully down over the rim
of the dish and tied firmly. Upon the paper the acid cogine
is now spread in a layer about % cm. in thickness and the
whole covered with a glass funnel. The ammonia gas ascend-
ing through the brick-red powder of the frec acid makes it
gradually assume the darker color of the ammonium salt.
In about three hours the conversion is complcte and the
product consists of dark red crystals of a greenish lustre.
The end of the reaction is determined by adding a little of the
powder to water. If it dissolves the rcaction is ended.

2. Sodium Eosine. Grind 6 grams of cosinc with 1 gram
of anhydrous sodium carbonate and place it in a heaker not
too small. Moisten the powder with alcohol and add 5 c.c.
of water. Heat it upon the water-bath until no more carbon
dioxide is cvolved. To the resulting aqucous sgolution of
sodium eosine, add 20 grams (or 25 cc.) of alecohol, heat to
boiling, and filter the solution. When it is cold, the sodium
salt separates out in the form of splendid red needles with a
metallic lustre. As in the case of many dyes, the crystalliza-
tion requires a long time—a day at least is necessary,
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Br o Br
20N N\ Noxr

Br
+ 2NaOH =

Br!

Br o Br
NN oNa

Br! Br
AN
\?/ + 2H,0
CO0-ONa
Sodium eosine
ExPRRIMENT 35
Preparation of Crystal Violet.
CsH, N(CH
/O N(CHa)z /G5 HLN(CHy),
co + HOgH,N(CH;), =Hoc—\-(:611411'(0113)2
\06H4N(CH3)2 06H4N(°H3)2
Michler's ketone Dimethyl aniline Crystal violet.
Color base
. ,OsHN(CH3)2 —
[HO|0<-0g H,N(CHz), HiOl =
"\0sHN(CHy),

Crystal violet. Color base
OgH,N(CH;3)o

0406341{(033)2 + H,0
\CsH,=N(CHy),

Cl
Crystal violet. ' The dye
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A mixture of 25 grams of dimethylaniline, 10 grams of
Michler’s ketone, and 10 grams of phosphorus oxychloride is
heated in an open dry flask for five hours on an actively
boiling water-bath. The blue-colored product is then poured
into water, made alkaline with a solution of caustic soda and
subjected to a stecam distillation until no more drops of unat-
tacked dimethylaniline pass over. When cool, the solidified
color bage remaining in the flask is filtered off from the alkaline
solution, washed with water, and then boiled with a mixture
of 1 liter of water and 4.2 ce. of concentrated hydrochloric
acid.  The blue solution that is formed is filtered while hot
from the color bage which remuaing undissolved and to be saved,
This latter is again boiled with a fresh quantity of dilute
hydrochloric acid; this operation ig repeated until the residue
1s almost entirely dissolved. The blue solutions thus obtained
are united and when cold, pulverized salt is added with con-
stant stirring until the dye is precipitated.

It is then filtered with suction and pressed out between
folds of filter-paper and crystallized from a little water.

During cooling, the crystal violet forms coarge crystals of a
greenish lustre; these ave filtered off and dried in the air
upon filter-paper.

ExXPERIMENT 36

Preparation of Auramine O. In a mortar, 25 grams of
Michler’s ketone are thoroughly mixed with 25 grams of
ammonium chloride and 25 grams of anhydrous zine chloride
(commercial anhydrous zine chloride is melted in a poreclain
digh and kept in a state of fusion for ten minutes, then cooled,
and pulverized).

The mixture is now trausferred into a porcelain jar or a
glass beaker, which is then suspended in an oil bath. The
temperature of the bath is raised to 200°. The mixture
gradually melts and turns yellow.

From time to time the mass is well stirred, and the fused
mass is kept at o temperature of 150-160° for four or five
hours. The end of the reaction may be recognized by making
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o test in hot water of a small portion, which should almost
completely dissolve.

After cooling, the melt is removed with o little chisel, finely
powdered, and treated with cold water contaming a Lttle
hydrochloric acid in order to dissolve the exeess of ammonium
chloride and the zine chloride. The residue is fhen extracted
with water at 60-70° (higher temperature causes hydrolysis),
filtered from any unchanged ketone, and salt added to the
filtrate with stining until the dye separates out. It is then
filtered off und dried between folds of filter-paper,

The erystalline product is purified by reerystallization from
lrot water, which should not be above 70°. The product it a
powder of a sulphur-ycllow color.

/annm /<:>N(CH:;)2
d=o

— HJNH = ¢=NH

\QN( CH;), \QN( CH;3).

Michler’s ketone Auramine. (Free base)
/ = /
0 = N H ¢ rmmmermmerermrrrmsroe! 4+ HCl = 0—NH,
\ @N(CH;)z J \©=N(C Hj),
P |
Cl
Auramine. (Free base) Auramine hydrochloride. (The dye)

ExrERIMENT 37
Preparation of Rosaniline Color Base.

CH, CH;
0sH,NH, B N(0Hy),
0L 0.H,NH, + NaOH = HOCLCyH,N(CH;), + NaCl
\¢H,=NH, N CH N(CH;)s
ol

Rosaniline Color base of rosaniline
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In one liter of boiling water, 15 grams of powdered rosaniline
arc dissolved with stirring, When assured that solution is
complete, add gradually with constant stirring a concentrated
solution of caustic soda until the red liquid is decolorized.,
The rosaniline base appears as an insoluble colorless or pinkish
amorphous precipitate. This 1s filtered off, washed with water,
and pressed out until dry between the folds of filter-paper.
Expose a little of this powder to the air upon a slightly moist-
ened filter-paper, and by the action of the carbonic acid of
the air it will turn red.

Place in a test-tube enough of the rosaniline base to cover
the bottomn of it, add 20 ce. of water and shake; the
insoluble Dbasge is simply suspended in water., Now add
vary gradually, with constant shaking, dilute hydrochloric
acid.  The base reacts to form a salt which dissolves, giving
the characteristic rosaniline color to the solution.

FxPRRIMENT 38

Spirit-Soluble Aniline Blue or Opal Blue.

CHj3
CsH3;NH, H,;NCgH;
HOC—06H4NH2 + H2N06H5 —
C¢H,NH, H,;NCsH;
Rosaniline. Color base Aniline
CHj
CesH3;NHCgH;
HOC—CzcH,NHC;H; -+ 3NH;
\CeH,NHC:H,
Aniline blue. Color base
CHj
/06H3NH06H5 CcH3NCzH;
HOO'—°6H3NHC6H5 + HOl p— O—CGH4NH°6H5 + H20
CeH;NHCgH; \CeH,=NHOgH;
Cl
Aniline blue,
hydrochloride.

Spirit soluble
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Ten grams of rosaniline base (from Exp. 37), 100 grams of
aniline, and 1.2 grams of benzoi¢ acid are placed in a flask
provided with a thermometer and a bent tube to conduct
away a little aniline, ammonia, and water, which distil off
during the process, The flask is placed upon a sand bath
and heated gradually to 180°. Tt is kept at this temperature
until a few drops of the hot liquid dissolved in alcohol and a
little glacial acetic acid, when poured upon a filter-paper,
show a pure blue by daylight which is tinged only slightly
red by gaslight. The heating requires about three hours.

The hot melted product is then poured ito a beaker, and
when cooled a little 100 cc. of pure concentrated hydrochlorie
acid (28 per cent) are gradually added with stivring. The
aniline blue is thus precipitated, while an impure blue remaing
dissolved in the mixtwre of aniline and aniline hydrochloride
(formed by the neutralization of a part of the aniline). The
mixture, filtered hot at the pump, is washed with boiling water
to which a few drops of hydrochlorie acid have been added.
The aniline blue thus obtained is dried on the water-bath.
It appears in the form of a greenish or reddish-brown
crystalline powder, The yield is abont 12 grams.

The filtrate contains an impure blue. This is obtained by
acidifying with hydrochloric acid until no further precipitation
occurs. The precipitate is filtered off, washed, and dried as
above. About 6 grams of the impure blue are obtained. It
dyves duller shades than the opal blue.

The shade and the yield obtaimed depend largely upon the
time of heating, The temperaturec must not be allowed to
exceced 180°.

ExPERIMENT 39

Preparation of Alkali Blue. In a 200-cc. flask are placed
56 ce. of concentrated sulphuric acid. Ten grams of aniline
blue in the form of a fine crystalline powder are slowly added,
so as to keep the temperature below 35°. The apparatus
should be placed under a hood, as fumes of hydrochloric
acid are evolved.
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When all the aniline blue is dissolved, the temperature 1s
kept at 35-40°, until a few drops diluted with water and
filtered yield a residue which dissolves in a weak boiling
solution of caustic soda. As soon as this condition has been
attained, the sulphonation mixture is poured into 800 cc. of
cold water, filtered at the pump, and the precipitate washed
with water until frec of acid.

The moist free acid of the dyestuff Is then transferred to a
poreelair. evaporating dish and hot water added to make a
thin paste. The sodium salt is then formed by cautiously
adding a solution of caustic soda, the whole being raised to
boiling. If the right amount of soda has been added, a sample
will dissolve without a residue in hot water with a blue color.
An excess of alkali produces a brown color, and if this is
the case, dilute sulphuric acid is slowly added with stirring
until the right color is regained. The solution is evaporated
not quite to dryness, and finally dried completely at about 50°.

CH;,
CsH;NHCgH;
L C.H,NHC;H; 4 H,S0, =
\ 06H4=NH06H5

Cl
Aniline blue
/CeHsNH06H5
HOG—06H4.NH06H4SO3H + HCl
CsH/NHCzH;
Alkali blue. (Free acid)
CHj
CcH;NHC;H;
HOC:—CsH,NHC;H,SO;H 4+ NaOH =
CcH,NHCzH;
CsH,NHCsH;
HOG—CGH4NHCGH4SO3N8’ + H20
\C;H,NHC,H;

Alkali blue
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ExpERIMENT 40

Alizarine Yellow A. A thorough mixture of 12 grams of
pyrogallic acid, 12 grams of benzoic acid, and 36 grams of
pulverized anhydrous zinc chloride is made by grinding
them together in a mortar. The mixture is placed in a
200-cc. porcelain jar or glass beaker and immersed in an
oil bath, The temperature 18 slowly raised to 145° and the
reaction is finished when no more foaming oceuws and the
brown color does not increase.

When it is cold, the product is pulverized and boiled with
water and a hittle animal charcoal and filtered. The needle-
shaped erystals of the dyestuff scparate on cooling and
they are filtered off and dried.

Benzoic acld Pyrogallic acid Alizarine yellow A.

ExPERIMENT 41

_ Nitroso Dimethyl Aniline Hydrochloride.

N(CHj),-HOl N(CHj3),-HOl
4+ HONO =
NO
Dimethyl aniline Nltroso dimethyl aniline
hydrochloride hydrochloride

A 200-cc. beaker is charged with 69 cc. of concentrated
hydrochloric acid, and into this is slowly poured, with stirring,
20 grams of dimethyl aniline. Ice is then added until the
temperature has fallen to 0°. In a small quantity of water.
12 grams of sodium nitrite are dissolved and this solution is
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slowly added to the solution of dimethyl aniline hydrochloride,
which is stirred mechanically. The temperature should Dbe
kept at 8°, or under, by adding picces of ice fram thme to
time.

The hydrochloride of nitroso dimethyl aniline separates and
after standing for some time it is filtered from the suction
pump, washed with a little dilute hydrochlorie acid, and dried
between folds of filter-paper.

EXPERIMENT 42

Preparation of Methylene Blue. Twelve granws of dimethyl
aniline are dissolved in a mixture of 40 ¢e. of water und 05
cc. of concentrated hydrochlorie acid. Pieces of ice ave added
with stirring until the temperaturc falls to 12-13°. Whiloe
this solution is being stirred mechanically, a solution of 7.1
grams of sodium nitrite is run slowly through a glass tube
which dips under the surfacc of the liquid. Picces of ice ara
added as needed to prevent the temperatuve riving nbove 156°.

The nitroso dimethyl aniline thus formed is reduexd by
the careful addition of 20 grams of zine dust. The reduction
is complete when the solution attains a clear red color. The
amount of zine added must be sufficient to completely neu-
tralize the hydrochloric acid, so that a picee of Congo-rexd
paper is no longer turned blue.

A sufficient quantity of water is now added to dilute the
solution to 500 cc.; then a solution of 12 grams of dimethyl
aniline in the exact amount of hydrochloric acid to form the
hydrochloride is added, and, further, a solution of 50 grams
of sodium thiosulphate in a little water.

This product is then oxidized by the addition of 25 grams of
potassium dichromate and boiling for two hours. Thirty ec.
of concentrated sulphuric acid diluted with 100 ce. of water
(avoid accident by pouring the acid into the water with
constant stirring) are now added and the solution is boiled
to expel the evolved SO,.

The resulting leucomethylene blue is oxidized by the addi-
tion of 8 grams of neutral sodium chromate in a little water,
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The dye1s precipitated by the addition of salt, until on stirring
no more will dissolve.

The base so produced is filtered off and dissolved in a little
boiling water to which a small amount of hydrochloric acid
has been added, and the hydrochloride formed is predpitated
out by comnnon gilt, filtered and dried between folds of filter-
paper.

LxrurimMeny 43

-

Indigomonosulpho Acid. Pulverize 5 grams of indigo as
finely as possible and treat it with 20 grams of concentrated
sulphurie acdid in a porcclain dish for not more than half an
hour, stivring well from time to time. Pour the resulting
product mto a half liter of water. Stir the liquid thoroughly
and allow to settle for an hour.

Carefully pour off the bluc liquid through a filter so as not
to distuwrb the residue. Transfor this residue to the filter
and wash twice with water. Wash out the sohid substance
from the filter into a beaker; add 100 ce. of water and then
slowly ndd a solution of caustic soda until the liquid is alkaline,

Filter from any unchanged indigo and evaporate the solution
on the watcer-bath. The dry product is a sodium salt of
indigomonosulpho ucid, often called indigo purple, red extract
of indigo, and red indigo carmnine, mixed with sodium sulphate.

N N
oon4< H>o=c< H>06H4 + H,80, =
0o co

Indigo

N N
ocn4< >c=o< H>06113s0311 + H,0
0o 0o

Indigomonosulpho acid

N N
oun4< H>o=o< H>06113s0311 + NaOH =
co o
N N
oon4< H>o=o< H>o(-,113sosm + H,0
co co

Sodium indigomonosulphonate
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EXPERIMENT 44

Indigodisulpho Acid. Sulphindigotic Acid. Five grams of
finely pulverized indigo arc mixed thoroughly with 60 grams
(or 33.3 cc.) of strong sulphuric acid and heated to 90°
for half an hour. Pour the resulting pasty mass slowly with
constant stirring into 300 cc. of water. Any unchanged
indigo is removed by filtering and at the samec time any
insoluble indigomonosulpho acid. The blue filtrate contains
the mdigodisu pho acid. By adding to this a saturated
solution of common salt, the sodium salt of the acid is pre-
cipitated. The precipitate is collected npon a filter and
washed with a saturated solution of salt. It is dried by press-
ing on a porous plate or between folds of filter-paper. The
product 1s indigo carmine;

N N
N&03806H3< C=C< 06H3303N&
co co

Indigo carmine,
Sodium indigodisulphonate



Tho capital letters in parentbeses attachod to many mames of dyes stand for the names
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of firms Imanufacturing them, the meaning of whiel is shown i the following list:

A A ctiengescllsehaft fur Apilinfabrikation, Benlin.
B J3adische Andin- und Sodafabrik, Ludwigshafen.
By 1earbenfabriken vorm, Pr, Bacyer & Co.. Klberfeld u. Rleiiy.

BK L(tixmlﬁer Avilinfabrik Bever & Kegel, Lindenau-1eipsig.

' 1 42010
1 Dalil & Co., Barmen,

d Casella & Co., Frankfurt a. M,

DIL 1.. Durand, Hugenin & Co., Basle and Hinigen.
1 Road Holliday & Sous, Limited, Huddersfiell,

1 Soclété pour ' Industric Chimique, Basle.

K Kalle & Co., Bicbrich a. Rbheiu,

L Farbwerk Mitheim (formerly A, Leonliard).

lev., Y.evinsteir, Crumpsall Vale, Manchester

M Farbwerke vorm. Meister Lucius & Briining, Hochst 8. M.,

Mo. Société Chimique des Usines du Rhdne (formerly Gilliard, Mounet & Cartier).
A

Acetanilide, m-p-diaminobenzene,

35
Acid azo dyes, 156
Acid blue 6G. (), 123
Acid dyes, 142
Acid green (By), 118
Acid green (C), 111
Acid magenta (I1), 109
Acid rhodamines, 270
Acid rosamine A, 272
Acid roseine (4), 109
Acid rubine (A), 109
Acid yellow (A), 157
Acid violet 6B (G), 126
Acridine 42, 335
Acridine dyes, 334
Acridine orange NO, 337
Acridine orange R, 339
Acridine yellow, 336
Albumin dyes, 143
Aldeliydes, 60
Alizarine, 3
Alizarin dycstuffs, 347
Alizarin orange A, 363

Alizarin, reactions of, 353
Alizarin recovery, 358
Alizarin red S, 364
Alizarine yellow I'.5., 223
Alizarine yellow G.G., 211
Alizarine yellow R., 211
Alizarin violet, 357
Alizarin yellow A, 455
Alkali blue, 452
Alkali blue (A), 114
Alpha-naphthylamine, 39
Alum mordant, 400
Aluminates, 410
Aluminum acetate, 407
Aluminum acetates: basic, 408
Aluminum chloride acetate, 412
Aluminum nitrate acetate, 412
Aluminum salts, 405
Aluminum sulphate acetate, 409
Aluminum sulphates: basic, 405
Amaranth (C), 169
Amaranth, 228, 229
Amethyst violet, 313
Amines, 30
Amine phenyl, 30

459
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Amne, diphenyl, 30
triphenyl, 30
Amines, primary, 30
secondary, 40
tertiary, 40
Aminoazobenzene, 47, 184, 435
Aminoazohenzene chlavide, 152
Aminoazobenzene hydroclhloride, 45
Aminobenzene sulphonic acidg, 51
p-Aminodimethylaniline, 431
Alninonaplithalenes, 39
Aminogulphoic acids, 51
Anlinotoluene sulphonic acids, 52
Aniinoxylencs, 37
Anmonia, 30, 33
Ammonium base of pararassniline,
85
Anhydrofornialde hyde-o-toluidinge,
87
Aniline, 31, 32, 33, 421
oil for blue and black, 34
oil for red, 34, 37
salts, 34
Aniline and bleaching powder, 124
Aniline black, 343
Aniline blue, (B) 95
Aniline salts, 423
Auiline yellow, 218
Anilive yellow (DH), 152
Anthiracene, 23, 349
Anthracenc yellow B. N, (%), 174
Anthracite black B, 219
Anthraquinone, 350
f-Anthraquinone disulpho acid, 362
Antidiazo compound, 151
Aposafranines, 322
Armstrong’s d-acid, 50
Arsenic acid method, 82
Atlas red, 210
Auramine (B), 132
Auramine O(B), 132
Auramine O, 450
Aurantia, 7
Aurine, 129
Auxocbrome, 144
Azine green G.B., 330

INDEX

Azo blue, 220
Azococeine, 2R, 212
Azocochinesl, 213

Azo conipoinds, 46

Azo dyes, 147, 210
Azoeosine (By), 171
Azoflavine (B), 161
Azofuchsine 13, 212
Aszofuchsine G (By), 169
Azo group, 147

Azo orange R, 22¢
Azorubin, 214
Azoxystilbene disulpha neid, 207
Azo yellow (BI), 161

B

Baeyer, Adolph, 4

Bamberger, 151

Basle blue R, 320

Basic nzo dyes, 152

Bavarian blue {(spirit. soluble) (A).
07

Benzaldehyde, 60, 233

Benzaldehyde green (IK13), 103

Benzal chloride, (1

Benzal green (0), 108

Benzyl chloride, 41

Benzene, 13, 14, 117
mono-derivatives, 15
di-derivatives, 15
tri-derivatives, 17

Benzene disulphonic acids, 49

Benzene monosulphanate of cnl-
cium, 48

Benzene monosulphonic neid, 48

Benzene sulphonic acid, 48, 49

Benzidine, 38, 194, 220

Benzidine sulphonic acids, 52

Benzoazurine G, 220

Benzo black blue G, 223

Benzo black R, 223

Benzo Dlue R, 223

Beuzo brown @, 225

Benzoflavine, 341

Benzo olive, 223

Benzo orange R (By), 203
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Benzopurpurin 4B (By), 196
Benzopurpurin B, 219
Benzopurpurin 10B, 222
Bengzotrichloride, 25

Benzoyl green, 103

Benzyl ehloride, 25

Benzgyl vidlet (BI), 91
Benzylidine elloride, 25
Biclrich searlet, (K) 186
Bindselbadler's yreen, 277
Bismarek brown (A), 154
Bitter almand oil green (IKB), 103
Bitmuinans eoal, 5

Black nzo dyes, 189
Bloomstrand, 150

Bordeaux 8 (A), 169
Bordeaux extra (By), 204
Brilliant black B (B), 191
Brillinnt conyo (G, 221
Brilllant eraceine M (Cf), 186
Brilliant green (B), 106
Brilliant orange G (M), 164
Bnlliant orange R, 212
Brillinnt panceau G. G., (C) 164
Brilliant searlet (Lev), 168
Brilliant yellow (Sch), 209
Bordeaux B.X.,, 219

Butler yellow, 154

(¥
Carbazol yellow, 222
Carbazotic acid, 63
Carbolic acid, 57
Carbolic oily, 10
(‘uro, Heinrich, 4
Ceracine, 166
Chicago bluc 6B, 222
Clhrome violet (By), 129
Chrome yellow D (By), 174
Chroiniuin acctates, basic, 414
Clromium chloride acctates, 414
Chrome green (By), 128
Chirominm mordants, 412
Cliromium sulphate, 413
Chromium thiocyanate, 414

Chromogen, 143
Chroniophore, 143
Chromotrope, 175
Chromotrope 2B (M), 177
Chromotrope 6B (M), 178
Cliromotrope 8B (M), 179
Chiromotrope 10B (M), 179
Chromotrope 2R (M), 176
Cliromotropic acid, 176
Clirysamine G (By), 202
Chirysoidine (A), 156
Chrysoie, 214
Chrysophenine, 222
Citronine (DI11), 161
Classification of dyes, 141, 145
Cloth red B, 219

Cloth redd B (By), 189
Cloth red G, 218

Cloth 1ed 3B, 219

(loth scarlet G, 219
Coal-tar, 5

Cochineal yed A (B), 168
Cochineal scarlet G (Sch), 165
Cochineal scarlet I'. 3. (By), 170
Cochiuveal scarlet 2R, 211
Cocruleine, 261

Color hasc, 856

Columbia black I'. B., 224
Columbia hlack R, 223
Columbia green, 224
Comparison of dycs, 135
Congo brown G, 224

- Congo brown R, 224

Congo corinth G (A), 197
Congo red, 220

Congo red (A), 194

Congo rubin (A), 204
Congo violet (A), 204
Cotton blue (1), 111
Cotton fibre, 403

Cotton red 4B (B), 196
Cotton scarlet 3B (K), 186

-Cotton yellow R, 215

Crocein 3B, 219
Croceine orange (By), 164
Croceln scarlet O, 219
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Crocein scarlet 8B, 219
Crumpsall yellow, 215
Crystal violet, 449
Crystal violet (By), 92
Crystal violet C (P), 92
Crystal violet O (M), 92
Cumidine, 38
¢-Cumidine, 229
Cyanol extra (C), 123
Cyclamine, 262

D
Dahlia, 87
Developing dyes, 143
Diamine black B.H., 220
Diamine black R.O. (C), 199
Dijamine bronze G, 223
Diamine brown M (C), 201
Diamine fast red ¥, 220
Diamine fast red F (C), 200
Diamine green G, 224
Diamine sky blue, 222
Diamine violet N (C), 198
p-Diamino-diphenylamine, 304
Diamino stilbene disulpho acid,
206
Diaininotriphenylmethane, 81
Diamond black F (By), 187
Diamond black F, 219
Diamond flavine G, 213
Dijamond green, 219
Diamond green B (B), 103
Diamond green (By), 188
Diamond green J, 106
Diamond yellow, 216
Diamond yellow G, 216
Diazoaminobenzene, 434
Diazobenzene chloride, 43, 44, 45
Diazobenzene nitrate, 148
sulphate, 148 .
Diazo compounds, 43, 147
Diazonitum chloride, 150
Diazotizing, 148
Dibromodioxyanthraquinone, 257
Dibromodioxybenzoylbenzoic acid,
256

INDEX

Diethylmetaminophenol, 264

Dimethylaniline, 41

Dimethyl-m-amino phenol, 249

Dinitrobenzene, 420

m-Dinitrobenzene, 27

Dinijtrobenzenes, 15

Diparadioxybenzopheione, 80

Diphenylamine blue (KS), 97

Diphenylmethune dyes, 132

Diphenyltolyl methane, 80

Disazo dyes, primary, 216
secondary, 218

Direct blue (M), 97

Direct brilliant orange 3R (PL),

203

Double brilliant scarlet G, 215

Double green (X), 93

Dye salts, 142

B

Ebert and Merz's f-acid, 51
Emerald green (BK), 106
Eosine, 255, 446

Eosine B.N., 259

Eosine orange, 258

Eosine salts, 448
Erioglaucine A ((3), 125
Erika B, 213

Ethyl green (A), 95, 106
Erythrosine, 228, 231, 258
Ethyl violet, (B) 90
Eurhodines, 295
Experimental work, 417

l?
Fast acid blue R, 273
Fast acid violet, B 271
Fast blue (Br), 114
Fast brown, 217
Fast brown 3B (A), 167
Fast brown G, 218
Fast green (By), 69
Fast green (C), 103
Fast green J (MO), 106
Fast neutral violet B, 311



Fast ponceau 2B, 219
Fast red, 214

Fast red A (A), 166

Fast red B.T., 213

Fast red E.B. (B), 169
Fast ved D, 214

Fast red D (B), 169
Teast violet A, 271

Teagt violet (reddish), 219
TFast yellow G (DH), 157
TPagt yellow R (K), 158
Terrous sulphate, 415
Firn blue (J), 101

Tfirst runnings, 9

Tisher, Emil, 78

IFisher, Otto, 78
TFlavinduline, 331
TMavopulpurin, 361
Iluorescein, 253, 445
Teood dses, 230
Formuldehyde procesy, 83
Fornie aldchyde, 60
PFractional distillation, 7
Iuehsine, (B) 75
TPuchsine S (H), 109

G
Galleine, 267
Gacid, 56
Gallic acid, 59
(iambine R (H), 70
Gambine Y (H), 70
Gentian blue 6B (A), 95
Gentianine, 288
Glacier blue (J), 101
Griess, 152
Guinea green B (A), 116

I

Hantzsch, 85, 151
Helianthine (B), 159
Hellotrope B, 2B, 315
Heliotrope 2B (A), 205
Helvetia green (Bi), 111
Hessian blue, 95

INDEX

Hessian bordeaux (I.), 207
Hessian brown M.M., 225
Hessian purple N (L), 208
Hessian violet (L), 208
Hoffman, 78

Hoffman's violet (L), 87
Hydrazies, 45
Hydrazobenzene, 46

I

Iniperial searlet (By), 186
Indanlines, 275

Indrazine M, 319

Indian yellow (By), 161
Indigo blue, 233
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Indigo disulpho acid, 228, 233, 458

Indigomonosulpho acid, 457

Indophenol, leuco, 280
Indophenol blue, 281
Indophenols, 279
Indoine blue R, 216
Ingrain calors, 180
Tvon compounds, 415
Iron liyjuor, 415
Isomers, 17
Isopurpurin, 362
Isorosindulines, 328
Isorubin, 86

Italian green, 397

I
Janus red, 219
Jet black R (By), 192

K
Kaiger yellow, 67

Kekwlé, August, 3, 78, 107, 150

Ketone blue 4B.N. (M), 107

L

Lanacy! blue B.B, (C), 173

Lanacyl violet B (C), 172
Lauth's violet, 282
Leather brown, 154, 217
Loather yellow, 340, 341
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Leuco base, 85

Light green (KB), 93

Light green S.F. bluish (B), 118

Light green 8.F. (yellowish), 232

Light green S.I°. yellow shade (B),
121

London blue extra (BrS), 111

M

Madder, 347
Magdala red, 316
Magenta (H), 75
Malachite grecn, 426, 442
Malachite green (A), 103
Malachite green G {B), 106
Malachite green, leuco base, 104
Malberry blue, 88
Manchester brown (C), 154
Martius yellow (BK), 65
Mauve, 2, 314
Mekong yellow G, 226
Mekong yellow R, 226
Meldolas blue, 291
Méne, 152
Mesidine, 272
Metaaminobenzene sulphonic acid,
51
Metabenzenedisulpho acid, 58
Metanil yellow (A), 161
Metaminophenol, 263
Methyl-benzy] aniline, 233
Methyl blue (C), 113
Methylene blue, 284, 432, 456
Methylene green, 287
Methylene violet R R.A.,3R.A,312
Methyl green (By), 93
Methyl orange, 159, 430
Methyl violet (A), 6B,
Methyl violet B (A), 94
Methyl violet B or 2B (A), 88
Milling blue, 319
Milling yellow (D), 174
Monochlorbenzene, 24
Mordant dyes, 400
Mordants, 400

INDEX

Mordant yellow (B), 174
Muscarine, 202

N
Naphthalene, 10, 19, 280
structure, 20
di-derivatives, 22
tri-derivatives, 22
discovery, 23

Naphthalene  disulphonic  acids,
(1:5), 50

Napbthalene disulphionie aeid, (2:6)
51

Naphthalene wmonosilphonic acids,
49

Naphthalene red, 222

a-Naphthalenie sulphonie acid, 4

f-Naphthalene sulplionic acid, 50,
437

Naphthionic ackl, 56, 229

«-Naphthol, 59, 231

A-Naphthol, 59, 439

Naphithol black B (), 191

B3-Naphthol-disulpho acids, A5

A-Naphthol-disulpho ueid R, 22

1-Naphthol 2-4-7-disulplio achl,
232

Naphthol green B ((%), 71

S-Naphthol monosulphouic acid, 71

Naphthols, 59

Naphthol yellow S (B), 66

Naphthol yellow S 228, 232

f-Naphthylamine, 39, 40

Naphthylamine black D, 219

Naphthylamine black D (C), 191

Naphthylamine black 4B (C), 192

Naphthylamine brown, 214

Naphthyl dyes, 320

Navy blue B (I), 111

Nencki, 4

Neutral blue, 328

Neutral red, 296

Neutral violet, 207

Neville and Winther's acid, 56

New coccin (A), 168

New coccine, 215
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New fast greenn 3B (I), 102

New fuchsine (M), 86

New green (By), 103

New methylene blue N, 288

New patent blue 4B (By), 121

New red L (I{), 184

New solid green B.B. and 3V (J),
102

New yellow 1. (K), 157

New Vietoria green (B), 103, 106

Niclwlsan's blue, (Bi3), 114

Night blue (B), 98

Night. green (B) 1.M., 115

Nile bhfe A, 203

Nile blue 2B, 294

Nitrobenzene, 15, 27, 418

Nitrobenzene process, 83

Nitro dyes, 42

o-and p-nitraphenol, 441

p-Nitrotolnene sulphonie aeid, 207

Nitrosaniine, 183

Nitroso dimethyaniline, 455

Nitroso dyes, 62

Nitronaphthalene, 29

Nitrosulphonie acids, 50

o-m-p-Nitrotolnene, 28

6]

Opal blue, 452

Opal ue (C), 95

Orange I, 228, 231

Orange 11, 214

Orange I1I (P), 159

Orange TV (P), 160

Orange (3, 211

Orange G R.X. (B), 164
Orange G.T., 211

QOrange M.N. (J), 161
Orcelline No, 4, 166

Oreliil red A, 219
Orthophenol sulphonic acid, 63
Ovens, coke, 6

Oxamine violet G.R.I., 223
Oxazines, 290

Oxy azo dyes, 162
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P

Palatine black, 218

Palatine red (B), 171

Palatine scarlet (B), 170

Paraaminobenzene sulphonie acid,
52

Paraleucaniline, 79

Paranitraniline red, 183

Paraphenctidine, 273

Paraphenol sulphonic acid, 63

Pararosaniline, 7¢

Pararosaniline (11}, 79

Pararosaniline hydrochloride, 78

Paris green, 93

Paris violet, 88

Paris violet. (B (RI), 91

Patent blue A (M), 123

Patent. blue V.N. (M), 121

Perkin‘s violet, 2, 314

Phenazine, 295

Phenol, 57

Phenol and ferric chloride, 425

Phenolphthalein, 250, 251, 253

Phenosafranine, 307

Phenylene blue, 274, 304

Phenylene brown, 154

I’henylhydrazine, 45

Phenylrosinduline, 324

Phloxine, 260

Phloxine T.A., 261

Phosphine N, 340

Phosphine P, 340, 341

Phthaleins, 250

Phthalic acid, 250

Phthalic anhydride, 230, 250

Phthalophenonc, 252

Picraminic ackl, 65

Pieric acid, 62

Ponceau dyes, 163

Ponceau B extra (M), 186

Ponceau 2G.A,, 164

Ponceau 4G.B. (A), 164

Ponceau J.J. (MLy), 164

Ponceau 2R, 212

Ponceau 3R, 213, 228, 229, 230
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Ponceau 3R.B. (A), 186
Ponceau 4R .B., 219
Ponceau 5R, 218
Ponceau 6R, 215
Potassium bichromate, 413
Potassium resorcinate, 58
Primula R, 87

Irinting black, 397
Purpurin, 359

Pyramine orange 3@, 220
Pyridine, 41

Pyrogallol, 58, 267
Pyronine G, 248, 249
Pyronines, 248

Q
Quinoline, 42
Quiioline dyes, 332
Quinoline yellow, spirit-soluble, 333
Quinoline yellow, water-soluble, 334
Quinoxaline dyes, 331
Quinoneoximes, 68

R
R acid, 55
Red coralline, 131
Red violet 4R.S. (B), 124
Red violet 5R extra (B), 87
Resorein, 57, 230
Resorcinol, 57
Resorcine brown, 217
Resgorcine green, 69
Resorcin yellow, 217
Rhodamine B, 263
Rhodamine 3B, 266
Rhodamines, 263
Rhodamines (acid), 270
Rosaniline, 75, 451
Rosaniline, acids upon, 433
Rosaniline color base, 428
Rosaline lake, 427
Rosaniline leuco base, 428
Rosaniline test paper, 429
Rosazurine B, 220, 221
Rose bengal, 261, 262
Rosenstiehl, 84
Rosindone, 327

INDEX

Rosinduline G, 327
Rosinduline 2G, 326
Rosindulines, 323
Rosgopbenine 8.G., 216
Rubidine, 155, 166

S
Safranine, 308
Safranine M.N., 312
Safranines, 208
Salieylic neid, 202
Salting audt, 427
Schacffer's aeid, 71
Silk, 358
Sitk filire, 403
Sodium carbolate, 57
Sodium phenolphithnlein, 251
Solid green J (B), 106
Solid green O (M), 69
Solid yellow (A), 157
Soluble blue 8B (Br3), 113
Soluble blue 10B (Brd), 113
Soluble blue (H), 111
Hpirit yellow R, 210
§t. Denis black, 397
8t. Denis red, 222
Strueture, safranines, 301
Substantive dyes, 103
Sudan I (4), 165
Sudan 1, 211
Sudan 11, 212
Sudan brown, 213
Sudan G, 210
Sulphanilic acid, 231, 429
Sulphine brown, 397
Sulpho group, 47
Sulphonic acid group, 47
Sulphonic or sulpho acids, 47
Sulphonic acids of naphthalene
derivatives, 53
Sulphonicaeids of triphenylmethane
dyes, 108
Sulphur dyes, 142
detection, 398
remarks, 398
Syndiazo compound, 151



INDEX

T

Tannic acid, 416
Tannin dyes, 142
Tar, coal-, 5
Tar, coal-distillation, 5, 7, 8, 9
constituents, 6
pitch, 9
produets, 11, 12
still, 7
uses, 6
Terra cotta F, 217
Tetrakisazo dyes, 225
Tetrazobenzene-f-naphtihol, 185
Tetrazabezidine chlaride, 220
Tetrazo dyes, 134
Thiazine group, 398
Thiazines, 282
Thiazol, 398
Thiocarmine R, 289
Thiodiphenylamine, 283
Thioketone, 134
Tolidine, 39
Toluene, 18, 61
o-m-Toluidine, 36
p-Toluidine, 37
Toluylene blue, 305
Toluylene red, 305
Toluylene diamines, 37
Toluylene red, 307
Triaminotriphenyl carbinol, 79
Triaminotriplienyl methane, 79
Trinttrophenol, 57
Trinitrotriphenyl methane, 79
Trioxyanthraquinone, 359
Triphenylmethane, 73
Triphenylmethale carboxylic acid,
252
Triphenylmethane dyes, 73
Tropxolin 0.0. (C), 160
Turkey red, 3, 347
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[8)
Uranine, 253, 254

v
Vanadium, 344
Vesuvine (M), 154
Vietoria hlue B (B), 99
Victoria blue 4R (B), 100
Victoria green 3B (B), 102
Victoria orange, 67
Victoria violet 4B.S. (M), 178
Victoria violet. 4B .S, 211
Victoria yellow, 161
Violet: R (Mo), 87
Violet R.R. (Mo). 87
Violet 3B (Mo), 88
Violet 4R.N. (J), 87
Violet 7B extra (IB), 92

W
Water blue (B), 111
Welter's bitter, 63
Witt's Toluylene blue, 278
Wool, 358
Wool blue (H), 113
Wool fibre, 403
Wool scarlet R, 212
Wool violet 8 (B), 162

X
Xylenes, 18
ortho, 19
meta, 19
para, 19
Xylidenes, 37
Xylidine sulphonic acids, 52

Y
Yellow corallin, 131

A
Zulkowski, 78



