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Introduction and Development
of Dyes

Dyes or dyestuffs are esseotially coloured substances capable
of imparting their characteristic colours, fast to light. water, soap etc
to the fibres. A4 dye may be defined as a coloured substance which
when applied to the fabrics imparts a permanent colour and ihe colour
is not removed by washing with water, soap or an exposure to sunlight,
All coloured substances are not necessarily dyes. For example though
both picric acid and trinitrotoluene have yellew colour but only
picric acid can fix to a cloth and in a dye where as trinitro toluene
docs not 1ix to a cloth and so is not a dye.

In old days when there was no industrv on synthetic dyes the
fibres were generally dyed by colouring matters obtained from plants
and animals, until the middle of nineteenth century dyes were
obtained from vegetables or in case of cochineal from insects.
The following table lists some such sources.

(Colour) dyestuff Source
(yellow) Saffron dried flowers of colour
thistle
(blue) Indigo Indigo ieaves
Madder or Turkey red or Roots of madder plant
alizarin
(red) cochineal | Female insect Coccuscacti
(red) Tyrian purple I Snail Murex brandarin

At present practically all dyes are synthetic products made
P . Praca LY p

by organic chemists  The revolution began in 1836 when W.H.
Perkin, at the age of eighteen, discovered dye. aniline purple, in the
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course of research which was an attempt to synthesize the drug
quinine. The relation between dyes and drugs may appear to be
superfluous but chemically they are often very similar and are often
manufactured by the same factory. As a matter of fact there is no
branch of industry which is more closely dependent on chemical prin-
ciples than that which makes organic chemicals like dyes and drugs.

To-day thousands of synthetic dyes are available, but the search
for better ones continues and each new fibre which appears presents
new problems for the dyer. Progress is most rapid when a completely
new kind of molecule is discovered from which many differently
coloured dyes can be prepared. A good example of this was the
discovery by the chemists of Imperial Chemical .ndustries of the
phthalocyanines, compounds related to the red colouring matter of
blood and the green colour of plants. A long series of researches
tesulted in the large scale manufacture of a whole new series of dyes
based on molecules of this kind. This resea:ch, originally carried out
with the object of finding out new dyes, also opened up an important
new field of pure organic chemistry.

Quantitatively the yellow dyes form the largest group of natural
Jeys but they are technically inferior to the reds, biues and blacks.
Natural yellow dyes are based on chromogens that are relatively
unstable and these have been completely superseded by superior
synthetic yeilow chromogens, chromogens describs the complete
arrangement of atoms which give rise to the observed colour.
Chromogens in natural yellow dyes are mainly flavones, chalcones
and polyenes. The chromogens anthraquinone and indigoid found in
natural red and blue dyes respectively form the basis of many
modern synthetic dyes.

Discovery of Mauveine

Mauveine was discovered by W H. Perkin in 1856. He
discovered it while he was preparing quinine, the antimalarial drug.
By consideration of the molecular formulas of allyl toluidine
(C10H,5N) and quinine (C;0HN:O,) he bad arrived at the following
relationship.

2C;0H 13N 4 3[0]———>C;0H1; N30, + H,0

toluidine quinine

From the above relationship he attempted preparation of
quinine by the oxidation of ally! toluidine using potassium dichro-
mate in sulphuric acid as oxidising agent, obtained a very impure
compound a brown powder which did not coatain any quinine. He
then attempted to oxidise aniiine and this time he obtained a black
sludge which on boiling with ethanol gave a puiple solution which
gave purple ceystals on cooling. The new compound was named
Mauviene, 1t was expected to serve as a dye. This sample when
tested at Pullar’s dye house in Scotland was found to have supzrior
fastness properties on silk in comparison to available natural dyes.
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Mauveine was found to contain mainly N-phenyl phenosafranine
and its homologue.

Ghe CoHy-CHy-P
N-Phény)phenosafraninev a homolsgue of N-pheayipbenosafran s
A rauve -

Perkin left the Royal College of Chemistry in London and
founded a dye-works. At the age of thirty six he was able to retire
from commercial life, a rich man, and retained active interest in
organic chemistry for the rest of his life. He was a man who did not
trouble about the distinciton between pure chemistry and applied
chemistry.

Verguin in 1859 discovered (Magenta or Fuchsine) while he
was studying the reaction between crude aniline and Tin (iv) chloride
(an oxidising agent), Magneta is a mixture of homorosaniline and
pararosaniline.

H,N NH, H,N NH,
O O
AN \“/\/ NN
N N\
[ o
AVZAN N/
Il Me Il
NH3+-X- NH3+.X_
homorosaniline pararosaniline

Io this way Verguin discovered a new class of dyes, the
triphenylmethanes

Another important class of dyestuffs, discovered in 1863,
was the aniline blacks These are large complex structures formed
directly in the fibre by tte oxidation of auiline. The aniline salt is
impregnated into the fibre and then oxidised. The dyestuff formed
precipitates within the fibre and is characterised by its high wet
fastness Aniline blacks are still widely used today as dyes for cotton.

The most important reaction carried out in synthetic dyestuff
industry is the diazotisation reaction discovered by Peter Griess at
Royal College, London. About half of the dyestuffs in use at present
are obtained by diazotisation and are known as azo dyes. The first
commercially successful azo dye, Bi:mark Broun, was discovered by
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Martius in 1863. Bismark Broun is a mixture of dyestuffs produced
from diazotisation of m-phenylenediamine. Bismark Broun B can
be prepared by tetrazotisation of m-phenylerediamine to produce a
bis diazonium salt which is then coupled with two moles of the:
parent diamine to give the disazo dyestuff.

N!H2 NT+ I( Nf—l, 3
{
AN "\ I 7\ |
e I 421 l
NN\ NN r / |
NH, N5 NH.: J
| NH,
¢ _ 7
LN
v N=(
_N=N7 \NH,
na M= 3
2N_.o‘<_->__]fs} Bismark Broun B

The solution of structure of benzene by Kekule made an
enormous impaci on both organic chemistry and the dyestuff
industry. This newly acquired information was put to use in synthesis
of two natural dyestuff, Alizarin and Indigo. These two synthesis
not only illustrate the ingenuity of the early orgamc chemists but
also bear witness to the rapid advance: in organic chemistry during
the last century-

Alizarin

Alizarin obtained :from Madder plant on distillation with zinc
dust gave anthracene.

O OH
/\/\/k( _EL /\/\/\
\/\/\/ \/\/\/
A]izafi)n anthracene

or
1, 2-dihydroxy-anthraquinone

This confirmed the presence of a tricyclic aromatic system in
Alizarin Indigo

Von Baeyer was the principal figure in the rescarches on Indigo.
1n 1926 he obtained Indole from the reduction of Indigo.
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Indigo Indole

Later on he gavea method of synthesis of Indigo from
2-nitrocinnamic acid.

Be
/\\/ W~ Ozh ’7,.;\'/_(\ _Br 4/502»
-0 N7
\/’\NO Q\\,/\’ ,,’!JO;H —_— [ \,r
a- mirocm; Laig iz NO,

aciad

/U
e
!\/w\ J/»( Oy Na" e /\r /3~C02-f\r -— h
u\ﬁ_n‘u‘, H ,/K CO}H
NG,

Commercially viable method for preparing Indigo was discover-
-ed by K. Heumann in 1897. It involves the conversion of
naphthalene to phthalic anhydride, anthranilic acid, indoxyl and then
Andigo.

P heat
& a
Napbtbalene | P thlamida

£l (hahc

&shydride
0
L\ .
m N}"z
’ vyl
Ic'?;gc inao L anthramilie

Intetmc:dx ate

diacid acid
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Despite its long reaction sequence, synthetic Indigo was
cheaper and of supetior quality to natural Indigo. The natural
Indigo had impurities which resulted in its colour on fabric differing
from that of the synthetic material but the advantages of using a
relatively pure dye having predictable and reproducible shade made
the use of synthetic Indigo very popular.

Scme other Classes of Dyes

Some dyes having ‘no natural counter parts were developed.
New classes of dyes discovered included xanthenes, pheuothiazines,
sulphur dyes etc.

Von Baeyer discovered the first x-anthene dye. He obtained it
when he condensed resorcinol and phthalic anhydride to give
Filuorescein.

o -
OH Ho\rﬁf’*»ﬂf‘ "’»..f‘.vj';»' ~‘ g
-~ . \)’w/f”“ i
. l ZnCl; .
H {,‘c\ J‘.,,‘.;Z.‘
s
P

Resorcinol Fluorescein
Phthalic anhydride

Caro brominated Fluorescem ard obtained another useful dye
Eosine.

Br Br

/\ HO | |
\/\ \/ / Brs \/\/\/\/

\ /\ / \/ e )
/ NN / \/ \
l/\u"COZH > |
N
Fluorescein Eosine

Rose Bengal which is still used as a photosensitizer alsc:
belongs to this class.
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1 it
i o0 1 O
MeO\ /AN

| |
NN
CE\/\“/C(LH

i
NN
| Cl
Cl
Rose Bengal
The first suiphur dye was discovered in 1873 by Croissant and
Bretonaiere. Sulphuc dyes differ from other dyes in that they have
compiex macromblecular structures that are generated with in the
fibre They are generally prepared by hzatiag sulphur with aromatic
amines, pheaols or aminophenols. These dyes are water iasoluble
but get reduced in the dye-bath to give water soluble leuco
derivatives which impregnpate the fibre. Due to atmospheric oxidation
the sulphur dye within the fibre gets oxidised to give dysings fast to
washing. The most important sulphur dye used today is Sulphur
Black. 1t is prepared by boiling 2, 4-dinitrophenol with sodium

poly sulphide. It is considered to be a nhenothiazonethio anthrone
type. '

Ci

Sulphur Black

Chrysoidine, an azo dye, which is still used was discovered in
1875 by Caro. He obtained it by diazotising aniline and coupling
the diazonium cemypound with m-phenylenediamine,

NH, N, X NH, B
! | | 7 \-—N
AN as N\ N
{ == b+ = N-\ /NHn
\/ N AN =
NH, H,N

Chrysoidine
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This was the first azo dye for wool.

Congo Red, which is now used as pH indicator was_made in
1884 by tetrazotising benzidine and coupling the bis-diazonium salt
with two molecules of 4—sulpho—1— naphthlyamine. It was the
first-dye that could be directly dyed on cellulose.

'SOaNa
/\\/I\ _N SOaNa
N 7 N_/7"\ \
N N OO0 AN
NH, N7 N/ \/
: NH,
Congo Red

Many new classes of dyestuffs have been introduced in the
second half of nineteenth ceatury. Oanly a few new chiomogens have
been added to available dyestuffs since then. A high level of research
has been maintainzd but the emphasis has been on optimisation and
improvement of the available chromogens rather than the discovery
of new types.

In 1934 Rattee and Stephen of ICI discovered a means by
which dyes containing dichlorotriazinyl group could be made to react
with cellulose under basic conditions.

The dye was bound to cellulose by a covalent bond and thus
provided dye of high wet fastness for cotton.

Gl 1
i AN
NN NN

DYE~-NH cx)*N’u\m DYE~A~ N RTC
H

|

i

CELLULCSE -C l&

¢

c
NN

I
'JYE'VV.\r/L N">0- CELLULOSE
|
M

The major chalange to the dyestuffs manufacturers came with
introduction of man-made fibres such as aylon, polyester and poly-
acronitrile  Soon the acid {anionic) dyes were discovered for nylon,
Neutral, law molecular weight dyes (disperse dyes) were
found suitable for polyester. Cationic or basic dyes were
found suitable for polyacrylonitrite. All these were merely modifica-
tions of the dyes which were already available.
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Futaure Yrends

In the modern competitive world the dye manufacturers are
devoting more effort into developing cheaper routes to existing dyes.
Dyes are also fiading new outlets. For example dyes are being
evaluated in liquid ecrystal displays, lasers and solar cells.

The poiymeric dyes for food are polymeric anthraquinone dyes
and have the general structure as shown below.

@]
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- a3 \
",/a:”\“-; o 1’\ PN B ) ’3
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These dyes are completely harmless and also adhere to
stringent health and safety lans. They have a bright future.

Some msmbers of oldest class of dyes, the anthraquinone dyes,
are foun'l to possess properties to act as anti-cancer drugs. Examples
of such drugs are a driamycin and daunomycin In this field also
they have great potential to espand in future.

PR ¥
™ ,-'5'{- . : - LR s
o \Y‘ \‘:‘(:— \\ - 1\ w8t bt |";@f'\
w O Toou
Adriamycin, R=0H § \ﬁ’ \T' T
Daunomycin, R=H fie O ’;‘;ﬁ A

Bzcause of close relationship between the advancement of
organic chemistry and dysstuffs industry we fiad major dyestuff
companies have successful pharmaceutical, agrochemical and other
such organic chemistry intensive divisons.

Thus, just as Perkin is considered the Father of dyestuffs
industry so the dyestuffs industry itself could be called the mother of
the modern organic chemical industry.



Dye Intermediates and
Their Synthesis

Inireduction

The raw materials for the manufaciure of dyes are mostly
obtained from coal-tar. When coal is disuiled it is separated inio
coal gas. a mixture of liquids and tary products called coal-tar and
coke. Coal-tar is rich in aromatic molecules with rings of carbon
atoms like benzene, naphthalene and anthraceme, and most dyes
also contain ring structures.

1
CH cCcC
HC \CH H— C‘/\/\C——

Il
HC\ /CH H—C\\/C—-H

CH cccC
Benzene | |
H H
Naphthalene
H H H
Lo
ccccc

H--C/\ \ /\C——H

H— C\/\/\/C ~H
oyes
H H H

~ Anthracene

Previously the dyes weie called the ‘coal-tar dyes’ because of
the fact that the raw materials commonly known as primaries were
obtained exclusively from the distillation of coal-tar. These days
some primaries particularly benzene and toluene are obtained
mainly from petroleum and natural gas so the use of the term ‘coal
tar dyes’ is no more considered correct.



Dye Intermediates and their Synthesis it

Majority of dyes are obtained from intermediates which have
been previously synthesised. In the final step for synthesis of a dye
a chrowogen is assembled as in case of diazotisaticn and coupiing of
aromatic animal to give azo dyes. Anthroquinone dyes are an
exception. In their case the anthroquinone skelton is generaliy
assembled first and the required substituent introduced afterwards.

For synthesis of dyes various unit processes like sulphonation,
nitration, nelogenation, reduction, oxidation candensation etc, are
used.

Synthesis of Aromatic Carbocycles

Benzene and naphithalene are the two most important aromatic
carbocycies used in the dyestuffs industry. Both benzene and
naphthalene can bz oodtained either from petroleum or coal tar by
fractional distillation. The various intermediates can be prepared
from these parent compounds by introducing a varizty of substi-
tuents such as NO,,NR’'R", Cl, SOgH, CN, SO:R etc. Generzally these
substituents are introduced in the benzene ring either by electro-
philic substitution or by npucleophilic substitution. Electrophic
substitution is easier but nucleophilic substitution can be brought
about-under forcing conditions. The presence of some powerful
electron withdrawing group in the aromatic ring facilitates the
nucleophilic attack because of reduced electron density at ring carbon
atom.

An attempt will now be made to present the methods of intro-
duction of some important groups encountered in dyestuffs industry.

1. Introdaction of nitro groups or Nitration

Nitration is one of the most impcrtant processes encountered
in the dyestuffs industry. In addition to itselt being and impertant
chromophore nitro group also provides an easy access to the amino
group by reduction.

Generally for introducing niiro group in an aromatic ring
either concentrated nitric acid or a mixture of concentrated nitric acid
and coacentrated sulphuric acid is used. Such a mixture is known
as nitrating mixture and the active nitrating species is*NO@ (nitronium
ion) which is formed as under.

2 HNOa\'——hNO;"{' N Oa-+H20
HNO,;+2H,30,=NO,*+H30*+2HSO,~

Preparations of some important nitro compounds used in dve=
stuffs industry are given below.

(i) m-Dinitrobenzene, Mono-pitration of benzene is quite easy
and can be accomplished at about 50°C using a nitrating mixture.
The introduction of second nitro group to prepare m-dinitrobenzene-
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requires a higher temperature. It may be attributed to the deactivating
.effect of first nitro group.

NO| N02
® ®
| = ey b
\/ \/ N/
benzene m-dinitrobenzene

The formation of m-dinitrobenzene is accompanied by small
quantities of ortho-and para.isomers. To remove these impurities,
on the industrial scale, the dinitrated benzenes are treated with
sodium sulphite. Sulphite reacts with ortho—and para—dinitro-
benzenes and forms corresponding oitrosulphonates which are
soluble in water where as m-dinitrobenzene remains insoluble in
water and so can be easily separated m-dinitrobenzene is used for

N,()2 1?.02

|

N\ SO AN

o NO_ZE_ L TS0 o,
N\ N/

1l\10= INOz

Z\ 7\

I 1 ————= 0 +NO,"
N NS

NO, SOs~

making m-nitroaniline and m-phenylene diamine which are used as
dyestuff intermediates.

) (iz:) p-Nilrotoluene: It is obtained wien tolusne is reacted with
a nitrating mixwure. Itis used in the preparation of dinitrostilbene
disulphonic acid.

CH; CHj
| & |
VAN NO, /\
R - |
/ NS
Toluene |
NO;
v-nitrotcluene
I I SOQH Nd03 | i SOsNa
Z\. Oleum |/\/ NaOH \/\/
{ | ———] ] ———— - | i
\I/ \I/ \/ \/
NO, NO, NOs NO

Pdinitrostilbene disulphonic acid



