


SYNTHETIC DYES 

GURDEEP R. CHATWAL 
M.Sc., Ph.D., M.I.A.H.P.S. 

Formerly Reader in Chemistry, Oyal Singh College 
University of Delhi, New Delhi - 110003 

Edited by 

M.ARORA 

Ke»JI 
GJiimalaya GpublishingGJiouse 

- " 

MUMBAI 0 ~LHI.O BANGALORE Cl NAG PUR 0 HYDERABAD 
a PUN~ O'LUCKNOW Q eHENNAI 0 AHMEDABAD 

. . I 



© Author 
No part of thIS book shall be reproduced. rerpinted or translated for any purpose whatsoever without 
prior permission of the publisher in writing. 

ISBN: 978-81-84882-20-9 
Revised Edition : 2009 

Published by : Mrs. Meena Pandey 

Branch Offices 

for BIMALAYA PUBLISHING HOUSE, 
"Ramdoot". Dr. Bhalerao Marg. Girgaon. Mumbai-400 004. 
Phones : 23860170/23863863 Fax: 022-23877178 
Email: himpub@vsnl.com 
Website : www.himpub.com 

Delhi : ''Pooja Apartments". 4-B. Murari Lal Street, Ansari Road, 
Dlll}'a Ganj. New Delhi-110 002 
Photles : 23270392. 23278631 Reliance: 30180394/96 
Fax: 011-23256286 Email: hphdel@vsnl.com 

Nagpur : Kundanlal Chandak Industrial Estate. Ghat Road. 
Nagpur-440 018 
Phone: 2721216. Telefax: 0712-2721215 

Bangalore : No. 1611 (old 1211), 1st floor. Next to Hotel Highland. 
Madhava Nagar. Race Course Road. Bangalore-560 001 
Phones: 22281541. 22385461 Fax: 080-2286611 

Hyderabad : No. 2-2-1 167/2H. 1st Floor. Near Railway Bridge. TIlak Nagar. 
Main Road, Hyderabad-500 044 
Phone: 26501745. Fax: 040-27560041 

Chennai : No.2. Rama Krishna Street, North Usman Road, 
T-Nagar. Chennai-600 017 
Phone: 28144004. 28144005 Mobile: 09380460419 

Pune : No. 527. "Laksha Apartment". First Floor. Mehunpura, 
Shaniwarpeth. (Near Prabhat Theatre). Pune-411 030 
Phone : 020-24496333. 24496333. 24496323 

Luclmow : C-43. Sector C. Ali Gunj. Lucknow - 226 024 
Phone: 0522-4047594 -

Ahemdabad : 114. -Shail, 1st Floor. Opp. Madhu Sudan House. 
C.G. Roll(l. Navrang Pura, Ahemdabad-380 009 
Mobile: 9327324149 

-Eranakulam: No. 3911 O4A. Lakshmi Apartment. Karikkamuri Cross Road 
. Eranakulam; Cochin-622 _ 011, Kerala 
Phone : 0484-2378012.2378016 

Printed at : A to Z Printers. Dlll}'aganj, New Delhi-llOOO2 



CONTENTS 

1 

Introduction to Dyes .............................................................................................. 1·1 - 1'9 

General InfOl'mation About Fibres and Dyeing Methods .............................. 2·1 - 2·12 

3 

Classification of Dyes on the Basis of Mode of Application ........................... 3·1 - 3'6 

4 

Chemical Classification of Dyes ......................................................................... 4·1 - 4·10 

5 

Colour and Chemical Constittition .........•.•........................................•.......••...... 5·1 - 5·22 

-6 

Chemistry of Dyestuff Intermediates ..............................•. ~ .............................. 6·1 - 6·66 

7 

Nitro Dyes .................•.............•.............•......................•.•......................................... 7·1 - 7'4 

8 

,Nitroso Dyes ............................................................................................................ 8·1 - 8·3 

9 

Azo Dyes ................................................................................................................ 9·1 - 9·41 

10 

.<\zoic Dyes (I ngrain Azo Dyes) .................................•....................................... 10·1 - 10'3 

'11 
Diphenylmethane Dyes ..............•.......•....•...............•..................................•...•..... 11·1 - 11'3 

12 

Triphenylmethane Dyes ........................................................ ; ........................... 12·1 - 12·11 

13 
Phthaleins ............................................................................................................ 13·1 - 13·3 



14 

Xanthene Dyes .................................................................................................... 14·1 - 14·7 

15 

Heterocyclic Dyes ............................................................................................. 15·1 - 15·14 

16 

Thioindigos and Indigos .................................................................................... 16'1 - 16·9 

17 

Anthraquinone Dyes .......................................................................................... 17·1 - 17·10 

18 

PhthaJocyanincs .................................................................................................. 18'1 - 18·3 

19 

Sulphur Dyes ....................................................................................................... 19,) - 19·2 

20 

Reactive Dyes ...................................................................................................... 20'1 - 20'5 

21 

Pigments ............................................................................................................. 21·1 - 21'12 

n 0 

Fluorescent Brightening Agents ........................................................................ 22,) - 22'5 

23 
Non-Textile Uses of Dyestuffs ......................................................................... 23·J - 23·13 

24 

Acridine Dyes ...................................................................................................... 24'1 - 24·1 

25 
Thiazole Dyes ......................... _ ........................................................................... 25-1 - 25-2 

26 

I ngrain Dyes ........................................................................................................ 26·1 - 26'1 

17 
Solubilised Vat Dyes ........................................................................................... 27·1 - 27'1 

28 
Sulphurise«J Vat Dyes ......................................................................................... 28·1 - 28·1 

29 
Lactone, Amino Ketone and Hydroxy Ketone Dyes ..................................... 29') - 29'1 

3(} 

Indamines and Indopbenols .............................................................................. 30·1 - 30·2 



31 

Azincs .. ~ ................................................................................................................ 31·1 - 31·2 

32 
Oxazines ..................•........••..•..................•................•..................•...................•.... 32'1 - 32·1 

33 
Thiazines .............•....•...........................•...............................•............................. ,. 33·1 - 33·1 

34 

Cyanine Dyes ....................................................................................................... 34·1 - 34'2 

35 

Dyes for Synthetic Fibres ................................................................................ 35'1 - 35·12 

. 36 

Synthesis of Some Specific Dyes .................................................................... 36·1 - 36·10 

37 

Important Questions ........................................................................................ 37·1 - 37'14 



, 

a
Typewritten Text
"This page is Intentionally Left Blank"



CHAPTER 

INTRODUCTION TO DYES 
I-I I I I I,I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

1.1. Definitions 

Dye 'or Dyestuff: A dye or a dyestuff is usual(v a coloured organic compound or mixture 
that may be used for imparting colour to a substrate such as cloth, pape/: plastic or lea tIler in 
a reasonably permallent fashioll. In other words, a dyed substrate should be resistant to a normal 
laundry or cleansing procedures (washjast) and stable to light (lightfast). All the dyes may not 
necessarily be coloured substances. Therefore, optical brighteners or whiteners which may be 
called white dyes may be included in the term dye. 

A dye is a coloured substance but all coloured substances are not dyes. Thus a dye should 
fix itself on the substrate to give it a permanent coloured appearance. Thus, azobenzene is not 
a dye even though it has red colour, as it cannot be attached to substrate. However, congo red 
is a dye as it can be applied on cotton and retained by it. Thus, the dyes should have certain 
groups which help the attachment to the fibre. 

@-N=N-<Q) 
Azobenzene (Red coloured hut not a dye) 

White Dye : Some colourless compounds are used as the optical brighteners. They may 
also be called as the white dyes. They have the special property of absorbing ultraviolet light and 
re-emitting the visible light so that the fabric appears bright. 

Pigment: The coloured substance which is insoluble in water or other solvents is called 
a pigment. Thus the application of dye and pigment will he different. A dye is applied in the form 
of a solution, whereas the pigment is applied in the form of a paste in a drying oil, in which it 
is insoluble. 

Requisites of a True Dye : All coloured substances are not dyes. However, the requisites 
of a true dye are as follows : 

(i) It must have a stable colour. 

(if) It must have an attractive c%ur i.e., it should no! undergo struc/ura/changes readiZ)'· 

(iii) It must be able to attach itself to material frol1l solution or to be capahle to fixed 01/ it. 
For example, azobenzene is coloured but cannot fix itself to a fabric. Therefore. azobenzene 
is not a dye. Further, a dye may not be able to dye all types of substrates. For example, 

(1.1) 
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picric acid is able to dye silk or wool a permanent yellow but not cotton. Thus, a dye 
either forms a chemical union with the substrate being dyed or it may get associated with 
it an intimate physical union. 

(iv) It must be solu!J.le in water or must form a stable and good di:.persion in watel: Alter
natively, it mu;l be soluble in the medium other than water. However, it is to be remem
bered that the pick lip ~f the dye from the medium should he good. 

" (v) The substrate to be -(tved must have a natural affinity for an appropriate dye and must 
be able to absorb it from solution or aqueous dispersion. If necessllIJ', in the presence 
~f alcdliary ~\'Ubstan('es under suitahle conditions of concentratioll. temperatllre and pH. 

(vi) When a dye isfixed to a substrate. it must be filst to washing, dry cleaning. perspiration. 
light, heat and other agencies. It must be resistant to the action of water, acids or alkalis. 
particularly the latter due to the alkaline nature of washing soda and washing soap. 

There is probahly no dye which can be guaranteed not to alter shade under all conditions. 

(vii) The shade and fastness of a given dye may vary depending on the substrate due to different 
interactions of the molecular orbitals of the dye with the substrate, and the ease with which 
the dye may dissipate its absorbed energy to its environment without itself decomposing. 

1.2. Historical Development from Natural to Synthetic Dyes 

Era of Natural Dyes: These have been used since ancient times for colouring and printing 
fabrics. Until the middle of last century most of the dyes were derived from plants or animal 
sources by long and elaborate processes. Ancient Egyptian hieroglyphs contain a thorough de
scription of the extraction of natural dyes and their application in dyeing. Further developments 
extending over many thousands of years led to rather complicated dyeing processes and high
quality dyeings. Among these the following deserve special mention : 

(i) Indigo: It is one of the earliest natural dyes and it originated in India. The art of dyeing 
with this bluish indigo dye was practised in this country, using primitive fermentation 
methods. Then the use of this dye spread to Egypt. Indigo occurs in the indigo-pm/e 
species of plants as a glucoside called indican. This is extracted with water, when it gets 
hydrolysed by the enzyme into indoxyl and dextrose. In al.1<aline medium indoxyl gets 
oxidized into indigo, which is precipitated. 

Indican 

° 
2~ ~N) 

H 

Indoxyl (keto) 

W
OH 

I I +C(.H,pc. 
~ N 

H 
Indoxyl (tmol) Dextrose 

03c=<=o 
H II 

° Indigo 
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Ancient Britons obtained a dye called woad from the plant called isalis tincfOria. The 
active compound is calIed indigotin from which indigo was prepared. Indigotin i~ in
soluble and hence it was reduced by fem1cntation and thcn applied. 

(ii) 1j;rian Purple : It is a natural dye which originated in the ancient city of Tyre in 
Phoenicia. This dye was extracted from certain kinds of shell-fish. However, at that time 
the dye was so expensive that it was called Royal purple. 

Later, Friedlander showed that it was a derivative of indigo. 

l? ~l B 

~ ''c=(t-(V r 

~N' 'C~ 
Br H II 

o 
Tyrian purple (6. 6'-Dibromo indigo) 

(iii) Alizarin: It is extracted from the roots of madder plant. It occurs as a glycoside called 
ruberythric acid. On hydrolysis with dilute acid it gives dextrose, rhamnose and alizarin 
which is 1,2-dihydroxy anthraquinone. The extract also contains a dye called purpurine 
(l, 2, 4-trihydroxy anthraquinone). Alizarin is a natural mordant dye and it produces 
various colours using different compounds of the metals AI, Cr, Cu, etc. 

o OH 

o 
Ruberythric acid 

OC H 0 
II 19 9 Dil.llCI 

~ 

o Oil 

~OH 

~ 
o 

Alizarin 

C)·lll(\ 
+ D-glucose 

+ 
CsHII.os 

D-Xylose 

(iv) Cohineal: It was extracted from the insect coccus Cacti which is found mainly in South 
America and Mexico. The active dye is called carminic acid which is a derivative of 
antraquinone. It is also a natural mordant dye and gives ditferent shades of purpl,,: by 
using compounds of Cr, AI, Fe, etc. It is used for dyeing of wool and silk and also as 
non-poisonous food colourant. 

011 0 OH 

HO 
BOOC o OH 

Carminic acid 

(v) Logwood: It is the only natural dye which is still isolated on a large scalc from the wood 
of the tree Haematoxylon Cllmpechianu11l. It is cultivated and also grows wild in the 
central America. The fermentation of the wood of this tree contains a glucoside of 
haematoxyIin which on oxidation yields a colouring matter called haematin. 
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- Haematin is~an iictive dye which when mordanted with chromium compounds gives blue 
and;black shades: It is still used for dyeing silk, viscose and acetate fibres, nylon, etc. It also 
giles cheap black shade of good fastness properties. 

HO HO 

OH 
Haematoxylin Haematin 

Although the isolation of natural dyes has been abandoned, they still retain the interest of 
chemists and a great ideal of work is being still performed for the deternlination of their structures. 

Limitations of Natural Dyes 

A large number of natural dyes were thus extensively used earlier. However, the preparation 
of dyes by extraction has number of limitations. The extractions are unsuitable for large scale 
preparation as they are labourious and time consuming. Only a small amount of the dye can be 
obtained by processing a large amount of the animal or vegetable matter. Hence they were 
invariably expensive. The natural dyes are not pure and lack uniformity of quality. Further their 
fastness properties were not good and they fades in light. Thus only a handful of natural dyes 
are still extracted and used. Some of them like indigo and alizarin are now prepared by synthetic 
methods. Otherwise the natural dyes are largely replaced by synthetic dyes. 

Era of Synthetic Dyes 

The era of synthetic dyestuffs started with development of synthetic organic chemistry. The 
earliest artificial dyes to be prepared were picric acid by Woulfe and aurine (rosolic acid) by 
Runge. However, they were not prepared commercially at that time due to high cost of raw 
materials. 

OH 

OzNyYNOz y 
NOz 

Picric acid 

CH J 

_ ~011 
o=Q=c'-.J/L - 0--' OH 

Rosolic acid 

William H.· Perkin is considered as the founder of synthetic dyestuffs. In 1865, he prepared 
the first synthetic dye called Perkins Mauve or Mauveine. He oxidized crude aniline with potas
sium dichromate and concentrated sulphuric acid and extracted the resulting black resinous mass 
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with alcohol to get a violet compound which was the dye. He was already having a factory for 
manufacture of aniline. Later he set up facilities to manufacture the dye mauveine. 

HJCY'YN.~(~ + (YCHJ 

HN~N~N~ 
Z 6 H ~ ('1-

~I 
Mauvcinc 

Later he prepared another dye called safranine by oxidation of mauve by lead peroxide. 
This dye was found suitable for wool and silk. .However, only pale shades were obtained with 
cotton. Then Perkin developed the use of tannin and sodium stannite as mordants in dyeing to 
get bright shades. 

Almost during the same period (1858) Griess discovered the diazotization reaction and 
reactions of diazotised base. He prepared the first azodye by coupling diazotised aniline with u
naphthyl amine. 

NH, 

(~N=N~ 
~ 

This was followed by preparation of other azodyes like Bismark Brown (1865) and ani line 
yellow (1869) and congo red (1884). Thus azo dyes gave direct colours for cotton. 

The mordant dye called alizarin was prepared from anthraquinone by Graebe and Libennann 
in 1868. Later in 1880 von Baeyer established the structure of indigo, followed by the synthesis 
of this vat dye. 

In 1901, Bohn prepared indanthrene blue by alkali-fusion of 2-amino-anthraqumone. Then 
a· series of indanthrene vat dyes were prepared between 1901-1911. Around this period many unit 
processes were discovered, i.e., sulphonation, nitration, alkali fusion, thionation etc. They were 
used in preparation of several important intennediates like ~-naphthol, H-and J-acids, anthraquinone 
derivatives. 

An important dye intennediate, phthalic anhydride, was prepared by air oxidation of raph
thalene using V20 S as catalyst by Gibbs in 1917. 

Important Dyestuff Intermediates 

~ o=c" 
I~ P 

C 
II 
° Phthalic anhydride Aniline 

~OH 

~ 

~-Naphthol Anthraquinone 
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~OH 

~COOH 
BON acid 

Synthetic Dyes 

~ HOS~SOH J J 

H-acid 

Raymond Vidal discovered sulphur dyes in 1893, by heating p-nitro phenol or p-amino 
phenol with sodium polysulphide. 

The effect of these discoveries was that cost of dyestuff production was reduced. 

During 1914-1918 the developments in the dyestuff chemistry were slowed down due to 
World War I. After this period cellulose acetate fibres were discovered (1918) but they could not 
be dyed by any of the earlier dyes. Certain basic dyes derived from gallocyanine were used but 
they had limited range of colours. Then Green and Saunders introduced the ionamines (1922)., 
Later it was found that acetate fibres could be dyed by using dispersion of anthraquinone dye? 
and this led to the discovery of the dispersed dyes. 

In 1928 the metal complexes of phthalocyanines were prepared but due to its insolubJity 
it could be used as pigment. In 1935 leI started manufacture of copper-phthalocyanine wh~ch is 
called monastral fast blue B. Later a German firm called Baeyer founded a method of ~rhpreg
nating eu of Ni phthalocyanines in the fibre. 

In 1929 Krais found that a compound called aesculin (6, 7-dihydroxy couIJIarin) shows 
fluorescene when applied on bleached fibres. This was the foundation for the ,,gevelopment of 
fluorescent brighteners. In 1934, ICI patented the use of amino stilbene djstilphonic acid as 
brightening agents. Later British industrial solvents Ltd., introduced i3-l1},etI1yl umbelliferone as 
substitute for bleaching agent. The dyestuff industry was again disturbe-tfby World War n (1939-
45). The first firm to manufacture dyestuffs was Arlabs in 1940. It should be noted that in the 
post war period the further development in the field of dyestuff chemistry was made more by 
companies and institutions rather than individuals. With the discovery of the synthetic fibres like 
polyester and polyamide again posed a problem as they were hydrophobic. This lead to the 
discovery fo the new class of dyes called dispersed dyes. 

In 1956 an-pntirely new class of dyes were discovered by ICI which were called prociori 
dyes. The .wcC;;ahty of these dyes was that they could be directly attached to fibres by chemical 
linkij.ge:iIence this new class of dyes were called reactive dyes. The compounds prepared were 
procionbrilliant red 2B and procion blue)G~ 

, Further advances resulted in newer and modified dyes at lower cost. However, the extensive 
manufacture of dyes-lead to pollution problems and hence pollution control measures became 

--necessary. 

Most of the dyes made in the nineteenth century were derived from the aromatic interme
diate chemicals isolated from the coal tar distillation and the synthetic dyes are, therefore, known 
as coal-tar dyes. Several hundred varieties of dyes are produced on a large scale in our country 
today. Some of these dyes are being exported to other countries. The exp0\1 market possibilities 
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in the recent years has also Increased the horizon of many ambitious dye-stun' finns to enter in 
the world wide competition in the dyestuffs and intermediates. 

1.3. Nomenclature of Dyes Intermediat'!~ 

A large number of variety of intermediates involved in dyestuff production cannot always 
be named by their chemical names because chemical nomenclatures may lead to confusion. For 
example, H-acid may be named chemically as l-amino-8-hydroxy-naphthalene-3. 6-disulphonic 
acid or l-hydroxy-8-amino-naphthalene-3, 5 disulphonic acid. the chemical names are diilerent 
but the compounds are identical. 

The usual practice is to name dyes intermediates by commercial names such as H-acid, Y
acid, naphthol AS, Fast blue B base, Fast scarlet G base, etc. These commercial names as 
compared to the nomenclature are short, symbolic and simple even for a layman in trade. 

1.4. Nomenclature of Dyes 

Hundreds of dyes are being synthesised in the laboratory. Of these about 3600 are used 
commercially. Various systems of nomenclature are known. Two of these are as follows : 

1. Commercial Naming of Dyes: In the earlier times. the commercial names of dyes are 
coined by individual manufacturers and these usually consist of three or four parts. The trade
mark name of the class comes first and is followed by words. letters or numbers. These describe 
the shade and other charactenstics, strength, physical form. etc. The alphabetical letters follow
ing the trade names may refer to the shade of the dye, e.g.. 

Y or G = Yellow (gelb) 

R = Red (rot) 

B = Blue 

o = Orange, etc. 

Similarly. other letters indicate the type of dye, fastness property, temperature of dyeing etc. 

o = Direct dye for cotton 

S = Acid dye (German. Sauer = acid) 

F = Fastness to specific agencies 

L = Light fastness 

C = Cold brand reactive dye 

H = Hot brand reactive dye 

= Vat dye 

I". I" = Dyeing in cold (katt) and normal temperature. 
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Thus, 'G' stands for (German word gelb = yellow) 'R' for (German word rot = red) and 
'B' for (German word blau = blue) yellowish, reddish and bluish tones respectively. For example, 
Astrazon Yellow 3G is a basic dye having considerable yellowish tone, Chrysophenine G is a 
direct dye with a yellowish tone. Similarly, Acridine Orange Rand Astrazon Orange R both .are 
basic dyes and Rhodamine B (basic dye) and Remazol Red B (reactive dye) with bluish tone. 
Similarly, in Vat Pink R, 'R' indicates the red tone of the pink. 

The repetition of the above letters indicates the greater intensity of the tone. For ~xample, 
methyl violet 6B is a very deep purple (close of bluish) tone, similarly Alkali Fast Green 3B is 
a !,Jfeen acid dye having considerable bluish tone. 

Sometimes the letters are used to represent the class of the dye. For example, in Alizarin 
Blue D. the letter '0' indicates that dye is a direct cotton colour. In Fuchsines. the letter'S' 
Indicates that the dye is an acid (saver). 

Sometimes the letters are also used to represent the property of a dye. For example, the 
letter 'F' is used to indicate that the dye is fast to certain agencies such as light washing, etc. 
The letter 'L' appears in the name of the dye, indicating that this dye produces a shade on a fibre 
and is fast to light. Examples having this letter are Basacryl Yellow 5 GL, Basacryl Yellow 5 RL 
and Basacryl Violet RL, disperse dyes for polyester fibres such as Foron Grey S-4 GL and Foron 
Scarlet E-2 GFL; direct dyes such as Kiton Fast Yellow 2 GL, Chlorantine Fast Blue 10 GL and 
Benzo Fast REd 8 BL. 

In the case of reactive dyes, belonging to the chlorotriazine class, reactivity has been found 
to depend upon the number of chlorine atoms present in the molecule. If the molecule of a dye 
has two chlorine atoms, they are highly reactive and can be lIsed in the cold condition. Hence 
they are termed as cold brand (cold dying) .. ·eactive dyes. Thus, their names have the letter 'C' 
e.g., Premactive C and Goldazol C. 

lbere are also dyes which have only one chlorine atom. These dyes are less reactive and, 
therefore, the dye solutions have to be heated for their greater reactivity. Thus, they are temled 
as hoI brand (hot dyeing) reactive dyes and hence their names have the letter 'H', e.g., Procion 
Hand Premactive H. 

The letter T generally indicates that the dye belongs to a special class· of vat dyes, the 
solubilised vat dyes. They are subdivided into various groups such as Ik, I"., 11/ depending on the 
condition of temperature used. For example, Ik group of vat dyes are employed in the cold 
condition, i.e., at 20-30°C. Further, I and I group of vat dyes are employed under conditions 

\1' II 

of temperature 30-40°C and 50-60°C respectively, 

The letters 'N' and 'K' indicate that it is vat dye which can be applied to cellulosic fibres 
by a particular method of dyeing involving normal and cold temperature conditions respectively 
e.g .. Indanthrene Golden Yellow GK, Indanthrene Brilliant Orange RK, Algol Yellow GeN, 
Calcdon Jade Green BN. 

Hence the intensity of the tone, tone of the colour and condition of temperature of dyeing 
are indicated as in Indanthrene Yellow GK, Indanthrene Yellow 4 GK, Indanthrene Yellow 5 GK 
and Indanthrene Yellow 7 GK (In this case, yellowish tone tends to increase). 
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Advantage: The commercial names as compared to the nomenclature are short, 'sYI1)bolic 
and simple even for a layman in trade. Chemical nomenclature may often lead to confusion. 

Drawback: The main drawback of this system of nomenclature is that the same dye has 
been given various names by different manufacturers, e.g., rose-red dye is named either by 
pararosaniline, magneta or (uchsine. In order to oVt:fcome this difficulty, a colour index has been 
compiled. 

2. Colour Index Naming of Dyes .: The best method for the nomenclature of dyes is that 
used jn the Colour Index, a pubLication~ponsored by the Society of Dyers _and C.olourists 
(England) and the American Association of Textile 'Chemists and Colourists. in this, each dye is 
given two reference numbers, one relating to its class with respect to dyeing method (e.g.. C.l. 
Vat Blue 4 for indanthrone) and the other to its chemical description in five digits (e.g .. c.1. 
69800 for indanthrone). All the commercial names under which dye is sold (over 37 of indanthrone 
e.g .. lndanthrene Blue RS, Cibanonc Blue RSN, Caledon XRN, Ponsol Blue OZ, etc.) are also 
listed in the colour Index. 
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GENERAL INFORMATION ABOUT 
FIBRES AND DYEING METHODS 
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2.1. Introduction 

The application of dyes to textile fibres is one of the most important use of dyestuffs. 
Dyeing is the process of application of dyes to the fibres to make it permanently coloured. The 
exact method used for dyeing depends on two factors : 

(i) The chemical structure as well as physical properties of the dyestutf. 

(ii) The chemical nature and also physical characteristic of the fibres. 

Textile Fibres 

The fibres are high molecular weight organic polymers having linear structure. They may 
have different chemical structures. They should have chemical stability and tensile strength along 
the axis of the fibre. They should have sufficiently high softening point and low static electriCIty. 
However, cotton is affected by acids and wool and silk by alkali. The fibres are classitied on the 
basis of their source : 

.. 
Vegetable 

+ 
Natural 

* 
COllol1. flex. jUle 

+ 
Animal 

Woof. silk 

Fibres 

* 

The fibres are also classi lied as follows : 

.. 
Artilkial 

+ 
Semi-synthetic 

* + 
Synthetic 

Rayon. ac:e/a/e Nylon. pO/),I!Slel: 

r(~\lOll J1o~l'a('I:)'/ it' ji hres 

(i) Hydrophilic Fibres: They have affinity to water (wetted by water) e.g .. cotton, wool. 
silk. The presence of many hydroxyl groups make the fibres hydrophilic. 

(ii) Hydrophobic Fibres: They have no aflinity to water (not wetted by water), e.g .. 
syntht::tic fibres like nylon, polyester, acetate rayon, etc. These tibres should ha\'e 
sublimation fastness. 

(2.1) 
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The physical and chemIcal nature of various fibres are discussed m the following section. 

2.2. Textile Fibres or Types of Fibres 

The broad classification of textile fibres may be done on the basIs of origm of fibres such 
as natural, semisynthetic (also known as man made) and synthetJc fibres. These different varieties 
of fibres have dill'erent structural features which are outlined as tklllows : 

(a) Cotto" : It is composed of cellulose units in quite pure form. CeJlulose -l.acks si!,'Tlificant 
acidic or basic properties but consists of a chain of linearly arranged biglucose units with ether 
bridge linkages. The side groups of these units are primary and secondary alcoholic hydroxy 
groups ~hich make the fibre hydrophilic. This property of cotton fihre IS responsible for its 
dyeing. 

Dyeing of cotton fihres may take place by adsorption, occlusion or reaction which the 
hydroxyl groups. It i~ also possible to make cotton fibres receptive to a variety of dyes by 
pretreatment or mordanting with a material capable of binding the dyes. 
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Mercerisatiol1 : When cotton is swollen by concentrated alkali under tension, so that the 
fibres cannot shrink lengthwise, it produces a silk-like lustre. This process is called merceriSlilioll. 
The affinity of mercensed cotton for dyes is greater than that of untreated. 

(h) Wool: It is the natural animal fibre. It is composed of protein substances which, in tum, 
are composed of polypeptide structures with amino and carboxylic acid end groupings and side 
chains (R) having disulphide groupings which keep the main polypeptide skeleton parallel to 
each other. 

In the polypeptide structure of wool, twenty amino acids like cystine have been isolated by 
the hydrolysis of wool. 
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(R) is variable 
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cystine 

The structure of wool fibre is destroyed by strong alkali. Strong acid causes hydrolysis but 
the process may be controlled to pennit dyeing from acidic solutions. 
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Wool is dyed with either acidic or basic dyes through the formation of salt linkages with 
amino or carboxylic acid end groupings. Wool may also be dyed with reactive dyeswith reactive 
dyes that form covalent bonds with available amino groups. In some cases, mordanting is used 
to alter the dye ability of wool. 

(d Silk: Like wool, it is also the natural animal fibre. It is also a protein fibre which is 
made up oflinearly arranged (stretched) polypeptide structures calkdfihroill having much simpler 
SIde chains. When silk is hydrolysed, the main amino acids isolated are glycine, alanine, serine 
and tyrosine. 
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Like wool, silk is wetted by water and dyed with either acid or basic dyes through the 
t0n11ation of salt linkages. 

(d) CellulO!~e Acetate: It is a man-made fibre which is made by acetylation of alcoholic 
groups of cellulose fibre (cotton). The three hydroxyl groups present in the single glucose unit 
of cellulose can be replaced in succession depending upon the degree of acetylatin. The higher 
the degree of acetylation, the more unlike cotton the cellulose acetate becomes. 

Acetylated cellulose ditfers from cellulose fibres in that they are more hydrophobic and IlJck 
la~ge number of free 'hydroxyl groups. Cellulose triacetate fibre is the most hydrophobic and the 
most stable. 

Dyeing of cellulose acetates is affected with dyes of low water solubility which become 
dissolved in the fibre or by occlusion of dyes formed in situ. Acid, basic and reactive dyes cannot· 
be used because of the lack of sites for attachment. 
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The other less important semisynthetic fibres are nitro cellulose, cuprammonium and viscose 
which are obtained from cotton by nitration. by treatment with ammo11lacal copper hydroxide and 
by treatment with carbon disulphide and alkali respectively. 

(e) Po(vamide (llyloll, Du PIJlltj: These are synthetic fibres posseSS\l1g properties somewhat 
like those of wool and silk. These synthetic fibres are made from condensing diul11tnc with a 
diacid or by self-condensation of a lactam. For example, nylon 6 is made from caprolactam and 
nylon 66 is made from hexamethykne diamme and adipic acid. By chang\l1g the aliphatic residues. 
the carbon chains between the two amide linkages can be varied resulting in variable property 
of the amide fibres. 
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Structure of polyall1 itl.: lihre 

Polyamide fibres are dycable near the boiling point of water with acid d~es that form salt 
lmkages with basic sites. Dyeing by this means is limited by the availability of these sites. 

(/) Polye ... ter Fibres: These are synthettc fibres unlike any produced In nature. They arc 
synthesised by condensing ethyl glycol (aliphatiC dJalcohol) with tercphthalic aClo (aryl-I. 
4-dicarboxylic acid) to form a chain of eastcr linkages between phenylene and ethylene linkages 
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Structure of polyester 1ibre:'. 

Polyster fibres are hydrophobic. Some polyester fibres do not have functIOnal groups while 
others are prOVided with acidic groups or otherwise modi tied to l11ake thl:l11 hydrophilic. 

Modified polyester fibres could be dyed by solution of dyes in the fibre or by occlusion of 
dyes formed in situ. Modified polyester fibre~ could be dyed in these way~ or with the dyes 
selected according to the nature of the sites introduced by the modification. 

19-) Polyacryiollitl'ile : This is the synthetic tibre which is obtumed by the polYl11crisation 
of acrylonitrile. It contains a linear carbon chain with cyano groups attached to the alternate 
carbon atoms. 

.. ... CH,-CH-CHz-Ci-I-CI1 2-CH ... 
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acrylonitrile polyacrylonitri1e libre structllr~ 

In polyacrylonitrile, the cyano groups are the dye sites. However, the dyeing character of 
polyacrylonitrile can be improved by making available better dye sites through its modllication 
with other copolymers. 
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(17) Polyolefin Fibres: These are obtained from the products of polymer is at ion of unsaturated 
compounds of carbon and hydrogen. For example, polypropylene is obtained by the polymclisation 
of propylene. In polypropylene, the methyl side groups are attached to alternate carbon .atoms of 
the main skeleton. 

. .. CH2-CH-CHz-C/f-CH 2-CH ... 
I I I 
CHJ CHJ CHJ 

propylene polypropy lenc 

Polyolefin fibres do not absorb water and are chemically quite inert. They can be dyed with 
special disperse dyes by are coloured best by introducing a colorant into the polymer before the 
fibres are spun. 

Hydrophohic and Hydrophilic Fihres : Most of the synthctic fibres do not attract water 
molecules and are called hJ'dmpllOhic/ibres (means water repelling). On the other hand, cotton, 
wool, silk and other natural tibres attract water molecules strongly and are refen·ed to as hydrophilic 
fihres. 

2.3. Dyeing 

I, is a process which is used to trllmIer 'he colollr to the suhstllllces heillg ((wd. The dyemg 
process even now is being extensively studied with the help of modem instruments. However. 
the dyeing of fibres involves one or more of the following four types of torces : 

(a) Ionic Interactions: These arise from ionic sites of opposite charge in the fibre and thl: 
dye molecules. For example, the dyeing of woo] with acid dyes of the levelling type (i.e .. those 
with fairly simple structures) is mainly due to the formation of salt-type chemical links between 
dye anions and cationic groups in that fibre. This is shown in Fig. 2.1. 
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Fig. 2.1 : Dye-tibre attachment by ionic forces 

As the salt-type chemical links between dye anions and cationic tibres are easily broken, 
the reSUlting dyeings have somewhat poor fastness to wet treatments. 

Basic dyes are attached to wool, silk or acrylic fibres containing anionic sites by salt-type 
linkages. Fastness to washing on wool and silk is in most cases rather poor but usually reaches 
a high standard grade on po]yacryJonitrile fibres. This has been attributed partly to difference m 
the strength of salt bonds and partly to the hydrophobic nature of the synthetic fibre. 

(b) Hydrogen Bonds: These interactions are weak and are fornled by sharing a lone pair 
of electrons on nitrogen, oxygen or nuorine in a molecule with covalently bonded hydrogen 
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atom. The hydrogen bonds are 111volved in dyeing of wool, silk and man-made fibre~. Several 
hydrogen bonds forming bdween the dye molecule and the tibre structure at a time may be 
sutliciently strong to hold the dye molecule to the fihre structure. This is shown in Fig. 2.2. 
However, the dyeing of cellulose is not explained through hydrogen bonding because water has 
more affinity for cellulose than dye molecules. 

CELLULOSE FIBRE 

CELLULOSE 

Fig. 2.2 : Dye-tibre attachment by hydrogen bonJing. 

(c) van der Waal's Interactions: These interactions are weak and mainly arise due to 
interactions between molecules close to one another. In dyeing, these interactions arise due to the 
interaction between 1t orbitals of dye and tibre molecule in linear fashion. van der Waal'~ 
interactions become stronger between similar groups, e.g .. alkyl aryl in polyester dyes. When the 
tolal effect of such interactions become greater than a critical requirement, the dye will attach 
to the fibre. This is shown in Fig. 2.3. 

Polyester 

Disperc dye 

Fig. 2.3 

It appears that van der Waal's forces are effective only when the dye and fibre are brought 
into prox.imity by some means as a salt-type link. 

(d) Covalent Bonds: These bonds are formed between dye and fibre molecules due to the 
reaction between a reactive dye and a group such as -OH. Such reactive dyes were first introduced 
by ICI in 1956 under the name procio1l dyes. They were soon fol1owed by Cibacron dyes by 
CmA. These dyes are fast to washing. 
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Fig. 2.4 : Dye-tibre attachment by covalent bonding. 

When a reactive dye having, dichloroazine reactive system undergoes reaction with the 
cellulose structure having alcoholic hydroxy groups, one of the chlorine atoms undergoes reaction 
with the hydroxy group of the fibre yielding a dye-fibre attachment. This is shown in Fig. 2.4. 

When the dyeing is can'ied out in aqueous medium. one chlorine atom gets replaced by the 
oxygen of the hydroxy groups originally present in the cellulose while the other chlorine atom 
gcts replaced ~y hydroxy group by the reaction with water. 

On the basis of various types of mteractions between Iibre and dye. it becomes possIble to 
know that whIch fibre should be dyed with particular dye (or dyes) or not. The various conclusions 
are summarised as follows : . 

(i) Cotton may he dyed or printed by direct dyes, vat dyes, solllbiliscd vat dyes. sulphur 
dyes, ingr~in dyes, azoics, reactive dyes and pigment emulsions. 

(ii) Wool may be dyed with acid dyes. acid-rnGtdant dyes. basic dyes and reactive dyes. 

(iii) Silk may be dyed with direct dyes, acid ~yes. mordant dyes and basic dyes. 

(iv) Polyamide fibres may be dyed with acid dyqs, disperse dyes and disperse reactIve dyes. 

(1') Polyester fibres may be only dyed with disperse dyes. 

(vi) Modified polyprolene fibres may be dyed with only specially selected disperse dyes. 

(vii) Polyacrylonitrile fibres may be dyed most suitably by' cationic dyes. However, disperse 
dyes can be employed but with certain limitations. 

Cross Dyeing: The polymer chemist is now successful 1\1 increasing the versatility or the 
new fibres by incorporating dye sites of a varying nature as required to· achieve dyeability with 
a predetermined class of dyes. It has now become possible to have polyesters, acrylics and poly
amide fibres which may be dyed with positive (basic, cationic). negative (acid, aniol1lc) or neutral 
(disperse) dyes. These developments have made possible for fabric designer to produce materials 
(textiles, carpets) fablicated in patterns which can be dyed for three different colours fro~ one 
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dye bath having three types of dyes. This concept is known as cross (~veillg. This has now 
become popular m; a low cost method of colouration. 

Basic Operations in the Dyeing Process : The basic operation of the dyemg process 
involves the following steps : 

(a) Preparation of the fibre, 

(h) Preparation of the dye bath, 

(c) ApplicatIOn of the dye. and 

(d) Finishmg 

We shall discuss these steps one by one. 

(0) Preparation of the Fibre: In order for the dyeing to be successful, it is essential that 
the preceding operations must be performed carefully. The ~aw ~ibres get associated with foreign 
substances like oils, waxes. lubricants used while spinning. These also get associated with sizmg 
material and dirt processing. Hence the fibres are scoured with soap and other detergents hefore 
these are dyed. This step hC\ps the dye liquor to penetrate through the fibrous material and thus 
produces level dyeing. This treatment has been found to depend upon various factors like the 
nature of the fibre, the depth of the shade and the processing material to which the dyed material 
is suhmltted. 

(h) Preparation ofthe Dye Bath: The dye bath is prepared by adding necessary chemicals 
to the solution of water soluble acidic, basIc and direct dyes. If there are insoluhle yat dyes in 
the dyeing bath, they arc reduced with alkaline hydrosulphite to render them water soluhle \eueo 
compounds. After dyeing. the fibres are subjected to air oxidation when the original colour on 
the fibres is generated. 

Beside dye. some other substances like wetting agents salts, carriers, retarders and other 
aSSIstants are also added to the dye bath. The function of the caITIers is to improve the dyeing 
rate of hydrophobic fibres (e.g .. polyester) because they act as swelling agents. The function of 
retarders. which are colourless compounds. is to slow down the dyeing process to the desired 
level by competing with the dye tor the reactive sites on the fibre. For example. acetic acid is 
used as retarder when dyeing of wool is done with acid dyes. 

(c) Application of the Dye: In 'order to dye the fibre, it is immersed in the dye for. a 
specilied time at optimum temperature. For getting level dyeing, stirring arrangement is used. 
Level dyeing indicates the uniformity of the dye on the fabric. This depends on the nature of the 
dye, the absorptiv€ power of the fibre and the conditions of the dyeing. 

Dyeing can be achieved by a hand operation or on a machine. In /ralld operatioll the fihrous 
material is moved in an open vat containing the dye colour. In COllliflllOllS l(reing process. two 
types of dyeing machinery are used. In olle fJpe. the dyeing bath is kept stationary while the yam 
or cloth is moved in it. This agitates the liquor kept in the dyeing bath. The excess dye is 
squeezed out by passing the yam or cloth through a pair of rollers. This also assures penetration 
of the dye. In second type. the tibrous material is properly supported while the dye liquor is 
passed through it under pressure in one direction. At intervals, the direction of flow or the dye 
liquor is reversed. 
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As the dyeing process is continued. there occurs the graduaT decrease of the concentration 
o( the dye in the dyeing bath but there occurs the gradual increase of the concentration of the 
dye on the fibre. At last a stage is reached when the dyeing bath contains practically no dye and. 
it is then said to be exhausted. 

(d) Finishing : Various finishing processes are applied to dyed fibres or cloth. These 
processes are essential to produce lustre resistance to shrinkage and creasing the other desirable 
qualities of feel and appearance. 

Dyeing processes are generally carried out using water as the medium. Hence purity of 
water is very important. It is necessary to soften water if not pure. 

The above operations may not be carried out in stated sequence. For example. in the dyeing 
of wool, first of all finishing treatments are carried out and then the dyeing operations are carried 
out. On the other hand. in the dyeing of cotton, the dyeing process may be can'ied out in between 
the two preparatory treatments. 

Various Methods of Dyeing: These are as follows: 

(£I) Direct Dyeing: The method of dyeing depends on the absorptive power of the fibre, 
the nature of the dye and the conditions of dyeing. However, it is necessary that the dye applied 
is fast to light, washing, bleaching and other treatments and possesses an intensity comparable 
to the standard sample. . 

As wool and silk are amphoteric proteins. they can be dyed directly either by acidic or basic 
dyes, However, mordant dyeing is used to get faster and brighter shades. The dye bath is prepared 
by dissolving the dye in cold water and to this small quantities of sodium sulphate and sulphuric 
acid or acetic acid are added. The material to be dyed is now introduced into the dyeing bath. 
Then, the temperature of the bath is gradually raised to about 60°C. At this juncture, exhausting 
agent like common salt or Glauber's salt is added and the temperature is raised to boiling. The 
material is rinsed cold and dried ailer dyeing is complete. The washing fastness is improved by 
after treatments of the dyed fibre in a separate bath. The various treatments are as follows : 

(i) Development with diazonium salts, 

(U) Diazotisation and development, 

(iii) Treatment with chromium fluoride or sulphate and sulphate. 

(iv) Treatment with formaldehyde, and 

(v) Treatment with copper salts. 

Treatments (i) and (li) are quite useful in modifying the shade of the dyed tibre. 

The cotton, linen and rayons do not show affinity for many dyes which are sueq for dyeing 
\/001 and silk. However. they can be dyed with substantive dyes by direct dyeing method. The 
dye is dissolved in hot water. To this dye bath 5-20% sodium sulphate and 0.5-2% sodium 
carbonane are added. Now the fibres arc introduced in the dyeing bath which is tirst maintained 
at 50-60°C and then raised in half an hour to 85-95°C. The dyeing is completed in about I hour. 

As the synthetic fibl es are hydrophobic, they are resistant to the usually cotton dyes. 
However, they can be best dyed from an aqueous dispersion of a ,water-insoluble anthraquinone 
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or azo dye in the presence of a dispersing agent such as soap. In this process of dyeing, the dye 
enters the fibres in the form of a solid solution. 

(b) Vat Dyeing: The ability of a colouring substance to function as a vat dye has been 
found to depend upon (i) the property of the insoluble dye to form a soluble alkalt salt by 
reducing with alkaline reducing agent such as sodium hydrosulphite and (ii) the affinity of the 
leuco salt for textile fibres especially the cellulose tibres. If fibre is immersed in the alkaline 
solution of a reduced dye (called vat) and exposed to atmospheric oxygen or oxidising agent the 
insoluble dye is regenerated by oxidation which remains fixed to the fibre. 

The dye bath for vat dyeing is prepared by adding the dye (in the form of paste with water) 
and a dispersing agent to water containing caustic soda and hydrosulphite. Vat dyeing is calTied 
out partly by a continuous process in which the cotton cloth is impregnated with vat liquor. Then, 
it is steamed so that there occurs proper fixation of the leuco compound to the fabric. Further, 
it is allowed to pass through a bath which contains oxidising agent such as chromate and acetic 
acid or perchlorate. This generates the colour. Finally, it is soaped, rinsed and dried. 

When sulphur dyes are applied by vatting, sodium sulphide is used as a reducing agent. 
Vatting method cannot be used to dye wool and silk because the alkali used damages the fibre. 

The best example of vat dye is Indigo. Its two carbonyl groups are reduced to hydoxyls. 
The sodium salts of these hydroxyl groups are substantive to cotton. The two of the four carbonyl 
groups of Indanthrene Blue RNS are reduced to hydroxyl groups. 

Vat dyes are quite expensive and must be applied with care. They offer excellent fastnes!"' 
when properly selected. They are the dyes most often used on cotton fabrics. 

(c) Mordant Dyeing: Whenever mordant dyes are applied, a pretreatment of the tibre with 
a mordant material designed to bind the dye is essential. The mordant becomes attached to the 
fibre and then combines with the dye to form an insoluble complex called a lake. An example 
of mordant is aluminium hydroxide which is precipitated in cotton fibre. This mordant binds such 
dyes as Alizarin by formation of an aluminium lake. 

When the mordant dyes are applied to wool, there occurs the combination of a metal with 
the w.ool fibre and the lacking of the dye with combined metal gives the tibre very good fastness 
to washing. The metal used for wool is commonly chromium which can be applied before, during 
or after dyeing. The colour can be changed using various metals. 

The dyeing bath for mordant dyeing is made by adding 2-5% acetic acid (40% solution) and 
10% sodium sulphate solution to the dye solution. The temperature of the bath is initially 
maintained at 50-60%. When the fibre is introduced in the dyeing bath, the temperature of the 
bath is gradually raised to boil till level dyeing is obtained. The temperature is allowed to drop 
and sodium dichromate,. equal to half the weight of the dye is added. Finally the material is 
rinsed. 

Mordant dyes have declined in importance mainly because equal or superior results can be 
obtained with other classes of dyes at less expense in time and labour. 

(d) Disperse Dyeing: This method is now used for dyeing polyester fibres although it was 
origina'l1y~eveloped for cellulose acetate and polyamide fibres. 
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In disperse dyeing, the dye is pasted to the fibre with water at about 400
(', Now a suitable 

dispersing agent and carrier (trichlorobenzene, biphenyl or o-phenyl phenol) are added to the dye 
bath for maintaining a tine dispersion and the dyeing is carried out at 800

(', Altematively, 
disperse dyes may be applied by a dry heat (Thermosol) process to polyester fibres. In this case 
the dye achieves molecular form by sublimation (vaporisation) from the solid dye to the fibre 
surface. Extremely small particle size is also important for this process. 

(e) Formation of Dye on the Fibre: Azoic dyes are prodl.!ced inside textile fibres by zao 
coupling. In the usual procedure, the fibre is tirst impregnated with an alkaline solution of the 
coujlling component and then treated with a solution of the diazonium compound. Finally, the 
dyed goods are soaped and raised. 

Special techniques have been devised for forming azoic dyes on synthetic fibres. It is 
sometimes possible to apply both the diazo component and the coupling component simultaneously 
from aqueous dispersion and then to treat the goods with nitrous acid .to produce the colour. 

(/) Dyeing of the Wool with Acid Dyes : The dyeing bath is prepared by di'ssolving the 
dye in cold water. To this small quantities of sodium sulphate and sulphuric or acetic acid are 
added. Now the fibre to be dyed is introduced into the dye bath. Then the temperature of the dye 
bath is graduaI1y raised. The dyeing is completed at the boiling temperature in one and half 
hours. The fibre is then rinsed and finally dried. 

This process of dyeing is simple and cheap. It gives the brightness of the shades. 

(g) Dyeing with the Reactive Dyes : Two methods are used for dyeing tibres with the 
reactive dyes. These methods are as follows :. 

(i) . Impregnation by padding and 

(ii) Dyeing in the dye bath. 

In the first process (i), the dye is dissolved in one vessel. Wetting agent, sodium sulphate 
and sodium bicarbonate are dissolved in another vessel. The two solutions are mixed before use. 
The cotton fabric is first padded through it and then dyed above IOOOe. The function of bicarbonate 
is to yield alkali which fixes the reactive dye on the fabric. The function of sodium sulphate is 
to prevent the movement of the dye during drying because if unlevel results are obtained, they 
are difficult to correct. The treatment is concluded with a light scour so as to remove unfixed 
colour. 

In the second process (ii), the dyeing with certain reactive dyes may be carried out in cold, 
using 2-3% of the dye along with relatively high concentration of common salt. 

2.4. Fastness Properties 

These are the properties of the dyes which indicate the tolerance of the dyes on the tibres 
towards the action of various foreign agencies like light, washing, heat (sublimation), rubbing, 
perspiration, milling (rotating in wash wheel) etc: These fastness propeliies have been 'carefully 
standardised by various agencies. For a given dye to be a commercial dye, it should have at least 
the minimum rating number in each fastness concerned with the type of "the dye. However, 



2.12 ~\l1thetic pres 

certain exceptions are known. For example, most of the triphenylmethane (TPM) basic dyes have 
low light fastness but they owe commercial value due to the brilliancy of shades obtained on the 
fibn:s. 

The various fastness properties are as follows : 

(a) Colour Fastness: This measures the resistance of the textiles when they are exposed to 
various agencies. The usual practice is to apply the dye on the tabric in specified strength 
and subjected to the varIOUS agencies. For this, a scale or 1-5 IS employed. In this scale, 
I _ means poor fastness while 5 means excellent. 

(h) Light Fastness: This measures the resistance of dyed fabric to light under standard 
conditions. For this a scale of 1-8 is employed. In this scale, I denotes poor light fastness 
while 8 denotes best fastness to light. 

(c:) Sublimation Fastness: A dyed piece is kept in contact with undyed piece and subjected 
to heat. Alteration in colour and degree are noted. This fastness is graded il'om 1--5: 
I denotes lowest rate in sublimation while 5 denotes highest rate in sublimation. 

Sublimaticr. fastness is useful for synthetic fibres. 

(d) Burnt Gas Fumes Fastness: A dyed piece is exposed to oxides of nitrogen. AlternatIOn 
111 colour is assessed. This test is largely used for synthetic fibres. 

Many other fastness properties, e.g .. bleaching, milling. hand washing, rubbing perspiration, 
etc. are also determined. 

Note: The types of dyes used for various types of fibres are summarised III Table 2.1. 

Table 2.1 

No. Fibres Chemical Nalure Physical PlVpertl" Tlpes of f)ye.\' llset/ 

I. Cotton Cellulose tibre (polymer of cellobIOse) Hydrophilic Direct dyes, Reactive dyes 
Azoies, vat dyes, mordant 
dyes 

2. Wool Protein fibre (Natural Polyamide) Hydrophihc ACidic and baSIC dyes 
, 
.). Silk Protein fibre (Natural Polyamide) Hydrophilic Direct dyes, Acidic, 

Basic dyes 

4. Cellulose Aeetylated cellulose fibre Hydrophilic Disperse dyes, 
acetate Solvent dyes, Vat dyes 

5. Nylon Synthetic (Linear polyamide) Hydrophilic Acidic dyes, Disperse dyes 

6. Terylene Linear polyester Hydrophilic. Disperse dyes 

7. Orion Acrilan Polyaclilo-nitlile Hydrophilic Basic dyes, Vat dyes, 
Disperse dyes 
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CLASSIFICATION OF DYES ON THE 
BASIS OF MODE OF APPLICATION 
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Introduction 

There are different methods by which dyes are applied on the fibres. This depends on the 
structure of the dye, nature of the fibre and physical properties such as solubility. Thus, a method 
used for one group of dyes may not be suitable for another group of dyes. Therefore, dyes can 
be classified on the basis of mode of application. When dyes are classified in this way, the dyes 
with similar structure will be placed in different groups. Some dyes are prepared in the final form 
and then applied on the fibres whereas some of them are prepared on the tibre itself (Ingrain 
dyes). 
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1. Direct Dyes : These are the dyes which can be directly applied in aqueous solution to 
cotton fibres. These dyes generally contain sulphonic acid groups and hence they are soluble in 
water. The dyeing is carried out in the presence of salts (Na2S04) and hence they are called salt 
dyes or substantive dyes. They have affinity to celluosic fibres and are attached to them by 
H-bonding. The direct cotton dyes have poor light and washing fastness but they are extensively 
used due to their low cost and simplicity of dyeing process. Examples: Azo dyes (Congo red), 
stilbene, phthalocyanine dyes, etc. 

2. Acid Dyes: These are water soluble dyes having acidic 1::1fOUps, like -SOJH or phenolic 
-OH. Hence they are used as their sodium salts (anionic dyes). They have affinity for the protein 

(3.1) 
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fibres like wool, silk (and even leather) but have no affinity to cotton. These are applied to fIbres 
from an acidic bath containing dilute sulphuric or acetic acids. The dye is held on the fibre by 
ionic forces. 

Examples,' Nitro dyes (picric acid. naphthol yellow), azo dyes (Metanil Yellow, Orange II). 

3. Basic Dyes: They contain basic gn:,ups (-NH2• -NR2) in the color base. When it is 
treated with acid the dye is formed (c!1i.ionic dye). They can be directly applied to protein fibres 
like wool, and silk. However, they have poor atlinity to celluosic fibres. Hence. I.:ellulosic fibres 
are first treated with an intermediate compound called mordant such as tannic aCid and then It 

is dyed. The basic dyes form brilliant shades but they do not have good fastness to light. They 
are used when these propertIes are not very much needed. These dyes are the earliest known 
synthetic dyes as Perkin's mauve was the first synthetic basic dye. 

Examples,' Triphenylmethane dyes (Crystal violet. Malachite .!:,rreen, Megenta), xanthene 
dyes (Rhodamine B), thiazinc dyes (Methylene blue). 

4. De,'eloped Dyes (Ingrain Dyes) : These are not the readymade dyes but they are formed 
on the cellulosic material itself. As the dye is developed on the fihre they are called developed 
or ingrain (~}!es. The fibre is impregnateB with the coupling component followed by treatment 
with the solution of diazonium salt. The azoic couplers are arylamides of 3-hydroxy-2 naphthoic 
acid (BON acid) which belong to naphthol AS series. The diazonium salt is derived trom the fast 
bases. The coupling takes place on the fibres itself at low temperatures forming the insoluhle 
azoIc dye. Hence they are also called ice colours. They give brilliant shades with very good light 
and washing fastness. They are not suitable for protein fibres like wool and silk as they arc 
sensitive to alkali which is used as the medium for coupling. 

II,N1 > (rNII, 

CH30 OCH 3 

Fast Blue BRase 
(Azoic hase) 

OH 

~ 
~CONH-< > 

Naphthol AS 
(Azoil; Coupler) 

There are also other examples of ingrain dyes. Aniline Black is an ingrain dye as it is 
produced by heating the fibre in a solution containing aniline salt and an oxidizing agent like 
KCI0 3• These are called Oxidation c%urs. 

5. Mordant Dyes: Mordant is an intermediate organic or inorganic compound which is 
used to fix a dye on the fibre. The mordant dyes have the groups capable of f01wing stable 
complexes with the metal atom. The type of. the mordant used depends on the nature of the fibre 
and the structure of the dye molecule. 

(i) Basic Mordants are hydroxides of Cr. AI, Fe, Sn, Co, etc .. which are llsed for acidic dyes. 

(ii) Acidic Mordants such as tannin or tannic aCid which are used for basic dyes. 

Mordants are used for dyes which have low atTinity tor the fibres i.e .. they are used to 
increase the dye-fibre affinity. The mordant dyes have good fastness property. The dye and 
mordant combine to form a "'ake" (a coloured substance formed by combination of a dye with 
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a mQrdant) which has brilliant colour. The fibres may be treated ~ith the m~r4ant before or after' 
the application of the dye. Now-a-days the metal complex of the dye is prep~red in advance and 
then applied to the ,fibre. . 

Examples :. At.ltiVaquinone "dyes (alizarin), azo dyes (Eriqchrome Black T): Alizarin is 
applied.to cotton mordanted' with AI(OHh. ' . 

. Chrome dye's are a' type of mordant dyes for which chr6tpium' is ,used as mordant for dyeing 
mainly for protein fibre~ like,wool and leather. Th.e dyed woo] is treated withNaFr20 7 in the 
presence of fonnic acid. which reduces it to Cr(OH)3' 'this .forms a complex ·w'itii'"wQoll;ln.d. the 
process is called chroming. Chrome dyes have light and ~ashing fastness but 'they are dulL 

Examples : Eriochrome Black T. Eliochrome. Red B. ' 
. . 

6. Vat Dyes : These dyes are insoluble in water and hence cannot be directly applied to the 
· cellulosic fibres. When such a dye is reduced by sodium hydmsulphite -(Na2S~04) in an alkaline 

medium, colourless leuco compound is fonned; This compound ·is soluble in alkali. :rhis process 
of reduction and solubi]ising is known as vatting. The carbonyl brrouP is reduced to phenolic 
hydroxyl group which is soluble in alkali. The fibres are immersed in the solution of the leuco 

· compound which has affinity to cellulosic fibres. The original dye is then regenerated by air 
oxidation in the presence of mild acid. They are mainly used for cotton' and cellulosic fibres. 
They are not suitable toi wool and silk because the fibres are damaged ·in alkaline inedium. They 
have., low affinity for synthetic fibres.. . 

Exampie: Indigoid dyes (Indigo), Anthraquinone.dyes (lndanthrene Yell~w GK). The an
thraquinone vat dyes are found to ha~e the highest fastness properties among the'· synthetic dyes: 

Indigo Dye 
(Coloured. Insoluble) 

?Na , ,1, H 

9=. C 'N)) 
1 ~C~CI I· 

""-, I ~. ,.., 
'~N C,"" 
HI' 

ONa 
Leuco Compound 

(Colourless. Soluble) 

Earlier indigo was fermented in the wooden vats with vegetable matter and released hydro-
carbon~ acted as ~he ·~e.ducing agent.· . . 

'SolUbilized Vat Dyes 

These are an exterision,Qfthe·vat dyes. They a~e sodium salts of the sulphuric estes Qf]euco 
compounds. The fibre is'''impregnated with the vat solution and treated with an oxidixirig al,rcnt 
.(NaNO, solution) followed by an acid (dilute H2S04), The dye is regenerated on the fibl~e by 
hydrolysis and o?,idation. They have two advantages over vat dyes. They are stable and can be 
easily stored; whereas the sodium salts of leuco compounds are prone to air oxidation. Further. 

· since no aJkali i~ involved in the process. they can be applied to wool unlike vat dyes. These dyes 
··are used. mcir.e extensively for cotton than ~ool. These 'dyes belong to indigoid and anthraqui~one 
· c1as~ ,of d;yes,:. . . 
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Solubilised Vat dye Dye 

7. Sulphur Dyes: They are also insoluble dyes similar to vat dyes. They are reduced and 
solubilised by hot sodium sulphide in alkaline medium. The sulphur dyes have complex struc
tures having disulphide linkages. On reduction they split into simpler molecules which are water 
soluble. The cellulos.ic fibres are impregnated with this solution for which they have affinity. 
Then the original dye is regenerated by atmospheric oxidation. 

R-S-S-R 
Sulphur dye 

2R-SH 
Solubilised dye 

Sulphur dyes are cheap and give dark shades. They have very good fastness towards light 
and washing, but their drawback is that they are affected by chlorine. They cannot be applied to 
wool and silk as they are damaged by alkali and sodium sulphide. 

Examples : Sulphur Black T for umbrella cloth. 

Sulphul'ised vat dyes are obtained by sulphurisation (thionation) of antraquinone and in
dophenol derivatives .. They are insoluble and hence made soluble by reduction with sodium 
hydrosulphite (Na2~204)' The solution is applied to fibres and dye is regenerated by oxidation. 
They are inexpensive and have better fastness properties than sulpi).t,lf; dyes. 

8. Disperse Dyes: The semi-synthetic and synthetic fibres like cellulose acetate, polya
mides, etc., are hydrophobic fibres. Hence they cannot be dyed by aqueous solutions of dyes. 
These insoluble dyes are finely ground and dispersed in water using suitable dispersing agent. 
These microfine dispersions are applied to fibres either by using organic carriers or by using high 
temperature and pressure. The fine particles of the dye ditluse into the material of the fibre and 
are held by adsorption. The nitro, azo, and anthraquinone dyes are used as dispersed dyes. They 
are supplied as a mixture of insoluble dyes and dispersion agent in the powder form. These dyes 
must have low molecular weight and should have a group like that in ethanolamine (--NH-CH2 
CH20H), which helps in dispersion. 

Example of disp~rse azo dye is Celliton Scarlet B. 

-0- -0-
./C2Hs 

02N If_' N=N If_' N~ . 
. CH1-CH2-OH 

Celliton Scarlet B 

9. Reactive Dyes: The reactive dye molecule consists of a dye (with chromophore) at~ 
tached to a fibre reactive system. These are mainly used for cotton and cellulosic fibres. The 
reactive system is a heterocyclic compound containing groups which chemically react with 
hydroxyl groups of cellulose. Hence, the dye molecule gets attached to the fibre by means of 
covalent bonds. 
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Dye-{ Reactive}- Fibre 
System 
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The reactive dyes can be derived from azo, antraquinone and phthalocyanine dyes. Thl! 
"most common fibre reactive system is cyanuric chloride (.\·-triazine trichloride) in which the 
chlorine atoms are reactive groups and can be replaced. 

A reactive dye can be obtained by action of cyanuric chloride on a dye containing amino 
group at low temperature and in neutral medium. One of the chlorine atoms of the cyanuric 
chloride is substituted by amino group of the dye. This is called cY(ll1l1ration. . 

CI 
N=( 

Dye-NHz + CI-{ lIN 
- N /I" 

~I 
Cyanuric Chloride 

CI 
N=( 

Dye- NH -{ /iN 
N-\I 

Reactive dye 

The reactive dyes are soluble in water due to the presence of sulphonic acid groups. Thus, 
the cotton fibres are impregnated with this so~tion and then heated under mild alkaline condi
tion. The remaining chlorine atoms of reactivt dye react with ~hydroxyl bTfOUPS of cellulose 
forming covalent bonds. Thus, the dye and fibre are attached. through an ether linkage. This is 
called the fIXation oJ/Itc:.. {~ye. Finally, the fibres are washed with soap"to remove the partially 
hydrolysed reactive dye molecules. 

CI CI N:=(o 

Dye-NH-{ 2N + HOCellulose 

N-\I -Hel 

N=( 
Dye-NHi-.<N 

O-Cellulose 

There are two types of reactive dyes based on cyanuric chloride. 

(;) Dich/orotriazine dyes are more reac~ive and can be dyed at low temperatures (20-30°C) 
and they are called culd brand reactive dyes, e.g., Procion Bril1iant Red M-2B. 

(ii) MOlluch/orotriazine dyes are less reactive and hence dyed at higher temperatures (80-
90DC). Therefore they are called hot brand dyes. e.g .. Cibracron Brilliant Red B. 

=<CI 
N-

rlS03H 01-1 NII-{ AN 

o-N=N~ N-<R - .NlA 
1-I03S SOjl-l 

ProCiOll Brilliant Red M-2B (R = ('1) 

Cibracron Brilliant Red B (R = NH2) 

Dady
Highlight
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10. Solvent Dyes : These are insoluble in water but they are soluble in organic solvents 
.such as alcohols, hydrocarbons, chlorinated hydrocarbons, esters, oils etc. They are used to dye 
oils, fats, waxes, printing inks, carbon paper and ribbons, soap, varnishes, etc. They are also used 
for bulk dyeing for plastics or synthetics by adding the dye in the molten polymer. 

Examples : Azo, anthraquinone and triphenylmethane dyes. 

In addition to these, there are many other dyes used in variety of applications sllch as food 
colours, photographic dyes, optical brightners etc., which are djscussed in subsequent chapters. 
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Introduction 

The dyes have different chemical structures derived trom aromatic and hetero-aromatic 
compounds. They mainly differ in chromophores and auxochromcs. Hence, dyes can be classified 
on the basis of chemical structure, particularly considering the chromophoric system. However, 
it should be noted that the dyes of a particular chemical class may not have same properties ,or 
mode of application. Some of these classes may be further sub-classified. 

1. Nitroso Dyes: They contain nitroso (-N = 0) group as the chromophore. It may also 
be present as the oximino (= N - OH) group. They are derivatives of phenols and naphthols 
which are prepared by the action of nitrous acid. They are used as complexes with iron which 
gives green coloured Jakes. 

o ¢Cou 
NOH 

NO 
~Ol-I 

~ 
Fast Green 0 Naphthol Green G 

( ~O) . I 2. Nitro Dyes: They contain nitro -N ..... 
O 

,group as the chromophore and hydroxy 

group as auxochrome. They are obtained by nitration of phenols. They are'generally acidic dyes 
and have yellowish colours. However, their use is limited as they are not fast to light. 

OH 

02

N* N0
2 I~ 

, A 

NOz 
Picric acid 

OH 
HOJS~N02 

~ 
NOz 

Naphthol Yellow S 

3. Azo Dyes: They contain an azo (-N = N-) group as a chromophore in between two 
aromatic rings. The azo dyes form the largest group among the synthetic dyes and give a wide 
variety of colours. They are further classified according to the number of azo groups, into 
monoazo, diazo dyes etc. The azo dyes are prepared by coupling a diazonium salt with an amine 
or phenol. They are also classified on the basis of the nature of the auxochrome. 

(4.1) 
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(a) Ba.'iic azo dye.'i :'Contain basic groups like "':"NH2• -N~. 

Mono Azo Dyes 

-Diazo' Dyes ' 

Orange II 
(Acidic aio ~tye) 

Aniline Yellow 
(Basic azo dye) 

NH2 : .', ': >" NH2 

~I"~ N=N-D-O-N=N~~ I ~ 
~ h, ~ h 

• > 

SOJH SOJII 
Congo Red 

.~1'lIt!t('tic [~ve.\ 

The azo dyes are also classified on the basis' of mode of application as follows : . 
(i) Direction or Substantive Azo Dy~s 

These are the azo dyes which can be directly applied to cellulosic substrates such as cotton, 
linen, paper etc. They do not need the help of the intemediates called mordants for theIr app'1l
c~tion. The examples of direct azo dyes are, a disazo dye call~d cogo red and a tris azo dye c'alled 
direct -deep black. 

(;,) Ingrain Azo Dyes. 

_ These are water insoluble azo dyes which are tormed on the fibre itself. The fibre is dipped 
in the alkaline solution of a naphthol and then treated with a solution of the diazotised' amine, 
which results in the formation of the azo dye' on the fibre for example, 

, HO " 

H,N-QN=Ni ~ 
Para Red 

The aniline black is considered as a special case of ingrain dyes. The fabric is tirst dipped 
in a solution of aniline hydrochloride and then with solution of potassium qichromate solution 
in sulphuric acid. The aniline black is formed by oxidation on the fibre itSelf. 

, ,}', 
, > ' 

: /.:" 
• II, 

i I 
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(iiI) Mordant Azo Dyes 

These are azo dyes which require a metal as a mordant. Chromium is commonly used as 
the salts sodium chromate, dichromate or chromium fluoride. The chromium salts can be applied 
to the fibre before dyeing (chrome-mordant method), along with the dye (metachrome method) 
or after dyeing (after chrome method). The application of mordant helps to increase the molecu
lar surface, decrease in solubility, improve the brightness and fastness properties. Eriochrome 
black T and red B and diamond black F are examples of this type. 

(iv) Synthetic Fibre Azo Dyes 

There are several azo dyes used for dyeing synthetic fibres like rayon. nylon. terylene etc. 
They may be acidic, basic or disperse dyes. 

H,N~ ~N=Ni: ~NII' 
~ J 

Orange Dye for rayon 

-0- -0-
/CH2CHJ 

02N f ~ N=N f ~ N 
- - 'CI-I

2
0I

2
0H 

Cclleton scarlet B (For cellulose acetate and nylon) 

4. Diphenylmethanc Dyes: They are derivatives of diphenylmethane. They are basic dyes 
used as salts. 

H N-o-~ c-o-~ NH 2 _ II _ 2 

+NH1Cr 

Diphenylmelhane AUl1lmine 0 

5. Triphenylmethane Dyes : They are derivatives of triphenylmethane containing -NH2• 

-NR2 or -OH groups at para positions as auxochromes. -:rhey are however. colourless compounds 
called leuco bases. These compounds on oxidation give coloured bases which on treatment with 
acid give the salt. The dye contains the quinonoid group as the chromophore. 

Malachite green Crystal violet 

6. Phthalein Dyes: They may also be considered as derivatives of triphenylmethane with 
hydroxy and carboxylic groups. They are prepared by condensation of phthalic anhydride with 
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m-dihydroxyphenols or m-aminophenols in the presence of dehydrating agents. Phenolphthalein 
is a phthalein dye which is colourless in acidic medium and pink in alaline mediunl. It is mainly 
used as an indicator. 

HOy) (y0H 

~~ 
«:c\ 
~ I ° 
~ C/ 

II 
o 

Phenolphthalein 
(colourless) 

NaOII. 

Na0Y) ('~t 
~~ 
~c 

COONa 

Na-salt of phenolphthalein 
(coloured) 

7. Xanthene Dyes: They are derivatives of xanthene (dibenzo-I, 4-pyran). They contain 
-OR -NHR1, -COOH brroups as auxochromes. These dyes resemble phthalein dyes as they are 
also prepared by similar methods llsing phthalic anhydride. They also have quinonoid group as 
chromophore. These dyes give brilliant shades with fluorescence, but they lac light fastness. They 
also form bright coloured lies with metal salts. 

HO 

Fluorescein Rhodamine B 

8. Heterocyclic Dyes: They are derivatives of heterocyclic rings with -NH2 and -NR2 
groups as auxochromes. They contain the mixed heterocyclic rings of nitrogen, oxygen and 
sulphur atoms. They are all basic dyes and their salts are coloured. They are further classified 
on the basis of the type of heterocyclic rings present. The ring itself acts as the chromophore. 

(i) AzilJe Dye ... : They are derivatives of the heterocyclic ring called phenazine. They give 
variety of colours and are relatively inexpensive. These dyes are of historical importance 
because the first synthetic dye i.e .. Perkin's Mauve belongs to this brrouP. They are used 
for dyeing of silk, wool and also cotton using mordants. 

Phenazine 
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(ii) TIJiazjlle Dye.~ : These are derivatives of the heter~xycIjc' ring phenothiazine with -NH2' 
-NR2' 'etc.; groups as auxochromes. It is a basic dye used a~ a s~lt for paper and also for 

'cotton and silk using mordants. 

"(Xf? N~ 
,~Is~ 

Cr ~ 

Phenathiazi ne 
, ' 

Methylene, blue 

(iii) Oxazine I)ye.~ : They are derivatives ofphenoxaZine ringcontainin,g -NR,. -OH .. groups 
as auxochromes'. The dye is in the' f~rm of ~n oxoni~m ~a1t . - , 

'(XN~ 
~Io~ 

cr 
Phenoxazonium chloride 

~N~' 
(CH,,)~N~g:~N(~H.i}z 

Capri blue GN 

(iv) Acridille Dyes: These are derivatives of the heterocY,clic ring called 'acridine. They.also 
contain·-NH2 and '-NR2 groups as auxochromes. They are basic dyes used as salts 
mainly for leather. ' 

'~ 
(CH ) N~N~N(CH ) 

J z I cr J 2 

1-1 
Acridine Acridine Orange R 

(v) Tlliazole Dyes: They are derivatives of the heterocyclic ring benzothiazole. They are 
basic, dyes used as salts. They are suitable for cellulosic fibres and do nQt h~ve good light 
fastness. 

Benzothiazole 

CI-IJ · 

I 

.. --O=~rO-N(CH,)' 
CH" cr 

Methylene Yellow 'N 

(Vi) Quilloli"e Dyes: they are derived from quinoline ring and diketo indane ring. They are 
not suitable as dyes for fibres but used as, photographic sensitisers. 

Quinoline 

() 

~~ 
~N~<~l) 

, II' 
o 

Ollinnline Yellow 
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9. Cyanine Dyes : They contain two quinoline rings attached through a mcthine 
(=CH-) or polymethine (=CH-C'H=CH-) groups. They are used as photographic sensitisers. 
They are further classified on the basis of the positions through which they are linked. 

S. No. 1J1J(! Linkage IjiJsitioll Example SC'lIsitises to tlu.' 

\ 
('%U/:\· 

(i) Cyanine . dyes = CH...: 4,4' Cyanine Yellow, Orange, red. 

(ii) Isoeyunine dyes = CH- 2,4' Ethyl red Green 

(iii) Pseudocyunlne dyes = CH- -2,2' Pseudo cyulline Blue-green 

(iv) Carboeyanine dyes = CH-CH=CH- 2, 2' Pinaeyanol Red 

(v) Kryptocyaninc dyes = CH-CH=CH- 4.4' Kryptocyaninc 

10. Polymethine Dyes: They consist of two aromatic or heterocyclic rings attached by one 
or more methine (=CH-) groups. They are basic dyes used for acrylic fibres. 

CH ('H 

~
J' 1 eHCH 

(7 I +h CH=CH-0-...' N~ 2 J 

~ 7 cr - 'C\-lzC'HlC\ 

CHJ 

Astrazone Pink FG 

ll. Indigoi(l Dye~ : They are derivatives of indiole and contain ened~one 

o 0 
II II \ 

(-C-C=C-C-) group as thecchromophore Indigo is one of the oldest dye of this typC\and 
it is used extensively due to its special hue and very good fastness property. Many impohant 
derivatives of indigo have been prepared. They are important vat dyes. : 

• I, 

o 0 
II H II 

(XC, INO (XC, ISO I C=C I I C=C I 
~ N' 'c ~ ~ S I 'C ~ 

~I II . II 
o 0 

Indigo Thio indigo 

, 12. Anthraquinone Dyes : They are derivatives of anthraquinone, with p-quinone system 
as the chromophore. It contains -OH, -NH2' -NHR, -NHR, -NH. -Ar, -NHCOR groups as 
auxochromes. They are used as mordants as well as vat dyes. They have good fastness properties 
with textile fibres. They are also used for dyeing non-textile materials like paper, rubber. plastics. 
printing ink. etc. 
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o 

~ VyV 
o 

Anthraquinone 

o OH 

o 
Alizarin 

4.7 

OH 

The derivatives of anthraquinone which contain heterocyclic rings and also acylamino 
groups are cal1ed indanthrene or Algol dyes. They are used for dyeing textiles including synthet
ics like nylon. 

Ci © 
< __ tCONH 0 

CI 
Illdenthren Yellow 4GK 

Anthraquinone dyes are further classified as follows : 

(i) Alltl,raqui/lOlle mordallt dyes: They contain groups such as hydroxyl or carboxyl group, 
which can combine with metal to form insoluble compounds called lakes. 

o OH 

o 
Alizarin 

OH 

(Dye for cotton using AI(OH)J as mordant) 

(il) Allthraquillone vat dyes : These are vary important class of vat dyes. They are deriva
tives of anthraquinone containing heterocyclic or other poly cyclic rings. They may also 

o 0 
II n 

contain the grouping -C (CH = Cf-I)n -C- attached to heter~cyclic rings. They have 

high molecular weight and are insoluble in water. They are available in various brilliant 
colours and shades of exceptional fastness. They are mainly used for dyeing of cotton, 
wool, silk and nylon and also for printing. The anthraquinone vat dyes are tirst reduced 
by sodium hydrosulphite (Na2S20 4) in alkaline medium to get a soluble form called 'vat.' 
Then the fabric is immersed in the vat solution. On exposure to air the dye is regenerated 
on the fabric by O''(idation. 
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(:<Xl 
o 

insoluble dye 

Example. 

o 

o 
Indanthrone blue 

ON:.! 

r:¢J 
ONa 

vat solution 
2Na2SPJ + 2HP 

Sylllhelic Dyes 

+ 

(iiI) Alullraquillolle C1cid (lyes : These are water soluble anthraquinone derivatives which 
have the solubilizing sodium sulphonate groups (SO)Na). They are llsed for dyeing wool. 
silk, nylon leather and paper. These dyes are particularly fast when applied to wool in 
acidic medium. 

Example 

o 

o NH-C"l-L, 

Solway ultra blue B 

(iv) Antllraquinolle d;.~perse dye.~ : These are insoluble derivative of anthraquinone, mainly 
used for dyeing synthetic fibres like acetate, polyester and polyamide. Thcy have good 
light fastness. However exposure to gas fumes causes fading and change of shade. This 
difficulty is overcome by substituting the ring with halogen, hydroxy, alkoxy, nitro. 
cyano groups. 

Examples 

o NHl 

~ 
~ o NHCHJ 

Celliton fast violet 6B 

o NHzCH 3 

~ 
~ 
- 0 NHCI-I2CHPH 

Dispersol blue 
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1. Reactive Dyes: The other class of dyes do not have good washing fastness when applied 
to cotton and celIulosic fibres. Hence reactive dyes were specialIy developed for those fibres. As 
the name suggests they· actuaIIy react with the. hydroxyl !,,'fOUpS of cellulose through a tibre 
reactive system. Hence they wi11 have good washing fastnesS when apphed to cotton. They may 
be derived from azo, anthraquinone or oti:ter chromophoric system. ' 

2. Disperse Dyes :. The semi-synthetic and synthetic fibres like cellulose· acetate, nylon 
polyester, rayon etc.· are hydrophobic fibres. Hence they cannot be dyed by aqueous solution of 
dyes. Disperse dye~ are i~soluble but they are finely ground and dispersed in water using suitable 
dispersing .agents .. These microfine dispersions are ·applied to fibres by using organic carriers or 
by using high temperature and pressure. TIle fine particles of the dye ditfuse into the material 
of the fabric and then held ,by adsorption. The disperse dyes may be nitro, azo or anthraquinone 

. dyes. These dyes must have low molecular weight and should have groups like ethanol amine 
(NHCHFH20H) which help in the formation of disperSion. 

Disperse azo dye 

-0-, .-0-.'.' /CH2CHJ 

O,N N=N N 
- - -. 'CH

2
CH

2
0H 

Cellitoll Scarlet B 
-~' ." 

Disperse anthraquinone dye, example disp'ersoi blue. 

3. Basic Dyes : They are derivatives' of. heterocyclic rings containing -NH2 and -NR2 
groups as auxochromes. The heterocyclic ring or a quinono"id system acts as a chromophore. 

Their salts with acid are coloured (cationic dye). They can be directly applied to protein 
fibres like woo] and silk. However they have poor affinity to cotton, Perkit:ls mauve was the first 
synthetic basic dye prepared. They have brilliant shades but do not have good fastness to light. . 
Hence they are used for dyeing leather, paper etc. 

Examples: Triphenyl methane 'dyes (malachite green). xanthene dyes (Rhodamine B), 
thiazine dyes (methylene blue)~ . . 

13. Sulphur Dyes : The structl,lTe of these dyes IS not well established. When ar~matic 
amines, aminophen~ls, chl~ronitro compounQs, etc.; are heated with sodium polysulphide. coloured 
compounds witli complex strUctures are obtained; which are called· sulphur dyes. They are in~ 
solu\?le and have fairly good washing and light fastness. They are prepared in large scale (next 
to azo dyes) as they give dark shades of blue, green, black and brown colours. :. 

qel 
CI 

Sulphur Black T ' 
(Black dye for cotton) 

14. Phthalocynines : They are metal complexes of isoindoles and considered as the 
derivatives of the heterocyclic compounds called porphyrazine. Their colour (violet, blue, green) 
depends on the metal (Cu, Fe, Mg etc.) and also on the substitution in the ring. 

." 
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'rhe first phthalocynine was formed as an impurity when phthalic anhydnde washealcd in 
an iron vessel. Copper phthaloeyanine (Monastral Fast blue BS) was prepared by hearing 
phthalonitrile with cuprous chloride. The dyes can also be formed directly on the fibre by heating 
a precursor called phthalogen, with Cu or Ni salts. 

eN 
r?y 
'~CN .. 

ls()indole Phthalonitrile 

~""=:::'E':" I~ N ~ 
I 

~ N ' 

~CI16'~IN 
IN' I 
~ ~ 

Monastral Fast Blue BS 

II 
~N 
~c~1t 

U 
o 

Phthalogen 

These compounds an! extremely stable to acid, alkalis, heat, light. etc. They are used as the 
pigments. for paints. printing inks, plastics. rubber, fibres, etc. They can be made .soluble by 
sulphonation and used as direct dyes. 
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5.1. Bathochromic and Hypsochromic Effects 

If a structure change in a dye molecule shifts the absorption towards higher wavelengths. 
it will deepe~Jb,e colour of the dye in accordance to the following sequence : 

yellow ---7 orange ---7 red ---7 purple ---7 violet ---7 hlue ---7 green 

Any group or a factor that produces the deepening of the colour in accordance to the above 
sequence is knO\vn as bathochrome and the effect, i.e., the deepening of colour, is known as 
bat/wchromic effect. 

When a bathochromic group is introduced into a dye, it will increase the resonance which 
in turn decreases the energy gap of the ground state-excited state transitions with visible colour 
production. The shifting of the absorption towards higher wavelengths with the introduction of 
bathochromes has been illustrated in Fig. 5.1. 

logE 

logE 

logE 

logE 

3000 4000 
wave length A 

C6Hb 

C6 Hs·NHz 

C6 Hs·NOz 

5000 

Fig. 5.1 : Absorption spectra of benzene, aniline, nitrobenzene. and p-nitroaniline. 

If a structural change in a dye molecule shifts the absorption from higher to lower wave
length, it will lighten the colour of the dye in accordance to the following sequence : 

green ---7 blue ---7 violet ---7 purple ---7 red ---7 orange ---7 yellow 

Any group or a factor that will lighten the colour of the dye in accordance to the above 
sequence is known as /zypsochrome and its effect produced is known as hypsochromic e.tfect. The 
hypsochrome group diminishes resonance, often by forcing 1t-orbitals out of coplanarity. 

Changes in the structure of a dye due to which the intensity of absorption increases are said 
to be hyperchromic. On the other hand, structural changes which decrease the intensity of absorp
tion are termed as hypochromic. 

(5.1) 
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Bathochromic, hypsochromic, hypo~romic and hyperchromic etlects are represented by 
the absorption spectra (Fig. 5.2) which are 'obtained by plotting the intensity of absorption against 
wavelength (A.). • 

• Hyperchromic 

!4-~Io=:--+ Bathochrolll ic 

• Wave length (A.) A 
Fig. 5.2 : Absorptil\'l1 spectrum of a particular dye. 

The introduction of certain groups in a dye molecule causes the bathochromic and hypso
chromic etTects. This is summarised in the following facts : 

(i) The bathchromic effect is produc~d by the introduction of additional auxochromes such 
as -OH and -NH2 groups in a dye molecule" For example, when an additional-NH2 group 
comes in the aniline yellow, chrysodine is produced which is an orange coloured dye. 

< }-N=N-{ }-N112 
aniline yellow 

H2N-{ }-N=N-{ }-NH2 
chrysodine (orange) 

(ii) In addition to the auxochromes, the ()- and p- directing groups, when present on the 
aromatic ring, also deepen the colour. For example, alkyl, aryl and halogens deepen the 
colour and are therefore known afo bathochromes. 

(iii) When the alkylation of amino group is done, it produces the bathochromic effect. On the 
other hand, when the alkylation as well as acylation of phenolic groups are done, these 
will produce hypsochromic effect. A good example of illustrating the bathochromic effect 
is to introduce six methyl groups in pararosaniline (red dye) nucleus to give crystal violet 
(violet colour). 

-NH2 ~ -N (CH3)2 bptllOchromic effect. 
I 

-OH ~ OCH3 or _cOCOCH3 Ilyps()chromic effect. 

(iv) The bathchromic eirect is also produced by salt formation because it increases the pos
sibility of resonance which is again due to the fomlation of dye ions. 

NH +Cl 
3 

-OH ~ ONa~ 

batllOchromic e.tFects. 
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5.2. ColoUr- and Chemical Constitution 

Colour: The psychological sensation which is produced j,vhen the light of certain wave
length reaches the eye is known as the colour. Thus, c.olour is dependent on and varies with the 
nature of the light ,illuminating the coloured substances. 

The ordinary light consists of electromagnetic radiations of varying wavelengths which ~an 
be categorised in three headings : 

Part of light 

Ultraviolet light 

Visible part (white light) 

Infrared 

Raf/ge of waveleflgth of light 

1000-4000 A 
4000-7500 A 
7500-100.000,0 A 

The range of wavelength visible to human eyes js consisting of electromagnetic radiations 
9Qyering rays ,of w.avelength in the region 4000 to 8000 A. Radiations below 4000 A and above 
8000 A in the near vicinity are invisible and lie in ultraviolet (U.V.) and infrared (1.R.) re~i0n.s 
respectively. Thus, the visible regIOn is responsible for producing a definite colour to a particular 
substance: In' the visible range of wavelength, light is composed of seven different colours 
namely,; violet, 'indigo; blue, green. yellow. orange and red (VIBGYOR). The sequence of ultra
violet, visible (with specral c010urs) and infrared regions is shown in Fig. 5.3. 

4000/\° 
i,'.' 

Fig. 5.3 : Sequence of UV, .vi,sible with spectral colours and IR. 

The energy,agsocja,ted with a light wave is proportional to its frequency. Thus high fre
qi.!en.~y tadiations have high energy. All radiations travel with 'same velocity. But t~ey differ in 
the' ,,:v.avelength alld frequency. - -

'E = hv 

But c = vA. 

Therefore' E = hclA. 
, , 

. -Where,- h = Planck's constant 

c = Velocity of light 

V = frequency 

i = wave1~ngth 
. when' white light is Incident on a substance, colour is obtained in the following differ-

, . ,. -

ent ways: 
, -. 

(i) If the white light is reflected completely, the substance will appear light. 

(it) If the white light is absorbed completely, the substance wil1 appear black. 
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(iii) If all the wavelengths of white lig1? are absorbed except a single narrow band which is 
reflected. the colour of the subs~ance will be the colour of the reflected band. For 
example, if the substance absorbs;all wavelengths eXl:ept one single band say the blue 
(4500 A) which is reflected, the ~ubstance will appear blue. 

(iv) If only a single band of white light IS absorht>d, the substance will have the complemcn
tary colour of the absorbed band. For mstance, blue colour is produced if light of 5900 
A (region of yellow colour) is absorbed because the composite of the remaining wave
lengths'which are reflccted gives the psychological sensation of blue colour. Thus, blue 
and orange are said to be. complementary colours because the absorption of one from 
white light gives the other. The relation of colour absorbed and colour visualised with 
respect to a given range of wavelength is given in Table 5.1. 

Table 5.1 : Colour absorbed and colour visualised with respect to wavelength regions 

Waw/el1gtll A Colfur ahsorhed Colollr visualised 

4000 - 4350 Violet Yellow-green 

4350 - 4800 Blue Yellow 

4800 - 4900 Green-blue Orange 

4900 - 5000 Blue-green . Red 

5000 - 5600 Green Purple 

5600 - 5800 Yellow-grcen VIOlet 

5800 - 5950 Yellow Blue 

5950 - (J050 Orange Green-blue 

6050 - 7500 Red Bluc-green 

5.3. Relation Between Colour and Chemical Constitution 

The colour of a compound is related to its chemical constitution. It is evident' from the 
following examples. 

(i) Benzene is colourless while its isomer fulvene is coloured. 

(ii) Reduction of coloured organic compounds results in the loss of colour and oxidation of 
the reduced compounds regenerates the original colour (Graebe and Libermann 1868)'. 

Coloured organic compound 
n.:liuctioll 
---" 
~ 

oxidation 
Colourless compound 

From this example, Graebe and Libermann concluded that Ul1saturation was responsible for 
the development of colour. 

The relation betwe~n colour and chenlical constitution of a substance has been explained 
by different theories which are described as follows : . 

1. Witt's Theory (Chromophore-auxochrome Theory) : According to this -theory (1876). 
there existed a relationship between colounmd chemical constitution of a compound and further 
a dye is madt;. up of two parts, chromophores and auxochromes. 
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(a) C/,rompllores : The colour usually appears in an organic compounds if it contains 
certain unsaturated groups. Witt called these groups a~ the chromophores (Greek chroma-colour, 
and pllOros. bearing). For example, diazomethane contains the unsaturated group. azo group, and 
is, therefore, yellow in colour. On reduction, the azo~group is reduced and methylhydrazine is 
produced which is colourless because 'it does not contain unsaturated group. Some important . 
chromophores are listed in Table 5.2. 

:rab1e 5.2 : Some Typical Chromophores 

-N==O nitroso 

"/C'--S h' I I t Joc.:'lr lOny 

-N=N azo 

-N==N+O azox)' 

-N=N-NII UZOUll1illO 

=< >= p,-quinonoid 

o-quinonoid 

II 
-C=N-UZo01clhinc 

;0 
-N nitro ,.. 

'0 

"-/.'==0 carbonyl 

" / /C==C" ethylcnic 

The chromophores listed in the' above Table are of two types : 

(a) Independent chroll1ophores : This type includes sllch chromophores when a single 
chromophore is sutlicient to impart colour to the compound. Examples of such chromophores are 

-N=O, -NO~, -N=N. -N=N-70, -N=N-NH. -N=N-70, p-quinonoid, etc. 

(b) Depel1delll ChromopllOres : This type includes such chromophores when more than one 

chromophore is required to impart colour. Examples of such chromophores are ~C== 0, ~C=C~. 
etc. This type is exemplified by various examples. For example. acetone, containing one carbonyl 

groups, is yellow. A single C = C group does not produce colour in the compound but if a number 
of them are present in conjugation, the colour usually appears. For example, ethylene, CH1 = CH1 , 

is colourless while CH3 (CH2>()CH3 is yellow. 

° ° ° U II II 
CHj-C-CH3 CHj-C-C-CHJ 

acetone' biacetyl 

Diphenylpolyenes provide another example. The formula of these is Ph (CH = CH)//Ph. 
When 11 = 0, I or 2, the compound is colourless. However, when 11 is. 3, the compound becomes 
yellow and when Il is further increased, the colour gets deepened, i.~ .. when II is 5, the colour 
is orange, when 11 is 7, the colour is copper-bronze and when 11 is II, the colour is violet-black. 

.' The shade of the' colour is also influenced by the proximity of the chromophores. If these. 
are separated by other groups, the compound becomes colourless. For example. 
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o 0 
II II . 

CH3-C-C-CHj is yell~w in colour while 

.0 0' 
II II 

CHJ-C-CH 2-CH 2-C-CH l is a colourless compound. 

Compounds containing a chromophoric group were called as chromogens by Witt. 

(b) AuxocIJrome.~ : A chromogen may be coloured but it does not represent a dye. Witt 
pointed out that the presence of certain groups in a chromogen leads to a deepening of the colour 
although these groups are not chromophores themselves and do not impart colour to the com
pound when present without the chromophore. Witt called these groups as auxochromes (Greek 
auxein to increase, and chroma-colour). 

Witt had listed a number of auxochromes which are given in Table 5.3. 

Table 5.3 : Sorpe Typical Auxochromes 

Name Group 

Amino -NH~ 

Mcthyl!lmino -NHCH3 
Dimethyl amino -N(CH3)2 

Sulphonic acid -S03H 

Hydroxy -OH 

Carboxylic acid -C'OOH 

The auxochromes serve two functions. namely. 

Nall/e 

Chloro 

Methyl 

Methoxy 

C'yano 

Acetyl 

Acetamldo 

Group 

-CI 

-CH J 

-OC'H3 

-CN 

-eOCH, 

-C'ONH, 

(a) They increase the intensi~v of the colour,' This is illustrated by the toll owing example 

(i) Benzene (no chromophore) is colourless. 

(ii) Nitrobenzene (-N02 as a chromophore) is pale yellow. 

(iii) p-Nitroaniline (N02 as a chromophore and -NH2 as an auxochrome) is dark yellow . 

. (b) They make the chromogell a dye byfixing it to the fabric or the material to be l~l'ed 
either by association or by salt formation. The fixing of the dye to the fibre is generally due to 
the formation of chemical bond between the fibre and the auxochrome. This is best illustrated 
by the following example : 

• 
azobenzene (coloured 

but not a dye) 

Auxochromes are mainly of two types : 

C6H~.N=N--< ">-NIIJCI

p-aminoazobenzene hydrochloride. 
(a dye, aniline yellow) 

(a) Bathochromic auxochromes : These are the groups which increase the depth of the 
colour. These shift the absorption maxima frem the violet towards the red and thereby bring 
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about the deepening of the colour. It is called red shift. When the hydrogen atoms in an amino 
group -NH2 are replaced by -NHR or -NR2• a bat~chromic effect is produced. 

(b) Hypsochromic auxochromes : These are the groups which decrease the depth of the 
colour. These shift the absorption maxima from the fed to violet and this results in the fading 
of the colour. It is called blue shift. A hypsochromic effect is observed when -OH or -NH2 group 
of a dye is replaced by -OCOCH) or -NHCOCH3 group respectively. 

Witt's theory has be~n proved extremely useful empirical guide in developing many of 
the dyes. 

, 2. Armstrong's Theory (1888) ': The colour of a compound is due to the presence of 
quinonoid type of structure (ortho or para). This was based on the observation that benzene is 
colourless whereas benzoquinone is yellow coloured. Thus according to this theory the aromatic 
compounds (benzenoid structure) which can change into q'uinonoid structure are coloured. The 
quinonid ring is onlya combination of the chromophores i.e .• C = C and C = O. Thus Armstrong's 
theory can be considered as an extension of chrornophore theory. Hel1ce this is called quillolloid 
theOlY to explain the cause or'the colour i~ the compounds. . , 

o-benzoquinone o-quinonoid p-benzoquinone p-quinonoid 
structure structure structure 

On the basis of this theory. it could be possible to explain the colouring properties of some 
of the . impo~nt compounds. For example, 

(i) Benzene is cloudless whereas benzo-Quinones are coloured. 
o 

o Q 
o 

benzene (colourless) p-b,enzoquinone (yellow), 

(ii) For example, when phenolphthalein is present in benzenoid form, it is colourless. But its 
soqium salt can assume quinonoid structure. Hence it is coloured (pink) in alkaline 
medium. 

HOn OOH Naon OONa Naon 0° :?I I~ ~I I~' :?I:? 
~ '. ~ . N'lOlI ~ ~ ~ ~ 

C ~ C ...--. c 
'((I b ((I "0. ((I DNa 
~ / ~ / ~ / c c c 

II II II ° 0 0 
Pheno1phthalein Na- salt ' p~quinbnoid 

(colourless) (pink coloured) 
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However, Armstrong's theory has t~ following limitations. 

(i) The iminoquinone and di-iminoqu~pone have quinonoid structures, yet they arc colourles::.. 

o=< rNH; 1m=< rNH 
Iminoqllione De-iminoquinone 

(ii) There are large number of coloured ,compounds but they cannot be represented by qumon
oid structures. 

6 0 
II II 

CHj-C-C-CHl < }-N=N-{ ) 
Diacetyl Azobenzene 

(iii) Although this theory has a number of limitations, yet this theory stimulated further 
research on the problem of colou; and constitution. It has found some practical applica
tions in the dye industry. Armstrong attempted to explain the colour of p-nitrophenol (I) 
on the basis of a quinonoid structure (II) but there was no evidence for the existence of 
such a structure. 

The actual preparation of two series of ethers (III) and (IV) of p-nitrophenol by Hantzsch 
proved that there exists the phenomenon' of tautomerism in nitrophenols. 

¢ 
.-N~ 

o 0 
(III ) 

colourless 

o 

¢ 
O.-N'oR 

(IV) 
coloured 

Hantzsch presumed that a change in colour of a compound could be attributed to a change. 
in structure from benzenoid to quinonoid or vice versa. However, Hantzsch also realised thai 
c%llr is all additive proper~v. It means th~t the state of the molecule as a whole should' be takl711 
into consideration for explaining the colour of a compound. For eX,ample, the groups -NO~ and 
-GNa, if simultaneously present, impart visible colour but if present alone do not do so. It nleans 
that the two groups must be interacting to yield a new structure for the molecule. Thus. the 
change of colour is taken to be the evid'ence of the change of structure. This phenomeilOl1 is 
known as chromoisomerislIl. 
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OH .. 0 

"- ¢ KO"~ ~ ¢ 1 

... 

j('N" N· 
OJ(' 'oK o 0 

3. Baeyer's. theory : According to this theory (1907), the colour might be due to the 
struc~l oscillation of the quinonoid condition between the two benzene rings. The change from 
one from to the other involved movement of electrons and not movement of atoms. 

This theory is illustrated by considering fuchsonimine. It is a colourless. If an amino group 
is introduced in one of the benzene rings, it produces deeply coloured Deobner's violet. This colour 
is due to the structural oscillation of the quinonoid condition between the two benzene rings. 

Q -' = C=O=NH a -, 
, 

Fuchsonimine (coldurless) 

HUONH, ~ ~ -
~ ~I 

6 -....-

Deobner's violet (coloured) 

4. Nietzki's theory: According to this theory. the colour of dye is deepened by the addition 
of substituents. Further the deepening of colour is proportional to the increase in molecular 
weight. For example. when benzene is replaced by naphthalene in azo dyes. the colour is deep
ened from yellow to red. 

The Nietzki's rule is generally true but for the deepening of the colour the nature of the 
groups added is important and not the weight of it. This can be understood by considering the 
compound, CH3 -(CH2)a --X- (CH2)b - CH3 in which X is the chromophore. If X remains same 
but a and h are having different values, it is interesting to note that the depth of the colour is 

,found to be independent of a and h. 

5. Watson's theory : According to this theory, the depth of the colour depends upon. many 
other factors besides the length of the conjugated cltain. If the weight of the dye is increased 
without changing the length- of conjugated chain the shade becomes deeper because vibrations 
become slower due to increase in molecular weight. For .:xample. fluorescein on bromination 
gives eosin which has a much deeper hue than fluor~scein. 

Similar to other- theories. this theory is only empirical. 
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5.4. Modem Theories of Colour and Constitution 

The current and most important theories called valence bond theOl), and molecular orbital 
theory explain plausibly the relation between colour and constitution. These theories are based 
upon the following concepts : 

1. Quantisation of Ught energy: Light is quantised in the units of energy called light 
quanta or photons. 

2. Absorption of radiation by molecules: A compound appears coloured if it selectively 
absorbs light in the visible region and reflects the light of wavelengths in the rest of the visible 
region. The amount of light energy absorbed in the visible spectrum is the only responsible factor 
for the shade of the colour. 

The main function of the absorbed energy is to raise the molecule from the bITound state 
energy, Eo to the excited sta~e, E( and the diiTerence of energy, AE is the quantum of energy given 
by quantum theory equation (1), 

c 
.1E = E( - Eo = hv = h

A. 

where h = Planck's constant 

c = velocity of light 

/.. = wavelength of the absorbed radiation 

(1) 

The amount of energy absorbed, AE, depends upon the structural configuration of that dye. 
In other words, AE depends upon how tightly the electrons are bound in the bonds and accordingly 
the absorption will occur in V.V. or a particular region of visible range. For instance, 

(i) If the electron of a molecule are tightly bound as in saturated compounds, no light of 
visible region will be absorbed but only light of ultraviolet region will be absorbed and 
hence the compound will appear colourless. 

(ii) If the electrons of a molecule are loosely bound as in saturated compounds, the absorp
tion may occur in the visible region and the substance will then appear coloured. For a 
coloured region and the substance will then appear coloured. For a coloured substance 
the value of AE lie between 71 and 35.5 k cal/mole as we pass from 4000 to 8000 A. 
It means that if an organic substance is to be coloured, it must have mobile electrons 
which can be raised from ground to excited state, the values of AE being between 71 and 
35.5 k cal per mole. 

Now the question arises how AE is responsible for producing colour. This has been ex
plained as follows : 

As the electrons occupy definite orbitals, it means that AE and hence irequency of light 
absorbed must have definite value. But each value of the frequency of the absorbed light is 
associated with a particular line in the spectrum. Therefore, the spectrum of a compound will 
consist of a large number of Hnes corresponding to a large number of excited states of the large 
number of molecules constituting the: dompound. The lines appear as a band because the values 
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of ~E are very close to each other. Now the existence of the bands in definite parts of the 
spectrum produces the colour. 

3~Dipole Moment : The dipole moment plays a significant role in the transition of the 
molecule because a molecule can absorb light only if its dipole moment changes. For example, 
the more symmetrical the molecule, the smaller is the probability of transition dipole and, 
therefore, the light is absorbed by the molecule very slowly: Similarly, it is shown that the greater 
the transition dipole. the !,tfeater is the absorption of intensity. Thus, if the group, which is 
introd~ced in the molecule, decreases the symmetry of the molecule, the transition dipole and, 
therefore, the intensity of the absorbed light will also be increased. 

We will now apply the above concepts in explaining the relation between colour and 
constitution by the two important theories called valence bond (Y.B.) and molecular orbital 
(M.O.) theories. The former theory deals with electrons in pairs while the latter theory deals with 
electrons singly. Let us now discuss these theories one by one. 

I. Valellce bOlld theory (resollallce theory) : The various postulates of this theory are as 
follows: 

(i) Chromophores are groups of atoms, the 7t-electrons of which may get transferred from 
ground state to excited state by the absorption of radiation, thus producing the colour. 

(ii) Auxochromes are btfOUps which tend to increase resonance by interacting the unshared 
pair of electrons on nitrogen or oxygen atoms of the auxochromes with the 1t electrons 
of the aromatic ring. This increase in resonance increases the intensity of absorption of 
light and also shifts the absorption band to longer wavelength. Hence there occurs the 
deepening of the colour.· From this it is evident that increase in resonance must deepen 
the colour and actually it has been found to be so. 

Hyperchromic 

c o 
·c Hypso-"""---:;;~_,, e- .... Bathochromic 
o chromic 
VI 

..0 
~ 

'-c 
>; -.;;; 
c 
~ c 

Wavelength 
Fig. 5.4 : Ahsorption band in Visible Spectrum 

(iii) The dipole inoment changes as a result of oscillation of electron p~irs. The. following 
order has been observed for the ease of excitation of different groups. 

N=O>C=S>N=N>C=O>C=N>C=C 
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The colour deepens in the opposite direction. 

(iv) Resonance theory explains the relation of the colour and the symmetry of the molecule 
or transition dipole of the molecule because as the number of charged canonical struc
tures increases, the colour of the compound deepens. The more the possibility and longer 
the path for a charge to oscillate in a compound. the more longer wavelength of light will 
be absorbed and therefore more deeper would be the colour of the compound. 

(v) In resonance theory the chromophore is considered as an electron withdrawing group and 
auxochrome as an electron donating group. When they are conjugated through double 
bonds (usually benzenoid systems) then electrons move from auxochrome to chromophorc. 
This increases the resonance and also causes the change in dipole moment. Hence inten
sity of colour is increased. If the separation between chromophore and auxochrome is 
increased, the resonance increases, increasing the intensity of colour. 

Auxochrome Chromophore 

H 0l/f!Y-Nto 
2 "& 

- 0 
(electron donating) (e-accepting) 

The development of colour in compounds can be explained with the help of resonance as 
follows: 

(a) A simple and common example is thaI. benzene is colourless, nitrobcnz\!ne is pale 
yellow and p-mtroaniline is dark yellow. This can be explained as 101l0ws : 

In benzene, two major structures contributing to its resonance hybrid are the two Kekule 
structures (1 and II). In addition, a number of charged canomcal structures of type III may be 
written but they contribute relatively little to either ground Qr excited state and thus benzene 
absorbs in the ultraviolet region. Also, the benzene molecule is symmetrical and, there tore, the 
absorption is weak. 

(I) (II) (III) 

In nitrobenzene, charged structures contribute much more in the case of benzene and, 
therefore, the absorption is shifted to longer wavelength (blue), thereby producing a pale yellow 
colour which is the complementary colour of the blue band. Also, the intensity of the absorption 
is increased in nitrobenzene due to the loss of symmetry of the molecule. 

- -
0, + .::::~.o 0, + ~() _ + _ _ + _ _ T _ 

N N O-N-O O-N-O O-N-O 

0-6-0--6-6 
ED 
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In p-nitroaniline, the contribution of the charged structure is still larger and hence tne light 
of longer wavelength is absorbed, thus deepening the colour to the dark yellow. 

p-Nitroaniline 

The comparison of dipole moments for nitrobenzene (0.21 D), aniline (1.48 D) and nitroaniline 
(6.1 D) also reveals that there occurs the relatively high contribution of the charged structure to 
the resonance hybrid of p-nitroaniline. The larger value (6.1 D) for p-nitroaniline over the. sum 
of aniline and nitrobenzene (4.21 D + 1.48 D _== 5.69 D) is due to the fact that each of amino 
and nitro groups cooperatively helps the other in shifting the actual state of the molecule in the 
direction of charged structure. 

(b) Similarly, ortho and para-nitrophenols show dark colours in alkaline medium. In alkaline 
medium they form salts which have many charged resonance structures. They absorb strongly in 
visible region causing deep colour 

& (;0 &./0 ;0 ; 

: I tJ'Q NaOH. I : tJ'Q 
N,_+ .--.. I ~ ONa 

o-Nitrophenol Sodium salt (orange rcd) 
(pale yellow) 

¢ NaOII~ 
Qa .--.. 6 

N+ N+ N+ 
~ '0- ~ '0 c5 'ONa - -+ 

p-Nitrophenol Sodium salt (Dark yellow) 

(i) The resonance theory can also explain the colour of ortho and para quinones. There are 
many charged resonance structures which contribute to the resonance hybride. Hence, it strongly 
absorbs in visible region causing yellow colour. 
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·0· 

Q-
:0: 

·0· 

~Q.+-+ 
V+ 

Resonance structures of v-quinone 

Synthetic Dyes 

Q-+¢ 9+-9 
:0: :0: o :0: 

+ 
Resonance structures ofp-quinone 

(ii) In many cases the colour of the dye changes with the nature of the medium. For 
example, p-aminoazobenzene is yellow in alkaline medium but in acidic solution it becomes 
violet. In alkaline or natural medium there is only one changed structure contributing to the 
resonance structure. It absorbs in the blue region and hence, shows yellow colour. In acidic 
medium it gets protonated and both the resonance structures are charged. Therefore, it absorbs 
at a longer wavelength in the yellow-green region and shows violet colour. This is an example 
of bathochromic shift. 

< }-N=N-1 }-NI-I 2 +-+ :( rN- N==< }=NH2 
Yellow (Alkaline or neutral medium) 

< }-~=N-< }-NH2 +-+ < }-NII-N==< rNH2 
Violet (Acidic medium) 

(iii) In case of diphenyl polyenes there is an extended conjugation and there is large 
dispersal of charge. There is a linear relation between the number of double bonds and the 
increase in the wavelength of absorption. Hence, there is a strong bathochromic shift and colour 
goes on deepening with increase in the number of double bonds. Another example of polyene, 
is ~-carotene which is orange-red coloured natural product having eleven conjugated double bonds. 

~-Carotel1e (Orange red) 

The cyanine dyes are also very similar to diphenylpolyenes. They have two equivalent' 
charged resonance structures. Hence they absorb strongly in visible region and show deeper 
colour. 
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S' . 2' -- CH -N CH-CH - CH. ~ IN-C H. 
2 !I \\ /I 2 ~ 

-C'H'-~ ~CH !H~CHJ~N-C'H' 
Kreptocyaninc 

For the resonance to be etTective the plolecule should be planar; For example, the cis-isomer 
of the following azo dye is non-planar due to repulsion between two methyl groups which are 
close to each other. Tbus the resonance is p~evented and the compound is col04rless. But the 
trans-isomer is planar and hence it is CQloured due to rt;sonance. 

HO 

?_. ~nl' CII'i. ( . 

-AQ.,· -- ' , 

~ (-CH: 
. /H _ 

CHJ N====N CH 
/ \ J 

H -H 
CHJ t .oN CHJ 

H -
CH J ~ --J 

(2,:!, '6, 6°-Tetra methyl-4-hydroxy azobenzene) 

cis-isomer (Non-planar, colourless) trans-isomer (Planar. coloured) 

In case of Mischler's hydrol the 1t-electrons o~cillate behveen the following hvo resonance 
structures, which are planar. ",' -, 

-0-, ~6l 
(CHJ)2N _ CH~_ N(CHJ )2 ,. t 
(CHl);N-< rCH-{ )-N(CHl)z 

The compound has blue colour in acetic 'acid solution: If dilute hydrochloric ac'id is -added 
it gets protonated. Due to the hydroxyl group at the central carbon atom the molecule becomes 
non-planar. Hence the colour disappears due to loss of extended ,resonance. 

OH 

(CH,)'N-{ }+-\ }-~-(CH')' 
H 

(iv) In triphenylmethane dyes all' the three benzene rings are conjugated with -each other.
The three rings are planar and there is extensive resonance. Since all the structures are charged, 
they absorb strongly the longer wavelengths and hence show deeper colours. 
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Crystal violet (3 way oscillations ofrr-dectrolls) 

Malachite green (2 way oscillations ofrr-ekctrons) 

In a dye molecule, there may occur oscillation of delocalised rr electrons in more than one 
direction. If a dye is having a centre of symmetry as in crystal violet, in the cation of which all 
three benzene rings participate in resonance, polarisability becomes equal ir. all directions in the 
plane of the molecule and, therefore, there is only one principal absorption peak C\w, 5900 .A.). 
On the other hand, if a dye molecule is unsymmetrical as in malachite green, there are two axes 
of polaris ability differing in degrees lying at right angles and therefore, there will be two absorp
tion peaks (/I. 4230 A). Althoue:h the possibility for the oscillation for positive chan..'.e is more 

IIIOX ~ "-

in crystal violet than in malachite green, yet the btter is more deepl y coloured than the former. 

N(CHj}l 

Crystal Violet Malachik Green 

It must be kept in mind that the amount of charge is also important. But the magnitude of 
the charge on each nitrogen atom in crystal violet is less that in malachite green. Therefore, 
crystal vio let absorbs light of shorter wavelength than malachite green and hence colour of 
crystal violet will be lighter as compared to malachite green. 

(a) Effect of COl~iug((ti(}11 Oil Resol1ance : The longer the conjugation in a molecule, the 
deeper will be the colollr because the conjugated system of double bonds (or of chromophores) 

provides a long path of resonance. Further, the absorption shi fts progressively to longer 

and longer wavelengths with the increase in the number of C = C bonds in conjugated system 
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(Fig. 5.5). This has been observed in the case of a series of diphenylpolyenes, C(,Hs-(CH = 

-CH)I/- C6Hs in benzene solution. In this case, n can have different values 1, 2. 3, 4 ..... . : ........ 15, 
etc. When 17 = 1 or 2. the compound is colourless. When n = 3. the compound is pure yello\\. 
When n = 5, the compound is orange and so on. The shift in the absorption maxima with 
increasing values of n has been given in Table 5.4. 

Table 5.4 : The shift In the Absorption Maxima of Dlphcnyl-polyencs. C6H;-(CH = CH)II-C6H; 
with Increasing Valucs of II. 

Value of 1/ 

2 

3 

4 

5 

6 

7 

15 

i 
11 

I 

1 £ 

2£ 

3 £ 

4£ 

5 £ 

6£ 

7£ 
3000 

lolour 

none 

pale-yellow 

greenish-yellow 

orange 

brownish-orange 

copper-bronze 

greenish-black 

Visible R 

(To 7000 

4000 5000 
• 

Wavelength of Light Absorbed. A 

AhsOIplioll lIlaxima oj" 
characteristic balld A 

3520 
3770 
4040 
4240 
4450 
4650 
5700 

Fig. 5.5 : Change of wavelength and extinction coetlicient with change of 17 in diphenylpolyenc. 

According to Lewis and Calvin, the deepening of the colour with the increase in the length 
of the conjugation has been attributed to the increase in the number of electrons which are 
participating in conjugation. The increase in conjugated system is also able to increase the deep 
colour of some compounds which do not have aromatic nucleus. For example, ~-carotene, which 
contains a conjugated system of 11 ethylenic bonds, absorbs at 451 oA and is orange red in colour. 

1'1 2() 
II 15 14' 12" 

,J"::: '-':::: I~ '-':::: ~J' '-':::: 
10 12 14 15' II" 

20" l 'l' 

~-Carotcne 

As the number of fused rings increases. the colour deepens more and more . This is evident 
from the folIowing example : 
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(i) Benzene is colourless. 

(ii) Naphthalene having two benzene rings is colourless. 

(iii) Anthracene having three benzene rings is colourless. 

(iv) Naphthacene having four linearly fused rings i~ yellow in colour. 

(v) Pentacene having five fused rings is blue. 

Synthetic Dyes 

(vi) Graphite, which is a sheet of benzene rings fused in all directions, IS black as It absorbs 
almost all the colours. 

© ©© ©©© 
benzene (colourless) naphthalene (colourless) anthracene (colourless) 

©OO© 
naphthacene (yellow) pentacene (blue) 

Graphite (Black) 

If the conjugated system is also having atoms such as N, S, 0, etc., it absorbs light of longer 
wavelengths than the corresponding compounds which consists of conjugated system of only the 
carbon atoms. There are two reasons for this which are as follows : 

(i) The conjugated system having atoms such as N, S, 0, etc. has a charge, while the 
conjugated system of only the carbon atoms does not have a charge. 

c=c-c=c-c 
(ii) The conjugated system having atoms such as N, S, 0, etc. is lc:ss symmetrical than the 

conjugated system of only the carbon atoms. 

The qualitative application of the valence_ bond theory has led to many misunderstandings. 
On the one hand, mesomeric structures were repeatedly assumed to be difterent structures of the 
same compound and on the other hand the mesomeric structures were connected with excited 
states. However, the true low energy state lies between these two extremes.. 

2. Molecular Orbital Theory : According to this theory, the excitation of a molecule 
means the transference of one electron from an orbital of lower energy to that of higher energy. 
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These e1ectrons may be a, 1t or n (non-bonding) e1ectrons. The higher energy states are com
monly known as antibonding orbitals. The antibonding orbitals associated with a and 1t bonds 
are called a* and 1t* orbitals respectively. However, there are no antibonding orbitals associated 
with n (non-bonding) electrons because they do not form bonds. Fig. 5.6 shows, in the simplest 
form, the essential tYPes of energy levels . 

. _.~~ ___ . ____ t.\~_~~:~?_~~l!~~. 
____ ~_~ _____ . __ t.\~_~~:~? .. ~_~l~~. 

n Lone-pair, 

---------------~?-~---?-~~~!~~~. 
----~-----------------~-?-~~!!~~. 

Bonding 

Fig. 5.6 : Scheme showing molecular orbitals. 

The electronic transitions can occur by the absorption of ultravIolet and visible radiation. 
Although several transitions are possible, only the following types are allowed: (i) a ~ a* 
(ii) 11 ~ a* (iii) II ~ 1t* and 1t ~ 1t*. 

A a ~ a* transition takes place when a bonding a-electron is excited to an antibonding 
a-orbital, i.e., a*. This type of transition requires a very large amount of energy as a-electrons 
are very tightly bond. Hence the compounds like saturated hydrocarbons whIch do not have any 
1t or a electrons may unqergo only a ~ a* transition. However, these transitions do not take 
place by absorbing in the ordinary ultra-violet region, e.g., ethane absorbs at 135 mil. 

A n ~ a* transition takes place when one electron of a lone pair, i.e., a non-bonding pair 
of electrons. is excited to an anti-bonding a-orbital, i.e., a*. Compounds having non-bonding 
electrons on heteroatom like 0, N, S, etc. can undergo 11 ~ a* transitions also in addition to the 
a ~ a* transitions. But the non-bonding, electrons are much more loosely held than the 
a-electrons. Therefore, the energy required for 11 ~ 1t* transitions will be much lower than that 
required for a ~ a* transitions. Hence the, compounds having non-bonding electrons usually 
absorb in the ordinary UV regin. For example, methyl iodide shows A.I/I(/X at 258 mil while 
trimethylamine at 227 mil. 

Both transitions 11 ~ 1t* and 1t ~ 1t* are of lower energy than both the a ~ ,a~' and 11 ~ 

a* transitions, and, therefore, take place at longer wavelengths. Furthermore. 1t ~ 1t* transitions 
are of lower energy than the 17 ~ a* transitions but require more energy than the 11 ~ a* 
transitions. Acetaldehyde shows two absorptions, one at 180 mil corresponding to a 1t ~ 1C* 
transition while the other at 290 mil corresponding to a 11 ~ 1t* transition. 

The various transitions may be arranged in their decreasing order of energy. 

a ~ a* )n ~ a*' )1t ~ n* )11 ~ n* 

, Let us n~ consider some examples. 

(a) The i-~ 1t* transitions for simple alkenes take place in the vacuum ultraviolet region. 
For example,. ethylene absorbs at 175 mil. Conjugation of double bonds decreases ~h!! energy 
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required for 1t ~ 1t* transition and, therefore, absorption shifts to longer wavelengths. For 
example, butadiene shows absorption at 217 mil corresponding to a n ~ n* transition. If a 
number of double bonds are present in a conjugation as in ~-carotene, the absorption may even 
get shifted to visible region and the compound would be coloured. For example. ~-carotene 
having eleven carbon-carbon double bonds in conjugation shows A'.llnt at 451 mil corresponding 
to a 1t ~,1t* transition and is yellow in colour. 

The above results have been summarised in the following table. 

Compound Transition Ahs011Jfioll halld (AI/Ill! 

H2C=CH2 0' ---t 0'* 175 nlIJ 

1t ---t 1t* 

HF=CH-CH=CH2 1t ---t 1t* 217 nlIJ 

b-carotene 1t ---t 1t* 451 m~l 

Ultraviolet spectrum of a compound IS mainly used for detecting the presence of conjuga
tion and also for determining the nature of the conjugated system. However. it is seldom used 
for detecting the presence of individual functional groups. 

(ii) In order to explain ·the results of (i) consider the colourless conjugated compound 
butadiene, CH2=CH-CH=CH2. This study will help us to know the relation between colour and 
constitution on the basis of molecular orbital theory. 

Fig. 5.7 (a) shows four p= orbitals associated with four .\p2 hybridised carbon atoms' of 
butadiene. All the four Pz orbitals are forming molecular orbitals which cover all the. four carbon 
atoms. Two of four Pz electrons will occupy one molecular orbital [Fig. 5.7 (h)] and the remain
ing two the second molecular orbital [Fig. 5.7 (e)]. Fig. 5.7 (d) and ~ig. 5.7 (e) represent the 
excited state of molecule. 

When the butadiene is excited, four transitions from lower energy level to that of higher 
energy level are possible, i.e .. (b) to (d), (b) to (e), (c) to tel) or (c) to (e). If all these four 
transitions take place, four absorption bands would be produced. However if LlE IS calculated for 
all these transitions, it is found that ~E for (c) ~ (d) transition is lowest than all the three other 
transitions and, thus, the absorption band of longest wavelength wiII correspond to such a tran
sition. 

From the experimental work and calculation, it has been proved that as the conjugation 
increases, the energy difference between the highest level of the ground state and the lowest level 
of the excited state (i.e .• lowest LlE among all the possible transitions in the molecule) dec~eases 
and, therefore, the absorption maximum of the compound increases. If the absorption maximum 
of the compound reaches -the visible part of the spectrum, the compound tends to have a colour. 
Now consider the example of polyenes CHl-(CH=CH) -CH~. When the value of 11 is six, the 

• 1/. . 

absorption band appears in the blue region of the spectrum and the compound is, the.refore. 
having yellow colour (complementary colour of blue). This is also the explanation for ~he deep
ening of colour of diphenylpolyenes. 
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@8@@ 
(a) 

c + ::::> 
• • • • c :::::> 

(b) Bonding 

CD 
• • • • 

(c) Bonding 

(d) Alltibonding 

~== 8ffi8ffi 
(e) Antibonding 

Fig. 5.7 

(iii) Benzene which is symmetrical, possesses no transition dipole, does not absorb visible 
light and is colourless. In nitro-benzene the molecule is not symmetrical and thus its carbon 
atoms are unequally charged. The last property of the molecule creates a large transition dipole 
moment in the molecule and consequently strong absorption bonds are possible. Further, the 
introduction of nitro group in the benzene molecule extends its conjugation. This decreases the 
energy difference between the highest level of the ground state and the lowest level of the excited 
state and hence the strong absorption bands are expected at longer wavelength than that of 
benzene and thus nitrobenzene appears yellow while benzene colourless. 

Suppose the aniline molecule is considered in which the lone pair of electrons present on 
nitrogen atom is in conjugation with the benzene ring and, therefore, the aniline molecule pos
sesses dipole moment and consequently a transition dipole. Due to this, the aniline absorbs light 
of longer wavelength than that of benzene, 

In acid solution, the lone pair of electrons present-on nitrogen atom is co-ordinated with the 
proton. This destroys conjugation, then dipole moment and finally transition dipole. Due to this 
the ab"SOrption maximum of ani'·ne IS almost the same as that of benzene. 

Two conjugated systems within a molecule are said to be insulated when the mobile elec
trons ~of the two systems are prevented from free interaction. Such systems absorb light as 
separate molecules. 

From the above it is evident that conjugation is the important factor in producing colour. 
Irr-general, any group conjugating with the benzene ring shifts the frequency of light to longer 
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wavelength. It means that as the change in dipole moment of a compound increases, colour gets 
deeper and deeper. This may be realised by the presence of two or more polar groups which are 
connected through a conjugated system of the maximum possible distance. 

Interaction of a dye with its environment involving aggregation, solvent' effects or absorp
tion on a solvent may have a strong effect on the colour of the dye. 

The valence bond approach for colour is satisfactory from a qualitative point of view 
whereas the molecular orbital method is more satisfactory from quantitative point of view. 
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6.1. Primaries 

The raw materials used for the manufacture of dyes are mainly aromatic· compounds, such 
as b~nzene, toluene, naphthalene, anthracene, pyrene, phenoL pyridine and carbazole. These raw 
matenals are known as primaries. 

In the past, the primaries came almost exclusively from the distillation of coal tar but in 
, recent years increasing quantities of primaries, especially of benzene and toluene, have become 
available from petroleum and natural gas. The term "coal-tar dyes", still widely considered 
synonymous with synthetic dyes, is no longer an entirely correct description. 

1. Coal Tar: When coal is subjected to destructive distillation, it yields coal gas and coal 
tar. Coal gas is mainly used as a fuel while coal tar when subjected to fractional distillation gives 
different products which are given in Table 6.1. 

Table 6.1 : Fractional Distillation of Coal Tar 

Name of Ih(' Fractioll TempCl'{ffllre Maill COII,\'titllL'lIts 

t. Light oil or crude naphtha. upto 170"C Benlene, toluene and xylene. 

2. Middle oil or carbolic oil I 70-23 oDe Naphthalene and carbolic acid (phenol) 

3. Heavy oil or creosote oil 230-270°e Crcsols 

4. Anthracene oil or green oil 270-360De Anthracene, phenanthrene and earbazol. 

The black residue, left in the still after the distillation is over, is called pitch. 11 contains 
92-94 per cent of carbon and small amounts of pyrene and chrysene. The later compounds (i.e .. 
pyrene and chrysene) may be isolated from pitch by steam distillation followed by fractional 
distillation and crystallisation from solvent naphtha. 

When light oil is subjected to fractional distillation, it yields three main fractions : 

(a) Low Boiling Fraction: It contains acetonitrile, carbon disulphidc and fatty hydroc'arbons. 

(b) Hig/t Boillllg Fractioll : It is mixed either with the carbolic or creosote oil. 

(c) Midille Boilillg Fractioll : It is treated with cold conc. H2S04 to remove basic substances, 
e.g., pyridine, and then washed with water and treated with caustic soda to remove acidic 
substances, i.e., phenol and excess sulphuric acid. It is then washed with watcr and 
subjected to fractional distillation when the following fractions are obtained : 

(6.1) 
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0) 90% Benzol (80-J JO°C) : It contains benzene and toluene. It contams 70(% of benzene. 

(ii) 50% Benzol (IjO-140"C) ; It contains the· same two hydrocarbons in two different 
proportions along with xylene. It contains 4M/o of benzene. 

(iii) Solvellt Naphtha or Benzine (l40-170°C) ; It contains xyline. mesityiene. etc. 

The various benzols and benzine on fractional distillation yield benzene. toluene and xylencs. 

Middle oil contains mainly naphthalene and phenol. This layer on keeping for sometime 
deposits naphthalene which is separated by centrifuging and pressing. The residue is treated with 
caustic soda and the aqueous solution is separated and treated with dil. sulphuric acid to regenerate 
phenol. 

Crude naphthalene is first washed with sodium hydroxide. then with conc. sulphuric acid 
to remove bases and finally with very dilute caustic soda. It is next purified by sublimation. 

Heavy oil contains mamIy cresols. It is used as such for the preparation of dyes. 

Anthracene oil contains anthracene and phenanthrene which are deposited as crystals on 
cooling. 

1. Petroleum: In recent years. petroleum source has become important especially for the 
production of primaries such as benzene. toluene, xylene, naphthalene. etc. Potentially 
important developments in the production of these primaries lie in the cracking and 
hydrogenation processes. 

2. Other Sources: In recent years it has become a common practice to obtain aromatic 
" hydrocarbons from water gas, methane and olefins by catalytic processes. 

3. Inorganic Raw Materials: A bYfeat variety of inorganic materials are required by the 
dye industry. These include sulphuric acid, oleum, nitric acid, chlorine, bromine. caustic 
soda. sodium nitrite, hydrochloric acid. sodium carbonate, sodium hydrosuiphite. sodium 
sulphide, aluminium chloride, sodium dichromate. and manganese dioxide. 

6.2. Intermediates 

The primaries for dyes are almost never directly useful in dye synthesis. It is necessary to 
convert them to a variety of derivates which are in tum made into dyes. These derivatives are 
called intermediates. They are called such because they are really intermediates between the 
primaries and the final dyestuffs. 

Intermediates are produced by reactions such as nitration. reduction. sulphonation. 
halogenation. oxidation and condensation. Most of these reactions lead to the formation of 
substituted hydrocarbons which are functional in nature, i.e., they bear groups which are capable 
of undergoing further chemical reactions. 

6.3. Unit Process 

This denotes a synthetic step in organic synthesis of a compound on a large scale. The 
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" common unit processes involved in the dyes-tuff production are sulphonation, nitration, amina~ion 
by reduction, ammonolysis, oxidation, halogenation. hydrolysis, dehydration, Friedel-drafts 
reaction, etc. 

It is important that all unit processes should be well-planned and controlled. Some of the 
processes like nitration are inherently dangerous. For these reasons, close supervision by technically 
trained men is the rule in plants where intermediates are manufactured. 

6.4. Manufacture of Intermediates 

Various intermediates required for the manufacture of dyes have been divided into three 
main groups : 

(i) Aliphatic compounds, 

(ii) Aromatic compounds, and 

(iii) Heterocyclic compounds 

Let us discuss these one by one. 

6.5. Aliphatic Compounds as Dyestuff Intermediates . 
The main uses of aliphatic compounds in dyestuff industry are as follows : 

(i) They are mainly used as solvents 

(if) Some are used as reagents or reactants 

The various aliphatic compounds used as dyestuff intermediates include alcohols, 
chloroderivatives, carboxylic acids and esters. aldehydes and ketones, amines and miscellaneous 
aliphatic compounds. 

Alcohols 

These are manufactured by the following methods : 

(i) By hydrolysis of alkyl halides. 

(ii) By treatment of alkenes with sulphuric acid and subsequent hydrolysis. 

(iii) By reduction of aldehydes and ketones with iron and acetic acid or with zinc and sodium'· 
hydroxide solution or with lithium aluminium hydride. 

(iv) By treating Grignard's reagent with aldehydes, ketones, esters and cyclic oxides (such as 
ethylene oxide) and subsequent hydrolysis. 

Methyl Alcohol : It is manufactured by reaching hydrogen and carbon monoxide gases in 
2: 1 proportion at 350-400°C and at 250 kg/sq. cm pressure. 

350-400°C CO + 2H2 ----::-:o--:'-:--:-~:.-.:....-~) CH30H 
250 Kg/sq. em 
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It is used as a solvent and a reactant. It also finds use in the manufacture of sodium 
methoxide, dimethyl sulphate. formaldehyde, formic acid, nitroanisoles, dimethylaniline and many 
other useful intermediates. 

Ethyl Alcohol: It is mainly manufactured form molasses by the fermentation in the presence 
of yeast. 

It is also manufactured from ethylene compressed to 15-30 atmospheres pressure (obtained 
from cracked petroleum) by treatment with sulphuric acid (98%) at 70-80°C, The ethyl hydrogen 
sulphate or diethyl sulphate is formed. This on hydrolysis with warm water produces ethyl 
alcohol. 

C2H4 + H2S04 

C2H4 + C2HsHS04 

ClisHS04 + HOH 

(C2HS)2S04 + 2.H0H 

--~) C2HsHS04 

-~) (C2HS)2S04 

--~) C2HsOH + H2S04 

--~) 2C2HsOH + H2S04 

Ethyl alcohol is used as a solvent as well as a reactant. It is also used in the manufacture 
of sodium ethoxide, diethyl sulphate, diethyl ether, ethyl chloride, esters, acetaldehyde, acetic 
acid, nitrophenetoles and several intermediates. 

Butyl Alcohols: These are obtained from C4 cut of fractional distillation of petroleum by 
sUlphuric acid treatment and subsequent hydrolysis. Butyl alcohols are mainly used as solvents. 

Amyl Alcohols : These are obtained from C5 cut of fractional distillation of petroleum by 
chlorination, fractional distillation of products and subsequent hydrolysis. 

Amyl alcohols are mainly used as solvents. 

Ethylene Glycol : It is obtained from ethylene by chlorination and subsequent alkaline 
hydrolysis or from ethylene oxide by acid hydrolysis. 

CHz CHzCI KOH CHz,-
II +CI2 -+ I ~ I O+KCI+HP 
CHz CHzCI CHz/" 

CHz'-
I /"O+HOH 
CHz 

Acid ~ ?HPH 

CHzOH 

Ethylene glycol is mainly used as a solvent and especially as an anti freezing agent for 
refrigeration. 

Glycerol: It is manufactured by splitting of fats (which are esters of long chain carboxylic 
acids with glycerol) by hydrolysis. It is also manufactured from propylene by chlorination and 
subsequent treatment with hydrochloric acid and then with soda-lime followed by hydrolysis. 
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propylene allyl Chloride 

soda-lime .. 

CH20H 

tH IIOCI .. 

II 
CH2 

Glycerol is mainly useful in Skraup's synthesis of benz anthrone from anthraquinone and of 
quinolines, e.g., 8-hydroxyquinoline from o-aminophenol. 

Halogen Compounds of Aliphatic Series 

The chlorine compounds are manufactured by the following methods : 

(i) By tne chlorination of hydrocarbons. 

(ii) By the treatment of alcohols with chlorinating agents s,:,ch as PCI3• PCIs and SOCI2• in 
certain cases (i-butyl and allyl alcohols) by the action of hydrochloric acid. etc. 

The bromo compounds are manufactured in the same manners as chloro compounds and 
also by the treatment of alcohol with sodium bromide and sulphuric acid. 

Many more methods are also known but they are of little importance in the production of 
halogen compounds. 

Methyl chloride. dichloromethane, ethylene dichloride. trichloro-ethylene. carbon tetra
chloride, chloroform, etc., are mainly used as solvents. 

Chloroform is also used as a reagent in many reactions such as Reimer-Tiemann reaction 
which involves conversion of phenol to corresponding phenolic aldehyde using chloroform and 
potassium hydroxide. 

.. -

OH 

Reimer-Tiemann's reaction aCHO 

------------~. I eIIUJ , NaOl1 ~ 

Sal icy laldehyde 

Many aliphatic chloro compounds like vinyl chloride. chloroacetic acid. chloral, phosgene. 

thiophosgene (CSCI2) and epichlorohydrin CICH2,CH-CHz are used in various condensation 
'0/ 

reactions to obtain aromatic and heterocyclic intermediates and dyes. For example chloroacetic 
acid on condensation with anthranilic acid yields a product which is cryclised to get indoxyl 
which by air oxidation gets converted to the dye called indigo. 
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;:?" -COOI-I 

~ + CICH2COOH 
~NI-I chloroacetic 

2 acid 
anthranilic acid 

o 1-1 

Synthetic Dyes 

~COOH 

0.NHCH2 COOB 

Phenyl glycine-o-carboxylk acid 

01-1 

(0) 061 =(Np, 
~ N/ ~ . Air oxidation 0:) 

H 0 
indigo indoxyl 

Chloral is used in the production of isatin. 

Phosgene is used to condense two moles of an intermediate or a dye having tree amino 
group to get a urea linkage. Thus. two dyes of the same class are condensed with phosgene to 
obtain a combined effect. For example, a yellow dye and a blue due. each having free amino group 
for the condensation when suitably condensed with phosgene yield a green (yellow + blue) dye. 

0\ - NH2 + COCI2 + H2N - DR 
yellow dye! blue dye 

D\,- NHCONH - 0 8 

green dye with urea linkage 

Aliphatic or Aromatic Carboxylic Acids and Esters 

Acids are manufactured by the following methods : 

(i) The oxidation of aldehydes, ketones, alcohols, etc .• with various oxidising agents such 
as KMn04 and sulphuric acid. dilute nitric acid, sodium hypobromite, etc. 

(ii) Replacement of halogen atom in alkyl halides either by the action of Gril:,rnard's reagent 
followed by passing carbon dioxide and subsequent hydrolysis or by the action of potassium 
cyanide to get alkyl cyanide (as nitrile) and subsequent hydrolysis. 

Various esters are manufactured by acid-catalysed esterification of the carboxylic acid and 
the alcohols. 

Many of the carboxylic acids and their esters such as formic acid, acetic acid. ethyl acetate, 
etc., are mainly used as solvents. Most of the acids such as formic acid. acetic acid, malonic acid, 
maleic acid, succinic acid, etc., find importance in various condensation reactions either themselves 
or in the form of anhydrides or esters. For example, benzaldehyde can be condensed with acetic 
anhydride using potassium acetate at 17S-1S0°C following Perkin reaction to obtain cinnamic acid. 
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CHO 

-0 
benzaldehyde 

Perkin reaction ~ 
C1IJ COOK 
I 75-18W'(' 
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CH=CH-COOH o 
cinnamic acid 

Two moles of ethyl acetate can be self condensed in the presence of a base such as sodium 
ethoxide to yield sodioaceto acetic ester which gets hydrolysed by an acid to yield acetoacetic 
ethyl ester. 

NaOCzH~ Ell 
2 CHJ COOC2HS . ~ Na 

ethyl Acetate 

e 
(CHJCOCH COOCzl-ls) 

sodium acetoacetic ester 
lHCI 

CHJCOCH ZCOOC2Hs 
acetoacdic ethyl ester 

Butadiene and similar compounds condense with maleic anhydride under Diels-Aider reaction 
by 1, 4-addition giving a cyclic compound like cis-tetrahydrophthalic anhydride. 

butadiene maleic anhydride 

hen7enc 
100)o(' ~ 

o 
H2 " C C 

H( 'cH '" II I 0 
HC,,/C~ / 

C C 
Hz II o 

cis-tetrahydrophthalic anhydride 

Formic acid finds use in the reduction of certain organic compounds. For example. triphenyl
carbinol on treatment with formic acid can be converted into triphenylmethane. 

IICOOlI. ~H0 
~I~ c 

6 
tripheny Icarbinol tripheny 1m ethane 

There are certain carboxylic acids which also find use as reagents. For example. fonnic and 
acetic acids are widely used for the reduction in the place of mineral acids in Bechamp redllction 
(making use of catalytic amount of an acid and Iron for reducing aryl nitro compounds to 
arylamines). If mineral acids are used, they can bring about the hydrolysis of the methoxy group 
during Bechamp reduction of p-nitroanisole giving p-aminophenol. On the other hand. if formic 
or acetic acid is used, it smoothy converts nitro-anisole to anisidine without causing hydrolysis. 
to take place. 
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Acid Chlorides 

¢ 
OCH3 

p-nitroanisole 

Fe -r mineral acid 

Fe + I!COOII or 
Fe + CI IjCOOI I 

9 
OH 

p-aminophcnol 

9 
OCHJ 

p-anisidine 

Synthetic Dyes 

Acetyl chloride and other acid chlorides are prepared by treating corresponding acids with 
a chlorinating agent such as PCI3, PCIs' SOCI2, etc. 

Acid chlorides find uses in many organic reactions such as Friedel-Craft reaction in the 
production of intermediates. For example, acetylation of naphthalene with acetyl chloride or 
acetic anhydride in ethylene dichloride solvent gives rise to the formation of l-acetylnaphthalene 
under Friedel-Craft's conditions. 

OOI'~ + CHJCOCI 
~ .h 

naphthalene acetyl chloride 

Aldehydes and Ketones 

Friedel-emU 
reaction ~ 

AICl,l' CzI-I~Cl~ 

I-acetyl naphthalene 

These are prepared by the foHowing methods: 

(i) By control oxidation of corresponding alcohols using oxidising agent such as potassium 
dichromate and sulphuric acid, aluminium t-butoxide, lead tetra-acetate, periodic acid 
etc. 

(ii) By dehydrogenation of alcohols using copper at elevated temperatures. 

(iii) By ozonolysis of alkenes followed by hydrolysis. 

(iv) By hydrolysis of metal anhydrides (e.g .• acetone from calcium acetate). 

(v) By using Rosenmund reaction which involves catalytic hydrogenation of corresponding -
acid chlorides, etc. 
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(vi) By special methods. For example. aetaldehyde is prepared by catalysed hydration of 
acetylene; acetone is prepared by bacterial fermentation of sugars; chloral is prepared by 
the action of chlorine on ethanol; acrolein is prepared by dehydration of glycerol using 
acidic reagents. 

CHzOH 
I 
CHOH 
I 
CHzOH 
glycerol 

KHS04 (anh.) 
215-230°C ~ CHz=CH-CHO 

acfolein 

Aldehydes and ketones are mainly used in the manufacture of ranges of intermediates. For 
example, paraformaldehyde (a trimer of formaldehyde) when treated with benzene (three moles) 
using' three moles of hydrochloric acid in the presence of a catalysts like zil1c chloride or 
aluminium chloride. under Blanc reaction conditions yields benzyl chloride with a small amount 
of p-xylene dichloride. 

o + {HCHO)J + 3 HCI 
paraformaldehyde 

3 moles of benzene benzyl chloride 

¢'CI 
CHzCI 

p-xylene dichloride (small amount) 

Acetaldehyde and benzaldehyde in aqueous alkali react at room temperat~re under Claisen 
Schmidt condensation to yield cinnamaldehyde. 

benzaldehyde 

Claisen-Schmidl 
condcnsatiun ~ 

cinnamaldehyde 

When methyl isopropyl ketone is condensed with phenylhydrazine, the corresponding 
phenylhydrazone, is obtained which is cyclised with sulphuric acid (Fischer synthesis) to yield 
2, 3, 3-trimethyl indolenine. an importan·t indole derivative which finds uses in the synthesis of 
well known astrazones (cationic dyes). 
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phenyl hydrazine methyl isopropyl ketone phenyl hydrazone 

Aliphatic Amines 

They are prepared by the following methods : 

(a) Primary, secondary, tertiary and quaternary amines may be prepared by the action of 
ammonia on alkyl halides or on alcohols in stages. 

(b) (i) Primary amines may also be prepared by the reduction of corresponding nitriles or 
oxines with sodium and alcohol or lithium aluminium hydride or by hydrogenation 
with Raney nickel as catalyst. 

(ii) Primary amines are also obtained by the action of sodium hypobromite in alkali on 
amides (Hofmann reaction). 

(iii) Primary amines may also be prepared from acid hydrazides by Clirtilis reaction. In 
this reaction, acid hydrazides are treated with sodium nitrite to get acid azides 
which are heated to yield isocyanate and subsequently hydrolysed under alkaline 
conditions. 

(iv) Primary amines may also be prepared from alkyl halides by reacting with potassium 
phthalimide under Gabriel synthesis conditions to yield alkyl phthalimides which 
get subsequently hydrolysed under alkaline conditions at boil. 

(c) Secondary amines may be prepared by reducing acid amides (R-NHCOCH~) with lithium 
aluminium hydride or by carrying out Hofmann reaction as in the case of primary 
amines. 

(d) The diamines may be prepared in the same manner as primary amines. The starting 
materials are alkyl dihalides, alkyl dicyanides, etc. 

(e) . Monoethanolamine, diethanolamine and triethanolamine are prepared by carrying out the 
ammonolysis of ethylene oxide and separating the mixture of ethanolamin~s by fractional 
distillation. 

Aliphatic amines find use as versatile reagents. They undergo facile condensation reactions 
with many aromatic compounds having active chI oro or phenolic groups. For example, 0- and 
p-nitro-chloro-benzenes and similar derivatives react with secondary amines, e.g.. diethylamine 
to yield corresponding 0- and p-substituted amino-nitrobenzenes. 
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+ 

p-nitrochlorobenzene p-diethy lam inonitrobenzene 

Monoethanolamine reacts with quinizarin to yield a disperse dye under suitable conditions. 

o OH 0 NHCH1CHzOH 

~II~ ~II~ ~ + 2 HzNCH1CH10H ~ ~ 

o OH 0 NHCH2CH10H 
quinizarin monoethanolamine disperse dye 

Methylamine reacts with sodium salt of chloroacetic acid to yield sarcosine which is used 
for stabilising diazonium salt needed for rapidogen class of azoic colours. 

CH3NH2 + CICH2COONa ~ CH3NHCH 2COONa 
methylamine sarcosine 

Miscellaneous Aliphatic Compounds 

Many aliphatic compounds such as ethylene oxide, acetonitrile, urea, thiourea, acrylic acid, 
acrylonitrile, dimethyl sulphate. etc., are frequently used in the production of intermediates and 
dyes. Some examples of these uses are as follows : 

(i) Urea finds use in the synthesis of barbituric acid by the condensation with malonic ester 
using sodium ethoxide as condensing agent. 

o 
II 

/COOCzHs H1N, /C-NH, 
HzC, + /CO --+ HzC, /C=O 

COOCzHs H2N C-NH 
II 
o 

barbituric acid 

(ii) Aniline condenses with acrylonitrile to give mono (cyano-ethyl) aniline and bis 
(cyanoethyl) aniline when one and two moles of acrylonitrile ate used respectively. This 
reaction· is known as cyanoethylatin. 

8 + 

aniline ~crylonitrile mono (cyanoethyl) aniline 
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+ :2 

CH2 
II 
CH 
I 
CN 

5)wthefic Dyes 

bis (cyanoethyl) aniline 

(iii) Ethylene oxide finds used in the synthesis of vinyl sulphone reactive systems in which 
a sulphonyl chloride is first reduced with zinc and acetic acid to cgrresponding sulphinic 
acid which is reacted with ethylene oxide giving ~-hydroxyethyl sulphone and subsequently 
sulphated to yield a vinyl sulphone derivative. 

Q 
S02CI 

Arylsulphonyl chloride 
R is amino (Protected 

or phenolic group) 

NaOH 

Zinc 
Ac.:tic acid 
reduction 

Q 

~ 

R 

Q 
S02H 

Aryl sulphinic acid 

I Iydrolvsis ~ 
alkali 

S02CHzCH20S03Na 

~-sulphato ethyl al)'1 slilphone 

;Ilk-ali ~ 
SO!C112CH20H 

~-hydroxyethyl aryl slIlphone 

R 

Q 
S02C 1-1 =('1-1 2 

aryl vinyl sulphone 

6.6. Aromatic Compounds as Dyestuff Intermediates 

The aromatic dyestuff intermediates are mainly prepared from benzene. naphthalene. and 
antraquinone. However. certain aromatic dyestuff intermediates are less t1-equ\!ntly obtained from 
biphenyl, acenaphthene, benzanthrone, pyrene, perylcnc, etc. 

<H) 
biphenyl acenaphthene 

° bellzanthrone pyrene perylene 

The reactivity of aromatic compounds has been found to depend upon the availability of 1t 

electrons cloud on the system_ The increase of 1t electron cloud occurs as we proceed from 
benzene to anthracene. 
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o 
611: 

The reactivity has been found to increase in the sequence towards electrophiles but decreases 
in the same sequence towards nucleophiles. The presence of electron donating groups in the 
aromatic hydrocarbons eases the attack of an electrophile and resists 'the attack of a nucleophile 
as compared to the unsubstituted hydrocarbon because of the extension of 11: electron clouds in 
the ring system. Examples of electron donating: groups are amino (--NH2). phenolic (-OH), thiol 
(-SH). and methyl group. 

The presence of electron withdrawing: groups in the aromatic hydrocarbons resists the attack 
of an electrophile but eases the attack of a nucleophile as compared to the unsubstituted hydrocarbon 
because of the removal of 1t electron cloud away from the aromatic ring. Some examples of 
electron-withdrawing groups are nitro (-N02), cyano (-CN), aldehyde (-CHO), sulphonic acid 
(-S03H) and carboxylic acid (-eOOH). 

Due to the conjugative effect, the presence of electron donating groups in the benzene ring 
favours further substitution in ortho and para positions, while electron withdrawing groups favour 
meta position. Chlorine in chlorobenzene is more electronegative than the carbon atom to which 
it is attached. and therefore chorine atom becomes electron withdrawing. Methyl group in tolut!ne 
is electron donating due to inductive effect. Whatever may be the reason, the electron rich and 
electron deficient positions in benzene and other aromatic compounds get attached by electrophiles 
and nucleophiles respectively. The conditions of entering species have to be forced according to 
the site is weak or strong in electron richness or electron deficiency. 

Here we shan give more discussion about the manufacture of aromatic compOlmds which 
are more frequently employed in dyestuff production. 

Sulphonation : The introduction of the sulphonic acid group in an aromatic nucleus is 
known as sui phonation. This group is introduced to render intennediates soluble in water or to 
provide a route to other substituents, such as the hydroxyl group which is obtained by subsequent 
alkaline fusion. ' -

Sulphonation of aromatic compounds is carried out by heating the compound with the 
SUlphonating reagent during which water is eliminated. The water must be removed from the 
reaction mixture so that the sulphonating reagent does not get diluted and smooth reaction 
occurs. The suI phonation of benzene with sulphuric acid is illustrated by the following equation. 

(, ) + HOS020H --+ C>-SOPH + H20 

Direct sUlphonation is achieved with the following reagents: 

(i) Strong sulphuric acid 

(ii) Oleum (sulphuric acid plus sulphur trioxide). 

(iii) Sulphur trioxide in organic solvent, or as a complex. 

(iv) Chlorosulphonic acid. 
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Mechanism of Sulphonation : Various mechanisms have been proposed for suiphollatiol1. 
However. the accepted mechanism is that suI phonation proceeds with free S03 'Nhich is produced 
as follows: 

2H2SO .. ~ H30+ + HS04 + SOJ 

The S03 is electrophilic reagent. It attacks the benzene ring to form the intermediate 
carbocation. Then, this loses a proton to form the resonance-stabilised substitution product, the 
anion of benzene sulphonic acid, which takes a proton to give benzene sulphonic acid. The step 
involving the loss of proton by carbocation IS slow and, therefore, becomes the rate detennining step. 

e 

O~O~ 

anion of benzene sui phonic acid 

Substitution Rules: These rules for sulphonation are similar to those of nitration. However. 
these rules are as follows : 

(i) The groups -N02, -COOH and -S03H direct the entering group to the meta position. 
e.g., 

SOPH 6 . IIOSOPH, 

SOPil 

61 IIOS(),OII - ~ 

(ii) The alkyl groups (e.g .. methyl) direct the entering group predominantly to the ortflo and 
para positions. Generally, a mixture of isomers is obtained. 

IIOSO,O(( - ~ 
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(iii) The chlorine is similar to the methyl group In its effect on orientation but gives less of 
the ortllO isomer. 

6 
CI 

(rSOzOH 
IIOSOlOlI~ .... I + 

~ ¢ 
SOPH 

, . 
(iv) The directing effect of amino groups depends on their basicity. The less basic amines are 

ortlw-para directing. Aniline is an example of this type. However, more basic amines 
(e.g .. dimethyl amine) form meta-directing saIts in acid (why'!). 

Sulphonation of Benzene: It is carried out by heating benzene (I part) with 100% sulphuric 
acid (2 parts). In carrying out this reaction, oleum containing 8 per cent free sulphur trixode is 
added slowly to offset the dilution caused by the water fonned in this process. When the reaction 
is complete, the charge is diluted by running it into water, and the product is precipitated by 
adding salt. It is isolated by filtration as the sodium benzene sulphonate. 

S020H 

o +H,SO, - 6 +H,o 

(I part) (2 parts) 

Benzene monoslllphonic acid obtained in the above process on further sulphonation yields 
benzene-I, 3-disulphonic acid. The sulphonation is carried out by keeping the reaction mixture 
of benzene mono-slIlphonic acid and 65% oleum at 800e for 3 hours. After the reaction is 
complete, the sulphonated mass is added to ice cold water and neutralised by adding powdered 
calcium carbonate. Insoluble calcium sUlphate is removed by filtration while to the filtrate sodium 
carbonate is added till no more calcium carbonate is precipitated. The solution is again tiltered 
and evaporated to dryness when disodium salt of benzene-I, 3-disulphonic acid is formed. 

S020H S020H 

)) 65%Olcum.)) U Soo(' U 
S0201-1 

benzene-I. 3-disulphonic acid 

It is used in the manufacture of resorcinol. 

Sulphonation of Toluene: This takes place more readily than benzene to yield a mixture 
of 0- and p-toluene sui phonic acids. Low temperatures fa\'Our the fonnation of the o-isomer 
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while high temperatures favour the formation of the p-Isomer. About 85'% ofp-tolucne sulphonil.: 
acid is produced using 840;;) sulphuric acid at IOOUe. 

toluene 

¢ 
S02 0H 

A much better yield of the o-isomer may be obtained in another way. Toluene on treatment 
with chlorosulphonic acid at low temperature, about 20°e, yields a mixture of toluene or' !to- and 
para-sulphonyl chlorides. The solid para-isomer is filtered off from the mixture of acid chlorides 
obtained. 

CIS02011 

200(' • 

85% (Oil) 

¢ 
SOlei 

Small amount (solid) 

The two chlorides are separated by filtration and converted into the con'csponding sulphonic 
acid by heating with alkali and then acidifying the solution. 

Sulphonation of Naphthalene : The sulphonation of naphthalene yields a number of 
isomers. The product obtained may be controlled to some extent by the choice of agcnt. With any 
one reagent, temperature and time of reaction determine the result. It IS rarely possible to obtain 
a single isomer. However, effort is directed towards forming a preponderant amount or one 
isomer. For example, naphthalene on direct sulphonation with sulphuric acid at gO"e for eight 
hours yields 96% I-naphthalene sUlphonic acid. As the temperature is raised, correspondingly less 
of this isomer is fomled and more of the 2-sulphonic acid. For example, at 150"C, g per cent of 
the I-isomer is formed and over 80 per cent of the 2-isomer is formed. 

When sulphonation of naphthalene is carried out, the acid is run into the meltcd naphthalene 
to avoid disulphonation. The amount of acid added is the calculated amount for one sulphonic 
acid group. The water formed during the reaction retards but does not prevent it. Oleum may be 
added towards the end to hasten the reaction. 
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~ ~ 
naphthalenl:! 

Cone, "ZS04 
(96 - !)l{O,o) 

80°C 

1500
(, 

~0I1 

~ 
(98%) 

II.,,'" 
~ ~ -roSO,OH 

~I b 

(80%) 

naphthalene 
r/,-slIlphonic acid 

naphthalene 
~-stllphonic acid 

6.17 

Naphthalene-l-Sulphonic Acid: When naphthalene is sulphonated with sulphuric acid at 
800e tor eight hours, 96% of the I-isomer and 4% of2-isomer are obtained. The reaction mixture 
is diluted, treated with lime and filtered, the filtrate contains almost pure salt of the l-sulphonic 
acid because it is more soluble than the calcium salt of the 2-suphonic acid. It is important to 
remember that no further purification is necessary. 

Naphthalcne-2-Sulphonic Acid: When 96% sulphuric acid is added to molten naphthalene 
and initially the temperature is maintained at 110-125°C and then the temperatlire is raised to 
1600e and maintained there at least for 3 hours, naphthalene 2-sulphonic acid is the main 
product. Unsulphonated naphthalene is removed by steam distillation. Naphthalene-2-sulphonic 
acid is isolated as sodium salt by the addition of sodium chloride. 

The sodium salt of naphthalene-2-sulphonic acid is mainly used for the manufacture of 
~-naphthol and "Cleve acids". 

Naphthalene Disulpbonic Acids: These can be prepared either by the action of oleum on 
naphthalene or by further slilphonation of naphthalene monosulphonie acids with concentrated 
sulphuric acid. The relative proportions of disulphonic acids t~nned have been found to depend 
upon temperature. 

When the second sulphonic group enters, its position is governed by the following rules: 

(i) At low temperatures, the entering group will occupy the most distant a-position from the 
already present suI phonic acid group. 

(ii) At high temperature, the entering group takes the most distant ~-position fronl the already ~ 
present sulphonic aCId group. ' 

(iii) The entering group does not take up the or,ho (1, 2 or 2, 3), para .(1, 4) or peri (1, 8) 
. " position with respect to the already present suI-phonic b'TouP. 

Theoretically, six naphthalene disulphonic acids are possible. All the six have been actually 
is~lated among the products of the sulphonation of naphthalene. However, the following four are 
iIiJportant infennerliates in dye manufacture. 
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(2,6) (2.7) 

Naphthalene, 1,5. and 1,6 disulphonic acids are obtained by the sulphonation of naphthalene
I-sulphonic acid with cone. H2S04 at 80°C and 160°C respectively. 

~OH 

~ 
H002S 

~Oll 

H002S~ 

Naphthalene-I-sulphonic acid 

Naphthalene-2, 6-and 2, 7-disulphonic acids are obtained by the sulphonation of naphthalene-
2-sulphonic acid at 160°. 

Naphthalene-I, 5-Disulphonic Acid: It is very important in the preparation of stabilised 
diazonium salts. It is most conveniently prepared by sulphonating naphthalene (1 part) with 30% 
oleum (4 or 5 parts) at 80°C for 8 hours. On dilution with about four parts of water, the I, 5-
acid crystallises out which is removed and used without its further purification. 

Oleum (30%) 
II 

80CC. S Ius. 

~OH 

~ 
S020H 

Naphthalene-I, 6-Disulphonic Acid: It is obtained along with 1, 5-acid by sulphonating 
naphthalene or naphthalene-l-sulphonic acid with oleum at 160"C for 9 hours. To the reaction 
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mixture, barium carbonate is added when sparingly soluble barium salt of naphthalene-I, 
6-disulphonic acid is formed which is removed. To the filtrate, sodium carbonate is added when 
1, 6-disulphonic acid is obtained as sodium salt which is filtered and concentrated. 

SOPH 

Oleum 160°C. ~ 
9h~. ~ 

HOOzS 

Naphthalene-2, 6-and-2, 7-Disulphonic Acids : These are obtained by sulphonating 
naphthalene (1 part) with 100% sulphuric acid (5 parts) at 160°C for 8 hours. 2, 6-disulphonic 
aCId is separated from 2, 7-disulphonic acid as insoluble barium salt. 

1-I002S SOPH SOpl-l 
IOO%111SO ~I ~ ~I ~ 
160°Cl8h~4. ~ + ~ 

(2, 7) HOOzS (2. 6) 

65% 35% 

Naphthalene tri-and tetra-sui phonic acids: Naphthalene I, 3, 6-trisulphonic acid may be 
obtained by trisulphonation of naphthalene with stronger oleum at 170°C. It may also be obtained 
by sulphonation of naphthalene-I. 6-and-2. 7-disulphonic acids with 40% oleum at 160°C. 

H002S'()CJSOPH 
~I~ 
~ ~ 

(2. 7) 
40% Oleum 160"(, 

I 
I 

~OH 

~ 
HOOzS (1. 3, 6) SOpH 

Naphthalene-I, 3, 6-trisulphonic acid is an important intermediate in the preparation of 
A-acid which is 8-amino-l-naphthol-3, 6-disulphonic acid. 

Naphthalene-I, 3, 6-trisulphonic acid can be sulphllnated further. 

Naphthalene-I, 5-disulphonic acid on further sulphonation yields naphthalene-I. 3, 
5-trisulphonic acid. On the other hand, naphthalene-2, 6-disulphonic acid on further sUlphonation 
yields naphthalene-I, 3, 7-trisulphonic acid. Both 1,3,5 and 1,3, 7-isomers on further sui phonation 
yield the same naphthalene-I, 3, 5, 7-tetrasulphonic acid. 
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~H_--.... 
~ 

S031-1 
(I. 5) 

Naphthol Sulphonic Acids : These acids are prepared by sulphonation of naphthols. If 
a-naphthol is sulphonated with equal weight of conc. sulphuric acid at 60-70°C, I-naphthol 
2-sulphonic acid is the main product, a small amount of I-naph~thol-4-sulphonic acid is also formed. 

OH OH OH 

~ cone. HzS04 • ~S03H + ~ UV 60-70°C UV vy 
a-naphthol 

If the sulphonation of a-naphthol is carried out with twice amount of sulphuric aCid, 
I-naphthol-2, 4-disulphonic acid is the main product. 

~ UV 
a-naphthol 

I-Naphthol-4-Sulphonic Acid: It is also known Nevile and Winther's Acid (NW-Acid). 
It is obtained (a) by heating sodium naphthionate with 50% aqueous NaOH in an autoclave or 
(b) by heating naphthionic acid with sodium bisulphite and decomposing the product with alkali. 

0' 50% N,OIl • 

vy 
S03Na 

sodium naphthionate 

NH2 

~ (I) sodium bisulphilC. vy (ii) alkali 

S03H 
naphthonic acid 
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p..Naphthol Sulphonic Acid : The suI phonation of ~-naphthol yields various products 
dependinQ upon temperature and proportion of sulphuric acid. If the sulphonation is carried out 
at -12°C, 2-hydroxynaphthalene-I-sulphonic acid (oxy tobias acid) is the product. But at 200 e 
7-hydroxynaphthalene-I-sulphonic acid (crocein acid) is the main product. The probable mechanism 
is that the 2-sulphonic ester undergoes rearrangement at low temperatures to yield l-sulphonic 
acid, migration taking place at higher temperatures, as follows : 

OH S~H 

~S03H -120(' ~Ol-l 
~ ~~ 

2-sulphonic acid oxy tobias acid 

~ 
I 

1 
SOil 

~OH ~OH 
~. Nv 

HOJS .. 
crocein acid schatler al.:ud 

p-Naphthol Disulphonic Acid : If the amount of sulphuric acid is increased, disulphonic 
acids are obtained. The quantity of acids formed depends upon the temperature at which the 
sulphonation is taking place. At a low temperature mainly "G-Acid" (~-naphthol-6, 8-disulphonic 
acid) is obtained while at a higher temperature .oR-Acid" (J3-naphthol-3, 6-disulphonic acid) is the 
main product. Both these are very important azo dye intennediates. . . 

When ~-naphthol is heated for several hours with three times its weight of sulphuric acid 
at 110°C, the main product is R-acid which separates as sodium salt on pouring the sulphonation 
product into brine, whereas G-acid remaining in solution. G-acid may be separated from R-acid 
by precipitation of G-acid as the potassium salt. 

~OH 

~ 
HOJS SOJH 

SOJH 

~OH 
M) 

HOJS 
~-naphthol-3, 6-disulphonic acid (R-Acid) ~-naphthol-6, 8-disulphonic acid (G-Acid) 

p-Naphthol Trisulphonic Acid : The ~-naphthol 3. 6, 8 trisulphonic acid is obtained by 
the further sulphonation of either G-Acid or R-Acid or by the suI phonation of ~-naphthol with 
40% oleum at about 120°C. 

SOJH 

~OH 
~ 

HOJS SOil _ 
~-naphthol-3. 6. 8-trisulphonic acid 
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Naphthylamine Siliphonic-,Acids_: ;These are prepared by the following methods: 

(1) By sulphonation of naphthylamine, (2) By sulphonation and su\»sequcnt reductiop. of 
nitronaphthalene, and (3) By nitration and reduction of naphthalenesulphonic acid. 

The course of sulphonation of the naphthylamines is being shown in Charts 6.1 and 6.2. 

Chart 6.1 : Sulphonation of a-naphthylamine 

flO,S 1 
NH2 

HOJSy) 171~ 
~ A 

HO,S 1 
NH2 

H03S¢SOJH 17, ~ 
~ A 

HOJS . 
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Chart 6.2 : Sui phonation of p-naphthylamine (See page 6.23) 

1 SO,H 

HOJWNH2 HOjS~NH' ~ I ~ 40%OlclIlll ~ I ~ -
~ ~ 140°(, to ~ ~ 

SOjH 
HOJS HOjS 

Naphthionic Acid : It is obtained by heating a-naphthylamine acid sulphate mixed with 
about 3% of its weight of oxalic acid at 170-180DC in vacuum. The acid is used mainly as a 
secondary component for benzidine dyes and also as a coupling component in azo dyes e.g .. 
congo red and benzopurpurine. Naphthionic acid isomerises to the 2-sulphonic acid if its sodium 
salt is heated with four parts of naphthalene. at about 200DC for a few hours. 

~ 
~ 

SOJH 
naphthionic acid or/ho-naphthionic ac id 
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By the cold nitration and subsequent reduction of naphthalene-a-sulphonic acid. a mixture 
of peri-acid (a-naphthylamine-8 sulphonic acid) and laurent acid (a-naphthylamine-S-sulphonIc 
acid) is obtained. The peri acid is used in the form of its N-phenyl or N-tolyl derivative as an 
end-component for dark azo-dyes. It gets separated from the laurent acid as its sparingly soluble 
sodium salt. 

~ 
~ 

HOJS 
laurent acid peri-acid 

When naphthalene-p-sulphonic ac:d is nitrated. it yields a mixture of I-nitro-naphthaJcne-
6 and 7-sulphonic acids which on reduction give a mixture of cleve acids. These are important 
azo dye intermediates especially in the manufacture of blue trisazo dyes. 

cleve acids 

2-Naphthylamine-l-sulphonic acid (tobias acid) is obtained by heating 2-naphthol-I-sulphonic 
acid with ammonia and ammonium sulphate at 150°C for 30 hours and 10 atm. pressure. After 
removing ammonia, tobias acid gets precipitated by hydrochloric acid. It is useful for the 
manufacture of azo colour lakes. 

The 2-naphthylamine-6-sulphonic acid (Bronner acid) and 2-naphthylamine-7 -sulphonic acid 
(Cassella acid F) are prepared by treating p-naphthylamine with thrice its weight of concentrated 
sulphuric acid at 160-180°C tor 2 hours. They may be separated from each other in the form of 
their sodium salts. 

Bronner acids Cassella acid F 

These acids are used as a first and as an end-component for azo-dyes respectively. 
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Of the polysulphonic acids of the tW() naph,tylamines, the- following are very important: 

1. I-Naphthylamine 3, 6 Disulphonic Acid (Freund'Acid) : It may be prepared as follows: 

.....- ~ nitration .....-... 
I-IOJS~""""'" SOJI-I 1-I03S

'07 
....... " SOit 

~ I ~ cone. HNOieune. H2S04 • ~ I ~ 
N02 

lRCd/l 
, Fc/liel 

H03S'CqS03H -?, ~ 
~ ~ 

NH 2 -

frcund acid 

It is mainly used for the preparation of 'wool blacks' (azo-dyestutTs). 

2. 2-Naphthylamine-6, 8 Disulphonic Acid (Amino G acid) and 2-Naphthylamine-5, 7 
Disulphonic Acid : These are prepared by the sulph_onation of f3-naphthylamine with fuming 
sulphuric acid. 

;.r I ~ (i) cone. IIzS04 co .... " NHz ' 

~ ~ (ii)Okum 

f3-naphth) lamine 
HOjS~NH2 

~ 
HOjS 
~ : 5, 7 acid 

These acids are intermediates in the manufacture of 'y-acid' and 'J-acid' respectively. 

3. I-Naphtylamine 3, 6, , 8-Trisulphonic Acid (Koch Acid) : It is obtained by nitration and 
subsequent reduction of the 3, 6, 8 naphthalenetrisulphonic acid. 

It is used for the preparation of 'H-Acid'. 

~ ~ 
naphthalene 

HOJS N02 0 

¥~ 'RcdR
• 

~ Fe/IICI 
I-IOjS SOJH 

(i) cone. IIN( I • 
• • 
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Aminonaphthol Sulphonic Acids: The following are the principal aminonaphtholsulphonic 
acids: 

I. l-Amino-2-Naphthol-4-Sulphonic Acid: It is obtained by treating 1-l11troso-2-naphthol 
with sodium bisulphite at 18-20°C, followed by -addition of sulphuric acid and the mixture 
is heated to 40-S0°C. The product crystallises out and is filtered off. It is used for making 
modem black 3. 

2. 8-Amino-l-Naphthol-5-Sulphonic Acid (S-Acid) : It is obtained by melting I-naphthyl
amine-4, 8-disulphonic acid with caustic soda. It is used for making blue azo-dyes. 

3. 6-Amino-l-Naphthol-3-Sulphonic Acid (J-Acid) : It is obtained by heating 
2-naphthylamine S, 7-disulphonic acid with concentrated caustic soda solution. It is used 
for the production of direct cotton dyes. 

4. 7-Amino-l-naphthol-3-sulphonic Acid (y-Acid) : It is obtained by heating 
2-naphthylamine-6, 8-disulphonic acid with concentrated caustic soda solution in an. 
autoclave. It is an intermediate for acid azo dyes. 

S. 8-Amino-l-Naphthol-3, 6-Disulphonic Acid (H-Acid) : It is obtained by heating 
l-naphthylamine 3, 6, 8-trisulphonic aCId with 35'% aqueous caustic soda in an autoclave 
at 180-190°C. It is isolated by its sparingly soluble acid sodium salt. It is a valuable azo
dye intermediate. 

6. 8-Amino-l-Naphthol-3, 5 Disulphonic Acid (K-Acid) : It is obtained by heatmg 
I-naphthylamine-4, 6, 8-trisulphol11c acid with 75% aqueous caustic soda at 170"C. It is 
used for making blue azo-dyes for cotton. 

NI-Iz 

~OH 
Vy 

SOJI-I 
l-amino-2-naphthol-

4-sulphonic acid 

H-acid 

1M 
~ 

I 
S0311 

S-acid 
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Antbraquinone Sulpbonic Acids: These are vary important intermediates in the manufacture 
of dyes because their sulphonic groups can be replaced directly by hydroxyl. chlorine, ammo and 
even by methoxyl groups. 

(a) Antbraquinone-2-Sulpbonlc Acid: This is obtained by heating anthraquinone with 
oleum containing 45 per cent free sulphur trioxide at 150"(, fo~ one hour. The resulting 
melt is run into water a!ld neutralised with sodium hydroxide while still hot. On cooling, 
the sodium salt of anthraquinone-2-sulphonic acid separates out. 

(h) Anthraquinone-2, 6-and-2, 7-Disulpbonic Acids : These are obtained by further 
sulphonation of anthraquinone-2-sulphonic acid with 50% oleum at 160-170°(, in the 
absence of mercury. At higher temperature, the 2, 6-lsomer is the main isomer whIle at 
lower temperatures the 2, 7-isomer is predominant. The 2, 6-and 2, 7-isomers are separated 
as the sodium salts. The 2, 6-isomer is mainly used for the manufacturing of tlavopurpurin 
while the 2, 7 -isomer for anthrapurpurin. 

(c) Antbraquinone-l-Sulpbonic Acid: It is obtained by heating anthraquinone containing 
18% free sulphur trioxide and about 2% of finely powdered mercuric oxide (i. e .. mercuric 
sulphate) at about 50-120"C. The unsulphonated anthraquinone is removed by filtration 
and I-sulphonic acid is isolated as its sparingly soluble potassium salt. It is used for the 
production of l-aminoanthraquinone and other intermediates. 

(d) Antbl'aquinonc-I,5 and-1, 8-Disulpbonic Acids: These are obtained as a mixture by 
fUliher sulphonation of anthraquinone I-sulphonic acid. The I, 5-isomer is salted out 
from the more soluble I, 8-isomer after diluting the suI phonation mass. 

The above reactions of anthraquinone are given in the following scheme: 

Oleum ( 18% SO .• ) 

2%llgO 
5()-120°C 

o SOPH 

~ Oleum (44% SO.d 

~ 140-150°C. Ilg() 

o 
Anthraquinolle-I

sui phonic acid 

o SO,OII 

~ 
~ 

HOOzS ° (1,5) 

IIOzOS ° SO,OH 

~ 
~ o (L 8) 

a SOPII 
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0 

high temp' 

0 
SOPI-I 

0 (2,6) Oleum (18% SOJ) Olellm 

120-140°C (50~'o SOJ) 0 
160°-170"(: 

0 (2,6) 

10\\ temp 

0 (2. 7) 

Sulphonation by Baking Process: In this process, amines may be sulphonated by baking 
their sulphates at elevated temperatures. This procedure offers the' advantage of giving fewer 
isomers. For example, the baking of aniline sulphate at 260-280°(' gives high yield of the para 
sulphonic acid, i.e .. sulphanilic acid. 

",SO. - ' .. 

aniline 

NHSOPH 6 """n"'~'''''''' • ¢' 
phenyl sulphaminic acid 

SOpH 
sulphanilic acid 

Similarly, naphthionic acid is prepared by heating u-naphthylamine sulphate at 170-180°(, 
under vacuum. 

a-naphthylamine 

~ vy 
SOzOH 

naphthionic acid 

Desulphonation : The reverse of sUlphonation is sometimes called desulphonation. In this 
process the sulphonic acid group is replaced by a hydrogen atom. Desulphonation of certain 
aromatic sulphonic acids will take place especially when the sulphonic acid group present is 
staggering with other groups present in the aromatic compound. 

Desulphonation is a useful method for synthesising dye intermediates' which could not be 
prepared by other methods. This method is illustrated by the desulphonatioll of 2-chloro-l-methyl 
benzene-4-sulphonic acid in superheated steam at 150°C to o-chlorotoluclle. 



.. 
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toluClie o-toluene 
sulphoriyl 
chloride 

Q p-isomcr 
separated 

I I· . ~ )y rcczlIlg 
out 

S02CI 
p-toluene 

sulphonyl chloride 

CI iFc -
z ~ 

~CI 
-y 

S020H 

Q 
SOpH-

o-chlorotoluene 

The process of desulphonation is also useful in another way. It avoids the use of carcinogenic 
-2-naphthylamine but in place of it non-carcinogenic 2-amino-naphthalene-l-sulphonic acid (tobias 
acid), followed by desulphon~tion to yield naphthol AS-SW. 

, 

SOlOH 

0):1 ~ OH' H2N'CO-~ 
+ PCIJ + 1 

~ Q ~- Q 
eOOH 

2-hydroxy-3- tobias acid 
naphthoic acid 

~OH SOpH ~OHo 

"'~CO-NH~ steam. ~50~ ~ ~CO-NH-001 ~ 
. ' ~- deslilphllfisatlOn _ ~ Q 

The process of desulphonation is also useful for the separation of naphthalene-~-sulphonic 
'ac'id from naphthalene-a-sulphonic acid. This mixture is obtained on sulphonation ~f naphthalene 
at 145°C. When this mixture is worked up for desulphonation, only naphthalene-a-sulphonic acid 
is converted to naphthalene which can be removed along with steam leaving behind pure 
naphthalen~-~-sulphonic a.cid. 

'OOI~ ~- ~ 

naphthalene 

suI phonal ion 
145°(, ~ 

SOJH 

~-~ 
naphthalene-a
sulpho~ic acid 

+ 
~SOJH 

~ -dt:Sulphonation ~ 
naphthalel1e-~-
suI phonic acid 

co- SOJH 

OOI~+~I~ ~ ~ ~ ~ 

naphthalene naphthalene-~
suI phonic acid 
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Amination 

The introduction of an amino group into an aromatic nucleus by replacement of another 
functional group is called amination. This reaction generally takes place in the presence of a 
catalyst. The primary amines and ammOl11a act as nucleophilic reagents replacing groups m 
amination. 

Amination by amines and ammonolysis is important. Ammonolysis generally takes place 
under pressure. Ammonolysis may be carried out by using gaseous ammonia or liquid ammonia 
or aqueous ammonia. However, aqueous ammonia is preferred but it gives phenols as by-products. 
Thus. it reduces the yield of aromatic amines. 

In ammonolysis, a metallic catalyst like copper oxide. cuprous oxide or cupric chloride is 
to be used. However. the choice of a catalyst depends upon the type of the compound handled. 
For example, a reducing catalyst like cuprous chloride is preferred when the compound like 
aniline is likely to get oxidised easily. On the other hand. an oxidising catalyst like cupric 
chloride is preferred when the compound like aminoanthraquinone is likely to get reduced readily. 
Sometimes sulphites have been used as catalysts in liquid phase while alumina has been used in 
gaseous phase in ammonolysis. 

Some examples of amination reactions are as foHows : 

(a) An interesting example of amination in the benzene series is the converSIOn of p
nitrochlorobenzene to p-nitroaniline with ammonia. This reaction may be can-ied out continuously 
with 40 per cent aqueous ammonia under 200 atmosphere pressure at 235-240"('. Similarly. 
amination of 2, 4-dinitro-chlorobenzene is effected under much milder conditions because the 
chlorine atom is more labile. 

Cl ¢' ¢ Ammonolysis with 
NI IJ • a catalyst - ~ 

Prcssun:. 111 i Idcr 
conditions 

N02 N02 

p-nitrochlorobenzene p-nilroanilinc 

CI Nit, 

¢rNO' Ammonolysis with ¢rNO' N 11.1_ a catal~ st 

~I Prcs~urc. milder 
.. ~I 

conditi()n~ 

N02 N02 

2,4-dinitrochlorobenzelle 2.4-dinitroanilinc 

• 
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The mechanism of amination of p-nitrochlorobenzene by aniline may be given as follows: 

~I ~~ eX, ,5;{ ~. e~-< ~ ;;-< ~ 
~ y V· .-IIl'I~ Y 
N~ N N ~ N 

oM'" ~o oM'" 'cf oM'" ~~ oM'" '0 

p"-Nitro~hlorobenzene H 

(b) Bucherer reaction illustrates amination in the naphthalene series. A naphthol is heated 
under pressure (6 atm) with ammonium sulphite or ammonia and alkali metal bisulphite at 100-
150°C. The result is replacement of the hydroxyl group by an amino I:,lfOllP probably by way of 
a bisulphite addition product of the keto form of the naphthol. 

OH a Nil 

o¢{ ~I ex) NaHSOJ~ ~ H NII.I ~ II , 
alkali ~, H c lip ~I H ~ ~ 

SOJNa SOJNa 
H H H II 

-a-Naphthol t -Telralone derivative I-T drulont! derivativt! 

Nil; 05' < 
IlzO ~ ~ 

a-Naphthylumine 

Bucherer reaction is reversible and may be used to convert naphthylamines to phenols. 

Bucherer reaction is also applicable to resorcinol in benzene series. For example. amination 
of resorcinol under Bucherer reaction with aniline yields hydroxydiphenylamine. 

J; 
UOH 

resorcinol 

Huchcrcr Reaction 
NaIISOJ • Aniline ~ 

Q 

3-hydroxydiphenylamillc 

By Bucherer reaction, it is possible to convert I-naphthol 4-sulphonic acio into I-amino
naphthalene-4-sulphonic acid (naphthionic acid) and vice versa. 

By Bucherer reaction, it is also possible to prepare two important aminoslliphonic acids like 
amino J acid and amino G acid. These acids are azo dye intermediates. 

Amino J-Acid : f3-Naphthol on sulphonation yields oxytobias acid (a) which is converted 
into tobias acid (b) by the Bucherer reaction. Then tobias acid is sulphonated to form 
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2-aminonaphthalene-l, 5, 7-trisulphonic aCId (e) which on desulphonation yields 6-amino
naphthalene-L 3-disulphonic acid (d) i.e., amino J-acid. 

SOli . 

o:}0ll 
Olellm ~ I '0::::: (NII~)2S0\. 
-12U C • ~ h NIIJ 

~OH 

~ 
so, 

~-naphthol (0) (h) 

SOJI-! 

HOJS¢NH> ,II0JSyvNHz ~ I '0::::: - - SOl ~ I ~ • 

Amino G-Acid : ~-Naphthol on sulphonation at a higher temperature yields 2-naphthol-6, 
8-disulphonic acid (e) which on amination by Bucherer reaction yielQs 7-aminonaphthalene- L 
3-disulphonic acid (f) i.e .. amino G-acid. 

S0311 

roOH OH ,roNI-!> ~ I '0::::: .Olellm. ~ (NII~)2S(\ ~ I '0::::: -
~ h higher h:mp. ~ Nil.. ~ h 

~-naphthol HOJS (e) H03S . (I) 

(c) In the anthraquinone series amination is frequently a convenient means of preparing 
amines. l-Aminoanthraquinone-2-carboxylic acid can be obtained by the reaction of I-nitro 
anthrauinone-2-carboxylic acid with aqueous ammonia at I 30°C. The nitro group is displaced but 
not reduced. In a similar manner, I-anthraquinone sulphonic acid can be aminated to form 
I-aminoanthraquinone or if desired, ammonia may be replaced by methylamine to yield I-N
methylaminoanthraquinone. 

° N02 0 NHz ' 
COOH COOH 

o 
I -nitroanthraquinone-2-carboxylic acid 

° SOJH 

~ 
~ 

o 
I-anthraquinone sulphoni~ acid 

NIIJ • 

° l-aminoanthraquinone-2-carboxylic acid 

o NH2 

~ 
~ 

o 
l-aminoanthraquinone 
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Reduction 

. 6.33 

The most common reduction method in the manufacture of dye intermediates is the conversion 
of a nitro compound to the coriesponding amine. This reaction is illustrated by the reduction of 
nitrobenzene to aniline. . . 

< >-NOz ~ < >-NH2 + 211 20 

Reduction of nitro compounds may be accomplished by the following methods depending 
upon the type of reducing agent or system used. 

(a) Bechamp Reduction: This is employed on a large scale because of its simplicity. The 
effective reducing agent is nascent hydrogen which is produced by the reaction of grey iron and 
water having a small amount of hydrochloric acid, formic acid or acetic acid to promote reaction. 
The overall reaction may be illustrated for nitrobenzene as follows : 

< )-N01 + 2Fe + 4HP ..lL. ('>-NH2 + 2Fe(OH)J 

Iron reduction of nitro compounds is being de-emphasized in favour of catalytic reduction 
which is more efficient in a labour industry such as dyes. 

Bechamp reduction method can also be used in reducing the nitro derivatives of sulphonic 
acids. This can be illustrated by the manuHlcture of mctaniIic acid irom nitrobenzene. The 
starting substance is nitrobenzene which on sulphonation with oleum at 105-11 One yields /Il

nitrobenzenesulphonic acid. The resulting mixture is neutralized by CaCO, and filtered to remove 
calcium sulphate. The solution of calcium salt of m-nitrobenzenesulphon'ic acid is-reduced with 
iron-water in the presence of an acid (Bechamp reduction). The reduction liquor is made alkaline 
with caustic soda solution, filtered from iron sludge. The solution is tirst evaporated to 50% 
strength as sodium metanilate and then precipitated by acidification as metanilic acid. 

N02 N01 

61 Oleum AI: 
~ 105°-IIOOC~ U 

SOJH 
Nitrobenzene 111-N itrobenzene-

sulphonic acid 

NHz 

FclllCI ~ AI 
61111 U 

SOJH 
Metanilic acid 

Bechamp reduction method is also used in the manufacture of I-naphthylamine suI phonic acids. 

A few applications of Bechamp reduction method are summarised in Table 6.2. 

Startillg substallce 

p-nitrophenol 

p-nitroaniline 

p-nitrobenzoic acid 

Table 6.2 : Applications of Bechamp Reduction 

Product 

p-aminophenol 

p-phcnylcnediaminc 

p-aminobcnzoic acid 

Acid lise 

acetic acid 

FeCI/HCI 

Hcl 
(( 'olltd ... ) 
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."'·tarting substance Product Acid use 

'I-nitrotol uene m-toluidine FormIc acid 

l-chloro-3-nitrobenzene m-chloroanilinc Formic acid 

2-chloro-6-nitrotoluene 3-chloro-o-toluidine Formic acid· 

2-chloro-4-nitrobenzoic acid .5-amino-2-chlorobenzoic acid HCI 

1, 3-dich 10ro-4-nitrobenzcne 2, 4-dichloroaniline HCI 

(b) Sulphide Reduction Another useful method of reduction of nitro group to, amino 
group is reduction using sodium sulphide (NazS), sodium hydrosulphide (NaHS) or sodium poly
sulphide CNazS). An important feature of this type of reducing system is its·adaptability to bring 
about step-wise reduction of dinitro compounds. Partial reduction is illustrated 'with m-dinitro
benzene which can be reduced to m-nitroaniline with sodium sulphide at 95°C under control1~d 
conditions. Howev~r, for getting m-phenylene diamine, Bechamp reduction is to be followed. 

- "'I- N,IIS & & ----I m_nitroallili~e02 
m-dinitroben;;:;'" "",",mp !:12 

r.:duction U 
NOz 

phenylenediamine 

Sulphide reduction is also used to reduce some nitroso compounds, e.g., 4-nitrosodiphenyl
amine to 4-aminodiphenylamine. 

4-nitroso diphenylamine 4-amino diphenylamine 

Other examples of sulphide reduction method are as follows : 

(i) Picric acid is reduced to plcramic acid. 
OH 

~ I Nn2S OlNVNOZ 
~ 

(Ii) 2-Chloro-7-nitro anthraquinone is also reduced. 
o 

CI CI 

o o 

,; 
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(iii) p-Nitrosodimethylaniline is reduced to p-aminodimethyl-aniline. 9H

')' 
N1I1S 

~ 

9H

')' 

1120 

NO NH2 

Some other examples of sulphide reduction method are given in Table 6.3. 

Table 6.3 : Some Applications of Sulphide Reduction Method 

Starting substance Product Reducing Agel/t 

o-nitroaniline o-phenylcne diaminc Na2S 

p-nitroanisolc p-anisidinc Na1S 

1. 4-dimcthoxy-2-nitrobenzenc 2, 5-dimcthoxyanilinc NaSH 

3, 5-dinitro-p-toluene sulphonic acid 3-lImino-5-nitro- NaSH/MgO 
p-tolucllc sulphonic aCId 

5-phenylazosalicylic acid 5-aminosalicyhc acid Na2Sr 

(c) Zinc Reduction: The zinc reduction in alkaline aqueous or alcoholic medium IS 

especially useful to bring about bimolecular reduction. This kind of reaction is illustrated by the 
conversion of nitrobenzene to hydrazobenzene. Rearrangement of hydi-azo-benzene with acid 
gives benzidine. The reaction mechanism is given as follows : 

2 0-' NO ~ 0-' ~-~-o' ~ 0-' ~-~~---+ 
- 2 011 - - - He H~-

Hydrazobenzene 

H H 
I I 

H_e~---~!..H 

B~ 
NH2 NH2 

---t>11 II 
...... _---... .. 

H H 

__ 2"e~ HiN--< }{ }-NH2 

benzidine 

This mechanism leads to C-C linking but also leads to N-N bond breaking originally 
present in hydrazobenzene and can give rise to 4, 4'-product, i.e., benzidine. 

In a similar manner, o-nitroanisole is first converted to hydrazoanisole and then to 
o-dianisidine. 

< t NO
,-+ 

OCHJ 

o-nitroanisole 

< t-NH-NH~ ) -+ H'N~ }{ t-NH, 
OCH3 HJCO HJCO. ... OCHJ 

h d . I o-dlalllsidme 
y razoalllso e 
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(d) Catalytic Reduction: Generally, where the reaction is carried out on a large scale, the 
catalytic procedure is best. Catalytic reduction requires a catalyst such as nickel, copper. platinum, 
molybdenum or tungsten. Reduction conditions vary widely, depending on the nature of nitro( 
compound and the catalyst. Reduction may be carried out in solvent, in the vapour phase or in 
the liqUId phase. Aniline can be manufactured by continuous vapour phase reduction of nitrobenzene 
at 350-460°C at nearly atmospheric pressure. 

The place of hydrogen as a reducing gas may be taken by water gas, producer gas or an 
alcohol. 

Hydroxylation: Aromatic hydroxy compounds are used extensively as coupling components 
in the manufacture of azo dyes. The hydroxyl group may be introduced into the aromatic nucleus 
by the following methods : 

~a) Dow Process: In this process, chlorobenzene and aqueous caustic soda are heated to 
320°C under pressure of 240 atmospheres when phenol is obtained. This is used extensively in 
dyes and plastic industry. 

6 + NaOH 320°(: ~ 

240 atm. 

ONa OIl OL 6 
(b) Curnene Process: It is the modem process for the manufacture of phenol. In this 

process, benzene and propene combine in the presence of aluminium chloride to give cumene 
which is air-oxidised to cumene hydroperoxide. The latter on treatment which acid gets decomposed 
into acetone and phenol. 

CH3 

01 + tH AICI3~ 
~ II 

CH2 

Similarly, p-cresol may be prepared by using the above method. 

( c) Alkali Fusion : It is an important procedure for the hydroxylation of aromatic compounds. 
In this method, a sulphonic acid group is replaced by a hydroxyl group. This reaction cannot be 
used when nitro or chloro groups are present but is applicable to amino compounds. 

Alkali fusion is usually carried out with a concentrated solution of sodium hydroxide in a 
cost-iron pot which is equipped with a scraping agitator and heated externally. The water is 
evaporated and then the mass fuses. The reaction mixture is heated between 190-350°C, depending 
on the' reactivity of the sulphonic acid group. 

S03H SOjNa ONa 
~ aq.NaOII~ ~ . :NaOII .~ ~ ~ V V fuslon.300"C V (Y

0H 
-:7. I 
~ 
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By this process, 2-naphthol is obtained from naphthalene-2-sulphonate. 

ro-

SOJH aq NaOil ro-SOJNa NaOH 
~ ~ 

~ ~ ~ ~ 315°l' 

ro-

oNa II· 

ro-.
OH 

~ 
~ .~ , ~ ~ 

A sulphonic acid group is also replaced by a hydroxyl group by heating -it with aqueous 
alkali under pressure. For example, in the following manner: 

, OH 08 

60% NaOH &1 'S;;: 
---------+~ -170-220°C ~ ~' 
under pressure, HOJS, SOJH 

Similarly, H-acid is prepared from l-aminonaphthalene-3, 6-8-sulphonic acid (Koch acid) 
in the following manner : 

DH NHz 

60% NaOl1 M'I ~ ~ 
170-220°C ~ ~ 

under pressure H 0 S SO H 
J I J 

Also, l-aminonaphthalene-5, 7-disulphonic acid is converted intoJ-acid in the following way: 

NHz 

HOJSY'iA 

~ 
HOjS 

50% NaOH 
~ 

78°C: 5-6 atom 

HOJS~NH2 

~ 
OH 
J-acid 

Aqueous alkali method is used in the manufacture of m-diethylaminophenol which is used -
in the manufacture of sulphorhodamine Band c,ertain brightening agents. 

~ U SOH J 

m-nitrobenzene 
sulphonic:acid 

Fe 
~ 

IIel 

,;;,H,), 
U SOH J 

!NUOII 
fusion 

,;;,H,), 
U OH 

m-diethy lam inop/lenol 
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In the anthraquinone series, 2-anthraquinonesulphonic acid can be converted to the hydroxy 
compound by heating with calcium hydroxide in water. Alkaline fusion of the same sulphonic 
acid gives alizarin in addition to l3-hydroxy anthraquinone. 

o 

o 
o 

o 

o 

o 
o 

o 

OH 

011 

+ 

o OH 

o 
Alizarin 

OH 

(d) Replacement of -NU2 Group by -OH Group : It may be done by the following 
methods: 

(i) By boiling the diazo salt with water. 

NaNO/Hel • 

N=NCI 

~ 11,0. V -Nz·-IICI 

OH 

6 
(ii) By the reverse Bucherer reaction, e.g., Nevile and Winther's acid may be obtained from 

l-amino-naphthalene-4-sulphonic acid. 

(i) NallSOJ 

(ii) NaOll 
(iii) HCl 

• 

Alkylation of Aromatic Amines : Alkylation refers to the introduction of an aliphatic 
group, such as methyl, into an organic molecule. Alkylation may occur on carbon, nitrogen, 
oxygen or sulphur. Of these possibilities, alkylation' on nitrogen and oxygen are important in the 
manufacture of dye intermediates. The alkylating reagents usually are chlorides, alcohols or 
sulphates. 

An example of alkylation is that N, N-dimethylaniline is made by reacting aniline with 
methanol in the presence of PCl3 in chromium-molybdenum steel autoclaves at 270-280°(, under 
pressure of 70-100 atm. The product is purified by distillation in vacuum. 

0-, PCI 0-' _ NHz + CHJOH 270-2:00 C. _ N (CH3)z + H20 

N-N-dimethylaniline 
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Howtver, a methyl b'TOUP may be introduced into the amino b'TOUP of aniline by heating with 
methyl alcohol under pressure in the presence of a mineral acid. 

< )-NHz +CH30H It ~ o-NH~HJ+HP 
N-methylaniline 

Phenol may be methylated with methyl sulphate in cold alkaline medium to give anisole. 

0-, OH +(CH) SO Off ~ 0--' OCH +CH SO H - J2 4 J .) J - -
an.isole 

Hydroxyethylation is carried out on primary or secondary amines and is very important for 
disperse dyes. 

2)C'H' + 

N-n-butylaniline ethylene oxide 

I-1'lC", ,.....CH2CH20H 
N 

14O"C, 6 
N-n-butyl-N-2-

hydroxy ethyl ani line 

The product is purified by distillatIon and is used as an azo coupling component. 

Arylation of Amines : This is a very important reaction in anthraquinone intermediates. 
One way is replacement of hydroxyl group by arylamine b'TouP. For example, the condensation 
of two molecules of p-toluidine with one molecule of quinazarine in the presence of small 
quantity of zinc dust yields 1, 4-di-p-tolylaminoanthraquinone (I). 

o OH 

~ 
~ 

o 
Qui nazari ne 

+ 2 

o NH-o-CH.) 

Zincdusl. ~ 
~ ~ 

o NH-(!}-CH.) 
(I) 

Arylamino groups are introduced also by replacement of halogens, e.g., 
I 

o NH2 0 NHz 
C~ C~ 

Na acetate. I ~ 
Cuacctllte ~ 
p-toluidinc 

o Br 0 NH-( }-CHJ 
I-Amino-2-methyl- I-Amino-2-methyl-

4-bromo anthraquinone 4-p-toluidine anthraquinone 

4-Hydroxydiphenylamine is obtained by heating hydroquinone with excess of aniline in the 
presence of aluminium chloride as catalyst at 200°C. 
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HO~QH+ 
hydroquinone 

H2N-() HO-o-NH-{ ) + Hp 

aniline 

Some more reactions are as follows : 

OH 

Jr 
UOH + 

resorcinol 

9 
NJ 12 

p-toluidinc 

Sulphanihc acid 

heal 

It is used In making tripheny1n'ethane dye. 

Sulphrulil ic acid 

a-naphthy lam i ne aniline 

It is used in the manufacture of victoria blue B 

(X
CI 

I + 
~ COOH 

• 

• 

NH~ }-CHJ 

Jr + 11,0 
UOH 

N-phcnyl-l-naphthalenl.! 

NII-Q ex -+ IICI 

COOH 
o-chlorobenzoic acid aniline N-phenyl anthranilic acid 

N-benzyl-N-ethyl-aniline and N, N-dibenzylaniline are obtained by the action of benzyl 
chloride on N-ethylaniline and aniline respectively. 

N-N-dibenzylaniline 

N-benzyl-N-ethylaniline is used for the preparation of acid dyes of the triphenyl-methane 
series. 

Carboxylation : The carboxylic acid group may be introduced by side chain oxidation as 
described above. In addition it may be introduced by direct action of carbon dioxide on certain 
compounds through Kolbe's reaction. In this reaction, sodium phenolate is treated with carbon 
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dioxide under pressure at about 150°C when sodium salicylate is fomled. Acidification of the 
salicylate gives the free acid which may be purified by vacuum distillation. 

OH OH 

(y

COONa + (yCOOH 
~I ~ ~I 
~ ~ 

23 co,. 
salicylic acid 

2-Hydroxy-3-naphthoic acid. an int~ediate for azo dyes is made from sodium 2-naphtholate 
by Kolbe's reaction. 

~OH 

~ COONa 

OH 

~ ~ COOH 
sodium 2-naphtholate 2-hydroxy-3-naphthoic acid 

2, 4-Dichlorobenzoic acid is obtained in good yield by hydrolysis of 2, 4-dichlorobenzo
trichloride with 78% sulphuric acid at 85-90°C. 

CC~ COOH 

~CI 78% 112S04~ lr-C1 y 85-90" Y 
CI CI 

Oxidation : It may be atTected by air in the presence of a catalyst or by a variety of 
chemical oxidants such as manganese dioxide and potassium permanganate. 

\ 

Catalytic Vapour-Phase Oxidation : It is illustrated by the conversion of naphthalene to 
phthalic anhydride. This reaction is carried out over a vandadium pentoxide catalyst at 450"C, 

o 
II 

101 A-C ....... 
V20s.450°C· ~C/O 

II 
o 

Another route to phthalic anhydride is oxidation of o-xylene, a product of the petroleum 
industry. The conditions for this reaction are similar to those for naphthalene oxidation, except 
that the temperature is higher, i.e .• 540°C. 

, 

Phthalic anhydride plays a significant role in dye chemistry. 

A lot of anthracene is available as by-product of coal tar distillation. Anthracene on oxidation 
with air in the presence of V 20S (catalyst) yields: anthraquinone. 
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IOJ 
--+ 

() 

~ 
~ 

o 
anthraquinone 

S:"nthefU' D.ves 

Oxidation with Chemical Oxidants: Aniline sulphate can be chemically oXldised with 
manganese dioxIde in sulphurIC aCId. The product is p-qumone. 

o 

¢ MnO, - ~ 

() 

p-qulnone 

The use of potassium dichromate in sulphuric acid affects the oxidation of l-nitro-2-
methylanthraquinone to the corresponding carboxylic acid. This reaction illustrates side-chain 
oxidation, an important route t6 the carboxyhc acids. 

o 
l-nitro-2-methylanthraquinone 

COOH 

o 
l-nitro-2-anthraquinone carboxylic acid 

Benzaldehyde-4-sulphonic acid required for triarylmethane dyes is made from p-toluene 
sulphonic acid by oxidation with permanganate in sulphUrIC acid. 

Formylation : Introduction of -CHO group into the aromatic nucleus is calledforlllylation. 
It is carried out by the hydrolysis of dichloromethyl group which is introduced into the benzene 
nucleus by the chlorination of side chain -CH3 in the absence of halogen camer. For example, 
toluene on chlorination in the absence of halogen carrier yields benzal chloride which upon 
hydrolysis with milk of line yields benzaldehyde. Toluene derIvatives also undergo similar type 
of reactions. For instance, 2, 6-dichlorotoluene yields 2, 6-dichlorobenzaldehyde. 
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abselll:';: of 
halogen carrier 

CHJ CIICI 2 

C~~ I CI el2 ~C~~ I CI 
~ absence or ~ 

halogen carrier 

ClIO 

mH,<>rlim" 6 
bervuldehydc 

CliO 
.CVvCI 

milk 01 lime ~ (J 

6.43 

Formylation of tertiary amines can be carried out by nitrosation followed by reaction with 
formaldehyde. The product is separated by filtration after neutralising the reaction mixture while 
the diamine remains in solution. 

N(CHJ )2 

¢~ I !leBO~ 
........... f)imetln I 

a/lliin': 

NO 

<3''1')' + 

(HO 
4-dimethy lamillo

benzaldehyde 

The o-chlorobenzaldehyde is obtamed from o-chlorotoluene through the following sequence 
of reactions : 

CH J OJ=! 1-1011 

" o-c h lorotol uene 

~ 

CHO 

(iel 
~I 
~ 

o-chlol'Oben7.aldchyde 

The p-aminobenzaldehyde is obtained by heating p-nitroto\uene with sulphur and sodium 
hydroxide at 72-800

( (intermolecular oxidation-reduction). 

~s 
N02 

p-nitrotoluene 

~ -;- NaOl1 

72-80°C 

(HO 

~ ¢ 
p-aminobcnzalth:hyde 
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Cyanoethylation : Reaction of a primary or secondary aromatic amine with acrylonitrile 
results in N-cyanoethylation. An example is the cyanoethylation of aniline with cupric sulphate 

, catalyst. 

o-~ NH +CH =CHCN 2 2 

(
' 2+ 
.U 

180°C < )-NHCH 2CH 2CN 

N-cyanoethylaniline 

The products pr?duced by cyanoethylation are useful intermediates for azo and basic dyes. 

Addition: An intermediate called cyanuric chloride is obtained by the addition of cyanogen 
chloride to itself. This reaction is catalysed by a small amount of free chlorine. 

Halogenation 

CI 
I 

;C, 
N N 

3CICN --+. I 1\ 
CI-C C-CI 

~N/ 
cyanogen chloride cyanuric chloride 

Chlorination: Chlorine is the most widely used of the halogens because it is comparatIvely 
economical. Generally, chlorination is performed by dried chlorine gas i.e., by direct chlorination 
with or without a catalyst. In a few cases, chlorination may be achieved with reagents such as 
thionyl chloride, phosphorus oxychloride, phosphorus pentachloride or sulphuryl chloride. The 
mechanism of chlorination of benzene is as follows : 

o· $ 

+ CI 

r----l [)$ ~ $ 9 

CI-CI + FeCIJ-+CI-CI-FeCIJ~CI + FeCI~ 

- o· 
~XI 

U 
1& 

H Cit H (I 
1& • • -0 CD 

XI e 6~ l:) + FeCI4 ---. ~ + HCI -t FeCI 3 

chlorobenzene 

Chlorination of Benzene: Chlorobenzene is made by passing a stream of dried chlorine 
into benzene in the presence of ferric chloride; some p-dichlorobenzene is formed at the same 
time. To produce monochlorobenzene as the sole product excess benzene is only partially converted 
and unreacted benzene is recycled. Even so, some polychlorobenzene is obtained. 
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CI 

6 + HCI 

Chlorobenzene fonned is purified by fractional distillation. Chlorobenzene is converted into 
phenol, aniline, D.D.T. and many other products. 

Chlorination of Toluene : Chlorination of alkylated aromatic compounds, for example, 
toluene, can occur either in the aromatic ring or in the side chain. The use of an iron catalyst 
direct!.: the chlorine to the aromatic ring, probably by inducing formation of the Cl+ cation as the 
active agent. 

Cold. ell .. ¢' 
CI 

The hydrogen chloride formed is usually neutralised by a suspension of calcium carbonate. 

CaC03 + 2HCI ~ CaCI2 + H20 + CO2 

Chlorination of toluene in the complete absence of iron produces side chain chlorination 
products. These are benzyl chloride, benzal chloride and benzotrichloride. All these compounds 
are valuable, although the reaction is difficult to stop to produce pure intermediate products with 
calcIUm carbonate. Benzal chloride is converted to benzaldehyde with calcium carbonate 111 

water, while benzotrichloride gives benzoic acid under the same conditions. 

6' el2 2:r ('I 6C'
, t'l 6' .. ---4 ---4 

u. v. light 

toluene 
IIO·'C 

bcnzyl chloride bcnzal chloridc bcnzo trichloride 

1Ca(011)2 1cacoJ 
IlzO 

1 CnCO j 

lip 

23
Of' CHO COOH 

6 6 
bcnzyl alcohol benzaldehyde bcnzoic acid 

It is also possible to carry out the side-chain chlorination of toluene in the absence of light 
by the action of sulphuryl chloride on boiling toluene in the presence of benzoyl peroxide. 

toluene 

Ben/oyl 
Pero·"Otil: 

6'CI + SOz + HCI 

benzyl chloride 
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When p-nitrotoluene is chlorInated at 55-60°C, it yields a mixture of two isomers. These 
are purified by fractional distillation. 

Q 
N02 

p-nitrotoluenl! 

55-60oe qCHJ CI 

~I 
~ 

N02 

+ 

Chlorination of Xylenes : Among the xylenes, chlorination ofp-xylene is important. The 
chlorination of p-xylene directly at 10 to 15°C yields 2-chloro-p-xylene. This product is purified 
by fractional distillation. 

lo-we 
~ 

Chlorination of Naphthalene : When chlorine is passed through molten naphthalene at 
100-140°C in the presence of iodine (catalyst), the main product IS u-chloronaphthalene and a . 
small amount of ~-chloronaphthalene (8(1'0) is also formed. 

CI,/1 2 - ~ 

100-- 140°(, 

When the above reaction is carried out at hIgher temperatures, i.e .. in the vapour phase, u
and ~-isomers are obtained in equal proportions. 

CI, 
--=--+ 
527°e 

CI 

~ ~ 
('I 

+~ 
~ 

Chlorination of Anthraquinone : In the anthraquinone series, both direct and indirect 
chlorinations are employed. An example of the indIrect chlor"ination is the conversion of 
I-anthraquinone sulphonic acid to the corresponding chloro compound. This reaction is carried 
out at approximately 100°C with sodium or potassium chlorate in hydrochloric acid. 

o SOJH 

~ 
~ 

o 

11('1 

o CI 

c¢6 
o 

Chlorination of Acetanilide: Acetanilide on treatment WIth sodium hypochlorite in the 
presence of mineral acid yields p-chloroacetanilide which on hydrolysis yields p-chloroamline. 
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NHCOCH 3 6, NaOCI~ 
~ IICI ¢' 

CI 
acetanilide p-chloroaniline 

Bromination : It may be done similar to chlorination by usin~ liquid bromIne. It is carried 
out in the anthraquinone compounds due to higher reactivity of bromo compounds compared with 
the corresponding chI oro compounds. For example, l-amino-2-methyl-anthraquinone on treatment 
with aqueous bromine yields l-amino-4-bromo-2-methylanthraquinone (I). This compound is 
used in the manufacture of alizarin light blue 4 GL. 

° o 
(I) 

Hr 

Similarly, l-amino-4-bromoanthraquinone-2-sulphonic acid (II) may be synthesised as follows: 

° NH2 ° NH2 

~ 
~ 

° l-aminoanthraquinone 

Oleum 

° Br 
(II) 

The compound (II) is an important intermediate in the manufacture of acid dyes. 

Fluorination : The fluorination of organic compounds with the reactive elemental fluorine 
is difficult to be carried out. However, it is carried out by adding dry nitrite to a stirred dry 
mixture of hydrogen fluoride and an amine hydrochloride. 

RNH2.HCI + HF + NaN02 ~ R - F + NaCI + N2 + 2H20. 

It is interesting to note that dyes having trifluoromethyl group (CF J) increases brightness 
of shade. The fluoro group is introduced by treating the corresponding chloro compound with 
98% hydrofll!oric acid under pressure. For example, fast orange GGD base is synthesised as 
follows: 
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)) 
U CH l 

Cl 
2 • 

without 
catal) st 

HF 
-+ 

(I) N ilrallOll 

I . • (il) n:lll,IIOIl 

S}'1lthetic Dyes 

~ 1l2N CFl 

fast orange GG Dbase 

In-Trichloromethyl benzoyl chloride, on heating with anhydrous hydrofluoric acid at about 
30 atm pressure initially at 30°C and then at 800 e, yields m-trifluoromethyl benzoyl fluoride. 
This is used for the preparation of some anthraquinone vat dyes. 

CCll 

0- ~ 
~ coel 

411(1 

(I) 

Nitration : It involves the replacement of one or more ring hydrogen atoms by the nitro 
group. The nitration of aromatic hydrocarbons is a fundamental operation in the manufacture of 
many dye intermediates. 

Nitration of benzene is an example. 

N02 o + HONO, ----+ 6 + H,o 

nitrobenzene 

Nitration of compounds of high reactivity is carried out with nitric acid in water or organic 
solvent. Less reactive compounds are nitrated in a combination of nitric and sulphuric acids 
("mixed acids"). 

Mechanism : The mechanism of nitration may involve the following steps : 

(i) The sulphuric acid facilitates nitration by reaction with nitric acid to form the nitronium 
ion (N02+). 

HON02 + 2H2S04 ~ H30+ + 2HS04-- + NOt 

Ui) The nitronium ion is electrophilic and attacks benzene molecule to form a transition state 
carrying a positive charge, called carbonium ion. 
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(iii) The carbonium ion reacts further with HS04-- to form nitrobenzene. 

e e 
HJO + HSO~ --+ HlSO~ + Hp 

Thus, the functions of sulphuric acid are as follows : 

(i) It serves as a solvent for the reaction. 

Ui) It facilitates nitration by reaction with nitric acid to fonn the nitronium ion, generally 
peJ.ieved to be the active' nitrating agent. 

(iii) It also serves to maintain the strength of the nitrating mixture by combining with the 
water, which is formed. 

Orientation of Nitro-Compounds: When benzene derivatives are nitrated, nitration takes 
place in suitable positions depending upon the directing properties of the group already present. 
Thus, if the benzene nucleus contains one of the "-CH3' -('I, -Br, -I, -OH, -NH2' etc. groups, 
the nitro group enters in the ortlzo and para posItions. On the other hand, if the benzene group 
contains one of the -N02, -COOH, -('HO, -CN pr -S03H groups, the nitro group enters in the 
meta position. Some functional groups such as the amino group, in compounds to be nitrated 
must be protected against oxidative destruction by acetylation. The acetyl group is -removed by 
hydrolysis when nitration is complete. 

Nitration of Benzene (Nitrobenzene) : It is carried out in a cast iron vessel fitted with a 
propeller type of stirre~ with revolutions per minute of not less than 60. This vessel also contains 
thermometer pocket, inlet for mixed acid, cooling jacket, bottom discharge and sometime cooling 
coils inside the vessel. 

In the manufacture of nitrobenzene, the benzene is first run in the vessel followed by slow 
addition of mixed acid to keep the temperature in the range of 25-30"('. At the end of acid 
addition, the temperature is allowed to go up to 60-70°C. The composition of the reaction is 
checked by measuring the density of nitrobenzene layer or by finding the percentage of nitric 
acid in the acid layer. 

When the reaction is complete, the agitation is stopped and the nitrobenzene separates as 
an oily layer over the acid. This oil is drawn off and agitated with water or dilute alkali to remove 
residual acid. It may then be redistilled if pure nitrobenzene is required. The spent acid is 
concentrated and reused. 

Nitrobenzene is used in the manufacture of aniline, phenyl hydrazine, benzidine, metanilic 
acid, etc. 

m-Dinitrobenzene : It is obtained by nitration of crude nitrobenzene with fuming nitric 
acid and strong sulphuric acid or with mixed acid containing HNO l (33%,) and H)S04 (67%). The 
crude product contains 85-90% m-dinitrobenzene together with' small quantit~es of 0- and p
dinitrobenzene. 
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The o-and p-dinitrobenzenes present in m-dinitrobenzene are removed as water soluble 
products by treating the nitration products with aqueous sodium sulphite; soluble sodium o-and 
p-dinitrobenzene sulphonates being formed. The residual m-dinitrobenzene is separated from the 
aqueous layer, washed with water and finally dried. 

J;' 
UNO 2 

m-dinitrobenzene is used for making m-nitroaniline and Ill-phenylenediamine. 

Nitration of Toluene : When nitration of toluene! is carried out with mixed acid of 
composition, HN03 (30%), H2S04 (57.5%) and H20 (12.5%,) at temperature below 30°C, a 
mixture of three isomers of nitrotoluene is obtamed. This mixture consIsts of 62-63%, ortllO-. 33-
34% para and 3-4% meta-nitrotoluene. The mixture is separated by fractional distillation at 15 
mm mercury. The crude p-nitrotoluene is purified by crystallisation at 18°C, In dye industry p
nitrotoluene is the important isomer. 

6 
CH 

Q & HNO,(30%) 6 NO

' 
. to ~I + + 

IIzS()4 (57.5%) 
~ NO 

2 

N02 

toluene orlho-( 62-63%) para-(33-34%) lIle/a-(3-4%) 

p-Nitrotoluene on sulphonation with 25% oleum is used to make p-nitrotoluene o-sulphonic 
acid (I), an intermediate for stilbene dyes. The intermediate (I) reacts with caustic soda to yield 
dinitrosostilbenedisulphonate (II) which is further used in the manufacture of dyes under the 
names of stil~ne and mikado yellow. 

ON-o-~ CH 2 3 

p-nitrotoluene 

Oleum 
~ 

(25%) 

SOJ. 1 

ON n CH 
2 ~ J 

(I) 

!NUO)) 

When 0- and p-nitrotoluenes are further nitrated, both yield l11a1l11'y'2, 4-dinitrotoluene 
together with little of the 2, 6-dinitrotoluene which can be separated as an oil when the product 
is cooled. 

2, 4-Dinitrotoluene is mainly used for the preparation of m-tolulylenediamine. 



Chemistry of DyestlifI Intermediates 6.51 

Nitration of Naphthalene : When naphthalene is nitrated with mixed acid having 28°1.. 
HN03, 57% H2S04 and 15% H20, I-nitronaphthalene is the main product. 

I-Nitronaphthalene is used for making l-aminonaphthalene. However, 2-nitronaphthalene is 
not made by nitration. 

When I-nitronaphthalene is further nitrated, a mixture of I, 5-and 1, 8-dinitronaphhalt:nes 
is obtained. The 1, 5-compound is separated from its 1, 8-compound by crystallisation from 
pyridine in which it iS\ much less soluble. 

IINO J. Il2S04 

SO°C • ~ ~ + 

N02 

(I. 5) ( I, 8) 

Nitration of Anthraquinone: The nitration of anthraquinone does n91 give pure mononitro 
compound. However, mononitration of anthraquinane at about 50°C gives mainly l-mtro
anthraquinone. At 80-95°C, dinitration occurs to give a mixture of the 1, 5-and I, 8-isomers. In 
some cases the mixture is used; in others, isomer separation is necessary. Nitroanthraquinones are 
used in the preparation of corresponding amino compounds. 

° ~ 
~ 

° anthraquinone 
50--75°C 

° N02 

~+ 
~ 

N02 0 
(I; 5) 

N02 ° N01 

~ 
~ 

° (1: 8) 

These nitrations are carried out in cast iron or steel vessels with steel agitators. Since the 
starting materials are solids, they are first dissolved in sulphuric acid and then treated with mixed 
acids; the products are also solids. 

Nitration of Aromatic Amines : It is not carried out directly due to sensitivity of NH2 
groups to oxidation. The NH2 group is acetylated or protected by other means. 
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Acetanilide on nitration with mixed acid below 20°C yields a mixture of about 75%) of the 
p-nitro compound and 20% of the o-isomer. 

NHCOCHJ 

CllJCOCI 61 I [NOJ 
--~--+~ ~ 

:::::::.... 11 2S04·20ne 

NHCOCH J NH ¢ II) drol) ';,. ¢' 
NOz NOz 

Aniline Acetanilide p-Nitroaniline 

p-Nitroaniline is used for the preparation of azo dyes and pigments. 

p-Toluidines : When N-acetyl-p-toluidine is nitrated, followed by hydrolysis, it yields 
4-amino-3-nitrotoluene which finds use as a diazo component in the preparation of pigments. 

Q CIICOCI 
.1 • 

CH3 

¢-I 
IIH'roh ~is . . ~ 

:::::::.... NOz 

NHCOCHJ NHCOCH J 

4-all1 i 110-3-11 itroto luelle 

o-Anisidine : Nitration of o-anisidine may be done directly with 1 YYo nitric acid to form 
a nitrate. The aminonitrate on treatment with 951%,0 H2S04 at 0-5°C gives 2-amino-l-methoxy-4-
nitrobenzene. It is used for azo dyes and as an azoic diazo component. 

OCI-I J 

~NH' 15% 

NOz 

N-Acetylated-o-anisidine on nitration at 25°C with mixed acid (HNOJ 12%), H2S04 301Yo) 
followed by hydrolysis yields a mixture of two nitro compounds, i.e .. 2-amino-l-methoxy-4-
nitro-benzene (1) and 2-amino-l-methoxy-5-nitrobenzene. 

OCH3 OCH3 OCH3 . OCH3 

~I NH z IINOJ • ~I NHCOCH3 (i) nitration hi NHz and ~I NHz U 15% U (ii)hydroIY'iis~ y OzN-V 

NOz 
(I) (II) 

Nitration of Chloro Derivatives : As the nitro groups in positions 2-and 4-relative to 
chlorine have an activating effect, the nitration of chlorobenzene, dichlorobenzene and 
chlorotoluenes yields substances of considerable value in dye chemistry. 

When chlorobenzene is nitrated witli a mixed acid, HN03 35%, H20 12%) and H2S04 53%), 
at 40-80°C, it yields a mixture of 35% of o-chloronitro-benzene and 65%) of p-chloronitro
benzene. The two isomers are separated by fractional distillation in vacuum. 
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chlorobenzene 

II~SO, 
40-80°C 

ortho 
(35%) 

+ 

el 

¢ 
N02 

para 
(65%) 
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Both o-chloro-and p-chloro nitrobenzenes are used in making the nitrophenols, nitroanisoles, 
nitrophenetoles and nitroanilines. They are also useful intermediates for sulphur dyes. 

When the nitration of p-nitrochlorobenzene is carried out with mixed acid (HN03 350;(, and 
65% H2S04) at 95°C, followed by reduction of temperature at a later stage to 45-55°C, I-chloro-
2, 4-dinitrobenzene is obtained. The chlorme atom in this compound IS very reactive. This is an 
important intermediate in the synthesis of certain disperse dyes . 

CI . el 

¢ <rNO, IINO) ~I • • 
II~SO, ::::::,... 

N02 N(\ 

Nitration of Aromatic Sulphonic Acids: It is generally carried out by adding the nitrating 
agent to the sulphonation mass. Thus, both the nitration and the sulphonation can be achieved 
in one-step operation. In some cases, nitro group replaces the sulphonic group during the nitration. 
For example, 4-chloro-l-phenol-2-sulphonic acid yields 4-chloro-2, 6-dinitrophenol whereas 
2-chloro-l-phenol-4-sulphonic acid yields 2-chloro-4, 6-dinitrophenoI. 

OH 

d SOlI 
~I 
::::::,... 

OH 

~I 
~ ¢reI 

SOl! 

nitrating 
• • mIxture 

Nitration of o-aminophenol Both the amino and phenolic groups are active and are 
protected by the treatment of o-amino-phenol with phosgene to give the benzoxazole. This on 
nitration followed by hydrolysis yields 2-amino-5-nitrophenol. 
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~NH2+COCI ~ 
~OH 2 

o-aminophenol 

.hdrolvsis ONHz . . ~ 

~ OH 
OlN 

2-amino-S-nitrophenol 

Synthetic Dyes 

IINO, . ~ 

Nitration of a-naphthol : When a-naphthol is nitrated, it yields a mixture of 2-nitro-and 
4-nitro-l-naphthol along with some amount of 2, 4-dinitro-l-naphthol. 

OH 

+ ::9'1 ~ C¢NOl 

~ ~ 

NOz 

Nitration of p-naphthol : When ~-naphthol is nitrated in the presence of mercuric mtrate, 
I-nitro-2-naphthol is obtained. 

Nitrosation Reaction : This reaction is mainly used for getting nitrosation intermediates. 
Nitrosation of dimethyl aniline and phe~ol is carried out by sodium nitrite and an acid such as dil. 
Hel or dil. H2S04 in cold. The nitroso N=O electrophile is an attacking species as shown below: 

NaNOz + HCI --+H-O-N=O + NaCI 

H-O-N==0--+ 8H + ~=O 

p-nitrosodimcthylanilinc 

~
610 H 

1 1 -IIP~ 

H N=O 
eOl-( 

O-l-( 

¢ 
N=O 

p-l1itrosoph~1101 
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Skraup's Synthesis: This reaction involves the treatment of an arylamine in the presenc'e 
of corresponding arylnitro compound with acrolein obtained in situ by dehydration of glycerol, 
iron and sulphuric acid to get quinoline derivative or the fused pyridine derivative. The following 
reaction sequence explains the formation of fused ring. •. 

CHPH-CHOH-CHPH dch)uratioll. CH
2
=CH-CHO 

glycerol 

QI H --. 
~ ",-

N-CH -CH=C 
H 2 ~ t? 
e H 

HO 
H ,I 

CC
C ..... 

CH I 2 .-.... 

~ ~ ..... CH2 

H 

H 

ro~ H H Nitrohcnl.cnc 

I , (0)· 
~ ~N 1 

H 
001 ~ 
~ N~ 

quinoline 

A similar synthesis as described above is the preparation of benz anthrone from anthraquinone. 
In this reaction there occurs the formation of anthrone which reacts with acrolein to efreet 
cyclisation with the formation of fused ring to the anthracene structure. 

dchydration. CH
2
=CII-CHO 

o o 

o 
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o 
--+ 

Friedel-Craft's Reaction 

o 

o 

o 
belvanthrone 

Synthetic Dyes 

--+ 

This reaction is used to form carbon-carbon bond. In this reaction, there occurs the reaction 
of hydrocarbon such as benzene with alkyl chloride (alkylation) or acyl chloride (acylation) or 
aroyl chloride (aroylation) or with acid anhydride (acylation or aroylation) depending upon 
whether the acid anhydride is aliphatic or aromatic in the presence of a Lewis acid catalyst like 
aluminium chloride, aluminium bromide or boron trifluoride. Acylation with acetyl chloride or 
acetic anhydride is known as acetylation and aroylation with benzoyl chloride is known as 
benzoylation. 

Alkylation 

o 
benzene 

CH3 6 + HCI+AICI, 
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Acylation 

COCHJ 

-+ 6 + HCI + AICI, 

Aroylation 

COCI 

6+AICI, 

benzoyl chloride 

~ ,0 V ~+~~ -+ o 
co-{ > 6 + HCI + AICI, 

diphenyl ketone 

(j) 

a 6~O 
AICI .. + ,~ 

CO-{ > 

Acylation with Aliphatic Acid Anhydride 

CH CO e (j) 

J ::::0 + AICIJ -+ CHJ-CO-O- AICIJ + CIIJCO 
CH3CO 

6.57 

XCOCHJ a 6~CHJ 
~ + CH3CO-0-AIClj --+ ~ + CHJCOOH + AICl j 

phenylmethyl ketone 
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Aroylation with Aromatic Acid Anhydride 

o 
II o=C, 

I ,0 + AICIJ 
~ C 

II 
o 

phthalic anhydride 

o 
II e 

o=
C-~O AICIJ ~ 

I +---+ 
~ C$ ~ 

II 
o 

o 0 
II e II 

(yC-O-AICIJ (yC-OH 

VCi2)H ~". ---+ VcD +AICIJ 
II . +.: II o ----' 0 

o-benzoyl benzoic acid 

6.6. Heterocyclic Intermediates 

Many heterocyclic intermediates find use in the dyestuff industry. Some important heterocyclic 
systems commonly involved in this industry have been given in Table 6.1 in accordance to the 
total number of members present in the heterocyclic rings. In this table, some examples of 
intermediates belonging to the specific heterocyclic systems have also been included. 

Table 6.1 : Heterocyclic Systems Used in Dyestuff Intermediates 

S.No. Members present in Name Exall1ple.~ 

Hetero(yC/ic Ring 

Total Helem 
atoll1s 

2 3 4 

I 3 1-0 Ethylene oX1de Ethylene oX1de 

2 5 I-N Pyrrole Indoles, Phthalim1des, Naphthostyril, Carbazole 

3 5 I-S ThIOphene ThlOmdoles 

4 5 1-0, J-N Oxa:tole 2-Methyl and 2-amino benzoxazoles 

5 5 I-N,I-S Thiazolc 2-Mcthyl and 2-amino bcnzthiazoles 

6 5 2-N Imidazole 2-Methyl and 2-amino bcnzimidazoles 

7 5 2-N Pyrazole I-Phenyl-3-mcthyl-pyrazol-(5)-onc 

8 5 3-N Triazole Benzotriazolcs 

9 6 1-0 Pyran Coumarins, Xanthenes 

10 6 I-N Pyridine Pyr1dine derivat1ves, Qumohne derivatives, 
Naphthalimides, Aendmcs 

II 6 2-N Pyrimidine Barblturie acid, Amino-pyr1m1dines. 
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1 

12 

13 

14 

15 

2 3 4 

6 3-N Triazine Cynuric chloride 

6 2-N Azine Azme derivatives 

6 I-O,I-N Oxazine Oxazme derivatives 
\ 

6 I-N,I-S Thiazine Thiazine derivatives. 

The heterocyclic system in the above Table 6.3 includes the following skeletons. 

c-c C-C C-C C-O C-S C-N ,/ I I I I I I I I I I 
0 C .... ,.C C.... ,.C C .... ,.C C ... ,.C C .... ... C 

N S N N N 
ethylene pyrrole thiophene oxazole thiazole imidazole 

oxide skeleton skeleton skeleton skeleton skeleton 
skeleton 

O-C 
I I 

C ....... N 
N 

pyrazole 
skeleton 

C-N 
I I 

C .... ,.N 
N 

triazole 
skeleton 

C ... C .... C 
I I 

C ....... C o 
pyran 

skeleton 

C".C .... C 
I I 

C ...... C 
N 

pyridine 
skeleton 

C ... C .... N 
I I 

C .... ,.C 
N 

pyrimidine 
skeleton 

C ... N .... C 
I I 

triazine azine oxazme 

C ....... C 
S 

thiazine 
skeleton skeleton skeleton skeleton 
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Among three membered heterocyclic ring systems the 
system. Epichlorohydrin is another important example. 

important is ethylene oxide ring 

CH-CH ,2/ 2 
o 

ethylene oxide 

CH2-CH-CH,CI 
,/ -

o 
epichlorohydrin 

The ethylene oxide finds use in the synthesis of vinyl sulphone reactive systems and in mono 
and bis (~-hydroxy ethyl) anilines. Ethylene oxide is prepared by the direct combination of ethylene 
and oxygen under high pressure and temperature in the presence of silver salts. It is also prepared 
by the action of soda lime on ethylene chlorohydrin (HO-CH2-CH2CI). Epichlorohydrin is prepared 
from glycerol by chlorination with dry hydrochloric acid to obtain glycerol--l, 3-dichlorohydrin 
and subsequent treatment with caustic soda in a solvent such as ether. 

CHpH 
I 
CHOH 
I 
CHzOH 
glycerol 

CH2CI 

Dry lIel. tHOH 
I 
CHzCI 

glycerol-I, 
3-dichlorohydrin 

NaOll in • ether 

CHzCI 
I CH __ 
I 0 
CH--2 

cpichlorohydrin 

Epichlorohydrin is used in the synthesis of coupling components for cellulose acetate dyes. 
The coupling components are prepared by the condensation of a primary aryl amine or a secondary 
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alkylarylamine with epichlorohydrin to yield tetrahydroqumolinc and tetrahydrobenzoquinohne 
derivatives. 

112 
(' 

---. COl 011 
~ N 

I 
('11 3 

monomethylanilillc cpichlorohydrin N-methy 1-3-hydroxy 
tctrahydro quinolinc 

OIl'00~ 
~ I ,,9 

CH I 2 

/N\ CH 
H (' /, 

3 C Oil 
112 

N-ll1cthy 1-3. 8-dihydroxy 
tctrahydro bCIl7oquilloline 

The five membered heterocyclic systems include pYITole. thiophene. oxazolc. thiazole. 
imIdazole and thiazole rings. Indoles phthalimides. naphthostyril and carboazoles belong to pYIToie 
class and are important. 

0 03 C¢H 00 ~ I ~ 0c0 ~ N ~ ,,9 ~ N h 

H 
0 H 

indole phthalimide naphthostyril carbazok 

Phthalocyanines, phthalogens and some natural colouring matters like chlorophyll possess 
pyrrole rings in the form of tetrazaporphin and porphin ring structures. 

tetrazaporph i n 

Indoles find use in the indigoid vat dyes. Anthranilic acid and chloroacetic acid get condensed, 
cyclised to indoxyl and subsequently air oxidised to yield indigo. 2-Methyl and 2-phenyl indoles, 
may get coupled at three positions with diazonium salts to obtain azo dyes, or get converted to 
styril dyes. 
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(X)-Cf1 J 

H 
CQ-O 

II 
2-lllethyl indole 2-phenyl indole 
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They are prepared by following Fischer indole synthesis in which there occurs the cyclisation 
of phenyl hydrazones of acetone and phenyl methyl ketone respectively. 

Phthalimide finds use in the manufacture of many anthranilic acid derivatives and 
phthalocyanmes and phthalogens. Naphthostyril acts as a useful intermediate for disperse and 
cationic dyes, such as a disperse dye which could be prepared by the condensation of naphthostyril 
with diethylaniline in the presence of phosphorus oxychloride. 

~::( CJl) 
naphthostyril 

+ 

diethyl aniline 

poel 
3~ 

disperse dye 

Carbazole structure is found in many anthraquinonoid vat dyes and sulphurised vat dyes 
like Hydron Blue. The general methods used for the preparation of carbazole derivatives start 
from the corresponding diarylamine. Thus the diarylamino compound gets cyclised in concentrated 
sulphuric acid at suitable temperature to yield carbazole derivative. It can be synthesised in good 
yields by arylation of the corresponding ortho substituted diazonium salt of diarylamino compound 
which is prepared from o-amino diarylamino derivative. 

RIU .J)-Rz 
N 
H 

diarylamino compound 
R I , Rz are substituents 
or fused aryl systems 

C\ eli,alion . ~ RI Oc VR2 

N 
H 

carbaLolc derivatives RIo Rz 
as in Jiarylamino compound 

eN 
CI~ 

Cvcli,ation -.ey ~ 
. • RIV V Rz --+ 

N 
H 

o-amino diarylamine o-diazonium diarylamine salt 

Carbazole 
derivative 

3-Hydroxy diphenylamine is prepared by the Bucherer reaction of resorcinol with aniline. 
It gets cyclised to yield 3-hydroxy carbazole which on carboxylation under Kolbe-Schmidt reaction 
yields 3-hydroxycarbazole-4-carboxylic acid which finds use as a naphthol coupling component 
in certain azoic colours, after converting it to the acid chloride and further condensing with 
arylamines. 
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~ 0-+ 
~N~OrI 

H 

Sylllhetic Dyes 

~COOlI 

~~,M N OH 
II 

3-hydroxy diphenylamine 3-hydroxy carbazole 3-011-carbazo1c-4-carboxylil.: acid 

Thiophene skeleton is found in thioindoles. 

Oxazoles, thiazole and Imidazole skeletons are found in compounds such as 2-methyl and 
2-amino benzoxazoles, benzthiazoles and benzimidazoles. 

(XY>-ClI, 
~ X 

(XY>-NII, 
~ X 

X is N, Y is 0 X is N Y is 0 

X is N, Y IS S X is N, Y is S 

X is N, Y is Nil X is N, X IS NH 

2-Methyl derivatives are obtained by the condensation of sUitable ortho substituted aromatic 
amines such as orthoaminophenol, ortho-aminothiophenol and orthophenylenediamme with acetyl 
chloride or acetic anhydride under anhydrous conditions. Ortho amino thiophenol is obtained 
from aniline by the action of carbon disulphide and sulphur to obtain 2-mercapto benzthiazole 
and subsequent alkaline hydrolysis. 

aniline 

(XS'\, 
I ,f-SH 

~ N 
2-mercapto benzthiazole 

Orthophenylenediamine is prepared by Bechamp reductIOn of o-nitroaniline. 

ortho nitroaniline ortho phenylenc diamine 

2-Aminobenzoxazole, 2-aminobenzthiazole and 2-aminobenzimiadzole are obtained from 
orthoaminophenol, orthoaminothiophenol and orthophenylenediaminc by different methods. 

I-Phenyl-3-methyl-pyrazol-(5)-one and various other pyrazolones have been found to be 
useful intennediates for azo dyes. I-Phenyl-3-methyl-pyrazol-(5)-one is prepared by the condensa
tion of phenylhydrazine with acetoacetic ester. 

phenylhydrazine acetoacetic ester l-phenyl-3-meth) I-pyralol-( 5 )-one 
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I-Para sulpho phenyl-pyrazol-(5)-one-3-carboxylic acid is prepared by the condensation of 
phenylhydrazine-p-sulphonic acid obtained from sulphanilic acid with oxaloaectic ester obtained 
from ethyl oxalate, ethyl acetate and sodium metal in benzene, followed by further cyclisation 
and hydrolysis. 

+ 
CH I 3 

cooe If 2 5 

ethyl oxalate ethyl acetate 

COOC H I, 2 5 

eo 
I 
Cl/ I 2 

CH3 

()xaloacdic ester 

phenyl hydrazine p-sulphonic acid phenyl hydrazone I-(p-sulhophcny I)-pynli'ol-( 5) 
-one-3-carboxy lic acid (pyrazolone) 

The pyrazolone finds use in the synthesis of azo dyes like tartrazine. 

Benzotriazoles find use in a number of important fluorescent brighteners. They are prepared 
from ortho amino azo dyes by air oxidation using copper sulphate and dilute sulphuric aCId. 

()-alllinoazo dye 

Oxidation. Air. 

CuS04· "2S04 

, 

f~'-N~ fj /2-"=1-
4' I' N 
5
,- 1 

(,' 

CII2 

I. 3-(5-toluy I )-2-phenyl-triazole 

Naphthotriazoles have been SImilarly prepared form coupling components like tobias acid 
and naphthionic acid and cyclisation of the corresponding azo dyes. 

+ 

tobias acid 

Hi3

N 

< }-N=N fj_~ 

~ /; 
azo dye phenyl diazonium salt 
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~ vy 
S<-\H 

naphthionic acid 

+ 

Synthetic Dyes 

C\ cI isalion 
• • 0-, N/NXO - "N h ~, 

I. 3-( I " 2' -ny phthyl )-2-phcny I tria70ic 

phenyl diazonium salt 

~N=N-o 0y 
SOJII 

a70 dye 

Cvcli~a(i(ln aI=' N r{ > 
• • 

~ h 

S(\II 
I, 3-( I " 3' -nyphthyl-4' -slIlphonic acid )-2-phenyl tria;:olc 

Amongst pyran heterocyclic intermediates,. coumarin and xanthene have been important. 
Coumarin structure is found in many fluorescent brighteners and xanthene structure IS found in 
a number of basic dyes such as rhodamines. 

Pyridine skeleton is found in important pyridine derivatives, qUll10line derivatives. 
naphthalimides and acridines. 

65 H H R 
otO ceo G-R cb -Y I ~ -Y, ,~ 

~ 0 .h ~ h ~ h ~ N h N N 
Ii 

xanthene pyridines quinolines naphthalimide acridine 

Pyridine derivatives like amino derivatives find use as diazonium components for disperse 
and cationic dyes. However, 2-amino and 4-amino pyridine derivatives are difficult to diazotisc 
because nitrous acid needed for the diazotisation of these amines attacks pyridine nucleus and 
bring about oxidation. 3-Amino pyridines can be diazotised without bringing about oxidation. A 
number of pyriding derivatives find use as coupling components. An example is 2-hydroxy-4-
methyl-5-cyano-pyrid-(6)-one which is obtained by the condensation of aceto acetic ester, cyano 
acetic ester and ammonia. 
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H1C-CN 
I Aml11onia~ 
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CH 

/C~ 
H C ° '0 5 l 

cyanoacetic ester 

/jCN 
110 N ° 

2-hydroxy-4-l1lcthy 1-5-cyano-py rid-( 6 )-one 

Quinoline derivatives consist of a number of coupling components like 8-hydroxy quinoline 
which is prepared by Skraup synthesis starting with ortho amino phenol, as given in the case of 
quinoline. 

~ 
yN~ 

,~ 
~N~CII 

.1 

01-1 
8-hydroxy quinoline 2-l1lethyl quinoline 

Tetrahydroquinoline and tetrahydrobenzoquinoline derivatives find use as coupling 
components. 2-Methylquinoline with condensed with phthalic anhydride yield quinoline yellow 
on sulphonation. 

Naphthalimide dyes like 5-aminonapthalimide derivatives are useful tluorescent dyes. For 
example, sulphonation of 5-amino naphthal-(p-toluyl)-imide yields acid dye with greenish yellow 
fluorescence. 

The naphthalimide is obtained from acenaphthene by following nitration, oxidation, 
condensation with p-toluidine and reduction. 

Nitration ~ 

p-toluidine 
~ 

~ 'h'dm'"". vy 
N02 

acenaphthene 

Q 
0CQO 
~I ~ 
~ b 

N02 

Reductioll 
~ 

Q 
~ ~ 

N02 

5-amino naphthal-(p-toluyl)-imide 
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Pyrimidine skeleton is found in a number of coupling components barbituric acid and an)lijo 
pyrimidines). It is also found m some anthraquinonoid dyes. . 

('I 

~~N 
)l~ 

CI N CI 

cyanuric chloride 

t' 

Cyanuric chloride has been a useful intermediate from triazme skeleton. Cyanuric chloride 
finds use in the production of various triazine reactive dyes like reactive red B, which reacts on 
cotton. Triazine reactive dyes are mainly used for dyemg cotton and wool. A pure green dye can 
be obtained by the condensation of a yellow dye and a blue dye, both having a free amino group 
with cyanuric chloride as in the case of phosgene (COCI2). A triazine bridging linkage is formed 
with cryan uric chloride. 

Oy-NH2 + cyanuric chloride + f-!2N-DH 

A yellow dye A blue dyc 

H N H 
O,-N--( ~N-Ol! 

NyN 

NHz 
A green dye with triazinc linkage 

The condensation of an amine or alcohol or phenol, etc. with cyanuric chloride occurs by 
replacing three chI oro groups in cyanuric chloride in stages, generally, first chI oro group can be 
replaced at lower temperature (O-5°C), second at about 40-50°C and the third at about 100"C and, 
therefore, it is possible to obtain variety of triazine derivatives having no chlorine atom, one 
chlorine atom or two chlorine atoms. 

Azine, oxazine and thiazine systems are found in azine, oxazine and· thiazine classes of 
dyes. For example, methylene blue belongs to thiazine class. 
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7.1. Introduction 

Nitro dyes are the nitro derivatives of phenols having at least one nitro group in the o-or 
p-position to the hydroxyl group. They have the nitro group as the c!lromopllOre and the hydroxyl 
group as the auxochrome. 

Nitro dyes are of two types, namely, acid dyes and disperse dyes. Add dyes are having a 
solubilising !,lTOUp such as sulphonic acid. An example of acid dyes is naphthol yellow S. Dis
perse dyes do not have any solubilising group and generally have o-nitro-diphenylamine struc
ture. An example of disperse dyes is disperse yellow. 

These dyes are not very fast and hence have very little commercial importance. These dyes 
have greenish yellow to yellowish brown colour. Some examples of nitro dyes are described In 

Art. 7.2. 

7.2. Different Examples of Nitro Dyes 

1. Picric Acid (2, 4, 6-trinitroJlhenol) : It is the simplest member of this class. It is the 
oldest artificial dyestuff, prepared by WoultT (1771) by the action of nitric acid on indigo. 
However, it is now prepared from chlorobenzene or phenol by the following sequence of reactions: 

(a) 

chlorobenzene 

(b) 

phenol 

(;one. IINO, 
• • 

(7.1) 

q011 NOz 

~I 
~ 

NOz 

IINO, 
• • 

OH 

02N'¢rN02 
WIl(;,IIN,OJ. ~ I 
cone. 11 2S()4 ~ 

NO, 
picric ac"id 

" ~ 

01-1 

O,N*NOz 

~I 

N02 

picric acid 
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(c) It is also prepared by oxidising s-trinitrobenzene with potassium terncyanide. 

OZNyNOZ 
I + [0] 

~ 

NOz 
s-trin itrobcnzcnc 

K h:(CN) 
j 6~ 

OH 

~I OlN*N01 

~ 

NO z 
picric acid 

It is a yellow crystalline solid, m.p. 122°C. with a bitter taste (Greek: pikros. bitter). The 
yellow colour is probably due to the presence of quinonoid structure. 

It is generally used to dye silk and wool yellow. But the colour is fugitive. Therefore, It is 
m!1inly used as an explosive. 

2. Martins Yellow: (Manchester yellow or 2, 4-dinitro-I-naphthol). It is generally used as 
sodIUm, calcium or ammonium salt. It is prepared from I-naphthol by the following sequences 
of reactions : 

I-naphthol 

OH oqSOJH 
cone. 112S04 ~ I ~ cOllc.IINO, 
----~~. .. 

~ ,,& 

SOJI-I 
1-llaphthol-2, 4-disulphonic acid 

01-1 

~ ~ -oclNO
' 

~I ,,& 

NOz 
marlius yellow 

It dyes silk and wool in an acid bath. It is also used as a pigment colour and for colouring 
soap. It is fugitive and sublimes off the fibre. 

3. Naphthol Yellow-S : (2, 4-dinitro-I-naphthol-7-sulphonic acid). It is obtained by the 
nitration of I-naphthol-I, 4, 7-trisulphonic acid. The latter is obtained by the nitration of 
I-naphthol. 

I-naphthol 

01-1 

c¢rSOil 
COliC .. H2S04 ~ I ~ II 2 S()4 
----~~. ~ 

~ ,,& 

SOJH 
1-llaphlhol-2, 4-disulphonic acid 

01-1 

HOJSWN02 
~I ~ 
~ ,,& 

NO! 
naphthol yellow S 

It is also obtained by the nitration of 4-nitroso-I-naphthol-2. 7-disulphonic acid. 
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l-naphthol-2, 
7-disulphonic acid 

4-nitroso-I-naphthol-2, 
7-disulphonic acid 

7.3 

naphthol yellow S 

It is used as the sodium or potassium salt. It is a cheap dye for wool and silk in an acid bath, 
giving pure yellow shades. Unlike martius yellow, it is non-poisonous and is used as a food colour. 

4. Amido Yellow-E : It is prepared by the condensation of 4-amino-4' -methyl-diphenyl 
amine-2-sulphonic acid with l-chloro-2, 4-dinitrobenzene. 

;==(N02 

02N~CI 

2,4 dinitro 
chlorobenzene 

+ 

SO H 

H'N~mE:I~e~~1l 
-2-sulphonic acid 

;==(N02 ;==(SOll 

02N~-!J NH~-/; NH-{ > 
Amiclo Yellow E 

It dyes silk and wool just on the lines of naphthol yellows. It gives yellow shades which 
are moderately fast to light and washing but not to alkali. 

5. Aurantia (bexanitrodipbenylamine) It may be prepared by nitration of diphenyl 
amme: 

N02 N02 

O,N-{ ~NHi }-NO, < }-NH-{ ) 
N02 N02 

aurantia 

It may also be obtained by condensing dinitrochlorobenzene with aniline and nitrating and 
nitrating the product. 

NOz N02 

O,N-{ ~Nlli }-NO, 
N02 °2N 

aUl'antia 
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Its ammonium salt is generally used. It is a bright orange yellow substance. 

6. Pigment Chlorine GG : It may be prepared by condensing formaldehyde with o-nitro
m-chloroaniline in the presence of sulphuric acid. 

NOz 

HzN'¢1 cone. H2S04 + • 
~ 

CI 

It is a pigment and is insoluble in water. It is used as a colour lake for paints and varnishes. 

7. Lithol Fast Yellow GG : It is an isomer of pigment chlorine GG. It may be prepared by 
the condensation of p-chloro-o-nitroaniline with formaldehyde. 

NHz 

CI--< S-NH, + CH,O 
° t 

CUi N, ~ I q 
~ /1:1 

N 
I 

CHz 
I 
N H/X) : I 

(), ~ CI 
N .. 
o 

Lithol Yellow G 

It is a non-poisonous substitute for chrome yellow. (lead chromate). 

8. Disperse Yellow : It is obtained by the condensation of 2-4-dinitrochlorobenzine with 
p-aminophenol or with p-anisidine and demethylation. 

NOz 

O,N--<· }-CI + H,N-( }-OH 
2, 4-dinitrochlorobenzene 

p-aminophenol 

NOz 

O,N--< }-CI + H,N-( }-OCH, ~ 
]}-Anisidine 

dl!Jnl!th,lation 
• • 

NOz 

O,N-( }-NH-{)-Ofl 
Disperse Yellow 

NOz 

O,N-{ }-NH-{ }-OCII, 
NOz 

O,N-{ }-NII-{ }-OII 
Disperse Yellow 
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8.1. Introduction 

In these dyes, nitroso group being the chromophore and generally hydroxy (phenolic) group 
being as auxochrome in the ortho position with respect to each other. Nitroso dyes are obtained 
by the action of nitrous acid on phenols or naphthols. 

Nitroso dyes are generally used in dyeing and calicoprinting in the form of lakes (mostly 
iron which gives green lake). 

The tautomeric oxime form is mainly involved in the formation of lakes or metallic deriva
tive because this form gets stabilised by hydrogen bonding. Some important nitroso azo dyes are 
described in Art. 8.2. 

8.2. Some Examples of Nitroso Dyes 

1. Fast Green 0 (dillitroso resorcillol) : It is obtained by the action of nitrous acid on 
resorcinol. . 

/1-1 H" .A-I' / b .' 0 
0 

<x~ &: & 9 II) 
ONO/II 

~ ~I -'" 
~ 

0 0 
I N I N : 
H ~"""H ,/H 

0 0 
Resorcinol Fast Green 0 

Fast Green 0 forms a green lake with iron III which is fast to light and washing. 

(8.1) 
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N-O 

~ £1 
~O'" 

o N 
H····O N-O·--~---·(j 

(5 =b= 1"re~1 
'\. ./ '-.' 

N _ o··t~ 

~~ 
Q N 

"' / H-O 

I ron green lake of tast grecn ° 
Iron green lake of fast green was one time important in calico pnntmg. 

Syllfhefic Dyes 

2. Naphthol Green Y or Gambine Y : It is a-nitroso-~-naphtho1. With iron m, it tonns 
a green lake which is known as Fast Printing Green. This a-nitroso-~-naphthol is also used for 
the detection of cobalt in the presence of nickel. 

©©Til 
~-naphthol 

<O)O)--OH 
. €I (!) 

(I) cxccss oj ONO / II 

(iI) Fc·I(l)(FcS04 and acidic nilrit..:} 

~-naphthol 

The f3-nitroso-a-naphthol IS known as Gambine R . 

..... H'o 
° I 

~ 
Gambine R 

> 

/0, 

~x 
Gambine Y 

~ [©=(°;tFc 
N-O 

J 

Fast Printing Green 

3. Naphthol Green II : The ferrous complex of 6-sulphonic acid derivative of a-nitroso
~-naphthol in the form of sodium sulphonate is named as Naphthol Green-~. It is prepared by 
the treatment offerrous sulphate, lime and sodium carbonate with a-nitroso-~-naphthol 6-sulphonic 
acid which is prepared by the actin of HN02 on ~-naphthol-6-sulphonic acid (Shaffer's acid). It 
dyes wool to give fast green in an acid bath. [Octahedral ferric complex is named as Naphthol 

Green B; (C30HlsFeN3NaJOISS3]' 
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OH (i) PNO! II -dJr ee 

H 03S 0 ~(::2ii.l.) N~a;":'O:":'H"':'/~r:-cs~'('7") 4-~ 

2-naphthol-6-sulphonic N 0 0}b-
acid (Shaffer's acid) " NaO S--<O'>--<'l~-- --"Fe" 0 S03Na 

3 ~O/' 'o-N 
Naphthol Green-~ 
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9.1. Introduction 

The azo dyes and pigments tom1 the largest group of all the synthetll.: wloranls. I h~ 
chromophoric system of these dyes ;0; the azo group, --N = N -, in association with one or more 
aromatic systems. There may be more than one azo group present in the dye molecule and thus 
one speaks of mono azo, dlsazo, tnsazo. tetraklsazo and polyazo dyes acwrdlllg to \\'hether thcr~ 
are one, two, three, four or more azo group present in the dye molecule, Thus hues covered by 
azo dyes are very wide. 

9.2. Diazotisation 

In 1858, Peter Griess, a German Chemist, discovered that when a primary aromatic amlllo 
compound such as a11l1me, toluidine, etc., is acted on in aqueous aCid medium by il.:e-cold nitroLis 
aCid. a second 11Itrogen atom has been introduced I11tO the molecule, glvlllg the ncw compound 
ArN2Cl. This new compound ArN2Cl is called diazo compoulld and the 1ormatlOn of this com
pound is called diazotisatiofl. This process may be envisaged as taking place as follows : 

or 

ColJ 
Ar - NH2 + HN02 + Hel -------?) ArN 2C1 + 211 2° 
Primary limine 

ArNH2 + NaN02 + 2HCI -------?) ArNFI + NaCI + H20 

The diazotlsation is believed to take place through the 101l0wlllg steps : 

NaN0
2 
+ HCI -Nan~ HNOz+-+ IIO-N=O 

o-Gl e 
: I NHJCI + HO-N=O -+ 

~,7 ...... ~, . ..r6.·i·1 ~I ~ 
VrH l ................................. : o- Gl e 

: I N==N CI 4-+ 

BCl1zcncd iazon i lllll 
chloride 

(9.1) 

o-EII e 
: I ~=:\-CI 



9.2 SYllthetic Dyes 

The actual nitrosating species has been found to vary according to condition and may be 

+ H,+ 
NO, NOCI, ....... 0 -+ NO 

H 
or 

At low acidities, it is probable that N~OJ is the effective reagent. This may be arising from 
the equilibrium. 

2HN02 .~ N 20 3 + H20 

The mechanism with N20-' in the case of aniline being as follows: 

II 
I o-N-N=O 

t 
o-N=N 

Diazon i lIlll cation 

The pnmary aliphatic ammcs do not form stable diazonium cations and on treatment with 
nitrous acid, breakQown occurs with the formation of non-nitrogenous products, nitrogen gas 
being evolved. On the other hand the relative stability of the aromatic diazonium cation is the 
result of delocahsation of the positive charge by the It-electron system, thus 

0 + +-
+ _ N=N ......... etc. 

Effects of Substitucnts on Diazotisation : The read mess with which an aromatic amine 
may be diazotised has been found to depend upon the nature and positIon of substituents in the 
nucleus as affecting the basicity of the amine. For instance, relatIve to aniline, p-l1Itroaniline and 
2, 4-dinitroaniline are much less basic due to the presence of electron-withdrawing N02 groups 
and therefore, require special methods for their diazotisation. For example, weakly basic ammes, 
e.g .. 2, 4-dmitroal1lline and 1-, 2-aminoanthraquinone are diazotiscd by addmg the ~olid amll1c 
to nitrosyl sulphuric acid. 

Diazotisation may also givc rise to difficultIes through low solubility m aquenous acid. the 
presence of easily replaceable groups such as -S03H. -N02, or the presence of easily oXIdIzable 
groups such as -OB, -CHao Accordingly, a number of methods have been developed to over
come these ditlicultles. 

Methods of Diazotisation : Diazotisation can be carried out by ditTerent methods which 
are as follows : 

(i) Direct Method: Direct diazohsation can be calTied out by treating one mole of the 
aromatic amine with about 3 moles of hydrochloric acid. ice is added to lower the temperaturc 
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to 0-5°(' and the theoretical quantity of nitrite is now added as an aqueous solution, [I' aniline 
is diazotised with only one mole of acid present, then a dlazoamino compound results 
(N-coupl ing), 

ED e 
Ar-NH, + J\rNO, -t- IICI -+ ArN,CI i- NaCI 

- ED - -

J\r-:-'.:JI~ -I-J\rN 2 -+ /\r-!\l=N-NII-/\r 

Completion of diazotisation and a slight excess of nitrous acid may bc tested by starch

iodide paper, The diazonium salt solution is then used for coupling as soon as It is produced, The 
excess of, nitrous acid at the end of diazotiation process may be destroycd either by urea or 
sulphamic acid because mtrous aCId reacts With the second component. 

CO(NH~)~ + 2HN02 ~ CO2 t + 2N~ t +3H~O 
NH2-S020H + HN02 ~ N2 + H2S04 + H20 

As the dlazonium Ion decomposes 111 the presence of metals, the dwzotlsatlon IS earned out 
in wooden vats or rubber-lined steel vessels or glass-lined steel ve~sels, 

For nitrosubstituted compounds, diazotlsation is carried Ollt in enamelled glass vessels, 

The naphthylamines are diazotised by direct method at 10-12°C, While naphthylamine 

suI phonic acids are dlazotised by first preCipitating the ti'ee sulphomc aCid in an acid solutIOn 
followed by reaction with the sodIUm nitrite. 

The dIrect diazotisatlon may also be can-ied out 111 acetic aCId with amyl or ethyl mtrite. 
ThiS IS largely a laboratory method. 

(ii) Reverse Jltletlwd : In the reverse method. a solution of ammc' and solutIon of sodIum 
nitrite are run mto the solution of the acid. This method is used for naphthylam1l1e sulphome 
acids which give insoluble dIaZO salts due to the formation of zWltter IOns. The diaLoI11l1l11 salts 
are explosive and care must be exercised in handl1l1g them. 

(iii) Special Metlwd : Aminophenols are readily oxidised by nitrous acid to thc q1l1l10ncs 

and, therefore. special methods are developed lor diazotlsation. The diazotlsation of aminophenols 
is can-ied OLlt in the presence of copper sulphate and absence of mineral acids. For example, 
l-amino-2-naphthol-4-sulphomc acid is made into a 25'% solution cooled to 20°C. To the solutIOn 

is added copper sulphate followed by sodIUm nitrltc. 

NH, 

~O~[ vy 
SOJH 

+ 

~o vy 
SOJ11 

The dIazo-oxide obtained is more stable than other diazo ions and may be subjected to even 
further reactions such as nitration, halogenation, etc. The dIaZO-OXides also undergo couplmg 

reaction. Their stahllity has been ascribed to resonance structures. 
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Similarly, 1. 4-aminophenols form diazo-oxides. However. 1, 3-aminophenols do not form 
diazo-oxides. 

Diazotisation of Diamines : Whenever an attempt is made to prepare a diazo or tetrazo 
derivative of a-phenylenediamine, there occurs ring closure with formation ofbenztriazolc which 
does not couple. IIl-Phenylencdiamine can be diazotised but strongly acid conditions arc essential 
If coupling with unchanged m-phenylenediamine IS to be avoided. 

~N\ 
~N/ 

H 

p-Phenylene diamine is easily diazotised but less easily tetrazotised. Howcver, the tctrazo 
compound is very unstable. 

Benzidine derivatives such as dichlorobenzidines, tolUldines and dla11lsldines can be smoothly 
tetrazotised and the products are stable in solutIOn. 

Stabilised Azo Compound : Most of the diazonium salts are not very stable except the 
nitro substituted benzene diazonium salts, diazo oxides and zwitter ions. Almost all the dry 
dlazonium salts are explosive. However, there is a great need for the dyer and printer for the 
diazonium salts to produce different shades on the fibre by coupling. A number of mcthods have 
been developed to make stable diazonium compounds. 

iso-Diazotates or nitrosoamines are produced when diazo solutions are poured into warm 
dilute caustic soda. These compounds are reasonably stable and are converted back to the diazo 
salt by treatment with acids. 

Na{)11 ----~ Acid 
Ar-N +-+ 

II 
0j-ONa 

Ar-N-Na 
I 
N=O 

is(}- or {/I/Ii-diazotatc nitrosoaminc 

Dlazoamino compounds are produced by reacting a diazonium salt with a primary or sec
ondary amine. From these compoUllds, diazonium salt may be regenerated by trcatment with acid. 
The ammes employed are both aliphatic as well as aromatic. Aliphatic amines used are sarcosine. 
CH3NHCH2COOH and other amino acids. The aromatic amines used are sulphoanthranilic aCid 
or 2-alkylamino-5-sulphobenzoic acids. 

---'" 
~ 

Acid 

R COOH 

Ar-N=N-~~ 
VSOJII 

triazine 

The triazenes obtained are used as rapidogen dyes (IG) m combination with coupling 
components in printing pastes. 
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Diazosulphonates are obtained when diazonium solution is treated with naphthalene-I. 5-
disulphonic acid, e.g., 

+ 

Ar N 2 .C I + HO,S - Ar' -~ Ar - N = N - ° - 02S - Ar' + Hel 

The diazoarylsulphonate on redissolving In water is in equilibrium with the diazosalt. On 
couplmg the diazoaryl sulphonate turther breaks up. Diazoarylsulphonates are prepared frorp 
diazonium salts which do not yield stable antidlazotate or diazoamino compounds, e.g.. p-aminp-
diphenyl-amine diazonium salt, variamine blue B and blue BB. ' 

Diazonium compounds are also prepared by isolatmg sulphate or chloride and drying the 
diazonium salt below 50°C. These salts are used on a large scale, e.g., nitroaniitnes, chloroanilines, 
etc. 

Double salts are obtained by treatment of diazonium solution with ZinC chloride solution 
when the double salt (ArN2Clh ZnCI2 is formed and crystali~ted out, e.g.. benzidine, aminoazo, 
benzene, etc. 

Stabilised fluoborates are also obtained by treatment of diazonium solution with tluoboric aCId. 

+ -
Ar N2 ('I + IIBF~ -+ Ar-N2F 

I 
BFJ 

The stabilised diazonium compounds of the above types are very important and are mar
keted as fast salts, double salts or as components in rapid fast. rapidogen and rapidazol dyes. 

Diazo Coupling 

It may be regarded as an electrophilic substitution by a diazo group. Thus, normally COll

piing reaction takes place at sites of increased electron density. The coupling takes place 111 

aromatic or heterocyclic systems having aromatic character or at activated carbon atoms 111 

aliphatic systems such as acetoacetanilide. The diazo ion compared tonitronium ion or SO, is a 
weak electrophile. It reacts only when the aromatic nucleus pos'scsses powerful c!ectrondon'ating 
groups like OH or NH2• The mechanism of coupling may be depicted as follows: 

01-1 

6 N"OIl·6 -- C 
phenoxide ion V 

° ----+·6 
fir ---+ 

f~N-N-1 > 
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With tertiary ammes a similar situation arises : 

+ 
NMe2 6 .-+ 

-c-.~=N-{ > 
Coupling with phenols are usuaIly carried out under alkaline conditions while the coupling 

with amines are can'ied out under slightly aCldic conditions. 

The electron-withdrawing groups such as nitro in a-and p-position to the diazo ion increases 
its electrophilic character and the coupling reaction takes place even with weak electron donating 
groups in the aromatic nucleus, e.g.. anisole. 

6H

' 

anisole 

O,N-{ ~N=N-{ }-OCII, 
NO! 

Coupling COhlponents 

Bellzelle Derivatives 

Amines : Primary aromatic amines are useful as coupling componcnts. Some important 
examples are as follows : 

NH2 

~OCHl 
U 

t 
o-anisidinc 

Nil 

hCHl 

U 
t 

o-toluidinc 

NH! 

--N 
yNlI2 

lI1-phcnyl cncdiaminc 

The arrows indicate the usual coupling position. Coupling is generally caITled out under 
acid condition with an energetic diazo component. If less energetic diazo components are to be 
coupled with the amine, the amino group has to be protected by first fomling the methanesulphonic 
acid by reacting the amine with formaldehyde and bisulphite. The resulting compounds may be 
coupled under alkaline conditions. However, the methanesulphonic acid group is subsequently 
removed by hydrolysis. 
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Examples of secondary and tertiary amines used as coupling components are as follows: 
• 

Hydroxy Derivatives 

2)'11,), 

t 
N-dil11ethylanilin~ 

9 
Nil 

6 
t 

diphenylal11in~ 

Phenol couples under alkaline conditions principally in the 4-position. In resorcinol, coupling 
takes place in the 4-position and then according to the pH at which the coupling is done. e.g. 
pH 5-8, position 2; pH > 8, position 6. Resorcinol couples principally in the 4-positton. 

OH 

~OCH3 
U 

talk 

011 
(2) alk 6:(2) acid "'"r/ k' ..- 1'-' 

~ Oil 
t(l) alk 

011 

~COOII 

LJ 
tt II alk 

phenol re~orcinol salicylic acid 

Naphthalene Derivatives 

Naphthols: Their coupling positions are shown as below : 

OH 

~ ~ 
talk 

.. alk 

00-1 ~ 011 
~ ~ 

I-naphthol 2-naphthol 

I-Naphthol will couple with diazo-oxides in the 2-position under alkaline conditions. The 
derivative 2-hydroxyl-3-naphthoic acid of 2-naphthol is used in development colours and gives 
rise to the widely used 2-hydroxy-3-naphtharylamides. 

Naphthylamines 

Coupling is carried out under acid conditions in both the cases : 
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~ ~ 
t acid 

I-naphthylaminc 

Synthetic Dyes 

2-naph'thylamin~ 
2-Naphthylamine is no longer manufactured "ecalise it is a known powerful carcinogen, 

Naphtholmonosulphonic Acids 

OH 

o¢~"lk 
SOJH 

nevi Ie and winther's acid 

crocein acid 

Naphtholdisulphonic Acids 

HO,SWSO,H 

l-naphthol-3, -6-disulphonic acid 

Dihydroxynaphthalencsulphonic Acids 

011 OH 

(")~,, 
Vy 

SOJH 
4, 5-dihydroxynaphthalene 

-l-sulphonic acid 

NII2 
~.,;llk 

Vy 
SOJH 

l-naphthol-5-sul phonic acid 

+alk 

~OH 
}IOJS~ 

schatfer's acid 

epsilon acid 

H~()II 
IIO.lS~ 

G-acid 

chrolnotropic acid 
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Naphthylaminesulphonic Acids 

~' 
vy 

SOli 
naphthionic acid 

.. 
(If1-NHz 

~ 
SOjH 

2-aminonaphthalene 
-5-slIlphonic acid 

Aminonaphthol Sulphonic Acids 

cleve's acid 

2-am i nonaphthalenc 
3, 6-dislIlphonic acid 

9.9 

An example of these is H-acid from which hundreds of azo dyes are prepared which are 
widely used for dyeing wool, cotton and leather dyes. 

011 NHz 
2) alk'ltWI) acid 

>? ~ 

HOjS :::::-,. 1 .& SOjH 

I-i-acid 

Other examples are as follows : 

1) acid .. 
HOJS~I ~ NHz 

:::::-,. .& 
2) alk)f 

OH 
J-acid 

OH NH 

aikOl

Z 

'It >? ~"SO H 
:::::-,.1.& j 

S03H 
S-acid 

Methylphenyl Pyrazolone 

'It>? ~II 

Oil NH, 
2)31C¢k- I)acid 

:::::-,.1.& 

SOjH 
S-acid 

'It>? ~IINH 

01-1 
alktd)3Cid 

H0
3
S :::::-,. 1.& 2 

gamma acid 

It couples at position 4. It is lIsed in the manufacture of direct and acid dyes and especially 
in mordant dyes. 
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Acctoacetanilide 

o-~ ~H-CO-CH=C-CH _ I J 

01-1 

It is used for making a number of direct and acid dyes. 

Quinoline-2, 4-diol 

~~ 
UN)-OH 

Dihydroxypyridincs 

H 
I + 

R-N~OH 
~N~O" 

CIIJ 

~~CN 
HOJlNJ-OII 

where R = alkyl 

9.3. Types of Azo Dyes 

Syllfhetic Dyes 

The azo dyes prepared and used are very large in number, also their structures are largely-! 
varied and so they are further classified according to the fibre as follows: 

1. Acidic Azo Dyes: These dyes have been characterised by the presence of an acidic group' 
such as -S03H, -COOH or phenolic -OH group. This acidic b'TOUP makes the dye more soluble 
and is also used as the reactive point for fixing the dye. The acidic groups act as auxochromes 
in these dyes. 

(a) Metflyl Orallge : (Orange 1/1, sodium p-dimethylamino azohenzelle -p '-sulphonate). 

It is obtained by coupling diazotised sulphanilic acid with dimethylaniline. This dye is 
generally isolated as the sodium salt. The hydrochloride of methyl orange is called helianthin. 

methy I orange (orange III) 
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Mechanism 
e {& 

-0-\\ ONO/211 -0-\\ {& 
1-10 S '\ NI-I • 1-10 S '\ N J 2 J 2 

- --
Q-NMC1 

e • -H 
1-I03S-{ )-N=N-{ )-~Mez NaOIi. 

Na{&O~S -{ )-N=N-{ )-NMez 

MethylDrange (Orange III) 

9.11 

Methyl orange is not used as a dye because it is sufficiently fast to light or soap. However, 
its sodium salt is used as the indicator in acidimetry and alkalimetry because Its colour change 
is sharp over a small pH change. It gives yellow colour in alkaline solution, i.e .. above pH 4.4, 
and red 10 acidic solution i.e .. below pH 3.1. The change in colour of the compound in different 
media has been ascribed to the difference in its structure in the two media. 

OJS-{ }-N=N-{ }-NMez 

negative ion in alkaline medium. pH 5-14 (yellow) 

dipolar ion in acidic medium, pH 0-3.0 (red) 

Since methyl orange is not sufficiently fast to light or soap solution, it is not used as a dye. 
However, it is a common acid-base indicator. Methyl orange gives yellow colour in alkaline and 
red in acidic solution. The cause of this change in colour is the difference in its structure in the 
two media. 

Cango red is a valuable dye which is intense red in alkaline medium, and changes to deep 
blue in strong mineral acid; hence methyl orange and congo red are similar as regards the 
property of giving two different colours in two different media. 

(b) Methyl Red: It may be obtained by the coupling of diazotised anthranilic acid with 
dimethylaniline. 

COOI-I 

< )-N=NoCI + < }-NMe, -+ 

COOH 

< )-N=N-{ }-NMe, 
Methyl red 
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It is not used as a dye but is used as an indicator in ~cld-alkali titrations. It gives an intense 
red colour in strongly acidic solution (saturation with carbon dioxide deepens the colour.) 

(c) Orallge I : (a-Naphthol Orange). It is obtained by coupling a-naphthol with diazotised 
sulphanilic acid. 

-+ Nao,s-{ )-N=Ni ~OH 
~ D 

orange I or a-naphthol orange 

Orange I is used widely for dyeing wool and cotton fibres. 

(d) Orallge II : (~-Naphthol orange). It is obtained by coupling ~-naphthol with diazotised 
sulphanilic acid. 

HOS-o-' NH 3 2 

Na~O, -'-Ilel - . HOS-o-' NCI 3 2 

lCCrI ~ OH 
~ n 
~-naphthol in NaOH 

sulphanilic acid 

orange II 

Procedure: Sulphanific acid is diazotised with sodium nitrite and hydrochloric aCId at 
5-g°C. Now the diazotised sulphanilic acid is run into a solution of ~-naphththol having caustIc 
soda, soda ash and common salt at g0c. After stirring the contents for 2 hours, the temperature 
is raised from g to 16°C. The pH of the solution rises from 9.1 to 9.4 which is lowered by 
acidifying 'Yith He!. The salted dye is filtered and dried. 

Orange II is used widely for dyeing wool, cotton fibres, silk, paper and leather. 

(e) Ortlllge IV: It is obtained by coupling diazotised sulphahilic acid with diphenylamine 
in alkaline solution. But diphenylamine is insoluble in water. Therefore, it is to be emulsified 111 

water before coupling is carried out. 
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1-10 S-o-~ NI-I NaNOI -t-IICI 
3 2 0-50 C ~ 

sulphanilic acid 

1-10 S-o-~ N CI 3 2 

1 ON"-o 
diph.:nvl amine 

in alkali'1c m.:diulll 

Na03s-{ }-N=N-{ }-NI-I-{ > 
orange IV 

9.13 

It is an acid azo dye. It is mainly used for dyeing wool and cotton fabrics. In acid medium, 
it possesses limited fastness. 

(/) Fast Red A : It was the first red azo dye and is still important due to its cheapness and 
adequacy for many purposes. It is obtained by the condensation of diazotised naphthoic acid 
(l-naphthylamine-4-sulphonic acid) with ~-naphthol. 

Fast Red A 

(g) Ponceau '2R' : It is obtained by coupling diazotised m-xylidene with the R acid 
(2-naphthol-3, 6-disulphonic acid). 

S03Na 

ponceau '2R' 

1-10 

CH.{ ~N=N 
CI-I J 

It is favourable scarlet dye. It has good fastness to light and washing. 

(h) Metalli! Yellow: The starting compound for this acid azo dye is nitrobenzene. It is 
sulphonated followed by reduction with iron and sulphuric acid when metanilic acid is produced. 
This acid is now diazotised and then coupled with diphenylamine when metanil yellow is obtained. 
Since diphenylamine is insoluble in water, the coupling reaction has to be carried out by emulsifying 
diphenylamine in water before coupling. 
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o-
~ Oleum (25%SOJ) 

_ NOz --1-10---11-5-0 (-' ~~ 

Nitrobenzene 

< )--NII-{ > 
-11('1 

~ )--N=N-{ )--NH-{ ) 
HOJS 

metanil. yellow 

It is used for dyeing silk and cotton fibres. 

S.Vllthetic Dyes 

~ )-NH, 
I-IOJS 
Metanilic acid 

111CI. Nal\lOz 
0-5°(' 

(I) Orange G : It is obtained by coupling diazotised aniline with the G-acid (2-naphthol-
6, 8-disulphonic acid). 

110 

( }-N=N 

orange G 

(j) Naphthol Blue Black 6B : (amino black 10 B). It is obtained by coupling H-acid 
(l-amino-8-naphthol-3, 6-disulphonic acid) with one molecule of diazotised p-nitroaniline in an 
acid medium followed by coupling of the product with one molecule of benzene diazonium 
chloride in an alkaline medium). 

0- OH NHz -0-
~ b N=N~N=N ~ b NOz 

~ 
HOJS SOi-I 

naphthol blue black 68 

It is an important acid dye which is generally used for dyeing wool for black shades of 
moderate fastness. 
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(k) Chrome Blue Black R : It is prepared by coupling diazotlsed l-amino-2-naphthol-4-
sulphonic acid with 13-naphthol. 

01-1 HO 011 HO 

Nao'si ~N=N-CI + t ~ 
~ # ~ # 

Nao,s-{ }N=Ni ~ 
~ /; 

chrome blue black R 

(I) Carabolall Dye... : The main drawback of the above described dyes is that they are 
readily washed away with water. This drawback has been overcome by another group of aCid azo 
dyes called carholan dyes; the general formula of these dyes is depicted as follows : 

-0-
OH NJICOCHJ 

R ~ /; N=Nro ~I ~ 
~ ~ 

HOJS SOJH 

In the above formula, R denotes a long-chain alkyl group (e.g., C I2 H1S )' but this group IS 

hydrophobic m nature. Therefore, it prevents the removal of the dye by water and thus makes 
the dye resIstant to washings. 

(m) Tartrazi"e : It is an acid azo dye which may be prepared by the following two method: 

(i) If may be prepared by condensing two molecules of p-hydrazinobenzene sulphoI1lc 
acid with one molecule of dioxysucinic acid. 

o=c.+o~r···········iH-N--O-~ so Na 

N aO JS-{ }-N H _ N[E~~~~~~~~~~~~= {: :~~~~~~~~~~~~~~~~~~~~~ I - J 
C=i:O II,+-N I ~ ......... -... ---------! 

HO-C=O 
Na-Salt ofp-hydrazino- DioxyslIccinic acid 
benLene sulphonic acid 1 -311zO 

O=C-O-o-~ SOJNa 

-0- I I -
NaOjS ~ # NH-N=C" /IN 

Cf' 
I 

HO-C=O 

1~ O=C-N-o-~ SOJNa 

-0- I I -
NaOJS ~ # N=N-CH bN 

'c~ 
I 

HO-C=O 
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1~ 
HO-C-N-o-' SO Na 

-0- 111- 3 

NaOJS ~ b N=N-C N 
'C~ 

1 
HO-C=O 

Tartrazine 

Synthetic Dyes 

(ii) It may also be prepared by condensing one molecule of p-hydrazinobenzene sulphonic 
acid with one mole of diethyloxaloacetate. The product so obtained on coupling 
with diazotised sulphonic acid yields tartrazine. 

/OC 2Hs 
O=C 

tH + HN-o-S03H ,,2 ... ________________ , I -
C=:O H2:N I ------------------
COOC2H5 

Diethyl 
oxalo-acetate 

Couple 

p-Hydrazino-benzene 
sulphonic acid 

75°(, 
~ 

-lIp 

R 
HO-C-N-o-' SO Na 

-0- 111- J 

NaO S , 'N=N-C N 
J _ ,,# 

C" 
1 
COONa 

Tatrazinc 

It is mainly used for dyeing wool fabrics yellow with moderate fastness and silk 
fibres with poor fastness. 

2. Basic Azo Dyes : These dyes have -NH2 or -NR2 group as the auxochrome. The 
chromophoric system is present as a cation. Only few basic azo dyes are known. These dyes are 
not much used and they are, therefore, not of much significance industrially. 
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Some of the basic azo dyes are described as follows : 

(a) Aniline Yellow: It is the simplest and the first azo dye that was made. It is obtained 
by coupling diazotised aniline with aniline. 

{ }-NzCI + < }-NH2 -+ < }-N=N-{ }-NH2 

aniline yellow (p-amino azob~nzen~) 

As this dye is acid-sensitive, it is not of much significance industrially. However, it is used 
as an intermediate in the synthesis of other dyes. 

(b) Butter Yellow: It is obtained by coupling dimethylanilinc with diazotised aniline. 

{ }-N 2Cl + < )-NMe2 -+ Q-N=N-{ }-NMez 

butter yellow or 
p-dimcthylaminoazobenzene 

It is used for colouring butter, oils and margarine. 

(c) Clrrysodille G (2, 4-diaminoazobellzene) : It is a cationic dye. It IS obtained by coupling 
m-diphenylenediamine with benzene diazonium chloride. 

H~ H~ 

< }-N,CI + ~ }-NH, -+ < )-N=N~ }-NII, 
chrysodine G 

It is an orange dye. It is generally used to dye silk, woll, cotton, leather and paper. 

(d) Bismark Brow" (Pllenylelle Brown) : It is one of the oldest dyes which is a mixture 
of mainly two compounds, I and II. This mixture is obtained by the action of HN02 on excess 
of tn-phenylenediamine i.e .. by the diazotisation and coupling by Ill-phenylenediamine 

S }-N,CI + S }-NH, -+ S }-N=Ni }-NH, 
HzN H2N HzN H2N 

monoazo compound. I 

, /-N=Ni }-NH, 
N H,N 
II - -NY-Nil, 
H2N 
bisazo compound. II 

It is a brown dye. It is mainly used for dyeing leather on a tannin mordant. 
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(e) Acid Red: It is obtained by coupling diazotised p-nitroaniline with naphthionic acid. 

02N-{ }-N=N~~ I SOJH 

HzN I 
~ 

Acid Red 

3. Direct or Substantive Azo Dyes : The azo dyes described earlier are used to dye the 
proteinous fibres (e.g., wool, silk and leather) directly but they need mordant for dyemg cellu
losic fibres (e.g., cotton, linen, paper, etc.,). However, certain azo dyes are known which could 
dye directly the cellulo~ic fibres without a mordant. Such azo dyes are called firect or substantive 
azo dyes. Some important direct azo dyes are described as follows : 

(a) COllgo Red : It is a simple benzidine bisazo-dye stuff. It is obtamed by coupling 
tetrazotised (his-cliazotised) benzidine with two molecules of naphthionic acid. The blue dye so 
obtamed is converted into its red disodium salt during its salting out with sodium chlorIde. 

NH2 c¢ +CIN,-{ X, }-N,cI + 10 
~ 

SOlI 1 SOJII 

c¢NH2 N=N-O-O-~ If ~ N=N'(;ONII2 
~I~ - - ~I~ 
~ .0 ~ .0 

SO)1 (blue) SOl1 

Hel 1~ NaCI 

Disodium salt 
(red) 

The red salt is capable of dyeing cotton directly. 

The red salt is very sensitive to acids, the colour turns from red to deep blue m the presence 
of strong mineral acids and to dull purple by organic acids. The change in colour from red to 
blue in the presence of inorganic acids may be explained due to the occurrence of resonance as 
follows: 

e 
OJS H2N~ 

( ~ (-N=~-CX }-7=N~_~ B 
- NH, H . H SO~ 

- Bcnzenoid (Red) 

l 
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e ! ~ 

<O,~ CN-~-{ H }-~_~I~ ~ ~ 
~;/ Nil, II . II so~ 

- o-Quinonoicl (Blue) 

Congo recl IS used as an indicator m acid-alkali titrations. Congo paper IS used for testing 
acidity of the solutIOn. 

(b) Direct Deep Black: It is trisazo dye and is obtamed by followmg serIes of coupling 
reactions in a particular order. First of all, the bis-diazotised benzidine is coupled with one mole 
of H-acid (l-amino-8-naphthol-3, 6-disulphonic acid) in aCId medium to yield a product, I. Then 
this product, I, is coupled wIth one molecule of benzene diazomum chlOrIde m alkaline medium 
to yield the product II. Finally, the product, II, is coupled with lIl-phenyknedIamine to yield 
direct deep black. 
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(c) Be1lzopurpurin : It is obtained by coupling bis-diazotised o-toluidine with two mol
ecules of naphthionic acid. 

~=Ni X (-N=N~ 
0y H3C CH J ~ 

SOJNa SO.INa 

It is interesting to note that this dye exhibits similar colour changes. However, it is less 
sensitive towards acids. It is also a largely used dye for pink on cotton and scarlet on wool. 

(d) Rosalltltrelle 0 : The preparation of this dye JI1volves the following steps; 

(i) First of the J-acid is condensed with lIl-nitrobenzoyl chloride in the presence of 
sodium acetate to yield a product which is then reduced with iron and dllute hydro
chloric acid to Yield the product I. 

(ii) The product (1) on coupling with benzene-diazonium chloride Yields rosanthrene o. 

NaOJSWNH l 

~I ~ 
~ ~ 

OH 
J-acid 

Oil 
rosanthrenl.! 0 

(iii) The J-acid required for step (i) is prepared from tobias acid in the following manner: 

SOJNa SOlI SOJH 

ro

OH . roNH2 IIOJS¢NII2 ~ I ~ NII.1:(NII~)2S0J~ ~ I ~ sulrhol1ation~ ~ I ~ hcallVilh~ 
~ ~ under pressure ~ ~ ~ ~ dillllS()~ 

sodium salt of tobias acid SO 1-1 
2-naphthol-l- ' . J • 

I I . ·d tobias aCid su p lomc aCI 
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The J-acld as well as its N-phenyl and N-methyl denvatives are important intermediates of 
direct dyes for cellulosic fibres. 

(e) Procion Dyes: The direct azo dyes descnbed Above have been found to attach them
selves to the fibres by hydrogen bonds. However, certain dIrect azo dyes are known whIch are 
water soluble and get attached to the fibres through chloro-l, 3, 5-triazine molecule. Such dyes 
are called prociol1 dyes An example of these dyes is given as follows : 

;=<S03
H 

011 

\Jj-IJ N=N~ 
~ 

HOJS SOlI 

CI 
N=( 

+ CI-{ /iN 
N~ 

CI 
a procin dye trichlow-I, 3, 5-triazinc 

CI 
SO H N=( 

;=( J _ 011 N'-ii~N 
\JjN-N~ CI 

~ 
HOJS S03H 

1coll011 libr~ having 
fi·cc ()II groups 

O-Fibre 
N=( 

Dye-NH-{ AN 
N~ 

O-Fibre 

(f) Ramazol : Similar to procion dyes, there is another group of dyes called ramazol, e.g., 

Dye-~-S02C1--12-CI--IPS03H -H
2
S0

4 
~ 

H 
Procion derivative as Ramazol 

Dye-~-S02CH=CHz 

H 

lilo-Fihn: 
(alkali) 

Dye-N-SOzC'II-C1--iz-O-Fibre 
I 
Ibyed Film:! with Ramazol 

4. Ingrain Azo Dyes: These are water insoluble azo dyes which are formed on the fibre. 
They are prepared by dipping the fabric in an alkaline solution of 2-naphthol containing turkey 
red oil, drying it and then immersmg in a solution of the diazotised amme. The most important 
example of this group is para red (diazotised para-nitroaniline). 



9.22 SYllthetic Dyes 

IIO 

O,N-< >-N=N1 ~ 
~ # 

para red 

Some other ingrain azo dyes along with their both the components are given as follows: 

2-naphthol + m-nitroaniline 

2-naphthol + 2, 4-dinitroaniline 

2-naphthol + dianisidine 

= Nitroanilme orange. 

= Permanent red 2R, 

= Dianisine blue. 

Some authors consider aniline black as a special case of mgrain dyes. In order to dye fabrics 
black with aniline, the first step is to cover the fabrics with anilme hydrochloride (aniline salt) 
and then these fabrics are treated with a solution of potassIUm dichromate, sulphuric acid and 
other substances. In conclusion, they are subjected to special treatment called ageing. 

5. Mordant Azo Dyes: These are the azo dyes, whIch, when fIxed on the fibre, are capable 
of forming complex metallic compounds when after treated with metallic salts such as sodium 
dichromate, sodium chromate or chromium fluoride. A considerable molecular-surface increases 
and often significant solubility decrease results. Such treatment usually produces a bathochromic 
effect and yields dyeings of improved fastness properties. Chromium IS the most WIdely used 
metal in mordant azo dyes. The chromium salts can be applIed to the tibre before dyeing 
(chrome-mordant or chrome-bottom method), together with the dye (metachrome method), or 
after dyeing (afterchrome method). 

Most of the dyes belonging to this group are monoazo dyes but they include a few disazo 
dyes. Their great importance is due to their high fastness to light and washmg. 

The characteristic structural feature in all mordant azo-dyes IS the presence of a hydroxyl 
group ortho- to the azo-group. ChromIUm is the most important mordanting metal-the dyes so 
produced are usually called azochrome mordant dyes. The fibre is mordanted by boiling With 
potassium dichromate solution, generally in the presence of a reducer like formic, lactic or oxalic 
acid. In this operation, the Cr (VI) is changed into Cr (III). The mordanted fibre is now dipped 
in a solution of the dye so as to precipitate the insoluble coloured lake (metal complex) on the 
fibre, e.g., 'mordant brown' (formed by coupling diazotised p-aminophenol with pyrogallol). 
Some important mordant azo dyes are as follows: 

Oll 

11°'6:0 
~I 
~ 

N n· .... · .... ·~Cr 
N 

~ 
HO~ j 

Modrant Brown 
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(a) Diamond Black F : It is dlsazo mordant dye. It IS one of the earliest chrome dyes. It 
IS obtained by coupling dIazotised 5-am1l10 salicyhc acid with I-naphthylamme and al11mo azo 
dyestuff thus produced is diazotised ·and coupled with I-naphthol-4- or 5-sulphomc acid. 

HO~ }-N=N-CI+~ ~NH'- Hoi }-N=Ni ~NH' 
COONa ~ !J COONa ~ !J 

NaNO,IIICI - . HO~ }-N=Ni ~N=N-CI 
COONa ~ !J 

~ 
~ so}',,, 

• 

HO P N=N _ N=~ --t='>r- -S-~ 011 

COONa ~ !J vy 
5-aminosal icyl ic 

acid 
I-naphthyl-amine 

sOJNa 
I-naphthol-

5-sulphonic acid 

diamond black F 

(b) Chromo/rope 2B : It is obtained by coupling diazotised p-nitro-aniline with chromotn;>pic 
acid (1, 8-dihydroxy-naphthalene-3,6-disulphonlc acid). 

It is interesting to note that this dye IS first applied to the fibre and then this dyed fibre IS 

mordanted with boiling sodium dichromate in the presence of reducing agent (chromed). This 
method changes the colour completely. For example, chromotrope 2B dyes wool a bluish red but 
it gets changed into blue to black by 'after chroming.' 

(e) Irgalall.'t : It is a group of mordant azo dyes whIch are obtained by the coordmation of 
two molecules of dye with the chromium atom (i.e., these are 2 : 1 complexes). For example, 
irgalan brownviolet is 2 : 1 complex. Its structure is shown on next page. 

The main advantage of this dye over the above two dyes is that this does not damage the 
fibre while the above dyes may do. 

Irgalans dye wool in neutral solution. The colour,> produced by thIs group of dyes are fast 
to light and washing. It is possible to replace chromium metal by cobalt. 
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r ;O,CII, ~ ~ 
¢-N=N ~ b 

0"",\/0 
+ 

Na 

L ~O,CJI, ~ B 

(d) Erioc/mJIIle Black T: It is used in large quantities on account of its high light and wet 
fastness. It is prepared by diazotising 4-amino-7 -nitro-3-naphthol- I -suI phonic acid III the pres
ence of a small quantity of copper sulphate followed by couplmg the product with ~-naphthol. 

4-amino-7 -11 itro-3-naphthol
J -sulphonic acid 

NaNO':II( 'I - ~ 

O-'i'(' 
(CuS()z) 

011 

1 
OIl . 

( ' I' V' "" OliP Ill!! 
• (Dlx-NaPhllhll 

ill alkali 

011 011 

N02 

N=N~ 
~ 

Eriochrolllc Black T 

It is mamly used as an indicater in EDTA titrations. 

(e) Eriochrome Black A : It may be prepared in the similar manner as that of eriochrome 
black T except that coupling in this case is done with ~-naphthol. 
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OH OH , 

N=Ni ~ 
NOz 
criochromc black A 

It IS an azo chrome dyes. It is applied to wool by dIfferent methods. 

(j) Erioc/trome Red B : It is a chrome azodye which is prepared by couplmg 3-methyl-l
phenylpyrazolone (obtained by condensatIOn of acetoacetIc ester with phenylhydrazine) with 
diazotised 4-amino-3-naphthol-l-sulphonic acid. 

CH J-C-CH 2 CHJ-C-CH, 
, ,JL. I, - lip II 1,-
... 01 + (=0 ("" (l". N (=0 
: : /. -- '2 ; '-.. .".-NiH, : _____ . ___ , N 
,,--·---~:bC2H5J Acetoacetic t 
". .' ( H NiH _ .. , .. - ester (, s 

1 .... -. 

··llp 
• 

C(,H S 

Phenyl hydrazinc 3- Methy I-I-pheny I-pyraznlnnc 

01-1 

Ho's1 f~H' Na~O,/lICI -{}-

N,,l'O, • NaO,S a-II N,CI 

~ !J 
4-Am i no-3-naphthol

I-sulphonic acid 

Coupling 

OH 

NaO s-s~ N=N-C-C-CH 
J _ II II J 

C N 
~!J HCr 'N/ 

Erichrome Red B 6 
It is also a chrome dye. However, it is fast to lIght and washing. 
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6. Synthetic Fibre Dyes: Several dyes are known which are used to dye synthetic fibres 
such as rayon, terylene, nylon, polyacrylollltrile, etc. These may be acidic, basic or disperse dyes. 

In disperse dyeing the first job is to convert the insoluble dye into a state of unifonn fine 
dispersion by means of the dispersing agents in the dye bath. Then. the next job is to dIp the synthe,tic 
fibre into this dye bath. Some of the main dyes used for dyeing synthetic fibres are as follows: 

It dyes rayon orange. but black when llsed as 
ingrain dye with 3-hydroxy-2-naphthionie aeid 

He 

HO CO.NII~ }-CI 

P-N=N-O 
CI 0 

red disperse dye (used for terylene) 

-0- -0- /C2H~ 
I-I!N.02S ~ " N=N ~ " N 

\\ // \\ /I 'CH!CHpH 

red disperse dye (used f()r nylon) 

CI 

O,N-i ~N=N-i t-N·..-c,H, 
\\ /I \\ /I 'CH1.CHl~Me3X-

a cationic dye (astrazone red GTL) (used for polyacrylonitrilc Jibres) 

02N ~ " N=N ~ " N ) -Q- V-
/CI-12·CllpH 

\\ /I \\ /I 'CI-I
2
.CHpH 

CI I-I JC 

a cationic dye (astrazone red GTL) (used ttlr polyacrylonitrill! fibres) 

N02 

CH,( tN=NT-(H' 
("I /'-. /N HO& 

SOl·NI12 
yellow disperse dye (used for terylene) 
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, }-NH-CO-{ :> 
N 
II 

OH N 

~NHz 

~ 
H03S an acid dye (used for nylon) 

NOz 

O,N-{ }-N=N-{ INHC,II, 
ionamine red KA (used for rayon) 
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Cellitone Scarlet B : It is a disperse azo dye which is prepared by coupling diazotised 
p-nitroaniline with N-ethyl-N (~-hydroxyethyl)-aniline in alkaline medium. 

02N-{ )NHz Na:~~~,ICI .. 02N-{ }-NzCI 

10-''- C,H, 
alkali 'I '\ < --

- ('zIIPII 
alkali 

-0- -0-
/C2Hs 

0zN ~ " N = N ~ !J N 
/I 'n-'2CH2NMeX 

It is mainly used for dyeing cellulose acetate and nylon. The group 2-hydroxyethyl IS 

responsible for introducing dispersiblity in the dye. 

7. Stilbene-azo Dyes: These are yellow and orange direct azo dyes used tor cellulosic 
fibres. Although these dyes have azo groups, they are not prepared by the processes of diazotication 
and coupling. Some examples of stilbene-azo-dyes are as follows: 

SOJNa SOJNa 

L(CH=HC'(i 

~I ~I ° N N~ 

~ ~ 
N N 

O~ YO (Y 
yCH=HC~ 

SOJNa SOjNa 

Naphthamine Yellow 
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(a) Naptllamine Yellow: It is prepared by heating 4-nitrotoluene-2-sulphonic acid with 
aqueous sodIUm hydroxide solution. 

(b) Mikado Orange: It is prepared by heating 4-nitrotoluene 2-sulphonic acid with aqueous 
sodium hydroxide solution in the presence of a reducing agent such as glucose. 

SOJNa SOJNa 

H~-< }-N=N-C)-r 
HC~ }-N=N~ }-CII 

SOJNa S03Na 
mikado orange 

8. Determination of the Structure of an Azo Dye: In order to determine the structure of 
an azo dye, the usual method is to reduce the azo dye with sodium hydrosulphite to primary 
amines which are Isolated and Identified. For example, orange II when reduced yields a mixture of 
sulphanilic acid and l-ammo-2-naphthol. This clearly reveals that the structure of orange II IS A. 

sulphanilic acid l-amino-2-naphthol 

The reduction products of the azodye also indicate its possible synthesis. 

9.4. Nomenclature Used in the Subclasses of Azo Dyes 

In the following discussion of various subclasses of azo dyes, Lapworth's system is used 
to represent general structure of azo dyes. In this system we use the following notations : 

(i) A: It represents an arylamme used as diazonium components, further such components 
used are denoted by AI' A2, etc. Examples of A are aniline, o-toluidine, etc. 

(ii) 0: It is an aryldiamine like benzidine having two diazotisable groups. Examples of D 
are benzidine. 4, 4' -diaminostilbene-2. 2' -disulphonic acid, etc. 

(iii) E: It is the second component or coupling component. Examples of E are phenol, 
~-naphthol, dimethylaniline, etc. 
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(vi) Z: It IS a coupling component havmg dual coupling positions. Examp1c1> of Z are H-acld, 
gamma acid, J-acid, etc. 

(v) T: It is a coupling component havmg three coupling positions. Examples of Tare 
resorcmal, meta-pheny1cne diamine, etc. 

(vi) M: It is the middle component having one coupling position and one diazotisable amine 
which can further couple with a coupling component. Examples of Mare I-naphthy
lamine, l-acid, etc. 

7.5. Subclasses of Am Dyes 

Azodyes can also be put into various subclasses such as monoazo, bisazo, trisazo, polyazo, 
mordant azo, stilbene azo and pyrazolone. We shall discuss these one by one. 

Monoazo Dyes 

They are considered to be a large group of dyes belonging to many application classes and 
are of A -7 E type, coupling IS done either in acidic or in alkaline pH. 

Monoazo Direct Dyes: A few direct dyes from monoazo subclass have been commercially 
used. Only useful dyes of this type have been derived from J-acid derivatives as coupling 
component. An example is c.1. direct red 65 (C.1. No. 17870). (C.1. represents colour Index). 

OH 

I ' J ' al~~ 
rHo uICtln~~ 

NaOJS ~ ~ NHCONH-()--NIICOCHJ 

C.1. direct red 65 

Monoazo Acid Dyes : Monoazo aCid dyes having a variety of coupling component~ are 
known. Thus, naphthols, aryl amino derivatives, pyrazolones, etc., having sufficient sulphonic 
aCid or carboxylic acid groups get coupled with aryIdiazonium salts derived from arylamino 
sulphomc acids. Acid orange II, acid orange IV and metanil yellow have been typical examples. 

OH 

~ ~N=N-{ )-so,Na 
~ II acid orange II 

< )-NH-{ )-N=N-{ )-SOJNU 

acid orange IV 

< )-NH-{ )-N=N-{ ~ 
SOJNa 

metanil yellow 
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Acid orange II IS obtained hy the reverse diazotisation of sulphaniJic acid and slow additIon 
of the resulting diazonium salt to alkaline solution of f3-naphthol having caustic, soda ash and 
salt at 6-8°C. At the end of coupling, temperature is brouth to 15°C and pH 9.0 to 9.5. After 
strirring for a few hours, hydrochloric acid has to be added to hring pH slightly alkaline and the 
salted out dye is filtered and dned. 

Acid orange IV and metanil yellow are obtamed by the diazotisation of sulphanilic acid by 
the reverse method and of metanilic acid by direct method respectively and coupling with diphe
nylamine. As diphenylamine is very weakly basic and insoluble in water as well as dilute 
hydrochlonc aCId. the coupling is done with an emulsion of dIphenylamine or in alcoholic 
solution or using pyridine. For example, m the preparation of metand yellow metanilic acid is 
diazotised with sodium nitrite and hydrochloric acid solutions at 5°C and after the diazotisation 
gets completed the diazonIum salt solution is made acidic and slowly added to the emulsion of 
diphenylamine obtained by intimately mixmg a mixture of diphenylamine, water and small 
quantities of glue and dispersing agent. The coupling IS slow and needs very long time to 
complete. After the coupling has been completed, salt solution is added and the mixture has been 
stirred at room temperature for few hours If the dye is precipitated out. 

Monoazo Food Colours: Among the food colours which are permitted to use for addition 
to foodstuffs, tartrazine belonging to monoazo subclass has been important. It is obtained from 
sulphanilic aCId as diazonium component and I-(p-sulphophenyl )-pyrazol-(S )-one-3-carboxylic 
acid as the coupling component, the coupling takes place at the active methylene group in the 
four positions of the pyrazolone under alkaline conditions. 

sulphanilc acid 

at 
~ 

H COOll 

f-( 
O"'N/N 

¢ 
SOJNa 

1-(p-sulphophcllyl) pyrazol
(S)-one 3-carboxylic acid 

The method of preparation of the pyrazolone required for the synthesis of tartrazine is to 
condense phenyl hydrazine-para-sulphonic acid (2 moles) with dihydroxy tartaric acid (1 mole) in 
aqueous phase and boil the solution to get tartrazine. The dihydroxy tartaric acid reacts in the fonn 
of diketosuccinic acid which yields bis-(phenyl hydrazone) which cyclises and rearranges to the dye. 

COOl-I 
I 
(-(OH) 
I z--+ 

COOI-I 
I 
(=0 
I 

C-(OH)z 
I 
(OOH 

dihydroxy 
tartaric acid 

C=O 
I 

COOH 

diketo succinic 
acid 

(I mole) 

+ 
¢NII' all. ~otllti(ln .. 

S03Na 

pheny 1 hydrazi IlC

p-sulphonic acid 
(2 molcs) 

hoil 
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HOOC-(,-C=N-~-o-~ SO Na 
II I _ J 

N COOH 

9 
eye! isation. 

Nui'O\ 

N-~-o-~ SOjNa 
II -

NaOOC-C-C 

" I ¢'o 
SOJNa SOJNa 

bis (phenyl hydrazone) pyrazo!one phenyl hydrazone 

tartrazinc 

Monoazo Mordant Dyes: In the monoazo mordant dye series many important members 
of dyes are involved with various characteristic groupings mentioned under mordant dyes. Many 
examples could be given based on the azo salicylic acid and 0, u '-dihydroxy azo brt"oupmgs. 
Eriochrome black A, eriochrome black T and eriochrome red B have been the important members 
of dyes. Eriochrome black A and eriochrome black T have been obtained by the coupling of ~
naphthol and a-naphthol respectively with I-diazo-2-naphthol-6-nitro-4-sulphonic acid and 
eriochrome red B is prepared by the coupling of I-phenyl-3-methyl-pyrazol-(5)-one with I-diazo-
2-naphthol-4-sulphonic acid. 

OH 

MN~~~ 
02N~ 

SOJa ~~-naphthol 

) -diazo-2-naphthol 6-nitro-
4-sulphonic acid eriochrome black A 

(\N 

OH 

III 'II~I~ 
N=N~~ 

n?-I ~ 011 ~ -& 

~ -& 

SOJa a-naphthol 

l-diazo-2-naphthol 6-nitro-
4-sulphonic acid criochromc black T 
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e 
N=N 

~OH 
~ 

SOl' 

I-diazo-2-naphthol- l-phcnyl-3-mcthyl-
4-slilphonic acid eriochrol11e red B pyrazol-( 5 )-onc 

Synthetic pvc.\' 

These dyes can be applied on cotton or wool In three ways, vi::. , first the dye has been 
applied and then mordanted on cotton or wool, the dye and the mordant have been simultaneously 
applied on cotton or wool, the dye in the form of metal complex has been applied on cotton or 
wool. In any case, the metal complex obtained on the cotton or wool has better fastness propel1ies 
than the dye itseif. The chromium or copper complexes have the covalent and co-ordinate bonds. 
The structure of chromium complex of eriochrome red B called neolan red B is as an example. 

H, ,/ /H I H H ~ 
H-q:.~:-.O-H N::::::"" 

O-",~r- 0 III' ). \ 

-S
"';N~N 

03S If_' N'I CH
J 

~ # 
neolan red B 

Neolan red B is obtained as a red crystalline complex by the treatment of eriochrome red 
B with chromium chloride in alcohol. Eriochrome black A dyes wool dark red-brown as an acid 
dye, whIch is after chromed to a deep fast black, having excellent fastness to light. Eriochrome 
black T is prepared as described earlier, where the coupling on a-napthol occurs in 2-positioll 
instead of normal 4-position, dyes wool a reddish-black as an acid dye, which on after chroming 
provides a very fast bluish-black shade. The chromium and copper complexes in general can be 
prepared in two ways; one is to make the complex after the dye is obtained, as in the case of 
neolan red B and the second is to get the dye and the chromium complex together during 
coupling. Chromium complexes, have been invariably used for wool dyes and copper complexes 
have been invariably used for cotton dyes. 

Monoazo Solvent Dyes : A few mono azo dyes find use as solvent dyes and they do not 
have any solubilising groups. One example of such series of dyes is the dye, sudan red R 
obtained by the diazotisation of cresidine (2-amino-l-methoxy-4-methyl benzene) and coupling 
with A-naphthol. 

OCII OH 

~ }N~'~8 
HJC ~ # 

cresidinc p-naphthol 
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Monoazo Disperse Dyes : Various disperse dyes imparting yellow to hlue shades on 
polyester and other hydrophobic fibres have been reported. An example of monoazo disperse 
dyes is celliton scarlet B whIch is prepared by acidic coupling of N-ethyl-N-(~-hydroxy ethyl) 
aniline with diazonium salt derived from para nitro aniline. 

OZN-o-~ N=N-o-~ N/
CzH

, 
- - 'c II 011 

mono ethyl aniline 
( 1 ) 

Celliton scarlet B 

1-:111\ Icnc . ~ 

(hick 

2 ~ 

/('2 115 

N 

O
C,II~()H 

~ -

~I 
N-ethyl-N 

(~-hydroxy ethyl) aniline 
(2) 

The intermediate (2) is ohtained by condensing 1 mole of ethylene oXIde with monoethyl 
aniline (l). Many other open chain alkylated ani lines and cyclic tetrahydro quinolines find use 
by varying the diazonium component to get variety of shades in monoazo disperse dyes. Bis-(N
~-cyano ethyl) aniline and bis-(N-~-hydroxy ethyl) aniline are some examples of open cham 
alkylated ani lines, whereas tetrahydro quinoline and tetrahydro benzoqu1J1oline are consIdered to 
be the examples of cyclic alkylated anilines. As these dyes have small molecular size and groups 
which help in the formation of stable dispersions, they form an important group of disperse dyes. 

A small group of reactIve disperse dyes used for polyamide (nylon) fibre have also been 
important. 

Monoazo Cationic Dyes: They have been useful dyes for polyacrylonitrile fibre and have 
a positive charge by the virtue of the presence of a tertiary amino group. A scarlet dye prepared 
by the diazotisation of 2-chloro-4-nitro aniline and coupling under aCIdic conditions WIth 4-N. 
N-dimethyl amino diphenylamine, followed by the quartemisation with methyl chloride. has been 
a typical example. 

CI 

OzN ri N=N-o-~ ~-o-~ ~/(~:t 
~- - - 'CH 

Cle J 

a scarlet cationic dye 

Monoazo Reactive Dyes: They are constituting a good number of members of reactive 
dyes. An example of monoazo reactive dye having dichlorotnazine ring as reactive system is 
already described under the discussion on chemical bonding between the reactive dyes and 
cottQn. Reactive red B is synthesised by condensing H-acid with cyanuric chloride and coupling 
the cyanurated H-acid thus formed under mild alkaline conditions with phenyl diazonium salt. 
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Disazo or Bisazo Dyes 

Many azo dyes belong to this group. Their methods of preparation are represented by the 
symbols lIsed earlier. The coupling involved may be acidic or alkaline depending upon the 
individual components used. 

E 
2. D~ 

EJ 

3. A ~ M ~ E 4. A ~ 2 - L - Z f- Al 

All the notations have been described in the general discussion of azo dyes. 2-L-2 represents 
a coupling component having dual coupling positions with linkages L like amino (-NH-) or urea 
(-NH-CO-NH) or other complex linkages, examples being di-J-acid and J-acid urea. 

H03Sxp~ NH'CQ:~ S0.lH 
... ~ I ~ ~ I ~~ 

al - al 
011 OH 

di-.I-acid 

Diazo Dyes of the Type : A ~ Z ~ AI 

Various coupling components (2) such as resorcinol, metaphenylene diamine, H-acid, etc., 
are used for the manufacture of such dyes. One representative example of the dye of this type 
is naphthol blue black wherein A is para nitro-aniline, Al is aniline and 2 is H-acid. 

NH 2 0H 

al(l) &~ al(2) • I 4 

~ ~ 
Na03S 

H-acid 

H2N-{ > 
p-nitroaniline aniline 

naphthol blue black 
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I 

Many dlazonium components having two amino groups (D) are used. In such cases the 
process of getting doubly diazonium groups IS known as tetrazotisation. Various aryldiamines (D) 
find use in this type of disazo dyes, examples being meta phenylene diamine, benzidine, 
o-toluidine and o-dianisidine. Due to the carcinogenic property of benzidine and its derivatives, 
etc., in the recent years, attempts have been made to replace them by safer diamines. 4, 
4'-Diamino diphenyl urea having urea (NH-CO-NH) linkage and many other new diamines 
including those having heterocyclic nng linkages between two phenyl rings may be used for the 
preparation of this type of dyes. 

H2N-{ )--NHCONH-{ )-- NHz 

4, 4'-diamino diphenyl urea 

4, 4' -Diamino stilbene derivatives also find use for the purpose and they are described 
under stilbene azo dyes. 

HzN-{ )--CH=CH-{ )-- NHz 

4, 4'-diamino stilbene 

An example of this type of disazo dyes is congo red which in spite of its low fastness 
properties has been still to be one of the largest selling dyestuffs. The dye has been found to be 
sensitive to acids and turns blue-violet with acetic acid and blue with mineral acids. Congo red 
paper finds use for testing of acidity. Cango red, a direct dye, is formed by the tetrazotisation 
of benzidine and coupling with two moles of naphthionic acid under mild acidic conditions. 

NHz NH z 

~~HzN-{ X )--NHz~ ~ 
Vy ~ 

S~H S~H 
naphthionic acid benzidiae naphthionic acid 

Acid, reactive and mordant dyes belonging to this type of disazo dyes have been denved 
from benzidine-2, 2' -disulphonic acid or 4, 4' -diamino stilbene-2, 2' -disulphonic acid, etc., with 
suitable coupling components. 

NaOJS SOJNa 

H,N-{ X )--NH, 
benzidine-2. 2' -disulphonic acid 

Disazo Dyes of the Type : A ~ M ~ E 

In this case, the middle component M, has been an arylamino group which is capable of 
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diazotisation and coupling with suitable end components E. M may be of two types. In the first 
type an arylamine used as M couples with diazonium salt of A, yielding a para amino azo 
benzene type of dye like fast garnet GBC which can further be diazotised and coupled with E. 
Examples of such M, middle components have been substituted ani lines, like o-anisidine, 0-

toluidine o-toluidine orchloroaniline and aniline etc., and I-naphthylamine etc., all being capable 
of coupling in 4-positions and then undergo diazotisation. The second type of M possesses one 
phenolic grouping as coupling component by the virtue of this groupmg. it undergoes coupling 
with A and an amino group which after the first coupling can. get dlazotised. Examples of such 
M, middle components' have been J acid, gamma acid etc. One more type is also commonly 
invoNed and in th:is A ~ M this scheme is already completed as in the case of para aminoazo 
benzene, fast garnet GBC, etc., available as intern1edlates. 

CH ell 

< }~=N-{ }~H' 
fast garnet GBC 

An example of this type of dyes is the diazotisation of garnet GB(, and coupling with NW 
acid, the dye is known as cloth red B. 

CH J CHJ OH 

< }N=N-{ }N=N~ 
SOJNa 

cloth red B 

Disazo Dyes of the Type : A ~ Z - L - Z ~ AI 

Almost all members of this type of dyes belong to direct dyes class. L, the linking bridge 
can be made by using a condensing agent like phosgene ((,0(,12) and cyanuric chloride. 

An example of this type of disazo dye has been chlorazol scarlet 4 BS, where, A is aniline, 
Z-L-Z is J-acid-urea, and Al is p-amino acetanilide. 

NaOJS;YO-~ NHCONH-W~ SOJNa 
~1..9 ~ 1..9 

N=N N=N 6 OH 011 ¢ 
NHCOCHJ 

chlorazol scarlet 4 BS 

In general, many direct dyes, acid dyes, food colours, mordant dyes, solvent dyes, disperse 
dyes, cationic dyes and reactive dyes belong to disazo dyes depending upon the specific struc
tural requirements. However, for the sake of sImplicity these classes by applications have not 
been described individually. 
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Trisazo Dyes 

These dyes include a less number of commercIally important members as compared to 
monoazo and disazo dyes, Among the various types of tnsazo dyes which can be formed by 
combinations and perrntltations of diazonium components and couplmg components, three types 
are important. They are as follows : 

1. E~D--7Z~A 

2. E ~ D --7 M --7 E j 

3. A --7 M --7 M j --7 E 

One example trom each type is gIven as follows : 

1. Trisazo Dyes of the Type : E t- D -+ Z t- A 

A number of brown and black dyes are prepared by following this scheme. An important 
example has been direct black EW which is prepared by first acidic coupling of H-acld with 
benzIdine, tetrazo, second alkaline coupling of the monoazo dye on H-acid part with phenyl 
diazonium salt and lastly, the third acidic coupling of the bis azo diazonium compound thus 
obtained to metaphenylene-diamine as shown in the following scheme : 

[Metaphenylcnc ~ [Benzidine I ---+ [I-1-al:idJ +-- IAniline] 
d

· . I ae L, ) ae' ( I ) ae (2) 
lam inC 

NH2 Nil, OH 

H2N n. N=N-OO-~ If ~ N=N~N=N-o~ ~- -- .~, -
NaOjS ~ ,.-::; SOjNa 

direct black EW 

2. Trisazo Dyes of the Type: E t- D -+ M --7 EI 

A number of brown, blue, olive ang black dyes are prepared by following the above schem~. 
An example of trisazo dyes of this type is benzo fast blue R which is prepared by fIrst acidi't; 
coupling of I-naphthylamine with a-toluidine tetrazo followed by the second simultaneous alka
line coupling of the terazotised monoazo dye to two moles of epsilon acid. 

[Epsilon acid] 'II [o-Toluidinc] ----+ [I-Naphthyl ~ IEpsilon ul:idj 
al(2) ae(l) amine] al(2) 

benzo fast bl ue [{ 
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3. Trisazo Dyes of the Type : A ~ M ~ Ml ~E 

This type includes a good number of blue, green, brown and grey dIrect dyes having good 
fastness to light. An example IS sinus supra brown RL which is obtained as shown below and 
then ethylating phenolic group. 

[Sulphanilic acidl ---+ [Anilincl ---+ 16-Clcve acidl --+ [Phenoll 
ac:(2) <11:(2) al(3) 

Nao,s-{ }-N=N-{:}-N=N1 ~N=N-{ }-OC,H, 

~ II 
SOJNa 

sirius supra brown RL 

This and other dyes of this type have been bright, fast and give level dyeings on cotton. 
Only one difficulty in their preparation is that after the first and second acidic couplings, the 
disazo amino compound obtained is diazotised which sometimes yields a very weak diazonium 
salt and can couple with suitable coupling components with great difficulty. It is the usual 
practice to replace the usual alkaline bath for coupling by using pyridine-ammoniacal medium. 

Trisazo dyes mainly comprise of direct dyes in application, a few dyes have also been 
sUItable for dyeing of leath,l:r. 

I 

Polyazo Dyes 

These dyes have four or more azo groupings in the dye molecule. Except only a few 
tetrakisazo dyes (having four azo groupings) they have been less important. These dyes belong 
to mainly direct dyes and leather dyes with red, brown and black shades. 

Tetrakisazo dyes and polyazo dyes can be prepared by various combinations and permuta
tions of the diazo components and coupling components. An example of a tetrakisazo dye is 
chrome leather black A which is useful for leather and is obtained by following the scheme. 

A -7 Z f-- D -7 21 f-- AI 

where, A and AI have been p-aminoacetanilide, 2 has been H-acid, 21 has been m-phenylene
diamine and D has been benzidine. 

[p - Amino acetanilide] __ a--,I(,-,3),--~) [H Acid] f-( _"_C(,-,I )'--_ [Benzidine] __ a--,c(,--,2),---~ 

[Metaphenylene diamine] ac(4) ) [p -'Amino acetanilide] 

Mordant Azo Dyes 

This class of dyes fall in groups such as 1, I-metal-azo complexes, I, 2-metal-azo com
plexes, etc. 
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1, I-Metal-azo complexes are those in which each metal atom forms covalent bonds with 
dihydroxy group or similar groups present in 0, 0' -positions to the azo group and forms a 
co-ordinate bond with the azo group of the dye. The representative structure is as follows : 

/H 
H...... ? ...... H,......H 

o C' .. ·0 H/ ..... r······ ...... H 

/~ 
o " ° 

< 5-N=~i ~ 
~ /; 

1, 2-Metal-azo complexes are obtained when 1, I-metal azo complex undergoes combina
tion with another molecule of the same or the other suitable dye to yield a complex in which the 
same metal atom forms covalent linkages with the four oxygen atoms of 0, o-dihydroxygroups 
involved and forms co-ordinate linkages with the two azo groups of the two azo dye molecules. 
The representative structure is as follows : 

ell 

< ~N=ri 5 ' 
o ............ v o 

Cr 
o~! ............ o 

n-LN-O o 
The metals like iron, manganese and zinc behave in the same manner while forming com

plexes. It becomes necessary to have o. 0 '-dihydroxy or similar two groups in 0- and 0' -positions 
to hold these metals. However, in the cases of copper, nickel and cobalt metals, they constitute 
stable complexes even with a single hydroxy or similar group present in the ortho position to azo 
group as represented in the following structure. 

In copper-azo complexes, complexes having 3 copper atoms per axo group as well as 3 
copper atoms per 2 azc groups are known. The structures given below illustrate these types of 
metal-dye complexes. 

I 
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H II 
\/ H . /' 

~ ... 0, 
eO S e :....... H 

'<-~(1 ~ o .~ _ 
\/ 

/Z ~ Ii 

< \:}~) ~ 
/~u S()~ 

II-a ()-II 
I I 
H II 

The azo dyes obtained from salicylic acid and similar intermediates are capable of forming 
metal-dye complexes by the virtue of the adjacent carboxylic acid and hydroxy groups, without 
involving the azo group in the complex fonnation as given below. 

Stilbene Azo Dyes 

Stilbene azo dyes having one or more azo groups are yellow to orange dyes having good 
fastness and substantivity for cotton. Most of the dyes of this class are derived from 4, 
4' -diamino stilbene-2, 2' -disulphonic acid and the rest are derived from 4, 4' -dimtro and 
4-amino-4' -nitro stilbene-2, 2' -disulphonic acids. 

O,N-{ ~CII=Clli }-NH, 
SOlI HOJS 

4-amino-4 '-nitro stilbene-2 2' -disulphonic acid 

An important member of this class of azo dyes is chrysophenine G which is largely used 
-as a direct cotton dye and has good fastness to' light. Chrysophenine G is prepared by the 
tetrazotisation of 4,4' -diamino stilbene-2, 2' -disulphonic acid coupling with two moles of phenol 
and subsequent ethylation of the product, brilliant yellow. The dye, brilliant yellow. however is 
only used as'an indicator because of its sensitivity to alkali. 
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SOJNa S03Na 

HO--\ ,f-N=N--\ )-CJl=CH~ ,f-N=N--\ t-Oll 
bri lIiant yellow 

Although 4, 4' -diamino stilbene-2, 2' -disulphonic acid yields only symmetrical dyes by 
followmg tetrazotisation and coupling, 4-amino-4' -nitrostilbene-2, 2' -dlsulphomc acid yields 
unsymmetrical stilbene azo dyes by following diazottsCltion, coupling, reduction of nitro group 
wIth glucose, subsequent diazotisation of amino group thus formed and coupling with another 
sUItable couplmg component. 

Pyrazolone Azo Dyes: The pyrazolone azo dyes possess the following general structure. 

R-(,-CII-N=N-Ar 
II I \ 
N C=O 
'-.../ 
N 
I 

Ar 
General structure of pyrazolonc am dyes. 

R is alkyl, carboxylic acid group, AI", Ar\ are aryl grours. 

II 
-C=N-N-/\r 

I I 

(,=0 
/' 

ketone hydrazone form 

-C-N=N-Ar II I 

C-OH 
/' 

a/o el10l ttmn 

There are evidences which show that the pyrazolone azo dyes are also found in the corre
sponding azo enol form as well as ketone hydrazone form. 

The key intermediates needed for the produc
tion of pyrazolone azo dyes have been I-phenyl -
3-methyl-pyrazol-(5)-one, I-phenyl-pyrazol-(5)-one-
3-carboxyhc acid and their derivatives, substituted 
in the phenyl ring such as I-(p-sulphophenyl)
pyrazol-(5)-one-3-carboxylic acid which is a para
sulpho derivative of I-phenyl-pyrazol-(5)-one-3-
carboxylic acid. I-plu:ny I-pyrazol-( 5 )-nne-3-carboxy I ic acid 

The pyrazolone azo dyes have been found to be important for yellow to red shades. They 
are used as direct dyes, acid dyes, metal complex dyes or pigments. Tartrazine finds use as a food 
colour. Two methods of preparatIOn of tartrazine have been found in monoazo dyes derivatives. 
Eriochrome red B, a pyrazolone azo dye obtained from I-phenyl 3-methyl-pytazol-(5 )-onc has 
been already discussed under monoazo mordant dyes, the corresponding metal (chromium) com
plex is neolan red B. Most of the pyrazolone azo dyes are monoazo, though a good number of 
members belong to bisazo dyes. 
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AZOIC DYES 
(Ingrain Azo Dyes) 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

10.1. Introduction 

Azoic Dyes are water insoluble azo colours which are formed on cellulose fibres from 
selected diazo and coupling components. These are prepared on the cellulose or cotton fibres in 
two distric..t stages : 

(i) The fibre is treated with an alkaline solution of a coupling component. 

(ii) This is then developed with a diazonium salt. 

2-Naphthol was originally used as the coupling component. Later on it was replaced by 
anilides of 2-hydroxy-3-naphthoic acid (BON-acid). These new compounds had much greater 
substantivity to cotton and gave a range of bright shades. At present about 30 such coupling 
components and 50 ditferent diazo components are marketed. 

Azoic dyes give bright yellow, scarlet red, maroon and chocolate shades of excellent fast
ness. These dyes are very popular due to their cheapness and bright shades. 

10.2. Some Examples of Azoic Dyes 

We will now discuss the synthesis of some coupling and diaZO components in azoic dyes. 

1. Para Red or Nitroaniline Red: It is prepared by padding (dipping) the fibre with an 
alkaline solution of ~-naphthol containing Turky red -oil and then dipping in a solution of the 
diazotised primary aromatic amine. 

~f+ 
alkaline 

~-naphthol solution 
p-nitrobenzcllcdiazonium 

salt solution 

diu/ocoupling ~ 

01-1 

~ ~N=N-< }-NO, 
~ J 

Para Red or (nitroaniline red) 

2. Naphthol AS (R = Ph) : Para red (nitraniline red) is an important azoic dye which has 
least affinity for the fibre. Hence a carbonamido group is introduced at 3-position in ~-naphthol, 
e.g.. Naphthol AS (R = Ph). 

(10.1) 
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R 
I 

NI-I 
/ o=cKoe 

o + 

R 
I 

NH 
/ 

Synthetic Dyes 

O=C 01-1 

diazocllupling 
~ ~ ~N=N-< ) 

~ D 
Naphthol AS 

(R = Ph) 

Some other examples of azoic dyes are described as follows : 

By changing the diazotised molecule and also R, the colour of the azoic dye can be varied, 
e.g., 'nitroaniline orange' (~-naphthol with m-nitro benzene-diazonium), 'permanent red 2R' 
(~-naphthol with 2, 4-dinitrobenzene diazonium) and 'dianisine blue' (~-naphthol with bisdlazotised 
or tetrazotised dianisidine). . 

8-, OMe HO 

~-u N=Ni X }N=N1 ~ 
01-1 OMe ~ D 

dianisine Blue 

'Aniline black' is regarded as a special case of ingrain dyes, because the dye is produced 
within the fibre, either by oxidising the fibre padded with the aniline salt or by heating the fibre 
in a solution of aniline salt and oxidising agent, like potassium chlorate. 

3. Fast Blue B-base : It is prepared by reducing o-nitro anisole with zinc dust and sodium 
hydroxide in water or in ethyl alcohol. The o-nitroanisole for this reaction is prepared by treating 
o-chloronitrobenzene with methanol at 70-95°C under pressure in the presence of sodium hydroxide. 

Q-' NO 2mulcclIlcswith~ 
_ 2 Zn/NaOII 

OCH J 

< ~NO, 
CI 

NaOl1 

o-ch loron itrobenzene o-nitroanisole 

< ~N'°'Ni ) IHI 
-'---'+ 

OCI-I3 OCHJ 

azoxy compound 
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H,Ni }-NfI-NII-(' ~NH' 
OCH.l OCH] 

fast blue B 
(3. 3' dimethoxy benzidine) 

It is an azoIc diazo component. It can be diazotised and coupled with a phenol like naphthol 

AS to yield azoic dye on the fibre. However. it is mainly used to produce blue colour of moderate 
fastness on cellulose fibres. 

Other azoic diazo components are as fo1!0WS : 

o:NH,-HCI 
~ -

I 
:::::,.... Cl 

fa'>t yellow GC base 

N'(X02 NH, 
~ -
:::::,....1 

CH J 
fast scarlet G base 

lIN-pq-~ If ~ NH 2 2 - -
CHP OCII J 

fast blue [3 base 
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11.1. Introduction 

The diphenyl methane dyes are characterised by the presences of a diphenylmethane nucleus. 
Only few dyes belonging to this class are commercially important. 

11.2. Some Examples of Diphenylmethane Dyes 

Some examples of these dyes are described as follows : 

1. Auramine 0 : Kern and Karo prepared this dye by heating michler's ketone WIth 
ammonium chloride and zinc chloride at lS0-160°C. The auramine base so obtained on treatment 
with Hel is converted into auramine O. The michler's ketone reqUIred for this syntheSIS IS 
prepared by condensing N-dimethylaniline with phosgene. 

+ 

Mc2N 
Michler's ketone 

o 
II 

/C ......... 
CI CI 

jil~\.:d with Nlli..'l 
and ZnCl l 

+ 

Me2N 

Q. 

< }-NMC2 

Me2 N 

Q 
C=NH 

P 

.... --+. C=NH2 

.. 9 
Me2N 

Auramine 0 
(11.1) 

e 
CI 



11.2 Synthetic Dyes 

Now-a-days, it is prepared by heating 4, 4' -bis (dimethylamino-phenyl) methane with sul
phur, ammonium chloride and large excess of sodium chloride in an atmosphere of ammonia at 
175°C. The auramine base so produced is treated with hydrochloric acid to get auramine 0. The 
sodium chloride is purely as a diluent. 

Hel 
--+ 

It is marketed in the form hydrochloride. It is a cheap, brilliant yellow and extensively used 
dye for dyeing of paper, silk, leather and Jute. The yellow colour produced by it is not fast to 
light and is destroyed by boiling with water, and on treatment with hot acids and alkalis. How
ever, it is still employed due to its cheaper cost than the other dyes of comparable colour. 

2. Auramine G : It is a greenish yellow dye. It is prepared on the same lines as auramine 
0, but the starting material is p. p '-bis- (N- methylamino )-111. Ill' -dimethyl disphenylmethane, 
which is obtained by condensing N-methyl-o-toluidine with formaldehyde. 

MeHN Me 

Me 

MeHN-{ )+O=CH, 
Q 
) ~CH' 

MeHN Me 

MeHN Me 

Fused with 
sulphur 

• 
~ 

C=S 

Q 
MeHN Me 

MeHN Me 

Q 
Hel C=NH 

Q 
McltN Me 
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6) 

MeHN 

Q 
5 ~'-NH' 

MeHN Me 

.. 

McHN Me 

Q. 
· 5 ~-NH' 
MeHN Me 

AuramineG 

11.3 

MeHN Me 

Q 
~

C-NH2 

f b 
6) 

Mel-IN Me 
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12.1. Introduction 

This group of dyes is one of the oldest known synthetic dyestuff groups, They are of 
brilliant colour due to resonance and cover a ranges of shades from red to blue, including violet 
and green. However, the colour fades rapidly in light and due to this reason they find less uses 
in textiles but are used for colouring papers, type writer ribbons and other articles where fastness 
to light is not of much significance. 

These dyes have the quinonoid group as their chromophores. These dyes are obtained by the 
introduction of NH2, NR2 or OH groups into the para positions of the benzene ring of triphenyl 
methane. The compounds so obtained are colourless and are called leI/co-compounds. These on 
oxidation are converted into the corresponding tertiary alcohols called colour bases which on 
treatment with acid are changed from the colourless benzenoid forms to the quinonoid dyes due to 

salt formation. The coloured salts on treatment with alkali are converted into the Jeuco-bases. 

Ar 

Lcuc:o-base 
(colourless) 

oxidation 
III ~ 
reduction 

oxidation 

colour-base 
I benzenoid I 
(colourless) 

AI' 

acid 

ba:-c 

dye 
I quinonoid I 

(coloured) 

- I-IP in 
acid (H~) 

~C-o-NH2 
AI" I -

.. ~ 
reduction 

"-o-~ .. / c NH2 
A ·' I -

.. ~ 
9
0fI 

H I OH 

leuco-base benzenoid colour basc 

Ar 
"~EP ,/C~_ NH2 

AI' . 'd d qumonol ye 

Some structures of this class of dyes involve an aryl group than phenyl and, therefore, in 
general this class can be called friary/methane dyes. 

12.2. Classification 

The triphenylmethane dyes have been further classified into the following types : 

1. Aminotriphenylmethane dyes. 2. HydroxytriphenyJmethane dyes. 

(12.1 ) 



12.2 Synthetic Dyes 

Let us discuss these one by one. 

1. Aminotriphenyl Methane Dyes: These are the salts which are obtained by the action 
of mineral acids on certain di-or tri-amino substituted triphenylmethanols (colour bases). The 
colour bases are in tum prepared by the oXidation of the lcuco bases (tnphenylmethanes). 

[

H2N C(,I!z ,-F\_- +] 
/(~NH2 Of~ 

H2N Cc.H~ -

tri pheny Imethanes or leueo base (colourless) 
t?(~ 

qt/.· ('('~. 
0;']/. 0'1 

/q,l 

H2NC6H..'!... -0-
/C ~ !J NI-I2 

I-INCH I 
2 I, ~ 01-1 

Base 

Triphenylmethanols or Pseudo base (wlourles'i) 

Alkali 11 Hel 

[

H2N C6H..;!. ~ +] _ 
/C~NII2 CI 

JI 2N C6H~ -

Dye (coloured) 

The intense colour of this group of dyes has been attributed to the resonance ofunsymmetri
cal tripheny1carbonium ions. This resonance will be only possible If two or more of the benzene 
rings of the triphenyl carbonium ions have amino or substituted amino groups (generally in the 
p-position). The resonance energy stabilises the positive ion of the dye. thereby. favouring the 
tormation of salt from the colour base. 

We will now discuss the various important tnphenylmethane dyes. 

(a) Malachite Green : On a large scale is prepared by condensatIOn of 2 moles of 
dimethylaniline with one mole of benzaldehyde at 100°C in the presence of zinc chloride or cone. 
sulphuric acid. The leuco-base produced is oxid.ised with lead dioxide in a solution of acetic acid 
having hydrochloric acid. The resultmg colour base on acidification with excess of hydrochlonc 
acid gives malachite green. 

H 

0- ' 0- InCI, or 
~ !J C=O +:2 ~ !J NMez H2S0~ ~ 

Lcuco basc 
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< }-c=< rNMCz} cr 
¢ 

NMcz 
malachite green 

12.3 

Malachite green dyes wool and silk directly, and cotton mordanted with tannin. 

Doebner's Violet and Fast Green are the lower and higher homologues of Malachite Green 
respectively. 

EtzN 

Q 
- cE!)-o ci p -

Et2N 

Fast Green or Brilliant Green 

(b) Rosaniline (Magnefa or Fuchsine) It is prepared by oxidising an equimolecular 
mixture of aniline, o-and p-toluidines, and their hydrochlorides, with nitrobenzene in the presence 
of iron filings. The product so obtained is a mixture of rosaniline and pararosaniline in which 
the former is predominating. 

H CH J 

H,N-{ }-b-{ )-NH' 
¢ 

NHz 
leLleo base 

CHJ 

+ ( )-NH' + 

(0) 
--+ -0-70' H,N ~ Ii ¢ ~ Ii Nil, 

NHz 
colourless carboniol 

IHCI 
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ell 

H,N-{ ~C-{ )-~H' 
Q 

Nr1 2 ) cr 
Rosaniline forms crystals which show a grcen metallic lustre. It dissolves In water. gIVing 

a deep red solution. This solution is decolounsed by sulphur dioxide and IS then called schiff's 
reagent. This reagent is used as a test for aldehydes. The restoration of the colour may be probably 
due to the formation of a dye with aldehyde (e.g., formaldehye), haVing the following structure. 

CI-I 

HO,SCH,-NH-{ ~C-< ~~Il-CII,-SO'II 
¢ 

NI-I2 

Rosaniline is used to dye wool and silk dIrectly, prodUCing a violet-red colour; however, 
cotton must be mordanted with tannin. 

(c) Pararosaniline (Para /ilcllsine) : On a large scale it IS generally prepared by OXIdising 
a mIxture of two moles of aniline and one mole ofp-toluidine with arsenic acid or nitrobenzene. 
The resulting colour base on treatment WIth acid yields the dye. 

01-1 

(0). H2N-{ ~t-{ ~N1-I2 

¢ 
NH2 

colourless carbinol (colour base) 

Hel ---. 

(OJ 
-+ 

1-1 

-0-'-0-H,N ~ /; ¢ ~ /; Nil, 

NH2 
pararosaniline (Icuco) base 

-0- =0 t H,N ~ /; ¢ _ NH21 cr 

NI-I2 
pararosaniline 
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It is also possible to prepare pararosaniline by the following method : 

(II) (0) 

pararosaniline 

Pararosaniline has the same properties as that of roesaniline. Like rosal11line, it dyes wool 
and silk directly, producing a violet-red colour; cotton must first be mordanted with tannin. 

The N-phenylated sulphonic aCid denvatives of pararosanilIne are more important than the 
parent dyes. These are known as ink blues and are valuable acid dyes. 

(d) Aniline Blue (diphel/ylrosal/iline) : On a large, scale it may be obtained by heating 
rosaniline dye base with aniline in the presence of benzOic acid or acetic acid. 

-o-l)H r-=<CHJ 
H2N ~ ;)¢C~NII2+2C)I'IN"2 

~I 
~ 

NH2 
rosan!inc dye base 

Hel -. 
CH3 

CJI; NIl-{ >-¢C=< >=iHl,}c1 
. ~ 

~I 
NHC6 H, 

aniline blue 

It is important to remember that the phenylation of the amino groups is prevented by the 
a-methyl group. 

Aniline Blue and its sulphol11c acid derivatives, vi=., 'alkali blue' (phenyl groups are para 
sulphonated) and . soluble blue' (phenyl groups are tnsulphonated), are used for dyeing wool and 
silk directly. 
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(e) Crystal Violet (liexumetliyl parl{/ilchsille or hcxamefhyl-pararosanilille hydrocli/oride. 
It may be obtamed by heating michler's ketone with dimethylaniline in the presence of phospho
ryl chloride or carbonyl chloride. If the lattcr compound IS used, then crystal violet may be 
prepared directly by heating carbonyl chlorIde and dimethylamline. 

Me2N~rC=O 

¢ 
poel, 

roCi, . ~ 

NMe1 

michler's ketone 

Me2N-{ }-C=< )=NMC1 : cr 

¢ 
NMcz 

cry<,tal violct 

MI;~N-o-C=O 

¢ 
NMe2 

III ic h ler 's ketone 

MezN-{ }-C=< )=NMC1cr 

¢ 
NMc z 

crystal violet 

Its weak acid solutIOn is violet, its strongly acid solution is green and its very strongly aCid 
solution is yellow. The colour changes may be explained as follows : 

In weakly acid solution, the crystal violet has been found to exist as the singly charged ion 
(I). In this state, two-thirds of the charge will undergo oscillatIOn in the horizontal direction. In 
strongly acid solution, it has been found to exist as the doubly charged ion (II). In this state, the 
whole unit of charge will undergo oscillation in the horizontal direction and, therefore, the colour 
deepens. It is Important to remember that the vertical direction of oscillation gets inhibited due 
to the fixatIOn of the lone pair by proton addition. In very strongly acid solutIOn, it has been 
found to eXist in form (III) having three charges. In thIS ion. rclativdy little resonance (with 
oscillanon. of charge) is pOSSible and therefore the colour lightens. 
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Me2N-{ }-6c=< )=NMCz 

I~ 
..9 

NHMez 

MCiHI-{ }-6c=< !=NMez 

I~ 
..9 

NHMez + 

(III) 

+ 

(II ) 

12.7 

Crystal violet is used to dye silk. wool and tannin-mordanted cotton to bluish violet colour but 
the colour is not fast to ltght. Crystal violet is used in making indelible ink and pencils, in stamping 
pad, etc. It is used as an indicator in the determination of hydrogen-ion concentration of solution . 

. If) Methyl Violet (Pentwnethyl parafuchsine or pentall1ethyl-pararosaniline chloride) : On 
a large scale, it is prepared by the oxidation of dimethylaniline with air in the presence of a 
mixture of cupric sulphate and sodium chloride at 60°C for several hours. In thIS reaction. it 
seems that a molecule of dlmethylaniline IS first of all oxidised to a mixture of methylaniline and 
formaldehyde. Then this mixture undergoes condensation with two molecules of dimethylaniline 
in the usual manner to give methyl violet in the following way: 

< }-NMcz + 2Cu
2
$ -t HzO ~ < }-Nl12Mc + ~Cu$ + CHz=O + He 

. methy I violet 

-- lI20 

tiJrmcd • 
acid a~ 
catalyst 

Ilel 
-Ilpin 

presence of cxecs~ 
4 01'('1° i()n~ ofNaCI 

(i) o-~J12 
1\:lc 

(i/) (}'\idation 
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Methyl violet shows nearly the same pn*perties as crystal violet. Since it has one less 
methyl group, hence it is more reddish than crystal violet. 

Methyl violet has been found to have the same properties as that of crystal violet. However. 
methyl violet contains one more methyl bTfOUP that the crystal violet. Therefore. it is more reddish 
than the latter. 

It is used for dyeing and printing. It IS also extensively used In the manufacture of inks. 
copymg pencils, type writer ribbons and other coloured 

Gentain violet: It is obtained by mixing crystal violet and methyl violet. It IS generally 
employed as an antiseptic for infected wounds and mucous membranes. 

2. Hydroxy triphenylmethane Dyes: An example of these is aurin or rosolic acid. Other 
example is chrome violet. 

(a) Aurill (Resolic Acid Dye) : Pararosaniline on complete dlazotisation and subsequent 
hydrolysis by bOiling with water changes into aurin. For the synthesis of pure pararosaniline. 2 
molecules of aniline and I molecule of amlme hydrochloride are heated with formaldehyde In 

the presence of nitrobenzene, an oxidiser, m an iron bath. 

112N 

Q 
--+ CII, p. (it) o'iidatioll 

112N 

HO 

( ~ UlONOOj Hel 

=C)= (ii) boiled v.ilh HP 
C _ 0 +---------' ;=\ -NH~CI: - N2 

Y 
110 

Aurin 
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Kolbe and Schmidt (1861) prepared thIS dye by oxidising a mixture of phenol and form
aldehyde or oxalic aCId. 

Q 
0[[ 

OH 

HO-{ }-i'-{ }-Oll 

¢ 
OH 

- 11,0 
- . 

(0) 

IIO-{ }-C=C)=O 

¢ 
OH 

aurin 

Aurin crystallises on yellowish-brown prisms which are soluble in alkahs to form intense 
red solution. It is used as an indicator and for dyeing paper. 

(b) Chrome Violet: It is prepared by heating salicylic acid and formaldehyde in the 
presence of conc. sulphuric aCId and an oxidising agent like NaN02. 

~Oll 
0-COOI-1 + HCIIO 

I-IO~ ~O 

~~ NaOOC C COONa 

~ 
YCOONa 

011 
chrome violet 

It IS used as a mordant dye with reddish violet shade. though it lacks in light fastness. 

Structure of Triphenylmethane Dyes Taking the Example of Pararosaniline 

(a) As the colour of triphenylmethane dyes. e.g. pararosaniline and rosaniline, is in their salt 
form, they are first changed to pararosaniline base or pararosamline proper. 

(b) From the usual tests it has been found that both pararosaniline and rosaniline possess 
three primary aromatic amino and one tertiary alcoholic groups. 

(c) When reduced pararosaniline base yields leucoaniline which is a triamine, i.e., having 
three primary amino groups. Leucoaniline on diazotisation following by boiling with 
ethyl alcohol gives triphenyl methane (C IOH'6)' 
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/Ph 
C-Ph 
H ........ Ph 

triphenylmethane 

/Ph} 
C ........ Ph 3NIL c:roups 
H Ph - ~ 

tri(\Jll inc 

II -
S:1'Ilfhelic Dye., 

c~~g} 3NI!, 
H Ph -

pararo<;ani I inc 

(d) The presence oftriphenyl-methane nucleus m pararosaml1l1c base may be further proved 
by thc following reactions : 

When triphenylmethylmethane is nitrated with fum1l1g mtric aCid. it yields a tnmtro
derivative which on reduction Yields \eucoanilme and thiS. on oXidation. yields pararo
saniline basco 

Ph 
C/Ph 
I ........ Ph 
H 

tri pheny Imethane 

/Ph} C,Ph 3NH1 
1 Ph 

01-1 

pararosan iIi Ile 

trinitro derivative 

.. 

tri am i IH.: 

(e) From the foregoing facts (ii) to (iv). it may be concluded that pararosaniline is a 
triaminotriphenyl carbinol. Now the next problem IS to assign the pOSitIOn of three 
aromatic amino groups This assigning has been done on the baSIS of following facts: 

(i) As the synthesis of colour base involves two molecules of anilme and one molecule 
of p-toluidine, it reveals that the three amino groups are present In the colour base 
in the p-position with respect to the methane carbon atom of triphenylmethane. 

(ii) From point (d), it may be seen that thriphenylmethane on niration gives a tril1ltro 
compound in which the three nitro groups must be presant in three different rings, 
i.e .. one each ring. The reason for this is that the nitro group is a deactivating group 
and thus as soon as it enters the benzene nucleus, it will retard the f1111her substi
tution in that ring. Also, like the diphenylmethane substltutlOns the I11coming groups 
in the triphenylmethane will enter the p-positions of the benzene nuclei and there
fore the three amino groups m the p-positlOn of the three benzene nucleI. 

When benzaldehyde IS condensed With two molecules of al1lline in the presence of zmc 
chloride. it yields diaminotriphenylmethane. This on dJazotisatlOn followed by boiling with \vater 
yields dihydroxytriphenyl methane which on fUSIOn With potassium hydro:xid~ yields p. 
p '-dihydroxybenzophenone. The formatIon of this product reveals that the two amino groups 111 

diaminotriphenylmethane are in the p-positions. But p-l11trobcnzaldehyde on condensation With 
aniline followed by the reduction of the product yields ieul:Opararosaniline. Therefore, the third 
am1l10 group in latter compound and hence 111 the dye must also be present in the p-position to 
the methane carbon atom. 
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< }-NI-I z 

{ )CHO + -+ 

< }-Nllz 

0-
A)-C)I-I 

C 
~ /; I~-

H ~Ol{ 

A }-Oll 
OC 

'\ }-Oll 

KOII 
~ 

dihydroxy triphenylllldhane p-dihydro\.ybclvopllCllonc 

The position of the additional methyl groups or rosaniline IS ascertained by ItS synthesis 
form a-toluidine which reveals that the methyl group IS present in the o-position to the p-amino 
group. This is further ascertained by the ;"ynthesls of leuco rosanilllle li·om anihnc and 4-mtro-
4-methal benezaldehyde followed by reductIOn. 
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13.1. Introduction 

These are dihydroxytriphenyl methane derivatives with a carboxyl or suI phonic acid group 
ortho to the central carbon atom in the third phenyl ring. These are used as indicators because 
they are sensitive to the action of alkali solutions. Phenolphthalein is the most important member 
of this group. 

«(I) Phenolphthalein : It is prepared by heating phthalic anhydride (I molecule) with 
phenol (2 molecules) in the presence of cone. sulphuric acid as a condensing agent. 

H0-0 0-0H 

~-------------~ 
iH Hi 
: 0 : 
~----"il------'~ 

c-o 
~to 
U Colourless 

It is a white crystalline solid insoluble in water but soluble in alkalis to fonn deep pmk 
solution. 

Phenolphthalein is a white crystalline benzenoid (m.p. 261 0e), insoluble in water but soluble 
in alcohol. It is also soluble in alkalis where it gives a red colour due to the formation of its salt 
having quinonoid structure (dianion). On addition of a large excess of alkali, a colourless ter 
anion is tonned white is again benzenoid. The coloured dianion may alkali, colourless ter anion 
fonned which is again benzenoid. The coloured diamon may easily revert back to colourless 
benzenoid fonn in acid; because of this fact, phenolphthalein is used as an acid-base indicator. 
On addition of concentrated hydrochloric acid, the colourless teranion miraculously, gives yellow 
colour, while the dilute acids simply protonate the ter-anion. The following reactions explain the 
whole gamut. 

(13.1) 
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OH 

¢ 
CCC~OH I ~-
~ Cl 

II 
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Phenolphthalein 
(colourless pH < 8.3) 
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Synthetic Dyes 

e 
201-1: - 2IIzO 

III 
~ 

an intense deep pink pH 8.3 to 10.0 (Ji-anion) 

l.:"cc'~ ()r~11 
.. 

Q- e 

O(~H 
COOl-I 

conc. !-lei 
III + 

4H . -11,0 

yelow colour in conc. HCI colourless teranioll 
(qui nOlloid structure) 

If the excess of strong alkali is added to the pink solution, it becomes colourless again due 
to the loss of quinonoid structure and resonance. 

Its 1 % solution in alcohol is used as an indicator in acid-alkali titrations. It is also used as 
a laxative in medicine. 

(h) Phenolsulphophthalein : It is obtained by condensing one molecule of sulphobenzOlc 
anhydride with two molecules of phenol in the presence of conc. sulphuric acid or zinc chlorIde. 

ex>~:+2 ~ -- ex>;: 
::::,... C ~ ::::,... C 

~ 1-10 ~.~ . 

HoN ~Oll 
Phenolsulphophthalcin 
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Some other examples of phthaleins are phenol red (dipotassium salt of phfnolsulphophthalein 
and bromophenol red (tertrabromophenol sulphophthalein). Both these are used in the detetmi
nation of the hydrogen ion concentrations of solutions. 

o~ ~() 
S 

(( 'OK 

C 

~~ 
O~ ~OK 

Phenol red 

o~ ,,0 
S 

((''-OK 

Brllc~Br 
h ~ I 

o OK 
Br 131' 

Bromophenol red 
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14.1. Introduction to Xanthene Dyes 

These are derivatives of xanthene. This group gives rise to brilliant fluorescent dyes having 
red to yellow colour. Xanthene dyes obtained from xanthene by the introduction of auxochromes 
such as amino or hydroxyl group mto positions 3 and 6. i.e .. the para-positions with respect to 
the carbon atom linking the two benzene nucleI : 

rrO~ 
~ 

xanthene or xanthen 

Xanthenes are prepared on the same lines as phthaleins. but these dyes have dibenzo-I, 
4-pyran (xanthene nucleus). TI11S dibenzo- L 4-pyran, on oxidation, forms xanthone (9-keto
xanthene), which on reduction, changes into xanth-hydrol (9-hdroxyxanthene). Xanth-hydrols 
yield oxonium salts with mineral acids. 

_ \0 , 
~ 0 ~ ('OC'QI I ~j 

7~ ~2 

H 9 I 
H H 

m,itiatioll ~ 

Xanthene 

H l 

CQ06~ ~~ e [[('I I I C I '-":011"'-'-'--
~ ~ 

I-(~H 
oxonium salt 

o -
(j(v~ 

~ 
o 

Xanthone 

1 sodium amalgam 
alld aqLle(lU~ alcohol 

oyo 
f-(OH 

Xanth-hydrol 

The introduction of auxochromes into 3 and 6 positions in the xanthene nucleus gives dyes 
of various shades. 

(14.1) 



14.2 Synthetic Dyes 

Some important members of this group of dyes are described as follows : 

(a) Fluorescein: It is prepared by heating phthalic anhydride and resorcinol (in concen
trated sulphuric) at 200°C or at 120°C in presence of anhydrous oxalic acid. First of all, a 
phthalein is formed, which eliminates a second molecule of water by interaction of two phenolic 
groups to produce xanthene nucleus. 

HO~I ,?~" .. ±""~.?.'~I ~ OH 
~H H~ 

~ 0 ~ · ...... · .... ·ii ........ ···, 
(-0 

~to 
l) 

HO 011 

-2 II zO 
~ 

(I) 

Fluorescein is an orange solid (ef phenolphthalein; colourless), msoluble in water. Since 
fluorescein is coloured, hence it exists in p-quinonoid and o-quinonoid forms-the latter being 
in the form of dipolarion, predominates. 

It dissolves in alkalis to a reddish brown solution, which on dIlution exhibits a strong 
yellowish-green fluorescence (persists upto 4 x 106 times dilution). 

As fluorescein is coloured, the structure (I), which is the non-quinonoid uncharged struc
ture, is unsatisfactory, However, two quinonoid structures have been postulated in which the 
structure (II) is having the p-quinonoid structure while the structure (III) is having o-quinonoid 
structure (this contains tercovalent oxygen). 

When Davies et al. (1954) recorded the infrared spectra of phenol, phenolphthalein, fluo
rescein and some of their alkali derivatives, they concluded that the structure (I) is preferred over 
other structures (II) and (III). The structure (II) is eliminated due to the absence of the characterised 
absorption of the carboxyl group. Similarly, the structure (Ill) IS eliminated because the frequen
cies of the carboxylate ion in (III) are absent. 

When fluorescein is dissolved in alkalis, it gives a reddish-brown solution which on dilution 
gives a strong yellowish-green fluorescence. The structure of tlourescein anion is (IV). 
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o 

The sodium salt of tluorescein is known as uralline. Uranine is used to dye wool and silk 
yellow from an acid bath; the colours are fugitive. 

e 
o 

p-qllinonoid (2-strs) 
Uranine 

o-qllinonoid (2-strs) 

ED 
2Na 

Fluorescein is used in tracing underground currents in sea and rivers as well as a marker 
during accidents. 

(b) Eosin : It is tetrabromotluorescein and is obtained by the action of bromine on tluo
rescein in glacial acetic acid solution. 

BI' AI' 
OH 

(V) 

(VI) 

OH 

Br 

BI' 

NaOli 
~ 

As eosin is a red powder, its structure may not be (V) but may be (VII) or (VIIl). The 
alkaline solution of eosin shows a yellow-green tluorescence which is attributed to the doubly 
charged structure (VI). 
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Br Sr Br Sr 

(VII) (VIII) 

Eosin is used to dye wool and silk a pure red, with a yellow fluorescence. It is also used 
as the lead like vermilionette for poster printing. Most red inks are dilute solutions of eOSIn. 

(c) Erythrosin : It is tetraiodofluorescein and IS prepared in a similar manner as eosin. 

HO 

para quinonoid (2-strs) 

> 

Erythrosin 
(dark red powder) 

flO 

ol1ho quinonoid (2-strs) 

The alkaline solution of this dye exhibits yellowish-green fluorescence-attributed to their 
di-anions. 

It is generally used as a food colouring matter. It is also used as a spectral sensitizer in 
photography. 

(d) Mercurochrome: It is the disodium salt of dibromo-hydroxymercurifluorescein. It is 
prepared by heating dibromofluorescein with mercuric acetate or mercuric OXide in acetic acid 
and sodium hydroxide. 

Dibromo lluorescein 

HO 

M.:n:uric 
acetate ~ 

Sr Br 
01--1 

HgOI-I 

I3r Br 
NaO 

IJgOII 
NaOl1 

~ 

Mercurochrome 

If forms green scales or granules. It dissolves in water forming a cherry-red solution. It is 
used as an antiseptic in 2-5% solution for the skin and in 1 (Yo solution for mucous membranes. 

It has also found application as a biological stain. Unlike eOSIn, mercurochrome is extremely 
. fast to lIght; preparations stained with this dye do not fade even when exposed to strong sunlight 

for very prolonged periods of tllne. 
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If mercurochrome is swallowed, it causes severe mercurial poisoning. 

(e) Rhodamines : These are basic dyes belonging to xanthene class. Rhodamines range in 
shades from yellowish red to blue. Two most commonly used basic rhodamines are rhodamine 
B and rhodamine 6 G. 

Rhodamine B is obtained by condensing m-diethylamino-phenol (1 molecule) with phthalic 
anhydride (1 molecule) at ISO-180°C for 3 hours to yield the reaction product (I). Then the 
reaction product (I) is condensed with another molecule of m-diethylaminophenol in the presence 
of zinc chloride at I 70-180°C for 3 hours to yield the dye base (II) which is converted into the 
dye (III) by treatment with dil. hydrochloric acid. 

Et2N-o-I OH + ~I CO,O 150-180°(, 
~ ~CO/ 3 hours ~ 

E1zN~1 OH 
~C=O 

6-COOlI 

(I) 

I 70--1 80°C 
ZnCI!. 3 hours 

(III) 

Ilel 

(II) 

Rhodamine 6G is obtained by the condensation of N-monoethyl-o-toluidine with phthalic 
anhydride in the presence of the zinc chloride, the fusion product finally being esterified with 
ethanol and mineral acid. 

EtHN~OH + 
Me~ 

EtIIN~OII 
Mc~ 

~ 

ZnCI, EtHN~OH 
Me~C=O 

NHEt 

Me 

- .. 

EtlIN 

(i) EtOl1 
-'-'---+~ Me 
(ii) Ilel 

6-COOfi 

+ 
NHEtCI 

Me 
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Rhodamines are generally used to dye papers. They are used for the preparahon of red and 
pink lakes used as pigments. 

They are also used to dye the wool. silk and cotton mordanted with tannin where brilliant 
shades of fluorescent effects are requirerl. However, these dyes are of secondary importance. 

(j) Pyronines : A dibenzo-l, 4-pyran (xanthene), where 3- and 6-positions are replaced by 
amino or alkylated amino, gives a leuco-base for pyronine dyes. The leuco-base, on oxidation 
with fernc chlonde, produces pyronine dyes of crimson red shades 

I ! ~I 1 
N 5 0 .j N 
/"~I~ .. t~ I ~3"""'" 
7~2 

p-quinonoid (2-strs) 

8 9 I 

Icuco-base 

j 
o,idn. \dlh 
2 Fd.'I J 

-h.:(,12 

-IIC! 

I~~ I] /~ ~ Q" S ....... 
---. ~I~~ 

o-quillonoid (2-strs) 
A Pyronine dye 

a 
CI 

All dyes of this group are cationic, where positivity lies predominantly on either of the two 
nitrogens; hence p-quinonoid prevails. 

(g) Pyronine G : (Pyronine Y). It is obtained by condensing one molecule of formaldehyde 
with two molecules of dimethylaminophenol in the presence of zinc chloride or conc. H2S04 
followed by the oxidation of the leuco compound so obtained by ferric chloride. 

MeIN'(X0H 0 HoX)NMel . MeIN~O ~ NMe1 I + II + I cone. IIzS04 ~ I I 
~ H CH ~ ~.-211,O ~ ,&; 

I H - W" 
H 

lellco base 

1 
mddation with 
:! rcCIJ 

-FeCI! 
-IICI 

[Me'N~R~Me,+= ~e'NY'YQyy~Me,] CIa 

~ ~ 
o-quillonoid (2-strs) p-quinolloid (2-strs) 

Pyronine G (carminc) 
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It IS ~oluble in water giving Intense red colour and yellow fluorescence. It IS used to dye 
sIlk and tannm-mordanted cotton a CrImson red. It is a very important hiologll.:al stain. its 
principal use belllg in COl1jLll1ctlOn with methyl green for the differentIal stainmg of the two types 
of nucleic aCids. It is used for the detectIOn of mercury. silver and tm. 

(I{) Acid Violet R : ACid dyes of sulphorhodamine suhclass can be synthesised from 
fluorescem to get acid violet dyes. Thus. for example, fluoresccm, IS converted to diehlorofluoran 
and subsequently condensed with o-tolmdme and sulphonated with oleum to get aciq 
sulphorhodamme dye, acid violet 4R. 

I'CI, 
Fluuresecin ----'-+ 

CI CI 

d iell I oro 11 uoran 

(I-t()IUld"l~ 
~ 

OleUIll 

acid violet 4R 



CHAPTER 

HETEROCYCLIC DYES 
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

15.1. Introduction 

These include dyes mvolvmg heterocyclic nngs and are not grouped under other specIfic 
groups. They can be further dIvIded as follows : 

1. Quinoneimine Dyes 

These dyes are obtained by replacing hydrogen atoms of the amino group of quinone
monoimine of dimme by hydroxy or amino substituted aryl groups. 

OONll quinone ImIne 

HNONH quinone dimine 

For example, indophenols and indammes derived from the above two compounds are em
ployed as dyes. 

Various indophenols and indamines come m this category of dyes. The groups like OH and 
C = 0, have chemical analogy with NH2 and C = NH respectively; hence an indophenol and an 
mdamine are chemically alike. 

O==< rN-( }-Oll HN=( rN-( }-NHz 

an indophenol an indamine 

(a) Indophenols : The simplest member of this group of dyes is indophenol blue. It is 
obtained by oxidising a mixture of p-phenylenediamine and phenol with an alkaline hypochlorite 
solution. 

NHl N N 

fj( + ~ 124 fj(~ .-. ~~ 
~ ~ ~ ~ +~~-

H2N OH H1N 0 H1N 0 

The indophenols are blue. These are very sensitive to acids and these are, therefore, not now 
used for textIle coloration. However, these are applied in colour photography and also serve as 
intermediates for sulphur dyes. 

(15.1) 
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(b) IDdamiDes : The simplest member of this group of dyes IS phenylene blue. It is obtained 
by oxidising a mixture of p-phenylenediamine and aniline with potassium dichromate in acetic acid. 

HN-o-~ H + HN-o-~ NH 2 2 2 -- --

1 
KZCrZ07 
& AeOl1 + a little Ilel 

[H'~=< j=N--( }-NH, <-+ II,N--()-N=< j=~II,J cf 
Phenylene Blue 

These dyes are blue or green. Like indophenols these are very sensitive to acids and they 
are, therefore, not now used for textile coloration. However. they serve intermediates for the 
synthesis of azines, thiazmes and oxazines. 

2. AziDe Dyes 

These are the derivatives of phenazine which acts as chromophore. The amino and hydroxy
groups para to one of the ring nitrogens are the usual auxochrome.". However, azine dyes having 
no auxochrome are known; an example is the obsolete dye tlavinduline. The complex azines are 
inexpensive blues, violets, browns and blacks. The strong colour of the products is due to 
resonance stabilisation related to several contributing structures. 

--+-+ Indamine or diphenylamine part 

--"'o;:---t-+ Aniline or ammonia part 

In most of the azine dyes. an indamine is allowed to react with aniline or para substituted 
aniline in presence of an oxidiser. Para quinonoid structure in these cationic dyes always prevails 
(cf. Fluorescein). 

The azine dyes are not manufactured from phenazine but are obtained by condensation 
reactions. 

The azine dyes are basic dyes which may be applied to wool, silk or tannin-mordant cotton. 
Many sulphonated azine dyes are acid dyes suitable for application to wool. silk or nylon. 

Some azine dyes are described as follows : 

(a) Mauve (Mauveine, aniline purple or tyrian purple) : It is the first commercial synthetic 
dye which was discovered by W.H. Perkin in 1856. This dye is no longer in commercial use. 
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It is obtained by oxidation of impure aniline, i.e. aniline having v-toluidine and p-toluidine 
as Impurities, with acidic dichromate solution (Perkin, 1856). 

H3CyyNyyCH
3 

~~ 
C,.HsHN ¢ NIl2 

-71 
:::::.:... 

CH3 

ll1auwine 
2 

It is used to dye silk and tannin-mordanted cotton to reddish-vIOlet colour. 

Pseudo-mauveine can be synthesised by oxidising a mixture of N, N' -diphenyl-m-phe
nylenediamine and p-phenylenediamine with potassium dichromate in glacIal acetic acid. The 
~ctual dye in its cationic form is separated by adding hydrochloric aCId. 

II H2N 

~+~ ~ AA· 
Ph Nil NH H Nil z 

I 
Ph 

O N:(\ :::::::'" I ~ ~ 
:::::.:... .. :::::.:... e 

Ph HN . N NH I 2 

Ph 

(i) o\.iJation 
• (Ii) Ilel 

N 
~~ 
~~ Ph Nil Ne NH I e 2 

Ph CI 
1 

p-qllinonoid form. o-qllinolloid tl1rl11 

(b) Safranine T : It is obtained from o-toluidine which on diazotisation followed by 
coupling with another molecule of o-toluidine yields aminoazotoluene. This compound on reduc
tion with iron and hydrochloric acid yields a mixture of o-tolUIdine and 2, 5-diammotoluenc. The 
mixture is next oxidised with sodium dichromate and hydrochloric acid. The indamine obtained 
is treated with aniline followed by oxidation to form the dye safranine T. 

CH CH a" 
(j

3NH2 (j3N2CI P' 3NIIl 

:::::::'" I NaNOz -7 I "'-. 
:::::.:... lIel·:::::.:... 

o-Toluidine o-Toluidine 

h.:. 
~ + 

o-Toluidine 
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H3CyyNyyCH3 

V~~ 
H,N ~t Nfl, 

Satraninc 

It is used for dyeing tannin mordanted cotton, bast fibres, wool, silk, leather and paper. It has 
also various applications in textile printing. It gives a bright red but has poor fastness properties. 

(c) Indulines : These are insoluble in water and are obtained by heating azo compounds, 
especially 4-aminoazobenzene, with aniline and anilme hydrochloride under pressure. The prod
uct is a mixture of azine bases of varying complexity, insoluble in water, but giving violet or blue 
solutions in ethanol. Examples of indulines are indulme 3 B base and induline 6 B base. 

J:::(NON!!C.H, 

C(,HSHN ~r {7 .;::; Nlle(,Ii S 

C)-Is 
induline 3B Base 

C6H5HN:ccNl):NHC H . ~ ~ 1,5 

~ + I .;::; 
C6HliN cr {~ NHC1.ll s 

C6115 
induline 6B Base 

The dyes are used for colouring fats, printing inks, copying paper, typewriter rIbbons and 
similar applications. 

3. Thiazine Dyes 

These dyes are analogues of the oxazines, an atom of sulphur replacing oxygen in the hetero
cyclic ring. These dyes have phenazonium nucleus as chromophore with amll10 groups para to the 
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ring nitrogen as auxochromes. These dyes have a colour range from bTfeen to blue and have been 
used for colourmg paper, tannin mordanted cotton and sIlk. Fastness to light is usually only fair. 

Only five thiazine dyes are known to be stIli manufactured. The most important thIazme dye 
is methylene blue, dIscovered by Caro in 1876. 

Methylene Blue: It is obtained by oXldismg p-dimethylanilme with acid dIchromate in the 
presence of sodIUm thiosu1phate, followed by condensing the re5ultmg 4-(dlmethyJamino) aniline-
2-thiosulphonic acid with dimethyl anilIne to form an indamine, and oxidising by dichromate and 
copper sulphate to yield methylene blue. 

~
NH2 

~I 
~ 

Me2N S 
I 
S031-1 

p-aminodimethylani line 4-( dimethyla1l1ino )anil inc
~-thiosulphonic acid 

l°-N"', 
N 

O'Q Me it ,,9 s 0 NMe, 
2CI I -

S(\H 
1l1ethykne blue inda1l1 inc 

It IS lIsed in calico printing. It is lIsed as an indicator and In medicine. Its zinc double 
chloride salt is used for dyeing tannin-mordanted cotton. The change in colour in methylene blue 
has been attrIbuted to the following structural changes : 

~N~ + 1(+ 2e-
~S~+ 

M~N NM~ 
blue -

(resonance across nitrogen between rings) 

II 
H 
I 

((NY; 
MeN~S~NMe 

2 colourless 2 

(no resonance between rings) 
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4. Thiazol Dyes 

This group of dyes has the thiazole ring system, the presence of this ring system, increases 
the substantivity for cellulosic fibres. The important examples of thiazole dyes are primuline and 
thiotlavin T dyes obtained tl-om dehydrothio-p-toluidine. 

(a) Primuline : When p-toluidine is heated with sulphur, it leads to a mixture of primuline 
base and dehydrothio-p-toluidine. The latter is removed fi·om the mixture solution by means of 
ethanol. 

Primuline base 

Primuline 

This dye gives greenish yellow shades on cellulosic fibres but the direct shade is of no 
interest because of its low fastness properties. This dye may be diazotised on the fibre and 
coupled with 2-naphthol to a red shade. Similarly other shades are obtained with different 
coupling components. 

(b) Thioflavin T : Methylation of dehydrothio-p-toluidine (obtained as above) with metha
nol and hydrochloric acid gives thioflavin T. 

HJC~I s ......... C-o-~ NH CII/)II!IICI~ HJC~I ~""""'C-o-~ N(ell) 
~N? _ 2 ~N? _ J 2 

I _ 
Dchydroethio-p-toluidine CIIJCI 

This dye is applied to cellulosic fibres but its fastness properties are poor. 
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(c) Pontamine Brilliant Yellow 5 G : It is obtained from dehydrothio-p-toluidine sulphonic 
acid by a reaction of the Skraup type with paraldehyde and condensation of the resulting quinal
dme derIvative with phthalic anhydride. 

(yN'c 0 
HJC~S/~ ~, 

SOJNa ~NAc'H ~ 
'C~ 

II 
o 

pontamine brilliant yellow 5 G 

This dye is especially suitable for application to paper pulp and gives a good exhaustion 
over a wide pH range. 

5. Oxazine Dyes 

In these dyes the chromophore is the phenoxazonium group-while auxochromes are amino 
or hydroxy groups para to the ring nitrogen. These dyes range in shade from greenish to reddish 
blue. The various oxazine dyes are described as follows : 

(a) Meldola's Blue: It was first oxazine dye which was prepared by Meldola in 1879. This 
dye is obtained by condensing p-nitrosodimethylaniline hydrochloride with ~-naphthol in glacial 
acetic acid. 

~N~ ~ B' M+A A 
Mc2N 0_ 

CI 

It is still manufactured on a considerable scale but the condensation is now usefully carried 
out in ethanol as solvent and the product is isolated as a zinc double chloride. 

This dye is chiet1y applied to leather. 
\ 

(b) Gallocyanine : It was the first oxazine mordant dye which was discovered by Koechlin 
in 1881. It is obtained by condensation of p-nitrosodimethylaniline hydrochloride with gallic acid 
in methanol. It gives a bluish violet dye on a chromium mordant. Its quinonoid structures are as 
follows: 

+ 

H*COOH 
I~ 

HO A OH 

OH 
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e 
('I O

N*COOH 
:9' r I ~ 

EI) ~ ~ 
M~N 0 OH 

OH 

p-quinonoid o-quinonoid 
Gallocyanine 

6. Acridine Dyes 

These dyes are derivatives of the basic compound acridmc. This structure provides the 
chromophore and an ammo or alkylam1l1o group IS usually present in a para position wIth respect 
to the methane carbon atom. They are largely used on leather. 

II 
lEI) 

NN~ 
~ 

H 
acridine nucleus 

Some important acridine dyes are described as follows : 

II 
lEI) 

('rN~ 

~ 
H 

(a) 3, 6-Diaminoacridine : It IS obtained by heating a mixture of lIl-phenylencdiamine, 
glycerol, oxahc acid and zinc chloride and oxidising the leuco compound. It is the formaldehyde 
produced during heating which condenses with two molecules of lIl-phenylenc diamine to get 
leuco-basc. 

o-quinonoid 

3, 6-diaminoacridinium chloride 
(yellow dye) 

The conoesponding sulphate is the antiseptic protlavlI1. 

p-quinonoid 
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(b) Acriflavin : It is J. 0-dJammo-lO-methyl-acridinium chlorIde. It is obtamed by acety
latIng 3, 6-diamInoacndine. methylatIng the lO-N atom by means of methyl p-toluenesulphate 
and then hydrolYSing the product with dIlute hydrochloric aCId. 

H 
.. I $ e 

H2NY'(~~NH2CI 

~ 

(I) acetylation 
(Ii) mclil) lalinn lI\ing 

f\1c-OSO,()Me 

(iiI) 11('1 

p-quinonoid o-quinonoid 
Acriflavine (orange dye) 

It possesses trypanocidal action. i.e., it has the power to kIll trypanosomes which are micro
organisms causing sleeping sickness and other diseases. It IS also used as an antiseptic. 

(c) Acridine Yellow G : It is one of the more important acridine dyes and IS prepared from 
2, 4-diamInotoluene and formaldehyde in the following manner: 

CHP 

pressure 

7. Quinoline Dyes 

These dyes are characterised by the presence of quinoline nucleus in their structures. These 
are yellow, ranging from the reddish-yellow to the greenish-yellow. These are more impOliant as 
photographic sensltisers due to their instability to light than as dyes for fibres. 

One of the important quinoline dyes is described as follows : 

Quinoline Yellow: It is prepared by the condensation of phthalic anhydride with quinal
dine in the presence of zinc chloride. 
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o 
1/ 
C 

(()O 
C 
II 
o 

o 
II 

+ 

~\ ~ +-4 ----+~ 
~(C~~~ 

II 
o 

It is used as a dyestuff for fabrics. 

8. Cyanine Dyes 

Synthetic Dyes 

These are the dyes in which the two quinoline nuclei are linked through the 4, 4' -positions 
by a = CH-group. The colour of the cyanine dyes is too fugitive. Therefore, these dyes are not 
used as dyes but used as photographic sensitisers because these make the photographic plates 
sensitive to yellow, orange, red or green region of the spectrum. 

One of the most important cyanine dyes is cyanine or quinoline blue. It is prepared by 
heatipg a mixture of l-ethylquinolinium iodide and l-ethyl-4-methylquinolinium IOdide in ethanolic 
sodium hydroxide solution. 

co
~ 

~ I N~ 
Etl 

+ 

~3 
UN) 

Etl 

NaOl1 
I-:lOl1 ~ 

Other examples of cyanine does are a follows : 

(a) Astrazone Pink FG : It belongs to polymethine or cyanine group of dyes because it 
contains methine (-CH=) linkages as part of their chromophoric system. 

It is obtained by condensing 1, 3, 3-trimethyl-2-methylene indoline (Fischer's base) with 
p-[-2-chloroethyl) methyl amino] benzaldehyde (b) followed by treatment with hydrochloric acid. 
1, 3, 3-trimethyl-2-methylene indoline (a) is obtained from acetyl derivative of a-toluidine. 

0-CH3 

~NHCOCH.! 

Acetyl-a-toluidine Indolinc derivative 

CII J 

0-+-C~IJ 
~ ~('112 

N 
I 
CH 3 
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(h) 

CHJ 

~CH CH 

(t) «Iocial C11,COO[ I 
10(1'-(, 

(II) Sal! 

~~~CHJ CH-o-~ N/ J 7Cle 
- 'CH2CH 2-C1 

CH J 

Astrazon pink FG 

15.11 

It is a bright, moderately fast, water soluble printing colour for cellulose acetate fibre. It is 
used as a basic (cationic) dye for polyacrylonitrile fibres (i.e .. orion). 

(b) Astrazone Yellow 3G : It is made by condensing 1, 3, 3-trimethylmdolenine-w-alde
hyde, i.e., Fisher's aldehyde, with 2, 4-dimethoxyamline, the product being converted into a salt 
(chloride) . 

CHJ 
I 

~C-CHJ + 
~N)'=CH.CHO 

I 
CH J 

fuscher's aldehyde 2,4-dimethoxy-aniline 

CH I J 

~C-CHJ CHP 

~N,::ot-CH=CH-NH ~ h OCHJ 
I -V--

CH
J 

. 

astrazonc yellow 3G 

It is of very good fastness to wet treatment and has a light fastness on acetate of 4-5 and 
polyacrylonitrile of 6. 

(c) Astrazone Red 6B : It is obtained by condensing 4-(N-B-chloroethyl-N-ethylamino)-2-
methylbenzaldehyde with I, 3, 3-trimethyl-2-methyleneindoline. 
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CIlJ 

-0-\\ /c,H~ 
OHC '\ N 

- ........ CH CH CI 
+ 

1 
(i) Condensation 
(ii) Salt formation 

2 2 

Synthetic Dyes 

This dye has good general fastness but only moderate light fastnesses acetate (4) and 
polyacrylonitrile (4). 

9. Isocyanine Dyes 

In these dyes, the two quinoline nuclei are linked in the 2, 4' -positions by a =CH-group. 
An important example of these dyes is ethyl red which is prepared by heating a mixture of 
quinoline and quinaldine ethiodides in ethanolic sodium hydroxide solution. 

NaOI-l 

EtOll &. air 

Ethyl Red 

It sensltises the photographic plate from orange to ultraviolet region of the spectrum. 

10. Pseudocyanine Dyes 

When the two quinoline nuclei are linked in the 2, 2'-positions by a = CH-group, pseudo
cyanine dyes are fOlmed. These are obtaIned by heating a mixture of corresponding 2-iodoquinolme 
alkyl iodide and a quinaldine alkyl iodide in ethanolic potassium hydroxide solution. 
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~ Nil N 
I I 
Et Et 

NaOI/ 1 ,9 ! :to!! and air 

~ r61J ~~~~ 
I I 
Et Et 

a pscudocy an i nc 

These dyes sensitise the plates for the blue to green parts of the spectrum. 

11. Carbocyanines 

In these dyes, the two quinoline nuclei are linked in the 2, 2' -positions by a = CH-CH = 

CH-group. An important example of carbo cyanines is sensito/ red or pil1a(V({l/o/e. Pinacyanole 
is obtained by heating a mixture of qumaldine ethlOdide and ethyl orthoformate m pyndine. 

~ :y~)!;()~fl~;~;·············t~ 
~N~CH ~"""':"""""""""?""I I _ t H ~9.~.~.~.~~ ...... !J:" C21 L; r 

1 CzH, -3C,] [,OH 1"1 

~CH-CH=CH~ 
I I 

C 2H5 r CzH, 

Sensitol red or PinacyanoL, 

Sensitol red sensitises the photographIc plates trom red to range region of the spectrum. 

12. Krptocyanines or 4, 4' -trimethincyanines 

They are prepared on the same lines as other carbocyanmes, but here I-alkyl lepidmium 
iodide is heated with ethyl orthoformate instead of l-alkylqu1l1alJulIlllTI iodide in pyndme. 
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R~~g~CH' + EtO- CHlOE!), + H,c~g~~ R 

I ll»)ridim: I 
~ 

-3E10I1 
--III 

! 

a kryptocyanin~ 

S.vlllhelic Dyes 

Krptocyanines senSlt\se the photographic plates, usually fIlmed by emulsions of silver 
chloride and bromide, to infra-red radiations. 
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THIOINDIGOS AND INDIGOS 
IIIIIII IIIIIIIIIIIIIIIIIIIII II 11111111I 1III 

16.1. Thioindigoids 

When one or both the NH groups of the indigo are replaced by sulphur atoms, the unsym
metrical and symmetrical thioindigos are obtamed. These dyes produce bnghter and faster shades 

to the fabrics. Some important thiomdigos are described as follows: 

(a) Thioindigo: It is obtained from anthranilIc acid m the followmg manner: 

Diazotlsed anthramlic acid is reacted with sodium bisulphlde when 2, 2'-dithlOdiben70lc 
acid IS formed. This aCid is reduced to o-mercaptobenzoic aCid and then condensed WIth 
monochloroacetIc aCId when o-(carboxy-methyl-mercapto) benZOIC aCid IS f0l111ed. ThiS on heatmg 
WIth sodium hydroxide yields thioidoxyl (3 (2H)-thionaphthcnone) which on oxidation YIelds 

thiomdigo. 
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~ 

NHz 
anthranilic acid 
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1
1 At:ONa and 

,\c,(): 200"C 
-'II~O 

09 
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unstable sodium ~alt of 
thioindoxylic acid 
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tilioindoxyl 



1602 

o () 

cis-Thioilldigo 
(millor) 

and 

o 

,~Vl1thetic Dyes 

air o:-.ilimioll 
2(0): --21Ip 

o 
lrans-Th ioi I1digo 

(bluish red) 

Unlike mdigotm, It exists in solution in both the cis-and trails-forms because hydrogen 
bonding is very weak in sulphur compounds. It possesses a bluish red shade and is faster than 
lI1dlgO. Its 5. 5' -dibromo derivative gives brighter and faster shade. 

() 

o 
('z· - 's)' 

/ Jo - /' 

(h) Indanth.oene brilliant pink R (C.l. vat red 1, 73360) : It is prepared from o-toluidine 
in the foJ.Jowing manner : 

CH j 

bl~S-CI 
~ (./ 

CI :"1 

I h tlroh ~is 
-'-'-+ 

NazS,\ 

()'(illation • 

o 
CHj

" 

& ' S ('1 

~ I c=:c:W' I ~ 
~ S/ b 

Cl C 
II CH j o . 

indanthrcne brilliant pink R 

(,ICII,COOII 
• • 

(c) Algol orange RF (C.l. 1'((1 orallge 5, 73335) : Like indanthrene brilliant pink, it may be 
prepared 111 a similar manner from p-phenetidme. 
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o 
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0)1 c c=c(CfS 1 ~ ()L)~15 
~ S/ n 

CHO . C 
2 S II 

o 
algol orange R F 

(d) Indanthrene brown RRD (C.1. vat brow" 5, 73410) : It IS prepared In the followmg 
manner: 

co-I 
~ Sit 

~ n 

CII 

,CI CII, ('0011 . . 

roO c/~ 2 

I 'I 2 ---4 I a~" • co
~ Sl'l-l 1'('1 ~ ~. " s 

~ n COOl I ~ n (hid,.lill'i 

CCt= ~ VB~' 
1 C"C=C/C I 

~ S/ "S n 
Indanthrene Br()\'vn RRD 

(e) Thioindigo scarlet R : It IS prepared by fusing together thlOlI1doxyl and Isatin. 

~
() 

I ", H 
~ S'II 

thioindox} I 

H 

+o{o 
() 

i~atin 

·II,() 
• • 

() 

Thioindigo Scarkt R 

(f) Ciba scarlet G (C.1. vat red 45, 73860) : It is prepared by condensIng thlOindoxyl wIth 
acenaphthaqulrlone. 

o 0 

~:+0=\9 
() 

thioindoxyl acenaphthaquillonc Cina Scarlet C; 

Thioindigo vat dyes are applied to the animal or vegetable fibres in the same manner as 

indigo. 

It IS a fast dye useful for cotton. wool and silk. It gives very clear and brIght scarlet 

shade. 
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(g) Indanthrene printing violet BBF (C.l. vat violet 5, 73545) : It IS prepared by condensing 
5, 7-dichloroisatin chloride with 5, 6, 7-trichlorothioindoxyl 111 chlorobenzene. 

o 

" CI C 

~C-CI yNf 
CI 

16.2. Indigoids 

o 

" C CI 

+HF~ 
'SYCI 

('I 

o 0 

" /I Cy;1 ~ C._ ,O?=C ~ CI 
I ,(-(, I 

~ N S..o 
II . CI 

('I CI 

These dyes have the following structural parts as chromophores. They are also vat dyes and 
mostly used for cotton fibres. 

o 0 
II II 

/C" /C" 
C=C 

/ " 
cis-carbony I s 

o 

" C " /" C=C . 
,,/ " C 

II 
o 

Iral1.\-carbnny Is 

(a) Indigo: It IS the oldest known dye. It occurs 111 the plants of iJldigo/era group in the 
form of glucoside-the indican. 

Indigo (or Indigotin) is the oldest and the most common 1I1digoids. It was originally obtained 
from the plants of indigofera species, whIch were abundantly found in India. The indlgofera plants 
contain indican, which on hydrolysis, produces indoxyl. Indoxyl, oh air oxidatIon, gIVes Indigo. 

O-CH~ 

~ <{HOI-I)J I 
VlN» Cl-I----O 

I I 
H CH OH 2 

indican 

11011 • dil. lIel 

() 

oY~1 
I ,,' II 
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I 
II 

011 

~ VlN» 
I 
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indoxyl 

II" /011 
C 

'I{~ 
11-(' () 

I 
CliPIi 

ex-D( +) glucose 

o 0 

1 air m,idalillil 

() 

~~ VlN)=\NV and 

I I 
JI II 

() 

cis-indigotin lruns-indigotin 
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Indigo is also known as Indigo/in. It is prepared by the following methods : 

. (i) Reduction of isatin chlonde (obtained by the action of phosphorus pentachloride on Isatm) 
with zinc dust in glacial acetic acid yields Illdoxyl which upon oxidatIOn III all' gives ll1digotin. 

~O 
fjr--l 
~N)~O 

1-1 

O(1~O 0(1' ~O ;.-- I'CI,;,--

~Ih ~ ~Ih 
N 011 N CI 

fjr--l~() 

~N) 

o II 

~~ 
~~~ H II 

1'1 
I ndo.'\)" 1 

o 
Indigotin 

I.n 

CII/'{)()II 

(ii) It is also synthesised from anthranilic acid. When this acid is made to react with 
chloroacetic acid, it yields the phenyl-glycine-()-carboxyhc aCid which undergoes ring 
closure and decarboxylation to indoxyl on fusion with a mixture of potassium hydroxidc 
and sodamlde. Atmospheric oxidatIOn of indoxyl Ylclds imligotll1. 

er
COOH' erC-OOII 

I 1- CICI-I,COOII -----. 1 

~ NH
2

• ~ NIICII1COOH 

[~n'-OH ]~ ~ C-COOlI 
N/ 
II . 

indoxylic acid 

(\1 TO 
~ CII 

I 2 
N 
II 

indo.ll.yl 

(), 

--=--. Illdigotin 

KOII. l\aNII, '. 

(iii) Another synthesis is from aniline. When anIline is heated with chloroacetic aCid, it forms 
phenylglycme which upon treatment with sodium and potassium hydroxide is converted 
to a mixture of its sodIUm and potassium salts. FUSIOn of the~e salts With sodamide and 
a mixture of sodium and potassium hydroxide gives Il1doxyl which yields ll1digotin upon 
atmospheric oxidation, 

a NI ICH/.'OOI I 
-:9' I NaOl1 --... 
~ KOII 

,.... 1\aNII) a~ 1 

NCH2COO]NKCl -------''-----+ • NaOI!. KOII. 110 -14()o(, 0= If 1 
N"CII 

~ C/ 2 

II 
() 

0, 
--=--+ indigotin 

(iv) Sand/lleyer 5' Process: In this process aniline IS condensed With carbon disulphidc to 
obtall1 thiocarbanilide (N, N-diphenylthlOurea), which IS heated With sodium cyal1lde and 
lead carbonate to yield N, N-diphenylcyanoformamide. ThiS intermediate is converted to 
isatin-a-anil either by the treatment with yellow ammonium sulphide and then With 
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concentrated sulphuric acid or by following Hoechst method which is using aluminium 
chloride, gaseous hydrochloric acid and a solvent such as ethylene dichloride and then 
hydrolysing with aqueous sodium carbonate solution. Isatin-a-anil thus formed gets hy
drolysed with warm dilute hydrochloric acid to isatin. Isatin is converted to 2-chloro 
derivative isatin chloride by treating with phosphorus pentachloride and finally lsatin 
chloride by treating with ammonium sulphide gives indigo. 

o 

N, N-diphcnyl 
thiourea 

PhCOJ 

\iaCl'\ • 
N, N-diphenyl 

cyano forlllalllide 

() 0 

Ydlo\\ (l\:11~)1 S,; 
• <. \lIlC. 112S()~ 

or 

C211~CI2' I\ICI3• IICI: 
Nul·'O., 

~C=N-o~ VN' - Warm dil.llCi. ~C=O I'CI,. ~C-CI (:--';II~)zS,. indigotin VN' VN~ 
H II 

isatin-a-ani I isatin i~atin chloride 

Isatin needed for indigo synthesIs is also prepared trom aniline by the condensation with 
chloral and hydroxylamine. subsequent dehydration with concentrated sulphuric acid and 
dilution. 

(OI1(kllsat i('Il: 
COIlC. II,SO ~ 

- It 
diiutillll 

isatill 

aniline chloral hydroxylamine 

Other routes for indoxyl have been to cyclise phenylaminoacetonitrile as well as to 
cyclisc phenylglycine or ~-hydroxyethylaniline. 

phcnylamino 
acetonitrile 

Illdoxvl .. . . 
J cyclI~a!Joll 

1 c)clisatioll 

~-hydroxyethylani line 

phcnylglycinc 

(I') Bayer s~nthesised indigo from o-nitrobenzaldehyde and o-nitrocinnamic acid. Thus, 
o-nitrobenzaldehyde obtal11ed by the controlled oxidation of orthol11trotoluene is condensed 
\vith acetone in the presence of aqueous alkali to yield indigo. o-NitroclIlnamic acid is 
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brominated to the dibromo denvative whIch on treatment wIth alcoholIc potassIum hydroxide 

yields acetylene derivative, o-nitrophenylpropiolic acid. This intennediate on treatment wIth 
aqueous sodium hydroxide and glucose at boil YIelds Indoxyl which IS oXldlsed to Indigo. 

CH fir J ~ 
~NO z 

flr

CHO 

~N02 a4. NaOIl 

0-11 itrotoluene o-nitrobenzaldehyde 

~CH=CH-COOJ-l 

~ 
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o-nitrocinanmic acid 
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~NO z 
o-nitrophenyl propiolic acid 

z 
dibrol11o derivative of 
o-nitrocinl1alllic acid 

all. NaOl1. 
~llH':(\;;<': 

• Iwil 
Indoxyl 

(0) 
---+ Indigotin 

I r .• illlgOll1l 

Among the general methods followed In the preparation of indigold vat dyes. the methods 
involving the condensation of indoxyl derIvative (or the corresponding thioindoxyl derivative) 
with either isatin derIvative (or corresponding sulphur analogue) or isatin-(J.-al1l1 denvatlve (or 

corresponding sulphur analogue) are important to obtain 2. 2' -hiS-Indigos. 

o 

R,~CI12 iVlx 
indoxy I or thioindoxy I 

derivative 

+ 

X=-NH-; -S 
Rz = Substituent 

isatin or thioi~atin isatin-(J.-anilnr thiosatin-(X-anil 
derivative derivative 

Y=-NH-: -S- Y=-NH-; -S-
Rz =-: Substituent Rz = Substitul:nt 

o 

o 
2.2'-bis-indigo 

X=-NII-: -S -Y =-NII-; -S-; RI . Rz = substitLlcnts. 

Indigohon is a dark blue coloured powder. It is insoluble 111 water. It may be reduced with 

alkalme sodium hyposulphite to a colourless form the indigotin-\vhite. which is soluble in alkali. 

It is the alkaline solution which is applied to the fibre and then the fibre is exposed to air when 

the origInal blue colour of indigotin is regenerated in the cloth. 
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.indigotin-white (colourless) 

(b) Indigosol 0 (C.l. solubilised blue 1,73002) : Indigotin-white is no.1: stable.'Therefore 

in ordinary dyeing, indigotin-white is first converted to its disulphomc ester (I) by treatment with 
chloro-sulphol11c aCId in the presence of pyridme. The alkaline solution of ester (I) is called the 
indigosol a (fl). 

When the indigosoJ a is applied to the fibre and is then subjected to oxidation with sodIUm 

mtnte in acid solutIOn, the onginal blue dye IS regenerated. 
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I ndigotin-white 
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The above representation may be represented as follows : 
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indigosolO 

(c) Tetrabromoindigo ciba blue 2B (C.l. vat blue 5, 73065) : It is obtained by bromination 

of indigotm 111 nitrobenzene or dichlorobenzene. 
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Indigotin 
nitrobcnl.cnc 

or 
chlorobclvcnc 

o 
II H 

Bf C N Br W=CW 
Br H II Rr 

() 

indigotin-whitc 
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(d) Indigotine I (Illdigo carmine) : It is obtained by sulphonation of indigo with concen
trated sulphuric aCid or oleum. 

() H 
II I 
C N 

(JCc=c(j) 
N C 
I II 
II 0 
indigotin 
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ANTHRAQUINONE DYES 
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17.1. Introduction 

Anthraquinone. the basic system of these dyes, has a faintly yellow colour, the edge of its 
long wave extends into the visible spectrum (Amal' 327 nm). It is not itself a dye. The introduction 
of relatively simple electron donors gives anthraquinone compounds which, accordmg to the 
strength of the electron donors (OH < NH2 < NR2 < NHAr), absorb m any desired region of the 
visible spectrum. The position of the substituents in anthraquinone not only intluences the 
absorption maximum but also some of the other properties. For exa.mple. anthraqumone denvatives 
that have hydroxyl or amino groups m the ~-position generally exhibit better resistance to 
sublimatIon, better solubility and better affinity for textile substrates than a-substituted compounds. 

Dyes based on anthraqumone and related polycyclic aromatic qUll10nes are of great Impor
tance. Many of the most light-fast aCid, mordant, disperse, and vat dyes are of this kind. The 
chromophore is the quinonoid group> C = O. 

(a) Anthraquinone Mordant Dyes : These contain groups such as hydroxyl or ammo 
group, which can combine with metal ions so as to from insoluble compounds called lakes. The 
colour of the lake depends upon the mordant, i.e., the metal used. Some of the important 
anthraquinone mordant dyes are as follows : 

(i) Aliza,.in: It is 1, 2-dihydroxyanthraqumone. It is also known as mordant red 11. Previously 
it \\-as obtained from the roots of the madder plant now-a-days it IS obtained by heating. 
under pressure, silver salt (sodium anthraquinone-2-sulphonate, so callcd because of its 
silvery crystals), caustic soda. potassium chlorate and water in a steel autoclave at about 
180°C. The resulting melt is blown into water and acidified to decompose the sodium 
alizarate, the precipitated alizarin is filtered, washed and llsed as a 20 per cent paste. 

o 
~SOJNa 

~ o 
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sod il1ll1 anthraq u i none-2-sul phonate 
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o ONa 

~ONa 

~ o 
sodiurn alizaratl! 

() 011 

~()II 

~ o 
alizarin 
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Alizarin is a red crystalline solid insoluble in water but s?lublc in alcohol and alkali. It 
is a mordant dye and combines,with mordants, i.e .. metallic hydroxIdes, to fOlm coloured 
insoluble compounds called lakes. The colour of the lake depends upon the mordant. i.e .. 
cation used. The colours of the lakes along with the respectIve mordant~ are glWI1 as 
follows: 

Mordant used 

Ca~+, Ba24 • Pb2 + 

Sr2-" 

Mg~', SnH 

AI-'" 

Cr1
! 

Fe~' 

Fe3 " 

Sn2+ 

('%llr oj '"l' /(//..C 

13luish-red 

Red "10Iet 

VIOlet 

Red 

Brow111sh-red 

VIOlet 

13rown black 

Red 

When alizarin is applied to wool with an aluminium mordant. it gives the well known 
turkey red. Alizarin, when converted to its calcium salt. rOI'ms a bluish-red powder uscful 
as a pigment. 

(ii) Alizarin Orallge : It is obtained by nitrating alizarin in the presence of boric acid. 
o Oil 

nitration ,..- I 1-"'" oQ): .......... OH 

Alizarin horic acil ~ Q 

NOz 
o 

al izarin orange 

(iii) Alizarin Red S : II is obtained by the sulphonation of alizarin with fuming sulphuric acid. 

Alizarin 
sulphllnation 

~ 

It is used for dyeing wool. 

o 011 

$ '-':::: Oil 

~ I I Q 

S(\II 
o 

al izarin red S 

(iJ·) Aliztlrill BIlle: It is obtained by reducing alizarin orange to 3-al11l11oaltzarin followed by 
Skraup's synthesis of qUinoline. i.e .. by heating wIth glycerol. cone. H~SO~ and 
nitrobenzene. 
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Alizarin orange 
Reduction • 

o 011 

$ "-':::: 011 

~ I I ~ 
NH2 

o 
o 011 

alizarin blue 

SkrClllp·s ~) ntlwsis 

gl) n:rol "cone. 
112S0~ -I- nitrohcnzcne 

Alizann blue dyes wool a blue colour when mordanted \vith chromIum. 

17.3 

(v) Alizarin Bille S : It is the sodIUm bisulphite salt of alIzarin blue. It is soluble in water. 
It when mordanted with chromium gives a reddish-blue lake. 

alizarin blue S 

011 

N 
I 

(vi) Mordant Black 13 : It is made by condensing aniline with 1,2, 4-trihydroxyanthraquinone 
and sulphonating the resulting basco 

() OH 

o 
NH-{ }-S03Na 

o NH-{::> 
mordant black B 

It is applied to wool with a chromium mordant and IS quite fast to lIght and washing. 

(b) Anthraquinone Vat Dyes: Most of the best vat dyes are derivatives of anthraquinone 
or related compounds. These essentIally contam groupings such as --CO-CH = CH-CO-present 
as a quinonoid ring system or -CO(CH = CH)n COo-where 11 is a SUItable Integral and 
-(CH = CH)n-part is involved either through the fused heterocyclIc or through the polycyclIc 

systems. These have a high molecular weight and are insoluble in water. These are not volatile 
and are available in various brilliant colours and shades of exceptional fastness. These are mal11ly 
used for dyeing cotton, wool, nylon, silk. for calico-printing, etc. These are also used for colouring 

pulp, cements, photographic pnnts, etc. 
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In order to apply anthraqumone vat dyes to the fabrics, these arc fIrst of all converted into 
soluble form by treatmg them wIth a reducIng agent (sodIum hyposulphite) m alkalme medIUm. 
Then the cloth IS Immersed in the vat soluble dye solutIOn. kept there for sometIme and fmally 
exposed to air. Oxygen of the aIr oxidlses the alkaline solution on the cloth so as to produce the 
dyemg effect on the cloth. In some cases, the colour attained by the cloth IS dIfferent from the 
colour of the vat. 

o 

llllYl I f1 V + Na2Sp~ + 4NaOll 

o 
anthraquinone 

vat dye (insoluhle) 

(0) 

ONa 

IAI ':::: I, )¥' 
ONa 

sodium salt or 
an anthraCjllillol (soluble) 

In 1924, ScottIsh Dyes Ltd. (now I.e.I. Ltd.) prepared stable solubIlised anthraquinone vat 
dyes (Soledoll dyes) by another method. In this method, the vat dye solutIOn in pyridine IS treated 
with ehlorosulphol1lc acid m the presence of a metallIC catalyst such as iron or copper when the 
pyndmium complex of the reduced fonn IS obtained. This is then converted mto the sodium salt 
of the half-sulphate ester of the leuco-vat dye. The soledone dyes are used 111 the dye1l1g and 
printmg of cotton and viscose yam. • 

The Important anthraqull10ne vat dyes are : 

(i) Illdallthrtme Blue (Illdallthrolle, Illdallthrelle or Vat Blue 4) : It is manufactured by 
fusing 2-aminoanthraquinone with potassIum hydroxide in the presence of potassium 
chlorate or potassium nitrate at 250°C. 

o o 

o 
i ndanthronc hi lie (vat hi LIe 4) 

It may also be manufactured by heatll1g alIzarin with I, 2-diaminoanthraqumone. 
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o 

-211,0 - ~ 

,0/-11 

III I ··r····· 
Nfl 0 

o 
It may also be prepared as tollows : 

o 

o 
silver salt 

o 

o 
2-am i noanthraq u i none 

() 

NH N 
o 'IIN 

o 
indanthrone blue (vat blue 4) 

101 
KOII~ 

o 

Nil 0 
o HN 

/ ndanthronc blue 0 
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Indanthronc blue is the best known of the anthraquinone vat dyes. The fastness to 
chlonne bleaching of indanthrone blue is improved by chlorination. A number of 
chlorinated indanthrones are in commercial use and make up the most important group 
of fast vat blues. 

(ii) IlldalltllrolJe or ["dalltirrelle Yellow 4 G.K : It is prepared by condensing 2, 5-dichloro
benzoyl chloride with 1, 9-anthrapyrimidine. The latter compound is obtained by conden
sing I, 5-diaminoanthraquinone with fonnamide in nitrobenzene solvent in the presence 
of copper compound. 

H 

/.~ 

Ph N02 $1 N I : Acylation 
( " I ~ .U(OIl1POllIllS ~ .;::;; CI 

112N 0 Q-COCI 

5-amino-7,9-anthrapyrimidine ('I 



17.6 Synthetic Dye" 

CH 
/ ~ 
N N 

~ 
~ 
[~i $1 

CI 
Indanthrenl! Ydlow 4 (iK 

It is also prepared from I, 5-diaminoanthraquinone whIch IS sulphonated with conc. 
sulphuric acid to give I, 5-diaminoanthraquinone-2-sulrhonlc aCId. The latter compound 
on heating with formam ide in nitro-benzene in the presence of NH/,I followed by 
desulphonation with NaHSOJ yields 5-amino-l, 9-anthrapYrll11ldme. This is acylated 
with 2, 5-dichlorobenzoyl chlonde when indanthrene yellow 4 GK is obtained. 

COile. II, '-;0, 
~ 

lIt ON II, 
ill l\.ilrohen;cllc' 

itlld~IV'1 

1.5-diaminoanthraquinonc 
('I CII 

/~ 0-('0('1 
<.'1 

Indanthrellc .~---=-~-
Yellow 4 GK 

dCSlIlph(lIl<lli(lIl 

It is used as a vat dye. However, it IS no longer prepared. 

N N 

Some substituted indanthrones which are used as dyes are as t()l!ows : 

(i) 3-chloroindanthrone (indanthrene blue GeD). 

(it) 3, 3' -Dichloroindanthrone (indanthrene blue Be'S or caledon blue Re), 

(iii) N, N' -Dimethylindanthrone (indanthrene blue RK). 

(iv) Dyes FO/ll Bellzathmne : Several important vat dyes have been manufactured tj'om 
benzathrone. Among these are dibenzathrone (vat blue 20) and caledon jade green 
(vat green I or violanthrone). 

Dibenzathrone is manufactured by heating benzathr<:>ne with potassium hydroxide 
at about 240°('. 



Anthraquinone Dyes 

2 
KOII 

-----+ 24()O 
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dibenzathronc 

Dibenzathrone when oxidised with manganese dioxtde and sulphurIC acid followed 
by methylation with dImethyl sulphate in nitrobenzene and In the presence of alkali 
yields caledon jade green. 

Dibenzanthrone 
(i) Mn02 ' H2S04 

~ 

MeO 
nitrobenzene MeO 

calcdon jade green 

Caledon Jade green is one of the most attractive gi"een vat dyes. It is very fast to 
light and washing. It is mainly used for dyeing and printIng cotton. 

(iii) Flavallthrolle (Flavallthrelle, illdathrelle yellow C. r Hit Yellow 1) : It is manufactured 
by fusing 2-amino anthraquInone with caustic potash at 350°('. Along wIth tlavanthrone, 
a small amount of indanthrone blue is also produced. 

o 

NYf~ 

; ...... : ~ ~ 

r~JN'O¢o~Qj 
~ I I h 

o 

KOII 350" ~ 
-2112() 

o 

o 
Ilavanthronc 
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(iv) Pyrantltrone (Pyrantltrene, Indantltrelle Goldell Orallge G or Vat Orallge 9) : It is 
manufactured by heating l-chloro-2-methyl anthraquinone.with copper powder, followed 
by treatment wIth alcoholic KOH. 

o 

o CI 

+ 
CI 0 

~ I I ~ HJ
C© 
~ ~ 

o 

ell 
--+ 

heal 

KOII 

o 

o 

o 

l)I,011 

It IS a yellow dye and is very fast. 

o 
pyranthronc 

(v) Algol Dyes: (Acylaminoanthraquinones). Some important members of algol dyes are as 
follows: 

o NHCOC6H~ 

~ 
~ 

o 
aglol yellow 

o NHCOC6H~ 

~. 

~ 
o NHCOC6HS 

indanthrene red 5 G or 
calcdon red 5 G 

o NllCOC"'~s 

~ 
~ 

C6HS.CONH 0 
caledon yellow 3(, 

O· NHCOC(,II S 

~ 
~ 

o OH 
algol rose R 

Among the algol dyes, algol yellow is important. Chemically, It is I-benzoyl-ammo 
anthraquinone which is prepared by heating the correspondmg ammo compound with 
benzoic acid. 
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(vi) Anthraquinolle Carbazoles : These are prepared by the cychsation of a suitable dianthra
quinoyl amine. For example, a yellow coloured dye is obtained by condensation of 
a-aminoanthraquinone with a-chloroanthraquinone followed by cyclisation with anhydrous 
AIel), 

Cl 
+ 

(I) condcn~ati()n 

• (II) Alel3 

(yellow) 

The cyclisation of dianthraqumoylamines having a-benzoyl-ammo groups IS done readIly 
by treating with cone. sulphurIC acid at 30-60°C. 

Anthraquinone carbazoles are very fast to washing and alkali solution. 

(c) Anthraquinone Acid Dyes: These dyes are water-soluble anthraquinone derivatives 
which are used for dyeing wool, silk, nylon, leather and paper. These have solublhsing sodium 
sulphonate groups. These are among the fastest of those dyes which are applied to wool from 
a sulphuric acid dye bath. However, they are more expensive than those of the azo dyes. 

An important example of anthraquinone acid dyes is solway ultrablue B (acid blue 25). It 
IS prepared from l-aminoanthraquinone which is sulphonated and brominated to give bromarnine 
acid. Condensation with aniline then yields solway ultrablue B which is isolated as the sodium salt. 

o NH, 

~-

~ 
o 

(I) Sulphonution 
• (II) Bromination 

Other examples of anthraquinone acid dyes are as follows : 

o OH 

HO 0 NHz 
alizarin salphirol B (acid blul: 45) 

condcnsation \\ illl • anillll': 

solway ultrabluc 13 . 
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SO.l11 

(j IlN~ I-CH, 
~I'~ 
~ 

o IIN-) I-CH, 
SOjH 

alizarin cyanine green 

S\"I1tlietic: Dyes 

solway blue black BS 

(d) Anthraquinone Disperse Dyes: These are simple insoluble derivatives of anthraquinone. 
These dyes are mamly used tor dyemg of acetate polyester, polyamide and synthetic fibres. These 
dyes are faster to light. However, a serious dIsadvantage of most of these dyes is the fading and 
the shade change caused by gas fumes. ThIS disadvantage has been overcome by suhstitutmg 
various groups like halogen, hydroxy, alkoxy, nitro ann cyano groups in the anthraquinone 
nucleus. Some Important examples of anthraquinone disperse dyes are gIven below 

fi,N 0 NH, 

~-

~ 
H2N 0 NIIz 

Duranol Brilliant Blue ('13 

o Nl-lz 

~(,I-Ij 

~ 
o 

Duranol Orange G 

o NIl, 

~-

~ 
o Nllell.l 

Celliwil I'ast Violet 613 

o Nl-lz 

~CONI-ll 
~ 

o NII-Q 
Ccllitoll Fa~t Blue FFG 

Anthraqumone disperse dyes are more expensIve than the 1l1soluble azo dyes. 
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18.1. Introduction 

These constitute an important class of synthetic pigments and dyes. These are coloured blue 
to bTfeen. These may be regarded as the metal complexes of iso-indoles. These dyes contain 
tetraazo-porphine structure wIth or without the presence of a metal like copper, cobalt, nickel. 
Iron, etc. 

CD 
iso-indole 

Phthalocyanines are very important compounds technically because they are very fast to 
light, heat, acid or alkalies. These are very usefu} for paints, printing mks, synthetic plastics, 
synthetic fibres, rubber, etc. 

The parent compound of phthalocyanines is pigment blue 6, i.e., phthalo(J'(/llille. It is 
prepared by the fusion of phthalonitrile with cyc10hexyl amme in an mert solvent. 

~I CN 
~CN 

+ Q ~
~ til ~N ~ 

I NII~_ 

NQ=tNI Ih~N ,-9N 

I~ N ~I 
.& ~ 

Phthalnitrile Cyclohexylamine Phthalocyanine 

Pigment blue 16, i.e., phthalocyanine is a greenish-blue pigment. It is stable to most of the 
solvents. However, it is affected by the acidic oxidising agents. It is mamly used for dyeing paper 
pulp and wall paper to which it gives deep blue or green shade with exceptional fastness. 

Metal phthalocyanine derivatives may be obtained by replacing the two hydrogen atoms of 
phthalocyanine (I) by metals such as copper, \11ckel, iron and cobalt. It actual practice metal 
phtha10cyanine derivatives are not made from phthalocyanine (I) but are synthesIsed directly. For 
example, copper phthalocyanine, i.e., pigment blue 15 is made by the fusion of phthalonitrile 
with copper metal or a copper salt. 

(18.1 ) 
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N N 
+ 

CnpP":1 P(l\\ o<:r 

GiCtcS • 200Q 

CN eN 
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(I) Copper Phthalocyanine 

Copper phthalocyanine IS also prepared by the fusion of phthalIc anthydride with urea and 
a copper salt in the presence of a molybdenum catalyst. 

11101:- hdt:1ltl11l caldl} sl 

2:tNE 
:\l 'c II N 

()1' r: .~~' N"" I 
I ~ N I 

.& ~ 
Urea 

Phthalic anhydride Copper Phthalocyanine 

Copper phthalocyanine is a deep blue pigment. It IS very stable because It IS not affected 
even by moltan alkali and by hot concentrated hydrochlonc acid. It is distinguished by great 
brilliance, strength and stability and IS used in every field 10 which coloured pigments are used. 

Other metal phthalocyanines e.g.. magnesium, iron, lead. cohalt and nickel phthalocyanines. 
may be synthesised by the methods described as follows : 

(i) These may be prepared by heating phthalIc anhydnde or phthalllmde \vlth urea and 
metalliC salt 111 the presence of bonc acid (catalyst). 

(ii) These may be prepared by heating phthalocyamnes or cyanoarylamldes with the respec
tive metals or metal salts. 

(iii) These may also be prepared by pass 109 ammonia mto molten phthalic anhydride or 
phthalimlde in the presence of the correspond 109 metallic salt. 

Metal phthalocyanines are insoluble in water. However, they are made soluble by sulphona
tion. For example. direct blue 86 is copper phthalocyanine which has been sulphonated to the 
extent of between two and three sulphonic acid groups per molecule. It produces \"Cry bright blue
green shades on cotton. viscose and paper. Another example is solvent blue 25 which is the reaction 
product of the tetrasulphonyl chloride of copper phthalocyanine with isohexylamine. It is a spirit
soluble dye which is useful for inks, lacquers and stains. Another example is vat blue 29 which is 
a partially sulphonated cobalt phthalocyanine. Reduction with sodium hydrosulphlte in caustic soda 
solution converts it to a soluble form that can be applied to textiles and reoxidised to the pigment. 
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In the recent past, blue shades have been given to the fIbres iI/situ by metal phthalocyanines. 
For example, a compound of the type I called ph/halogell and a suitable copper or nickel salt IS 
applied on a cotton fabnc which is then heated gently to form the copper or l1lckel phthalocya
nme on the fibre. 

NH 

0>11 
NH 

phthalogcn (I) 

ReactIve dyes are also prepared from copper phthalocyamne by vanous methods. For example, 
the sulphochlorination of copper pathalocyanine, condensation with phenylcnedwmine-l-sulphonic 
acid and subsequent condensation wIth cyanuric chloride yields triazinyl reactive dyes of copper
phthalocyanine derivative. 

A tria..:inyl reactivc dye of coppcr phthalocyanmc dcrivativc. 
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Introduction 

These constitute a !,'TOUp of dyes of unknown constitution which can be applied to fibres 
when redLlced with sodium sulphide. Most of them are insoluble m water before reduction. After 
reduction they are soluble and can be absorbed by fIbres by fibres and than oXldised to an 
msoluble form with air. These dyes are popular because of thclr heavy shades, such as hlue. 
l:,'Teen, black, brown, etc. of reasonable fastness to light and ordmary washll1g at a low cost. These 
dyes are second to the azo dyes in quantity produced. 

Although structures cannot be written for the sulphur dyes. the methods for reproducmg 
indIvidual types are well established. These are manufactured by treatmg aromatIc amll1es, phenols. 
ammo-phenols, with sulphur and or sodium polysulphide at ISO-200°C. Some important sulphur 
dyes are described as follows : 

(i) Sulphur black I is manufactured by heatmg Ill-dinitrophenol \vith sodium polysulphiJe. 
The fused mass IS dissolved m water and blown with air until all the dye has separated. 
It is then filtered, washed and dned. 

O,N-{ ~Oll + S + Na,S 

N02 

intermediate it)r sulphur black I 

Sulphur Black 

(ii) Brown sulphur dyes are obtamed by fusing m-diamines (e.g.. III-toluenediamine) with 
sulphur. During this preparation, hydrogen sulphIde gas is evolved. 

(iii) Red shades are obtained by fusing sulphur With derivatives of azme, such as the com
pound below which produces sulphur red 6. 

(JCN~CH] ~ I N~NH2 
intermediate for sulphur red 6 

(iv) Blue sulphur dyes are manufactured by fus!ng diphenyl-amine derivati\'es with sodium 
polysulphide. For example, sulphur blue 7, sulphur blue 9 and sulphur blue 13 are 
manufactured from the intermediates given below : 

(19.1) 



19.2 Synthetic Dyes 

II 

",Ni }-~-{ _}-OH 
H3C 

Intermediate for sulphur blue 7 Intermediate for blul: 9 

intermediate for sulphur blue J 3 

(v) Vat blue 43 (hydron blue R) IS also a kind of sulphur dye which unlike typical sulphur 
dyes may be reduced with sodium hydrosulphIte without destruction. In order to manu
facture this dye, carbazole is condensed with p-nitrosophenol in sulphuric acid to give 
an indophenol whIch is reduced and then fused WIth polysulphldc. 

H 
I 

~N~ 
0-V 

" I 

+ ON-{ }-C)H -. 

CCU O N 0-' 

condensation product 

I-I 
I 

~N~II 
~~-{ }-Oll -. vatbluc43 

Sulphur dyes are used principally for the dyeing of the cotton and then can be applied 
via the leuco compounds like vat dyes of the carbonyl series. Vatting is generally performed 
with sodium sulphide which reduces the polysulphide bonds to mercapto groups. 
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Introduction 

Rys and Zollinger defined a reactive dye as follows: 

"It is a coloured compound which has a suitable group capahle (dfhrming a covalcnt hond 
between a carhon atom oj the ((ye ion or molecule alld all oxygell, nitrogen or sulphur atolll (~r 
a hydroxy, an amido or a mercaplo group respectively (d'the suhstrate ", 

The definition excludes mordant dyes and 1 : 1 chromium azo dye complexes which, in 
dyeing protein fibres, may form covalent bonds between metal ion and nucleophilic groups of 
the fibre, 

The first reactive dye was introduced by I.C.I in 1956. 

The reactive dyes contain dichlorotriazinyl group. These dyes were made by condensing a 
dye containing amino group with cyanunc chloride. 

CI 
I 
C 

N~N 
II I 

Dye-NI-I-C'ifC- CI 

Cyanuric chloride is cheap and readily available. The reactivity of the chlorine atom 111 

cyanuric chloride is due to the electron withdrawing properties of the nitrogen atoms, 

The dyeing with reactive dyes is carried out at 70°-100°C under higher alkaline condition~. 
These dyes were sold as procion H brand and cibacron reactive dyes. 

Some of the procion dyes are described as follows : 

1. Procion Red Dye: it is obtained by coupling diazotised aniline with H acid. The 
resulting product is then condensed with cyanuric chloride in the presence of sodium carbonate 
at low temperature. 

(20.1) 
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CI 

]\i~~ 
("A."lJl..( 'I 

!\i,~coJ 

CI 
N-{ 

01-1 NH-{ "N 

0- {ON=( fj_~ N=N ~ I ~ , CI 

~ ~ 
NaOjS SO}Na 

Procion R<:d dye 

S:l'llfhelic~ Dyes 

- 2. Procion Blue H.B. : It is obtained by condensing l-amino-4-bromo-3-anthraquinone 
sulphonic acid (a) with 2-suilpho-p-phenylene diamine (h). The resulting product is next con
densed with cyanunc chloride in presence of sodium carbonate at low temperature. It is now 
condensed with sulphanilic acid and ultimately converted into its sodIum or potassium salt. 

o NHz 

~SOJI ~ 
~ + 111N ~_ Nll z 

() Br SO}ll 

(0) 

l-llBr 
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o NI12 

~SOJII 
~ CI 

o NII-Q-~ NII-N~N 
- l:. J-NI-I-o-~ S03Na 

SOH N -
3 

Procion Blue HB 

It is used as a reactive dye. It gives a royal-blue shade. 

3. Procion Yellow R 

Pricion brilliant red 513 

203 
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(ii) 

CI~ N /CI 
til 
N N + 

Y 
CI 

procion brilliant red 513 

In both the above methods (i) and (ii), the temperature and pH of these reactions have to 
controlled in naJTOW ranges for retaining the reactIvity of the dye. 

5. Procion Yellow HAS (cibacron yellow R) 

The monochlorotriazinyl dyes are much more stable in storage. Some of the fadors which 
are important in the reactive dye system are as follows : 

(i) It should align on the cellulose molecule in such a way so as to promote nucleophilic 
reaction. 

(ii) It should not be very costly. 

(iii) It should possess low affinity for the fibre, high reactivity with celIulose and low reac
tivity with water. 

Uv) The dye bond between fibre and reactIve dye should be strong givl11g good fastness 
properties. 

leI has introduced supra dyes which have one additional monochlorothiazJl1yl group. These 
dyes have better fixation for fibres_ 

Many other reactive groups have been introduced into the reactive dye. In 1953, Farbwerke 
Hoechst introduced two Remalan dyes for wool silk and polyamies. In these dyes the reactive 
group is S?2 -(CH2)2--S03H which gets hydrolysed to the vinyl suI phone (S02--CH = CH~) in the 
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presence of alkah and tends to form a covalent bond with amino ortho hydroxy group by addIlion 
reaction. In 1957, remazol dyes were mtroduced for cellulose. They yield vmyl sulphone group. 
The most Important remazol dyes IS remazol brilliant blue R. 

o NH z 

~ S03K 

I Q SOICI-IZCHPSOJK 

N11-O ° 
Dye-S02CHFH~OS03Na + NaOH ~ Dye-SOFH = CH 2 + Na2S04 + H20 

Dye-S02-CH = CH2 + cellulose ~ Dye-S02- CH2.CH2--O-cellulose 

6. Commercial Useful Reactive Dyes: Some commercial useful reactive dyes are as 
follows: 

(a) Trichloropyri11lidille Dyes: These are derived from tetra-chloropyrimidine. The chlorines 
present in posItions 2, 4 and 6 are reactive whereas chlorine in posItion 5 IS not reactIve. 

(b) 

CI CI 

DYC-": N II-t=} 

These dyes are marketed as dril1Iarilles and reactolles. These are less sensllJve to hydrolysis. 
Dyemg needs high temperature. The reaction wIth cellulose IS simIlar to chlorotriazinyl 
system. 2. 6--Ditluoropyrimidine deirvahves are also marketed as reactive dyes, e.g., 
drimalan. verafix dye, etc. N ('I 

QubwxaUlle Dyes : Du Punt and Bayer have marketed these dyes (XI X 
having the following reactIve group. ~ N CI 

The aCId chloride of quinoxaline is condensed with free amino group of an azo dye, e.g. 

HOjS o-Cu----. 

lQ-1 ~ ~=N 
~ Q 

H03S 
S03H 

N ('I 
Q NHc°-CX1 Y 
SOl1 ~ N~CI 

(c) Chloroacetyl and Brollloacetyl Dyes: These dyes are mainly used for wood dyeing. 
These dyes are known as drimalam dyes marketed by Sandoz and ciba/all dyes marketed 
by CIBA. 
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Introduction 

These are insoluble powders of very fine particle size, i.u., as small as 0.01 micron, which 
are used m paints. plastics, rubber, textiles, inks and other materials to impart colour, opaqueness 
and other desirable properties to the product. 

Pigments are both natural and synthetic in origin; and 0rganic and inorganic in compositIOn. 
The oxides of iron, chromium, lead and other metals give a limited range of colour with good 
light fastness. However, many of these change colour with sulphur compounds found in urban 
atmosphere today, making them unsuitable. With the growth of dyestuff mdustry, a range of 
pigments giving bright colours of good fastness properties were discovered. A new chromophoric 
system of phthalocyanme pigment was introduced in 1935. ThiS was followed by mtroductlOn of 
several new pIgments. 

The difference between dyes and pigments is their relative solubility; dyes arc soluble while 
the pigments are essentially insoluble in the liquid media in which they are dispersed. (The table 
21.1 ) 

Orgal11c pigments m general have lower hiding power but greater tll1tmg strength than 
inorgal11c pigments. 

Table 12.1 : Distinction Between Dyes and Pigments 

Dyes 

I. Dyes arc coloured substanccs whIch Impart 
colour to substratc. 

2. Dyes arc organIc compounds or mixtures. 

3. Dyes arc soluble III medium 

4. Dycs are applied in solutions or III dIsperSIOns. 

5. The chemical constitution of dyes IS Important 
111 the appitcation. 

6. Dyes arc used for colourlllg textile materials, 
food stuffs, paper, leather etc. 

7. C.g., Tartla/lne, Aillarin, EO~JIl. 

(21.1 ) 

j'iglll('I/'s 

I. PIgments arc dcscrcte colourcd partIcles ",hlch 
give colour to substratc. 

2. Plgmcnts arc organIC or 11lorgalllc compounds. 

3. Pigments arc Illsoluble III medIum. 

4. Pigments arc uscd in suspcnslons. 

5. The physical form, partIcle slIe of plg1llcnt~ I~ 

Imp011ani in all applicatIOns. 

6. Plgmcnts arc uscd for pm1ting and uscd for 

COIOUllllg paints. vallllshcs. 

7. (' g. IndIgo, Copper phthulocyaninc. 
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Toner Pigments and Lakes : In the manufacture of orgamc pigments certam colounng 
matenals become l11soluble in the pure form whereas others require a metal or an inorganic ba,>c 
to precipitate them. The colouring matenals whIch are insoluble m the pure form are known as 
tone/' pigments and those which require a base are referred to as lakes. 

(Ise of Synthetic Organic Pigments: PIgments tind application m aqueous and non-aqueous 
paints, printmg mks, paper coating, leather fmishmg, plastIc products, and other slmdar processes. 
The pigment may be used alone or incorporated with a whIle pIgment such as Zl11C oXide, titaJ11um 

dIOxide or white lead as a means of controllmg the opacity and the depth of shack reqlllred. 

Most printing inks contain pigments and are used for the printmg of metal-fOil. tm-plate, 
card-board wrapping materials and so on. Pigments are extensively used in pnntll1g and textiles 
in combination with a resin binder. Pigments are incorporated in cellulose pulp to obtam coloured 
paper. Similarly, mass colouration of syrthetIc fibres, plastics and rubber is camed out. Pigments 
are also used in cosmetICS, soap, wax chalks, crayons, artist's colours and so on. 

In all applicatIOns, the physical fom) , shape and sIze of the pIgment particles are of the 
highest importance. Great care IS exerCised m standardisatIon of manufactunng process of pigments 
to obtain correct crystalline structure and particle size of pIgments. 

Requirements of Organic Pigments : These are as follows : 

(i) r(lc\tlless 10 Ugh! : The most important Criterion by which pigments are evaluated I~ 

fastness to light which depends on the medium in which the pIgments an: dispersed. In 
generaL pigments are less fast to light in pale tints than 111 dark tmts. 

tii) Fastlless to Heat : A pigment should be stable to relatively high temperatures. This 
applies especially in surface coatmgs 'cured' or polymerised by heat and in thermosetting 
colouratlOn. With infenor pigments, chemIcal decompositIOn may result Ii'om such heat 
treatment or phYSIcal change hom one modification to another may occur causing 
deterioratIOn Il1 hue and other properties. 

(iii) lWi(}llfhili~l' in Solve11ts : An ideal pigment should be ll1soluble in all media. However. 
this conditions is not completely fultllled. Solubility 111 vehicle or solvent may bring 
about crystallisation of the pigment causing a change II) the colour properties of the 
pamt 

(11') Fastness oj'Acid : Pigments must be acid-fast if they are employed 111 acid media or If 

they are to be exposed to acid vapours. 

(v) Fastness 10 Alkalies.' Pigments must be alkalI-fast if they are to be used in the manufacture 
of distempers or the coloration of plaster surfaces. 

(vi) Insolubility ill Water: Complete insolubility of pigment in water IS rated as excellent. 
Where pigments have a slight degree of solubility 111 water or other liquid media they are 
Said to show 'hleeding '. 

One particular pigment cannot fulfil all the above mentioned requirements. However. to 
satisfy all these a large number of organic pIgments have been developed. These organic pigments 
belong to most of the different classes of dyestutTs. 
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Types of Pigments 

Lakes of Acid or Anionic Dyes: These pigments are precipitated from solutions of a11Ionic 
dyes of the type D-X+ (where X is generally a sodium atom) by .double decomposition with the 
soluble salts of heavy metals such as calcium or barium, e.g.. pigment red 57. 

2Dye-S03Na + BaCI2 ~ [Dye-S03-hBa2+ + 2NaCI 

Such lakes are resistant to solvents but they are very sensItive to a~ids and alkalis. 

HO COOH 

CH,-< ~N=Ni ~ 
SOl"' ~ II 

pigment violet 57 

Lakes of Basi~ or Cationic Dyes : These pigments are precipitated from solutions of 
cati011Ic dyes of the type D+X- (where D is a chromophoric system embodying one or more basic 
groups and X is a chlorine atom or sImilar salt forming group) by double decomposition with 
tanl11c acid or with certain inorganic polyacids. The best examples are the' Fanal' or permanent 
pIgments produced by BASF by precipitating a cationic dye with phosphotungstomolybdic acid 
(PTMA), e.g.. pigment violet 1. These lakes are generally superior in fastness properties to the 
parent dyes but they do not attain the all-round high standards of the modern pigments i.e .. 
phthalocyanines. 

pigment violet I 

Metal Complexes: These pigments have excellent light fastness property but are inferior 
in other fastness properties. These are coordination or chelate C(:101pounds and require for their 
formation dye molecules which contain oxygen or nitrogen atom to donate electrons to the metal 
atom. One example is pigment green B (C.I pigment green 8, 10006) which is prepared from 
I-nitroso-2-naphthol and feITic salt. Another example is c.1. pigment brown 2, 12071 which is 
the copper complex derived trom the monoazo dye p-nitroaniline~2-naphthol. 
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(pigment Green B) (pigmcnt Grecn 8) 

For many years, metal complexes of alizarin have been used as pigments. For example, the 
calcium/aluminium lake is bluish-red, chromium dull bluish-red and iron dull purple. These are 
all used either as such or formed on the tibre as in dyed-style printing. 

Neutral, Metal-Free Compounds: These are the most widely used groups of pigments. 
These include mainly monoazo and disazo dyes and also a few representatives ii·om azme, mdlgo 
and anthraquinone classes. These are mostly dye molecules not containing solubilizing groups such 
as SOJH or -COOH. These provide full range hues. These pigments have good fastness to aCids 
and alkalies but have poor fastness to solvents and plasticizers. These are quite popular in India. 

(i) MOlloazo Pigmellts : An example is c.l. pigment yellow 1. 11680, Hansa Yellow G( 4-
amino-3-nitrotoluene-acetoacetani 1 ide). 

ell I J 

IIOC Z 

xQ-~ N=N-~-CON ~ - I\J-
Y H 

(X=CH J , Y=N02 andZ=II) 

Another example IS C.1. pigment yellow 7, 12780, 2-nitro-anlline-2, 4-dihydroxy quinolme. 
It is a bright, reddish-yellow-pigment. 

N02 

< }-N=N~ 
A",N 110 N 

('.1. pigment ycllm,v 7 

An example of the large class of pyrazolone pigments IS c.1. pigment orange 6, 12730, 
4-amino-3-nitrotoluene -7 3-methyl-l-phenyl-5-pyrazolone. 
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Ph 
I 

1-10 N 

)Q 
CI-I~N=N CH 

3 \==( 3 

NO z 

('.1. pigment orange 6 

21.5 

Another pigment denved from 2-naphthol is ('.1. pigment orange 5, 12075, 2, 4-dinitroaniline-
2-naphthol. It is widely used for its brightness and strength. However, its other fastness properties, 
particularly solvent and vehicle 'bleed' are mferior. 

011 

O'N-q-N=Ni ~ 
NO z ~ ;; 

C.!. pigment orange 5 

The pigments derived from components of the naphthol AS type shO\v marked improvement 
111 solvent and vehicle fastness as in C.I pigment red 2, 5-diehloroaniline -7 3-hydroxy-2-
naphthamlide. 

CI 011 CONII-Q 

~N=N~ -
CI 0 

(ii) Disaz() Pigmellts : These are widely used 111 the manufacture of pnnting 1I1ks and 111 the 
mass coloration of rubber. Typical examples are benzldine yellows which are well known for 
bnIIiance and high-tinctorial strength. An example is c.I. pigment yellow 12, 21090, 3, 3'
dichlorobenzidine ~ acetoacetanihde (2 moles). 

('.1. pigment yellow 12 

Another example is C.I. pigment orange 13, 21100, permanent orange G. It lIses a pyrazolone 
as coupling component. 
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~l Ph 
I . I 
N N 

Niloll . ~I . ('I IIO~~ 

II,CJJLN~N-b--O-N~NlJLCfl' 
c.I. Pigment Orange 13 

One more example IS C'.I. pIgment blue 26, 21185, dJani<;ldml' blue. It IS obtal11cd from 
tetrazodlamsldme and 3-hydroxynaphtho-o-amsldlde. 

OCI-I.\ 

Q-NII-CO 011 CliP 

- K-N~N-O-
. 0 J, 

There are some other pigments whIch belong to other class. C'.I. pigment yeJlo\v 11 IS 
obtamed from 4-chloro-2-nitroanilme by condensatIOn with l(Jrmaldehyde wIth formaldehyde and 
is a mtro pIgment. Azme pigment IS obtamed by oXIdatIOn of a 111 I me III the presence of a catalyst 
such as copper or vanadlLlm, e.g.. amline black. Some vat dyes ~uch as 1I1d:.lI1lhrOlle are also u:-,ed 
as pIgments. 

Modem High-Grade Pigmellts : In 1935, monastral blue \\as marketed by leI. ThIS \vas 
the first phthalocyanine pigment with high all round fastness propertIes. The structure determmation 
was can'led out by Linstead and coworkers who found a tetrabenzo-pOlvhyraz111o nucleus. a 
structure related to that of chlorophyll and also haemin, the red colounng matter of blood cOlvusclcs. 

Copper phthalocyanine 

Copper phthalocyanine is prepared by several methods. One method involves the heatlllg 
of phthalonitrile or a related compound such as o-cyanobenzamide or phthalamlde With a cuprous 
salt. Another method called urea process for the preparatIon of copper phthalocyanine consists 
in heatIng together urea, phthalIc anhydnde. The yield of the method is mcreased by catalysts 

like boric acid, ammonium molybdate and ammonium phosphate. 
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Metal-free phthalocyanine may be prepared from sodium phthalocyanine by demetallization 
with a strong acid. It may also be obtained directly from phthalonitrile by heating, in an inert 
atmosphere, under pressure. It is a bright greenish-blue pigment. 

Polychloro-copper phthalocyanine is a true green pigment. It is prepared by passing chlorine 
gas through a melt of copper phthalocyanine, aluminium chloride and sodium chloride at 200ae. 
A number of soluble dyes have been prepared from these pigments by introducing solubilising 
groups in the pigment. 

Intensive research to obtain yellow, red and violet pigments having fastness properties 
sImilar to phthalocyanines has resulted m the production of modem high grade pigments. 

Modem high grade pigments belong to the various classes which are given in Table 21.2. 

Az() Pigmellts : These are obtained by using more complex diazo and coupling components 
and in some cases by forming metal complexes. These show excellent fastness properties. 

( 'loss 

Azo coupling 

Azo condensation 

Table 21.2 : Modern High-Grade Pigments 

Colollr change 

Yellow 

Derivatives of 4, 5, 6, 7-tetrachloro
lSOlndolin I-onc 

Yellow, orange, red 

Grcenish-yellow, orange, red brown 

Anthraqu1110ne 

Perm one, Perylene 

Qumacndonc 

Dioxa:l1ne 

Phthalocyan11les 

Yellow, orange, violet 

Orange, red, violet 

Maroon, scarlet, red, magentu, vIOlet 

Violet 

Blue, green 

NIckel azo yellow (DuP) is the 1 : 2 nickel-dye complex which is obtained from the dye 
p-chloro-aniline ~ 2, 4-dihydroxy-quinoline. 

OH 

CI-{ }-N=NJr 
\/fN~ 
Ni 

N 6\ 
W-N=N-{ }-CI. 

011 

nickel azo yellow 

BenZidine yellow Greenish (Hoechst) is prepared from 2, 5, 2', 5'-tetrachlorobenzidine ~ 
acetoacet-m-xylidide (2 moles). 
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benzidine ycllow grecnish 

Azomethine Pigments: Copper complexes of 2, 2' -dihydroxy azomethine dyes possess 
excellent hght and heat fastness and are fast to cross-lacquering a!ld mIgration. The structure of 
these pigments is as follows : 

These pigments are obtained by condensing hydroxy-4-nitro-aminobenzene with 2-hydroxy
I-naphthaldehyde in DMF followed by conversion into the copper complex. In an analogous 
manner, BASF prepared a pigment (structure shown below) by condensmg 1. 2, 4. 
5-tetraminobenzene with 2-hydroxy-l-naphthaldehye. This pigment has high light fastness and 
high light fastness. 

BASF, BP 1195766 

Azo Condellsatioll Pigmellts : elBA prepared these pigments by condensing 2-J11onoazo 
pigments. The following example illustrates the method. 



Pigmcllts 

CI 011 COCI 

2( ~N~Ni ~' II,N-< [Nil, 
CI ~ II . CI 

C'Yn 
YCI 

N 
II 

1 (ye! 
C{V 

N 
II 
N roN Of) Cl 011 

~ I ~ NH ri NH 
:::::,.... .0 ()('/ . ~_ :::::,.... 

CO 
pigment red 344 
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Due to the Illsolubility of the pIgment, it is very difTlcult to get a bisazo pigment by the 
normal method of diazotisation and coupling. 

The constitution of many of these pIgments is not known. However. a range of yellows, 
oranges, reds and browns of all round fastness properties are available. These pigments are used 
in ma~s-coloration of polymers and hIgh grade lacquers for automobi]cs. 

Tetrachloro-iso-illdolill-l-olle Pigmellts : In 1965, these pigments were introduced by 
Geigy. These pigments have a new chromophoric system. These are prepared hy condensing a 
phthalimide derivatlvc with p-phcnylencdiaminc. 

CI C0 C1 

CI~" 
2 I: NH + 

CI C 
CI II 

o 

H2N-< )-Nllz -+ 

CI (I 

CI:¢1C N-{ )-N ¢¢r' ~ ('I 
I NH liN I 

:::::,.... .0 
Ci . C C ('I 

CI II II CI . 
o (} 

It is to be noted that the presence of all eight chlorine atoms in the pigment molecule is 
essential because their absence results in products unsatisfactory as pIgments. By llsing other 
diamines, a full range of sh~des from !,'feenish yellow-to orange, red, brown are obtained. Their 
fastness properties are very good. 

Perillolle alld Perylelle Pigmellts : Perinone pigments are derived from naphthlene-I, 4, 5, 
8-tetracarboxylic acid and o-phenylenediamine. 
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c.1. vat orange 7 
c.1. vat orange 7, 71105 

Ilooe C( )011 

+ M --. yy 
Hooe COOl-I 

+ 

Sl'I1t/J£!{ie Dres 

c.1. vatTed 15. 71100 

The orange has superior fastness to light, heat and solvents while the red i~ mfenor by 
reason of solvent bleed and migration. 

Hoechst developed the perylene pigments which are dl-imidc!> of perylenc-:'. 4. 9. 1 ()
tetracarboxylic acid. Some examples of perylene pigments are : 

perylene red 

perylene maroon 

pigment red 12J. 

R = CH}O 

R = CH J 

R = p-substituted phenyl. 

\. )-c.l. vat red 29. 71140 

These pigments have light fastness ratings comparable with those of the phthalocyanincs. 
Their excellent migration fastness makes them very SUItable for the coloration of plastICS. The 
high resistance to heat of c.1. pigment red 123 (R = p-substituted phenyl) makes it SUItable for 
the melt-coloration of nylon (300°('). 

Quinacr;{!one Pigment ... : These were mtroduced by du Pont m 1958. The colour of the 
pigment depends on the different crystal modificatIOns. y-modilication is red while B-modi1ication 
is violet. The excellent fastness property may be due to hydrogen bonding between neIghbOUrIng 
molecules. 

Quinacndonc pigments may be synthesised tl'om 2, 5-dibromo-terephthaltc aCId and aniline 
toll,wed by nng closure which may be achieved by heating in oleum or alul11mium chlomle wIth 
or without a solvent. 
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2, 5-dibromoterephthalic acid 

Hooe ~ 

~ Yy~ 
~N~ V 

H COOl-I 

2, 5-di(rhenylamino) teraphthalic acid 

aniline 

o 
Qu i nacridone 
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Thioilldig(} Pigmellts : The best example of these pigments is the thioindigo bordeaux. It is 
reddish-violet and has light fastness comparable, even in light tints, with phthalocyanine pigments. 

Thioindigo 

If the positions of any of the four chloride atoms are altered or one of the chlorine atoms 
is removed or one more chlorine atom is introduced, there occurs solvent bleeding in the products. 

High-grade Allthraqlli1lolle Pigmellt,t; : Several vat dyes ar~. 1,Ised as high grade pigments, 
e.g.. indanthrone, flavanthrone, halogenodibenzanthrone sulphc;namide. etc. 

Some recent anthraquinone pigments are: 

S-N 

~-CO 

N-S ~ 
~CO-NHO 
~ 

o 

o 
B.P. 998 704 (BASF) 

o NHCO-?-CI 

~ (~ 
~ 

CI-{ ~CO-Nfl 0 

(I 
B.P.984 110 (CIBA) 
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Dioxazi"e Pigment!.· : In 1952 Hoechst introduced carbazole dioxazirie violet. 

CI ~2H5 

~~ ~ Y'y1~'0 N*O N ~N~O~~N~ 
i, H CI 

2 5 

Carbazole Dioxazine Viokt 

It has high tinctorial strength and good light fastness. However, Its fastness to solvents and 
plasticisers is inferior to other pigments. 

Recently. it is claimed in a patent U.S.P. 3814724 by CGY that certain halogenated 
dibenzanthrone and isodibenzanthrone sulphonamides have excelleht light and migration fastness. 
They are useful for shading copper phthalocyanines. They have greatly improved resistance to 
flocculation compared with the dioxazines. 

(halogen atom)n 

m= 1-3 
11=1-5 

halogenodibenzanthrone 
sulphonamide 

(halogen atom). 

m = 1 - 3 
11=1-5 

halogenoisodibcnzanthronc 
sulphonamide 
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FLUORESCENT BRIGHTENING AGENTS 
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

It is found that white textile artIcles attam yellow colour long before they are worn out. ThIs 
undesIrable effect can be overcome in the following ditTerent ways : 

(i) In the first method, a chemical beaching agent such as a hypochlorite or peroxide may 
be used. However, one should use such substances carefully because they spoil the 
coloured goods and may damage the fibre. 

(ii) In the second method, a small amount of blue colouring matter, e.g.. ultramarine, may 
be used. This absorbs yellow light and thus the yellowed fabric appears whIte. However, 
its actual function is to extend the regIon of the spectrum over which light is absorbed 
and, therefore, the treated artIcle hecomes pale-grey. 

(iii) In the third method, fluorescent brightening agents may be used. They are colourless 
cOlllpfHmds hut they stronglv absorh light ols/lOrter wal'e/ellgtll ill the ultraviolet regioll 
(330-380 nm) and fluoresce or re-el11it lighter of IOllger wal'elellgtll ill tile visihle regioll 
oltlte spectrum (430-490111/1) 171l1.\'. they produce a hrightellillg or whitening effi::ct which 
is use/it! in making yellow products appear whiter ({lid II-'hiter alld white materials hrighlel: 

Fluorescent brightemng agents have in fact largely replaced ultramarine and other blueing 
agents. The large quantities are consumed annually as ingredients in soap and washing 
powders. The principal textile application is on cotton, though fluorescent brightening 
agents suitable for wool, nylon and other synthetic fibres are of increasing importance. 

Characteristic Properties of Fluorescent Brighteners 

(i) A brightening agent molecule must possess a conjugated system. 

(ii) It must be planar. 

(iii) It must contain electron-donating groups such as-OH and-NH2. 

(iv) It mNst be substantive, non-toxic, compatible with detergent action under all likely 
conditions. 

(v) On long exposure, it should not yield coloured decomp<)sition products. 

(i1') It must be sufficiently fast to light to remain effective for a reasonable period. 

(vii) For maximum whitening effects, it must re-emit light of wavelength of 450 11m. 
(22.1) . 
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Classification of Fluorescent Brighteners: A number of molecules have the ability to 
fluoresce but relatively few have achieved commercial Importance. Based on their chemIcal 
structures fluorescent brighteners can be classIfied as follows: 

1. Stilbene Derivatives: Over 80(X) of the fluorescent bnghtening agents In use are stIlbene 
derivatives. Blankophor R, one of the early brightening agents. was made by condensing phenyl 
isocyanate wIth 4, 4' -diamlnostilbene-2, 2' -disulpho.nic acid. 

C.II,.NI ICONH -{ ~CI I =CI I~NI ICONII.C.I I, 

SOjNa SOjNa 

blankophor R 

Most of the modem fluorescent brightening agents contain substituted triazinyl f1ng system 
and have the following general structure : 

H II 
I I 

R ''((N\(NlAl rf~)'('~YrN\( &2 

NyN ~_o ~N 
R2 HOjS H H S0311 R'2 

Tinopal BY 

In the above formula if RI '-'- R2 = NH2, tinopal BY is obtained. It is prepared by condensing 
disodium salt of 4. 4' -diaminostilbene-2 2' -disulphonic acid with cyanuric chloride at 00 _5 0

(' 

followed by treatment with ammonia. The pH has to be maintained at 6.5-·7.0 otherwise --C1 
group is replaced by -OH. In other compounds RI may by aniline, methoxyphenylamino or 
sulphophenylamino groups and R:! methylamino, ethylamino or hydroxyethylamino groups. The 
main effect of substituents is in modifying the solubility and substantivity of the product. Almost 
all these compounds are unstable to hypochlorite bleach. 

Stilbene Triazoles : Several other products have been claimed to be brightening agents. 
One of these is bistriazole whIch IS obtained by oxidising the disazo dye. 4, 4' -diaminostilbene-
2, 2' -disulpho111c acid ~ naphthylaminesulphonic acid (2 moles) with hypochlorite. 

N-N-Q-CII=CHVN- N 

05~ -S03Na NaOJS - ~w 
S(\Na ~OjNa 

bistriazole 

Bistrizole has a greenish fluorescence. It is useful in shading products. It is very stable to 
hypochlorite. 

Blue fluorescence and hypochlorite stabIlity are displayed in the unsymmetrical product 
described in B.P. 717889 (Gy) in which f1ng may contam a substituent like CH3--, CH30-, -(,I 
or -S03H. 
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~CH=CH---I\-N-N 
~- )=J- 1m-N ~ ~ 

HOJS I SO II 
~ ~ .l 

2. Coumarin Derivatives: Compounds of the type of the structure given below are suitable 
for nylon and wool. These are used from aqueous solution either as acid sa Its or where one R 
is alkyl and the other H, as the aldehydebisulphite (methanc-w-sulphonate) compound. 

CHj 

~ R2N ~ 0 0 

(where R is alkyl) 

3. Benzthiazoles, Benzoxazoles and Benziminazoles : CIBA claimed that the compounds 
having the structure given below have good fastness to chlorine, e.g.. uvitex RS. 

~I~ ~ f~1 ~C-CH=C-C~ 

X X 

elBA also investigated compounds of general formula (shown below) where X may be S, 
0, NH or NR (e.g., R = -CH2-CH20H). Such compounds have been found to possess good 
fastness to hypochlorite, a substantivity for nylon. Quaternary detivatives of this series have been 
found to possess improved substantivity for nylon, polyester and cellulose acetate. 

eIBA also reported that the compounds having the structure shown below are useful for the 
mass coloration of polyester and nylons. 

eIBA also synthesised the compound of the structure given below. This compound is stated 
to be suitable for plastics and hydrophobic fibres. 

N N 

CCc-O-e~ 
o S ° 

4. Diarylpyrazolines : These compounds having the structure shown below are effective 
brighteners. These can be applied with detergents in the form of a dispersion or in solution when 
sulphonated. 
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H" ~-ox 
H,C N 

- '" / 

¢ 
y 

where X = 1-1, CI 
Y = H. COOCH J • 

SOlNH 1 or SOJH 

5)'lllhetic Dyes 

5. Naphthalimide Derivatives: BASF claim in B.P. 741798 that compounds of the type 
having the structure given below are suitable fluorescent brightening agents for synthetic materials 
such as polyesters and polyamides. They may also be added to the detergents. 

X 

cO?) ~ 0 

-?I ~ 
~ ~ 

Y 

where X = alkyl or aryl 
Y = alkoxyl, NHCOCH J 

NHCONH 2 or 

NIICONI ICI.I 15 

6. Pyrene Derivatives: Triazmyl denvatives of pyrene havmg that structure gIven bel(}\.\
have been found to be highly effective bnghteners for synthetic fibres. 

X = substituted amino. alkoxy, 
substituted alkoxy. . 
alkylthio 

or substituted alkylthio. 
Y = X orCI. 

These may be applied either from aqueous dispersion or incorporated during fibre manu
facture. These may also be added to the detergents. 

7. Miscellaneous Chemical Classes : One of the early brighteners was blankophor WT 
which was obtained by the condensation of benzoin with urea followed by the dlsulphonation of 
the product. 

NaO s-o~ C=C-o~ SO Na 
J _ I I - .1 

HN NH 
'\. / 

C 

" o 
blankophor WT 
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It IS mainly applied to wool. 

There are many pyrazine derivatives which are suitable asbnghteners for wool and synthetic 
fibres of v::tflOUS types. . 

-. '. ! 
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NON-TEXTILE USES OF DYESTUFFS 
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Introduction 

The mam application of dyes is for colouring textiles. However, dyes are also used for 
colounng a number of other substrates such as leather, paper, food-stuffs, drug, polymers, cosmetics, 
pnnting inks, lacquers, varnishes, paints, oils, soaps, pla~tIcs; etc. These are also used in 
photography for sensitIzing and desensitIzing photographic plates and as indicators in analytical 
work. Dyes are also useful as staining agents in bacteriological work. 

The chromophoric and auxochromic groups in the dyes used for dyemg these substrates 
have been found to be similar to those used for textde fIbres. However. theIr chOIce should be 
such that resultant dyed substrate must be qUIte satIsfactory. 

The various non-textIle uses of dyestuffs are as 1'0110\\ S : 

1. Leather Dyes: Natural leather IS a protein substance and can be dyed with acid dyes. 
among others. FInIshed leather can also be dyed wIth pIgments, the chOIce of the colour type 
depending on the nature of finIsh. 

When basic dyes are used for dyemg leather, they give powerful. nch and full shades on 
leather. Although these dyes produce surface dyeing, they WIthstand perspIratIOn. However, the 
mam drawback of these dyes is that they are not fast to light and when deep shades are dyed. 
a reddening of the shades takes place. . 

Whenever light shades on dye are deSIred, acid dyes are used 111 the presence of formIC aCId. 

The dyes used for leather may not have the fastness propertIes but the dye used should not 
be highly sensitive to variations in the leather and, thus there should be uniform dyemg. In some 
leather dyes, alkyl sulphonic groups are present in one of the components and they improve the 
penetration. 

The chemical class of dyes used is mostly azo dyes. However some acridine and aniline 
dyes are also used e.g.. chrysoidine Y is basic mono azo dye uscd for dyeing leather. 

NII2 

< ~N=N-{ ~NII, 
chrysoidine Y 

(23.1) 
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Some of the dyes used for dyeing leather are as follow : 

Bismark Brown is basic diazo dye. 

NHz NI12 

~N=NlC:rN=N~ 
H2N . NII2 

Bismark Brown 

Basic dyes produce deep and rich shades. They are resistant to perspiration so leather dyed 
with these dyes are used for making gloves and clothings. 

Orange II is acid mono azo dye used for dyeing leather. 

Orange II 

BI N 
:::?'" 1 ~ ~ 

(CH ),N,(Xi')' '" J _ _ 

CI Meldala's blue 

NOz 

< }-NH~ }-NH~ }-COOlI 
SOJNa NOz 

Amido Naphthal Brown 3G 

Some direct dyes are used for dyeing chrome leather and semichrome leather whenever 
level shades are required. 

SOJNa SOJNa 

N=N-6CH=CH-O-N=N ¢ -. - ¢ 
OCzH~ OCzI-1!l 

yellow dye 

Mordant dyes are becoming popular with glove tanners and are dyed by the metachrome 
method. An example of these orange dye. 
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O,N--< }-N=N--< rOil 
. COOII 

orange dye 

Ihe p-quinone nitro dyes hav~ the property of d(;ep penetratIOn and they give fast to light 
brown colour to leathers. An example of these dyes is acid leather brown EGB. 

;::::11---(") O~NII~' fl(NO, 
(\NN ~>-NH~~)<) lJLNH-y 

CH J SOI:\a 

acid kather brown FGB 

Nigrosines are blUIsh-black to black dyes. These are water-soluble dyes which are used 
chIefly for the dyeIng of the leather. These are prepared by the oXIdatIon of anilll1e hydrochlondt; . 
wIth nitrobenzene in the presence offernc chloride at 160o-180"C, Nigrosmcs are also useful In 
the preparation of boot polishes. 

O N-...::CC
NHC

r.
H

5 _ 
CI 

~ N::::"" + , 

H2N 6 NH-((,IL; 

I~ 
8 

Nigro"ine C (New) 

Metal complexes are also useful for leather dyeing. An example of these IS Igenal brown 
IRBF ([G). It is the copper complex of the monoazo dye. It is prepared by heatIng the dye m 
aqueous solutIOn WIth copper sulphate and ammonia. It has good levelling aIld penetrating power 
01'\ vegetable-tanned and chrome-leather. Chromium complexes are also used for dyeIng leather. 

2. Paper Dyes: Paper is a non-woven material made up primanly from c.:lIulose of varying 
degrees of refinmg. Dyes are adsorbed on the pulp by their affinIty for the cellulose. 

Paper IS coloured eIther by dyeing or be pIgmentation. Direct dyes are most commonly 
used. The dyes used for dyeing leather are also used for dycmg paper. Examples of these are: 

+ 

The coloured materials Llsed for pigmentation must be fmely diVIded. Most of the carbon 
papers contain elemental carbon 111 fmely divided form and wax WIth small amount of oil-soluble 
dye to counteract the reddIsh tone of the carbon black. In some cases a basic dye methyl violet 
10 BNS IS employed. 



23.4 Synthetic Dyes 

Safranine T 

-0- ==O=ffi G (CH3)zN _ &;:;- N(CH,),Ci 

Basic Blue dye 

Vat dyes are very suitable for colouring paper pulp because of their fastness to alkalies. 

Examples of Basic Dyes 

(CH ) N-o-' c-o-' N(CH) 3Z _ ,,_ 32 

NH z 
+ -
('I 

Auramine () 

H3CyyN~CH3 

Mffi~ 
HJN N Nllz 

6d 
Safranine T 

Carbon papers are made by coating the paper with a composltion containing waxes, oils and 
oil soluble dyes. Most of the carbon papers contain carbon black and a small amount of a blue 
dye soluble in oil. The blue dye is used to counteract the slight-reddish tone of carbon black. 

NHCH3 
Methyl Violet 10 BNS 
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The paper may be coloured in the pulp or by dipping or by Impregnation. Acid dyes are 
used for internal colouring of paper but such papers will bleed in water. Coloured papers and 
paper boards arc manufactured for a multiplIcity of end uses, which in turn demand certain 
degrees of fastness e.g. light, alkali, acid, chlorine, ink eradIcators, and wet rubbing. 

A coloured sheet used 111 plastic laminates reqll1res the utmost in fastness to light smce this 
may be exposed to light over quite extended perIods of time. 

Fastness to alkali is of importance for paper subjected to glulI1g or pasting operatIOns where 
adheSIves may be alkaline. Papers used for packaging alkaline matenals such as soap must not 
change shade on storage. 

Fastness to acid is important in wrIting papers where aCId mks may be used, acidic glues 
and adheSIves may be encountered also. 

Napkin papers, paper towels, facial tissues, and papers employed for packaging wet materials 
should be fast to bleeding in water. e.g.. chrysophenine G, a direct dye. 

S03Na S03Na 

H,C,O-{ }-N=N-{ }-CH=CH~ }-N=N-D-0C,H, 
Chrysophcninc G 

3. Food Colours : Food is mainly used for nutritIon. However, It may be made more 
acceptable by colouration. 

Originally, the substances used for colouration of food were naturally colouring matters lIke 
chlorophyll, cochineal, saffron and turmeric. However, they are stiJl used to a great extent. These 
days synthetic dyes find extensive use due to the following reasons : 

(i) They offer a variety of shades. 

(ii) They are cheap. 

(iii) They can be handled easily. 

The criteria tor sekcting a synthetic dye for dyemg food are as tollows . 

(i) They should be stable to light and heat. 

Ui) They should not interact with other ingredients. 

(iii) They should not interfere the taste and flavour of the food. 

(iv) They must be made free from harmful constituents such as lead and arsenic. 

(v) They must be totally harmless to human bell1gs. 

In order to achieve the above properties, the food colours are to be certified and permitted. 
These are certified on the basis of their complete analysis. Thus, there IS legIslatIve control for 
restncting the use of food colours to certain permitted items which have been found to be 
harmless after rIgorous examination. 



23.6 Synthetic Dyes 

The dyes used for colouring food are orange I, tartazine, amaranth, erythrosine, naphthol 
yellow, crystal red F, fast red E, victoria scarlet 3R, etc. 

NaO 

Nao,s-{ )--N=Ni ~OH 
~ II 

orange I 

amaranth 

eryth ros i ne 

Nao,s~ ~N=N 
HO 

Fast red E 

HO 
victoria scarlet 3 R 

crystal red F 

S(\Na 

Certain dyes are used as medicine, Mercurochrome a derivative of fluorescein is used as antiseptic. 

NaO 

HI' 

Mercurochrome (Merhromin) 
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Crystal violet and malachite green are etfectIve against skIn eczemas, ulcers and bum!',. 

N(CH J )2 

Crystal Violet Malachite Green 

Acriflavin, prontosil and neoprontosil are used in the treatment of trypanosomIasIs (sleepIng 
sickness). 

Phenothiazme is used as unnary antiseptic. Phcnolphthalem IS used as mlld laxatIve. 
Ethoxazene, PyndlUm and Neotropm are Llsed as antiseptics for genitourinary 11lfe~'tlOns. 

4. Solvent Dyes: These dyes are not soluble 111 \\-ater hut soluble 111 organic solvents. These 
dyes are derived from azo, anthraqu111one, phthalocyanine and xanthene dyes. These dyes fInd 
uses in varnishes, polish, printing 111ks. blue pen ll1ks, polYI1l(;rs, fats. ods, waxes. etc. 

OH 

< }N=N1 ~ 
\ !J 8-

~ 
--- ()~I 

~!J N=N~ 
~ 

sudan orange R brov. 11 dye 

5. '''ood Dyes: These are applied to wood 111 water, alcohol or other solvents. These an: 
used for staimng wood in various shades for matching the same \\ith other parts of building. 
When the wood IS painted with or soaked m the dye solution. the solvent evaporates. 

6. Medicinal Dyes: The appltcation of dyes 111 pathology was fIrst of all discovered by 
EhrlIch who found that the staining of nerve calls by methylene blue IS selectIve. Later on. 
several dyes were found to stam and paralyse specific micro-orgamsms. These dlscovenes gave 
a clue to the use of dyes as antibacterial and chemotherapeutic agents. However. their usc in 
chemotherapy has considerably diminished because more elfective drugs itke pemcillin. 
streptomycin, sulphamlamides have been discovered. Mercurochrome and acrit1av111e still find 
use as antiseptics 111 medicine. Other dyes havmg limited appltcatlOn as bactericides are !:>nlhant 
green, crystal VIOlet, malachite green, methyl violet gention VIOlet. 

NaO 

AI' 

mercurochrome 
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Pyridium was once used as ordinary antiseptic but the drug is excreted in an inert form and 
colours the urine red. Scarlet red is used as 4-8 per cent ointment. It promotes growth of 
epithelium over ulcers. Prontosil and neoprontosil are also azo dyes. These are used in the 
treatment of trypanosomiasis (sleeping sickness). 

NI-Iz 

HCl.II,N-< }N=N-Q--SO,NII, 
prontosil 

OH 

CHl:ONI-'~N=N-< }S02NH2 
~, 

NaOJS SOJNa 
neoprontos i I 

Acroflavine and proflavine are acndine dyes. Their solutions arc effective germicides against 
gram positive micro-organisms in an alkaline medium. These compounds are said to be 20 times 
as powerful as HgCI2 and several hundred times more efTIcient than phenol. 

7. Photography: An ordinary photographlc plate or film IS senSitive only to violet and blue 
in the visible regIOn and to ultraviolet light. [t IS found that if certam dyes are added to the 
photographic emulSIOn, it is mtercsted to note that the coated plate becomes sensitive to the 
whole VIsible spectrum and also sensitIve to the near infrared. The dyes added to the photographIc 
emulSIOn are known as photographic sensiti:xrs. All dyes cannot act as photographic sensItIzers. 
If the complete effect is to be achieved, the sensitizer added should be highly pure and must be 
employed in very diluted form. The discovery of colour photography could be attributed to the 
synthesis of eflicient sensitizing dyes. 

Cyanine is one of the oldest synthetic dyes but its sensitizing properties were discovered 
many years later. However, its use as a protographic sensitiser is hmited because it causes 
fogging of the plates. The sensitizing property of a cyanine dye can be enhanced by adding 
ammonium or alkali aurous thiocyanate to the emulsion. Carbocyanme and isocyanines have 
been found to be much more effective sensitizers in colour photography. Aqueous solutions of 
certain acid dyes are employed for hand colouring and retouching of black and white photographs. 

Hnc,-RcH-8:C'!ln 
cyanlllc 
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Super sensitizing is very Important is colour photography. It is achieved by employing 
mixtures of dyes and by compounds which do not have senstitizing activity by themselves. 

Cyanine Dyes (Polymethine Dyes) 

These dyes are extensively used as photographic sensItizers and desensitizers. The cyanlne 
dyes have two quinoline nuclei linked through uneven number of methme groups (--CH=). They 
are sub-classifIed on the basis of number of methine groups and the positIOn of linkage. They 
sensitize the photographic film to different colours. 

(i) Cyanine Dyes: The two qumoline nuclei are Imked through 4.4' position by a methine 
group (-CH=). They sensitise the ,photographic film to yellow, orange, red or green regions. 

CII 

~~ UN? ~N)l) 
I I 
Cll51 C2H5 

Cyanine 
Ui) Isocyanine Dyes: In this case two qumoline nngs are Imked through 2. 4' positIOn by 

a methine group (-CH =) 

WCIIS-C'II, 
I 

CZH5 r 
Ethyl Red 

(iii) Pseudo Eyanine Dyes: Contain two quinoline rings attached through 2, 2' positions 
by a methine group (-CH=). These dyes sensitize the films to blue and green colours. 

~~ ~N~CH."l...N~ 
I I 
CZH5 C211 51 

(iv) Carbocyanines : These dyes have the quinoline rings ~ined through 2.2' positions by 
three methine groups (-CH = CH-CH=). Pmacyanol sensitizes the tilm to red I:olour. 

rol~ ml~ 
~ h gCH ~ 

N+ CH~ 'CH N 
I I 

C2H51 e211; 
Pinacyanol 

(v) Kryptocyanines : The quinoline units are linked through 4, 4' positions through three 
methine groups (-CH = CH-CH=), The film is sensitized to green by this dye. 
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C'H,-SCII-CH=CH~ ~-C'H' r 
Kryptocyanines 

8. Dyes Used in Cosmetics : A number of dyes are used in the preparations of various 
beauty aids such as face powders. lipstics, nail polishes, hair darkenmg formulations ctc. 

The dyes and pigments used in cosmetics require to have certain properties. 

1. They should have brightness and attractiveness. 

2. They should have resistance to perspiratIOn. 

3. They should be non-toxic. 

4. They should be water soluble or oil soluble. 

5. They should not affect skin. 

Face powders and lipsticks are coloured with organic or mineral pigments. 

The dyes used for nail and Iipstic are derivatives of lluorescein. Dibromodenvative of 
fluorescem i.e., Eosin dispersed in oil is used as nail polish whde tetrabromo derIvative of 
fluore5cem glVes coloured lakes with transition metal salts whieh are oil soluble and are used in 
lipstics. 

Br Hr 
NaO o 

COONa 

Eosine 

Br 
NaO 

HI' 

Hr 
() 

Br 
COONa 

Tetrabrol1lO tluore",cein 

Melanin and p-aminodiphenyl sulphonie acid are used as black dye in hair dye formulation. 

o 

o 
H2N--< )-Nt-I--< )-SOll 

p-aminodiphenyl amino sulphonic acid 

9. Indicators and Reagents: In analytical chemiStry, a number of dyes find valid applications 
which are as follow : 

(i) As pH indicators, in volumetric analysis e.g., phenolphthalein, methyl orange, methyl 
red, congo red, ctc. 

(ii) As oxidation-reduction indicators, in volumetric analYSIS e.g., methylene blue, indigo 
carmine, etc. 
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(iii) As adsorption indicutors in volumetnc analysis 111 the titratIon of halides with siiver 
llltrate, etc., dichlorofluorescein, eosin, etc. 

(iv) As precipitants for the determination of metals listed as below : 

Dyes 

Naphthol Yellow 

Orange IV 

Benzo Fast Yellow 5 GL 

Direct Green B 

Enochrome Blue Black B 

Diamond Black F 

Safrarinc 

Naphtha7arm 

Methylene Bluc 

J)('/cctiO/1 of III(,/(//.\ 

CO, Hg, K, Rb 

Zn, Mg, 

Cr, Cu, Sc, Ni 

Cu 

Co 

Many mctals 

Sb, Hg, Ag 

AI, Bc, Mg 

Many mctals and 111110ns 

Certa1l1 dyes are known which change colour at specifiC temperatures. Such dyes are used 
111 observing the vanations 111 temperature in different parts of mach1l1ery. 

10. Flourescent Dyes: In our daily life, luminescence IS desired. For this purpose, fluorescent 
dyes are used for dyeing and printing theatrical fabrics, carpets in cinemas and other purposes. 
Certain fluorescent dyes, which are activated by ultraviolet light but do not have after-glow, are 
used for night markmg of streets and direction signs. 

An example of fluorescent dyes is fluorescein. This emits an intense green fluorescence. 
This is mainly used for the detection of leaks in drains. During the war, mrmen are provided with 
a pack of fluorescein. If they are forced down into sea, the dye is released into the water and 
this produces a green patch which can be seen from a great distance. Thus, the rescue operations 
can then be easily guided. 

HO 

tluorescei n 

11. Coloured Smokes: During the wartime, coloured smokes are produced for giving 
signals. These are produced by igniting a mixture of the pigment, potassIUm chlorate and sugar. 
The pigment used must have the properties like colour, volatility and thermal stability. The 
pigments used in producing coloured smokes are 1, 5 and 1, 3 bis lIl-toluidino anthraqu1l10ne 
(violet), 2-bromo-I-amino-4-toluidino anthraquinone (blue), l-amino-4-hydroxy anthraquinone 
(wine red) and 1, 2, 4-trihydroxy anthraquinone (brown). 

12. Camouflage Colours : During war times, precautionary steps are required to prevent 
the detection of targets by infrared photography. For this purpose, the dispersions of the phthalocy
anines and of the pigment green (iron complex of I-nitroso-2-naphthol) are used. 
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Recent Application of Dyes 

1. Dyes for Lasers 

Definition of 'Laser'. The word laser is actually an acronym which stands for Light 
Amplification by stimulated Emission of Radiation. Lasers are used for a variety of applications 
in medicine e.g., for eye surgery therapy, for Carpel Tunnel Syndrome and for photocoaquation. 
Laser light is monochromatic, directional and coherent, while ordinary white light is a combll1ation 
of many colours of lIght, emitted in many directions away from the source. Lasers consists of 
a lasting medium which is either gaseous or liquid or solid. Sometimes semiconducting matenqll 
is also used as laser medium Organic dyes, from Rhodamine or coumarin or polymethine class 
are also used as dye lasers which may be m liqll1d solution or in suspension form. They are 
tunable over a broad range of wavelengths. Dyelasers, m which complex organic dyes in solution 
are the lasing matenal can be tuned to produce light of any chosen wavelength over a range of 
a sizable fraction of the visible spectrum. 

One of the major sources of chemical hazards ti'om lasers is from the organic dyes used m 
dyelasers. Most dyes used as dyelasers are fluoresent orgamc dyes from rhodamine class are 
considered to be mutagenic or carcinogemc while other dyes from polymethine class are toxic. 

Rhodamine CG is used as dyelaser. 

e 
CI 

Rhodamine 6 G 

Bio-Medical Applications of Dyes 

1. Methylene blue, a thiazine dye is useful as a vital stain, since it deeply colours parts of 
the livll1g tissues. such as peripheral nervous system, leaving other parts unstained. 

Methylene Blue is one of the most common stains used 111 bacteriological technique for 
examination of pathogenic organisms such as tuberculosis and cholera bacilli. 

2. Malachite green free from zinc is used as bacteriological and histological stain. 

3. Phenolphthalein, a triphenylmethane dye is a mild tasteless purgative while disodiul11 
salts oftetraiodophenolphthalein and phenoltetraodo phthalein are used for X-ray examina
tion of gall bladder. Disodium phenoltetrabromophthalein disulphate is used 111 the 
examination of liver function. 

4. The opacity of 3-iodo and 4-iodoalizarin is used in X-ray visualisation. 
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5. Erythrosine A and erythrosine B are used as microscopical stains. 

6. Ethoxazene, pyridium and neotropin are mono azo dyes which are useful staining medIa 
for tumors. 

7. Riboflavin (vitamin B2) is a fluorescent yellow, water soluble pigment. 

8. Nile Blue 2B is an oxazine dye Llsed as a stain and inhibits the growth of cancer cells. 
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Introduction 

Acridine dyes have basically acndine skeleton. Most of these dyes have amino or substituted 
ammo groups in 3 and 6 positIOns or only in 6 position. 

Like xanthene dyes, the acridine dyes can be divided into two subgroups corresponding to 
diphenylmethane and triphenylmethane denvatives. In the lattcr case the third phenyl ring is 

present in 9 posItion. 

Among the acridine dyes. acndine orange NO is important. It is prepared li"om 4,4' -bis 

(dimethylammophenyl) methane (A) hy nitration and subscquent reduction with zinc and 
hydrochloric aCid to yield 2, 2'-( diammo )-4. 4' -bis (dimethylammophcnyl) methane (B) which 

then gets cycJised. The cyclisation of (B) is done either by heating the reductIOn mixture to boil 
and isolating the dye as zinc chlonde double salt or by heating (B) with aqueous sulphuric acid 
at 140°C under pressure and saltmg out the dye by the treatment of common salt in the presence 
of copper sulphate and air at 80°C. 

(A) 

Nitration . ~ 
Rcdlll:tlon 

liz 
C J0:Y) 

(CIIJhN NII:y'N(CIIJlz 
- NIl 

2 

2. 2'-diumino-4. 4'-his 
(dimethyJalllino phcll) I) Illdhalh.'. 

(B) 

C"disatioll ext-:?' I ~ , ~ 

, ~ ~N 0 
(CIIJ)!N 11$ Cle N(C'I/J}z 

acriJine orange NO 

Acridine orange NO is used to dye silk orange with a grecn fluorescent. However. It has 
poor fastness properties. Acridine orange NO is used for leather dyemg and in ink manufacture. 

(24.1) 
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Introduction 

In the~e dyes, thiazole or benzothiazole nng system is pre~ent. These 
dyes are charactensed by the substantivllY of the dyes and hence made use 
of 111 azo dIrect dyes. Thiazole ring system is also found 111 certam cyanllle 
dyes and anthraquinune dyes. 

a:>-
benzothiazok 

l\vo Important lI1termediates mvolved in the synthesIs of azo dIrect dyes of this class arc 
dehydrothio-f1-toluidine and pnmui1l1e base. They are obta1l1ed by heatl11g f1-toluldlllc and sulphur 
in appropnate proportions at 175°(, and 280°C respectm.:iy. 

p-tpluidinc dehydroth i{)-p-t{ll u id i l1e 

He· -6S"- (' ~~;)c-o-' Nil! 
3 US // '~N -

S 2XO"l". ~ I ')c If , N 
~ N - . 

prilllulil1c ba-..c 

Dehydrothio-p-toillldine and primuime base f1l1d use after suiphonatlOn in the preparatIOn 
of azo direct dyes. Some examples of this are as follo'.\,s : 

1. Sirius Supra Yellow RR : It is prepared by the oxidation of dehydrothlO-p-toluidine-5, 
7-disulphonic acid with hypochlorite in alkalIne solution. 

S03H 

~ulf1h()llati()1l H3C~S~ (0) · M !--v----\ NI12 • 
H0

3
S N 

dchydrothioparatoluidinc-5. 7-di<.;ulrhonic acid 

(25.1 ) 
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SO jH SO.ll-l 

H3C~S\~ _ ~S~Cflj 
U #~-N-N~_ ~ U 

HO S N N SO/I 
j sirrus supra yellow RR 

Synthetic Dyes 

2. Primuline (C.I. Direct Yellow 59, 49000) : It is prepared by sulphonating primulme 
base. 

I 

SOjNa S ' 

Il j C'61 S\ -0-' )C~S)C~NI12 
#C N ~N ~-

~ N -
primuline 

This dye is used to dye cotton yellowish green. The dye may be diazotised on the fibre and 
coupled with 2-naphthol to a red shade. Similarly other shades may be obtained with different 
coupling components. 

3. Thiotlavine T (C.1. Basic Yellow 1, 49005) : It is a basic dye which is prepared by 
methylating dehydrothio-p-toluidine with methanol and hydrochlorIC aCid at about 170°(, under 
pressure. 

HjC S 

l(Y~)C~N(c!IJ)2 
~N~-

I 
CHjCI 

thiotlavine T 

This dye is used to dye wool and silk directly. It is also used to dye cotton by tannm 
mordanting or by converting it mto phosphotungstomolybdic lake. 
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Introduction 

These dyes include oxidation colours and phthalogens. As these dyes are produced on the 
fibre, they are similar to azoic colour as far as theIr application is concerned. 

1. Oxidation Colours: An important member of this class is aniline and aniline hydrochlo
ride and subsequently calTying out oxidation with a suitable reagent like dIchromate or chlorate 
m the presence of a catalyst like copper salt. The colour so formed on cotton possesses good 
fastness and because of the cheapness it tinds extensive use in commercial practtce. The struc
tural units present in aniline black are as follows: 

2. Phthalogens : Phthalogens are the precursors for phthalocyanmes which are produced 
on cotton by dyeing and printing. The intermediate diiminOisoindoline is mIxed WIth certain 
additives like copper salts and an organic solvent and the mixture is printed or padded on to 
cotton, on drying or steaming, the metal phthalocynamne gets formed ill situ. 

NH 

0/11 
NH 

NH 

f\0N 
~ 

Nil! 

di im ino isoindol ine 

(26.1) 
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These dyes are derived from vat dyes or their intermediates in which the two keto groups 
m the quinollOld system ~CO~CH = CH--CO- or similar systems -('0- (CH = CH)II~CO- as 
explained under vat dyes get converted to stable leuco sulphunc esters Itke -C (OS03Na) = CI-I
eH = C (OS03Na). The synthesis of solubilised vat dyes fr0111 the corresponding \at dye or a 
vat dye mtermediate is done by treatment with sulphur trioxide in anhydrous pyridine having a 
metal sLlch as copper, iron or zinc, and subsequently converting it into the sodium salt to the 
leuco sulphunc ester. The solubilised vat dye is applied on cotton and the parent vat dye gets 
regenerated on cotton by llsing an acid oxidising agent like nitrous acid. For example, lI1digosoi 
golden yello\v IGK is obtained from lI1danthrene golden yellow C;K, the lI1digosol is appJted on 
cotton and then gets oXldlsed on cotton to the parent dyes (I), 

o 

o 
indanthrene golden y...:llow G K 

(I) 

('O[l[ll:1' So., 

i'~ ridilll: " 

" Nitr(lll~ acid 

O,SO.l0Ja 

indigosol golden y...:llo\\ 1(;1( 

(27.1) 
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Introduction 

This group mcludes complex ~ulphur lmkages h;lving charactcn~tlc gruupll1g~ by till' \ Irtllc 

of which, the dyes can be vatted, because these groupmgs have quinonold typ: of structures. rhe 
dye is applJed on cotton as a vat dye and then regenerated on flhre by OXIdatIOn. Hydron hlue 
R IS an important example of thIs class which IS obtained by the thlOnatlOn of carbazole deriva. 

tlve. Unsubstituted carbazole IS made to react withp-nitrosophcnolll1 concentrated sulphurIC aCId 

at -20 to -25°C and the product obtained IS reduced to obtam the carbazole derIvatIve which IS 
retluxed for 24 hours wIth sodium poly-suphide and sodIum I1Itnte 111 butanol and the solvent 

butanol is dIstIlled otT to yield the dye. 

0-0 ~N~ 
II 

Carbazok 

lilitlll:lliOIl 

I 

-----------N~~~~-----------

©t:=©CSA~~\~)¥s:©c=© 
H s=o' s=o II 

--------------1------t--------------1I 

hydron blue R 

(28.1 ) 
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Introduction 

These dyes do not have any commercial uses but [hey are only important from their struc
tural point of view. The respective examples of lactone, amino ketone and hydroxy ketones are 
resoflavme W, helindon brown CR and allzarin dark green W respectl\'ely. These are now 
obsolete as dyes. 

HO 

o 

o 
resotlavillc W 

OH 

helilldon brown 

011 0 

W°-{)) 
OH 0 

alizarin dark green W 

(29.1 ) 
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Indamine and mdophenol structures together an: known as qllll1()nelnlllle~, [,hese lIlelllde 
blue and green compounds' and are obsolek as dyes. Howc\'l:r. they rlild lise as Intl'rmclllates ror 
azme, oxazme, thIazll1c, sulphur and sulphurised vat dyes. 

There are two methods of preparation for indamll1es such as (I) and (ii) as \VeIl as for 
mdophenols such as (iii) and (iv). fndammes are obtained by oXldlSlllg a mIxture of olle mole 
of an arylparadIammc like paraphenylene diamine having least one primary amll1e groups and 
one mole of an arylamme like anilme havlI1g vacant para pOSitIon. In the second method, a 
I1ltroso compoLlnd IS made to condense with a tertiary amlllC. Indophel1ob are obtallled by 
analogous methods and also by the actIon of alkalI on mdall1llles. Toluylcne hlue IS an example 
or lI1d,mll11t's. 

U) 

IIzN-< )-Nllz liN=( : rNIl 
paraphcny Icncd iam i ne qui nllllC i mIlle 

(ii) 

~ HN=< rN-< )-NiI2 
phcnylcnc blue (an indamine) 

,r 

(CH3hN-< )-NO 

paranitroso dimethyl anilille 

1\ nil IIU': .. II~N-< )-NII-< )-N1I2 
kuc,) iI1Li:ll11ill-: 

alkali o=< rN-< )-Nllz 
.. 

< )-N (CII1h 

dimethyl aniline 

indophenul 

llel .-. 
1'/) 

(CHJ)2N-oN=<:r~(CrIJ)2(~ 
4. 4' -N. N, N' N' -tctramdhyl indam illl' 

(30.1 ) 
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(iii) 11°1 ~ + 
~ /; 

ON-< }-NICH3)2 

fl.-naphthol para Ilitroso dimctilylanilinc indophl.:llol blu~ (an indophenol) 

(i\') (X-Naphthol + 1l3N-< }-N(CH3)! 

paraalllino dimethyl <lnililll.: 

indophl.:l1ol bllll.: 

For lndammes and indophenols, see Chapter 15. i.c .. Heterocyclic Dyes. 



CHAPTER 

AZINES 
I I I I I I I I I I I I I I I I I I I 1'1 I I I I I I I I I I I I I I I I I I I I I I I I I I 

Introduction 

Azine class in one of the oldest known class of dyes and the first synthetIc dye, Maw/eine, 
belongs to this class. The azme ring structure is found in safranmes hke safranme T, indulines, 
nigrosmes, oxidation colours hke anilme black and also in anthraqumone derivatives. 

~N~ 
V--N~ 

~vine ring structure 

Safranme T is an important member of the class and used as a red paper dye. It IS prepared 
from n-toluidine. Ortho tolUIdine has been converted to fast garnet GB(, by diazotisatlOn of one 
mole and coupling in conditions with another mole of ortho tolllldme. This is then reduced with 
a sUItable reducing agent like iron and hydrochloric aCId to obtain o-toluidll1e and toluylene-2, 
5-diamme, the filtered solutIon of the mIxture of these arylal1lll1es, and then gets oXldlsed WIth 
dichromate solution at lOoC to yield indamme, which gets subsequently treated \vith one mole 
of al11Jine with the formation of a diphenylamme derivative, neutralised. to remove the preCIpItate 
of chromium sludge and oxidised WIth acidic sodium dichromate solution at 80°(' to yield the 
dye, safranme T. 

R.:ductioll • 

ell3 qNHZ 

I + 
~ 

NII2 

el1 3 

({

Nil, 
P -

~I 

fast garnet G Be toluylenc 2, 5-dialllinc o-h)luidinc 

llJC:ONaCI-IJ PI -..:::: 
~ ~ 

HzN NH 

i ndam i 11e 

Anilinc 

(31.1) 

• 
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PI PI 
~ :::;,.,. 

II~N II NH z 

Jiphen) lamine deri\ative 



31.2 

(0) IIel . 
• 

IIFXXNx;r:CflJ 
.-:?' I -.;;: ~ 

~ I 1\.(" ",.::; I 

"2N 0" $ :,\:112 

V'" I 
~ 

safraninc T 

S:\'I1fhetic Dn'l 

Indulines are blue dyes whIch are prepared from azo compounds lIke aminoazo benzene hy 
heating with al1lltnc and anil111e hydrochloride at 11.;o°C. 

Nib'TOsmes are black dyes whIch are obtained from nitro compounds such as I1Itrobenzene 
or nitrophenols by heating with aniline and aniline hydrochlorIde 111 the presence of Iron or ferne 
chlorIde. Amline Black has been described 111 oXIdatIOn colour under mgrain dyes. 

Note: Also. see chapter 15. i.e .. Heterocyclic Dyes. 
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Introduction 

Oxazme class of dyes have characterist1c oxazine nng sy~tem Thl" clas~ of dyes incldck" 
bas1c, chrome mordant and direct dyes as well as dioxazine pigments. The shades obtamed arc 
generally blue. Oxazines are obtained by the condensation of para I1Itroso-dwlkyl amlmes like 
paramtroso dlmethylamline w1th a sU1table phenol 111 alcoholIc solution 1I1 the pre~ence of ;linc 
chlonde. Thus, eapn blue GN is obtained hy the condensation of mctadiethylamll1ophenol and 
paral1ltroso dlmethylal1l1ine. Capn blues are basic dyes. They posse:-s bnllIant ~hades, good 
fastness to light and moderate fastness to washmg. 

0. -l\' ~ 
UOUN(CII), '" e 3 _ '" CI 

o~~vil1e ring "y<,ICI11 meldola\; blue capri bltle GN 
Medola's blue and many other dyes of this class are obtained hy followmg the general pro

cedure using variety of phenols. Dioxazine p1gments and lIght I~lst direct dyes haw dioxazine ring 
system which is generally built lip by the condesation of an arylal111l1e or heterocyclic amine with 
chloranil. 

arylamine 

() 

ClnC'1 

C,VCI 
o 

chlllr.lI1i 1 

(or hetcrylamine) 
(2 molc'» 

(I mole) 

,,*CI R ~N ~ ()~ 

~~,V o N R CI \I 

diox<li'inc pigment 

~~*CI () ~{ 
I d-,V 

() N 
R CI \I 

(kll, drall(l11 
. . 

Sulpllollatioll 
--'---""'. Sulphonati()n diox~l/.inc 

a direct dye 

N()te : Also. see chapter 15, i.e .. Heterocyclic Dye~. 
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Introduction 

Thiazine ring system has been the characteristic structure of this class of dyes. Methylene 
blue has been an important member of this group. 

fYN~ 
~S~ 

e 
Cle 

thiazinc ring system 

Methylene blue IS obtamed from N, N-dimethylamline by mtrosatlOn and reduction to 
obtain paraaminodimethylaniline WhICh gets converted to thiosulphonic acid by treating with 
aqueous sodium thiosulphate. sodIUm dichromate and sulphuric acid. To this a further mole of 
dimethylaniline is then added under oxidismg conditions to obtain mdamll1ethiosulphonic acid 
which on further oxidation in the presence of an acid such as hydrochlorIc acid and zinc chloride 
m the presence of an acid such as hydrochloric acid and zinc chlorIde YIelds methylene blue. In 
its manufacture from dimethylaniline no intermediate has been Isolated. Methyiene blue finds use 
as a basic dye and leather dye, and zmc free dye possesses medicinal uses. 

paraamino 
d i l11ethy I an iii nc 

N 

~a,S2()\ - . ~ 
NazCr/), 

IIzS0. 

~NH~ 

(CH J )2NMs 
I 
SO)I 

param inodil11cthy I 
aniline thiosulphonic acid 

dimcth\ lani!lI1c . ~ 

~~ 
(CH ),N~S ~N(CH ), 

IIel 
~ 

(0) 
methylene blue 

3 • I Cle 3_ 

SOli 

InCI! 

indamine thiosulphonic acid 
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Introduction 

In cyanine dyes there are two nitrogen containing ring systems, in one of these the nitrogen 
is quaternary while in another, it is tertiary; these two nitrogen atoms have been linked by a 
conjugated cham of an uneven number of carbon atoms, like -CH = and -CH = CH-CH =, etc., 
or Similar chains having nitrogen atoms such as = CH-N = N- etc., The heterocyclic nitrogen 
having systems such as quinoline, pyridine indole, benzothiazole, etc., find use in their synthesi~. 

There are different classes of cyanine dyes which mainly depend upon the positions or 
heterocychc systems attached to each other and the number and type of linkages of carbon chain 
or similar cham between two nitrogen atoms. For simplicity, an example has been dcscnbcd 
below. Kryptocyanine is a cyanine dye which is derived from quinoline derivatives. both the 
heterocylic mtrogen systems being quinoline. It belongs to a subclass carhocyanine because the 
two nngs have been joined by the lmkage. -CH = CH-CH=, and as the positions of attachment 
are 4. 4', (the ring systems are linked through their 4 positions) thiS carbocyanine dye IS abo 
included in kryptocyanines 

, 
Most of the cyanine dyes find use in photography as photo!:,'Taphlc sensitlsers and desensitisers, 

because they favour sensitisation or desensitisation in a p'lfticular region of viSible and mfrared 
spectrum. 

As most of the cyanine dyes do not have fastness to acids and other agencies such as light, 
they have very limited application for textiles. A few members of cyanine dyes are also known 
as polymethine dyes. They are useful basic or cationic dyes for textile purpose. Most of these 
dyes are obtained from heterocyclic nitrogen system indole With peculiar structures. These dyes 
are also called astrazon colours. Astrafloxine FF and astrazon pink FG have been the two 
examples of the series. The key internlediate needed for their synthesis has been the mdolenine 
base which gets condensed with the appropriate aldehyde or the indolenme-w-aldehyde which 
gets condensed with the appropriate amine or active methyl group of a sllitable compound. The 
" indolenine base IS prepar~d by the action of alkali on 2, 3, 3-trimethylmdolenine methiodide 

(34.1) 
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whIch is obtaim~d by the quarter1l1sation of 2, 3, 3-trimcthyl indolenine with methyl iodide. The 
mdolenine-w-aldehyde IS obtamed from the indolenine base hy direct formylation with dImethyl 
forma111ide and phosphorus oxychloride. The synthesis of astrazon pink FG is described belm\'. 

dO-
H.lC elll 

I h CI-I] 
~ N 

ell) 
--"--+ mille ellj 

~, 
I h CII} 

~ NEIl 
I Ie 
eH] 

aq l\:lOII 
~ 

2. 3, 3-trilllethy I indolcni nc 2.3. 3-trimethyl indolcninc 
mcthiodidc 

p-aldchy do-N-( lI1ethy I )-N-(!)-ch Inrocll1y I) ani line 

i ndolcn inc-w-aldehydc 

aC':lic acid 
--. -+ astrazonc pink G 

N-(mClhyl-N-(~-chloroeth) I) aniline 

(I) 

The N-(111ethyl)-N-(~-chlorodhyl) aniline needed for the synthesis is obtaincd from 
N-methyla111line by condensation with cthylene oxide to obtain N-mcthyl-N-(~-hydroxyethyl) 
aniline whIch is subsequently treated with phosphorous trichloronde or phosphorous oxychlOrIde. 
The conesponding aldehyde is prepared by the formylation of I with dimethyl forma111ide and 
phosphorous oxychloride. Astraphloxine FF is obtained by condensing two moles of 2. 3. 
3-dimethylindoleninemethosulphate with ethylorthoformate in pyridine at boil and isolating the 
dye as chloride. 

astraLonc pink Fe.; 
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DYES FOR SYNTHETIC FIBRES 
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Disperse Dyes 

Disperse dyes include water Insoluble dyes which could be appiled on synthetIc libres. The 
first disperse dyes were reported for cellulose acetate rayon by British Celanese Corpn. in 1920. 
None of the other classes of dyes had been good for dyeing cellulose acetate. 

Some dyes were reported which did not possess the solubilizing groups like SO,Na. These 
had been found to dye the cellulose acetate from a water dispersion. Green and Sanders 111 1923 
prepared temporarily solubIlIzed dyes having -N-CH2S0.1Na groups. These dyes were sold as 
lOnamines e.g.. ionamine orange CB. 

02N-< )--N=N-< )--N~~'"<. 
( 11 2SOJ Na 

This dye got hydrolysed in t~e dye-bath glV1l1g a t:inely divided 1!1soluble dye which got 
dIssolved in the fibre yielding a solid-solid solution. These dyes lost the solubilising CHcSO,Na 
group on hydrolysis. Several lOnamine dyes had been marketed. 

These dyes were later replaced by acetate dyes which were aqueous disperse ions 0(' insoluble 
dyes in a f1l1ely divided state (I to 4 ~I) and could be able to dye the tibre frol11 aqueous 
dIspersion. 

Several dyes manufacturs produced these dyes whIch were named dIsperse dyes by C.M. 
Whittaker in 1953. These dyes had been dispersed by several techniques such as precipitation. 
milling with surface active agent, or milling with special kind of sand or glass. The disperse dyes 
should possess a slight solubility in water for proper dyeing. Dispersing agents are added to the 
dye to disallow aggregation but to enhance solubihty. Several kinds of dispersing agents like 
alkyl sulphates, alkylaryl sulphonates. Fatty alcohol or amine + ethylene oxide condensation 
products, naphthalene sulphonic acid+ formaldehyde condensation products. ilgnin sulphonate. 
etc. have been used with disperse dyes. 

Some of these dyes get sublimed during ironing. Hence a sublimation fastness rating has 
to be introduced. Some of these dyes with NH2, N-alkyl group are influenced by traces of 
nitrogen oxides in the city atmosphere resulting in change of shade. Fastness to burnt gas fumes 
provides rating of this capacity. 

With the introduction of polyester fibres in 1950 there occurs the rapid development in thIS 
fIeld to make dyes suitable for polyester fibers and several modifications have been carried Ollt. 

(35.1) 
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The dyeing could be carried out at about 100°(, in presence of emulsified aromatic compounds 
like biphenyl, o-phenylphenol, di and tri chlorobenzene etc. The dyeing could be carried out to 
130° in pressure vessels. Some new methods evolved are thermofixatlOn, solvent dyeing and 
transfer printing. The chemical constitution of many of the new disperse dyes is unknown. 
However, most of the disperse dyes belong to azo and anthraquine one class which will be 
described in the following pages. 

Azo Dyes 

The monoazo disperse dyes have been reported to give almost a complete range of shades. 
These dyes are largely used for cellulose acetate (CA) and polyester (PE) fibers and th_e~~)lends 
with cotton, polyamides (PA), polyacrylonitnies (PAN) and cellulose tnacetate (CTA). 

The CA dyes were mostly dyed red and yellow shades. They possess simple/structures c.g. 
cibacet yellow GBA, c.r. disperse yellow 3, 11855. 

HO 

H,CCOllN-{ }-N=~-< ? 
ClI} 

('.1. disperse red 1, I I 110 possesses following structure : 

'-0-\\ -0-\\ /(',11, (\N I ~ N=N '/ ~ N 
- - ......... l)IPH 

This dye is having light fastness 5 but possesses poor sublImation fastness. Its chi oro 
denvative possesses higher light fastness. 

Cibacet diazo black B disperse black 2, 11255 is having following structure. It is applied 
to CA, then diazotised on the fibre coupled with 2, 3 hydroxy naphthoate to yield a good black 

IIJC 

H,N-{ }-N=N-< rN11; 
Oell J 

Many of these dyes are obtained from 4-aminophenylazobenzene substituted in various 
positions. The substitution of Br, CI, NO] and eN provides bathochromic shift i.e., the colour 
of dye moves from red to blue end of spectrum. It IS possible to intensify colours by substitution 
on the nucleus as well as on the nitrogen. In the following example substitution of R1, R2 and 
R3 by electron withdrawing groups causes batho-chromic shift : 
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The dye BP 1351382 has been a bluish green dye for PE. Its structure IS as follows: 

NO, 0('113 

DN -N~N/II 
1I3CCO S -y-- 'C/-1iK'OCzI1

5 
H3CCOHN 

Another example of blue dye for PE is RP 1370034 whose structure is as follows: 

eN 

-Q-~ - -o-~ /Clll'IIPCH 3 

OzN N-N N 
- - 'CH ClI,OCH 3 _ 3 

Sr Hl~COIIN 

For polyester fibres most of the cellulose acetate dyes could not be used due to poor 
fastness to sublimation. As the PE dyes are fixed at high temperatures, these dyes get sublimed 
to a large extent. Structural variations are being made to make more complex dye molecules 
having improved fastness for PE fIbres. The following example provides the structure of a dye 
molecule and effect of some substituents fastness propertIes : 

R = 
I H H OH OCOCH3 eN 

R = 
2 OH H eN C'N eN 

Light jastlless 3 3.5 4.5 7 7 

Thermo .fixation fastness 2.5 1.5 4 4 4.5 

The cyanoethyl group tends to improve both light and thermo fixation fa~tness properties. 
The sublimation fastness has been improved by introducmg aeetylamino group 111 3-posltion of. 
coupling component. 

Disazo Dyes 

The dlsazo dyes find use is dyemg CTA and PE fibres. The following examples are from 
patents BP 1171803 Orange PE, and B.P. 1805326 Navy. P.E. 

o-~ N=N-Q-' N=N-C-C--':' CH 3 

- - II II 
N N 
'N/ 

)--yOH 
U 

B. P. 1171803 Orange PI: 
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Anthraquinone Disperse Dyes 

This group largely provides blue and vIolet dyes. The earltest kmm n dye \Va!"> Duranol Red. 
2B. C'.I. Disperse Red 1560710. Another dye has been celliton Fast Pink FF ~B, c.1. DI!">persc 
Red 11. 

o Nll z 

c¢? 
o NIl, 

«¢OCHI 
~ I I ~ . 
~ ~ 

o NII~ o 110 
Dliranol Red 28 Cclliton Fast Pink I·T .18 

The 1, 4-diaminoanthraquinone dyes provide red shades on CA. By the introductIon of 
electron withdrawmg groups it becomes possIble to improve fastness by inhibition of nitrosatlon 
or diazotlSatlOn of amino group by nitrogen oxides. Cibacet Brilltant Blue BG ('.1. DIsperse Blue 
~615()5 has been an important dye for CA which is prepared from leucoquinizann by condensing 
with a mixture of methyl amine and 2-hydroxy ethylamine. 

11,/(,11.1 

o l\: 

~ 
~ 

() N 
/"-

II CH!Cllpll 

The structure of Setaeyl Turquoise Blue G.C'.1. Disperse Blue 762500 IS as follows: 

01-1 0 NHCH1CI-lzOII 

~ YN 
OIl 0 NIICH1C1IiH-1 

1, 3, 5, 8-tetra-anthraquinone is also a CA dye Disperse Blue 160710. This 4-amino dye\)n 
partial methylation with methanol and sulphuric acid provides Celiiton Blue Extra C.1. Disperse 
Blue 31. 

Many other anthraqulI10ne dyes for PE fibers have been <'icveloped. For example. F.P. 
1345377. 
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H ... "'o 0 

o 0 NHl 
"'- ..-

H 

o 

o NH2 

N-R 
C=X 

OR 
R O~ II. aiI-.\' I 

or eOCII) 

X=o or Nil 
R=alkyl. alkylaryl h)droxy alkyl 

or cyanoalkyl grour 
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By introducing phenoxy and other dt:rivatlves m 2-position of l-am1110 4-hydroxy
anthraqumone, it becomes possible to improve thermofixation 1~lstness. 

o NH, 

~R 
~ 

o 0 
--- / 

II 

011 

-o-{ s· 

Miscellaneous Disperse Dyes 

R could be -0-o-0! I 

Nitro dyes C111d use on CA and PE fibres. The structure uf Scnlene golden yellow RFS IS 

as tallows: 

o,N-{ fNII-{}N=N-{ t)1 
N02 r; ~ 

The iollowmg structure gives a nitro dye for PE having good fastness properties accordll1g 

to BP 998918. 
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Methine or Styryl Dyes 

Methine dyes provide yellow shades e.g., Celhton Fast Yellow 76, C'.I. Disperse Yellow 31, 
48000. It has excellent fastness properties. It is obtained by condensing 4-(N-fl-butyl-N-chloroethyl 
ammo )-benzaldehyde with ethylcyanoacetate. 

COOC/L; 
CII-I .. ('" _~_ I 

- N---U-C1t=C-CN 
II-II.F~/ -

Quinpht/w/olle Dyes: These are used for PE providing yellow shades. 

~OH O~9¢c' CI CI 

~N~HC I~ 
c ...,-::; CI 

O~ CI 

S02C{,! I, 
Oll 

Naphthostyril dyes provide yellow oranges shades. They are obtamed from naphtho-stynl 
by condensing w1th anilme derivatives e.g.. 

fiN-CO 

~ ~ + 

Coumarin Dyes 

These dyes are used for polyester fibres and give fluorescent ycllmv shade. A dye lS 

obtained by condensing N, N-diethylamino-2-hydroxy-benzaldehyde and 2-cyanomethyl 
benzothiazo!e in a mixture of acetic acid and dimcthy formamide. 

2-1 hrs 
25 'C 

~ 

Formazin Dyes 

These give blue disperse dyes which are suitable for nylon. 
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O:CO 
I II 
N N 
~/ 

C 
I 
CN 

Cationic Dyes for Synthetic Fibres 

Benzene ring has SUhsliluellts sLlch a~ 

NHCOCII J • S(\ It S(\NR
1 

R2 etc. 
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These dyes are used specially for acrylonitrile fibres. These are marketed under several 
trade names such as Basacryl, Astrazone etc. These dyes possess azo, anthraqumone or 
tnarylmethane or cyanine as the chromophoric system. Most of the haslc dyes can act as catIOnic 
dyes. Some of the basIc dyes possess good fastness properties for polyacrylonitrile (PAN) fibres. 
The constitution of the earlier marketed Astrazone dyes are known but the constItution of many 
of the new cationic dyes are not known wIth certainty . 

. 9 
(HJC)JN N 

'v'''-. 

O,_N--{' rN=N II ~ CII J 
CI 

N02 

This dye is used to give reddish yellow shade on PAN. 

A red catiomc dye is prepared from 2-chloro-4-nitroaniline and 4-N, N dimethylamine 
diphenylamine followed by methylation. . 

The structure of Astrazone Pink FG. c.1. Basic Red 18 11 085 is as follows : 

CI 

-0-\\ -0-\\ ,.....l}-15 
ON '\ N=N '\ N ('I 

2 - - 'C,II N(CII ) 
- ~ j .\ 

Sometimes cationic azo dyes can also be prepared by condensing an amme with a nitroso 
compound e.g.. 
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II cell .1 '-../ J 
N 

9o-NII
,+ ¢ -

CI-I 3 NO 

This dye consists of a cation as part of the chromophoric system and such dyes are known 
as delocalised catiol1lc dyes. Other dyes possess a separated chrolllophoric system whIch I~ 

Isolated by an alkylene link and are known as pendant cationic dyes. Thcse dyes possess duller 
shades but better fastness on PAN fibres. An example of a pendant dyc is as follows : 

H3C 

q~ N=NJ h N,/'C) 15 

- --«.,J-- 'c II. 
1 ~ (',II, 

+,/' - . 

SO,-NII-CII,-ClI,-N CI 
- - - I 'c I/, 

C!I 2 ' 
J 

The third category of cationic dyes have been amine salts which possess an unquaterl11sed 
amino groups which gets quaternised during dyemg in acidic conditIOn. 

Anthraqninone Based Dyes 

An example of anthraquinone based catIOnic pendant dye is as follows : 

OH 0 NI-/-CII1-CH2-Cllz-N-rCIIJ1J Bl'-

~ 
~ 

01-1 a OH 

It is obtained by condensing leuco 1, 4, 5, 8-tetrahydroxy anthraquinone with l-al11ino~3~ 

dimethyl aminopropane followed by reactIon with methyl bromide. 

Cyanine Dyes (Methine and Pol~lmethine Dyes) 

This 1:,'TOUp of dyes is tt:rmed as cyanine dyes. The molecules of dyes have a methine 
-CH =: or a chain of conjugated methinc groups. The ternlinal groups and the numher of conjugated 
methine groups ascertain the colour and properties of the dyes. A number of these dyes find use 
as photographic sensitisers in colour photography. Some of these dyes also find use as cationic 
dyes. 

The cationic dyes of this class have at least one of the terminal groups as a quaternary 
nitrogen group. Several cationic dyes have been syntheSIsed from Fischer's aldehyde which 
possesses the following structure. 
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CH J 
I 

~
C-CH Fischa's ujdel1\dc I I J -

:::::.... /C=CH-CHO 
N 
I 
(IIJ 
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The Fischer's aldehyde is obtained by Fischer's Indole synthesis starting from the 
phenyl hydrazone of isopropylmethyl ketone, The indole obtained has been first methylated and 
then formylated with N-methyltormamide and phosphorus oxychloride. 

IICONIICIIJ 

POt' I J 

CII J 
I 

~
C-CH I I j 

:::::.... (-CI-I -? J 

• 

N 

CII I j 

~(-('IIJ 

~,,/L=(,"-CHO 
N/ 
I 
CII3 

Some of the cationic dyes of thIs type marketed in India have been as fllllO\vs : 

Astrazone Yellow, 3GL CL BaSIC Yellow 11 48055 possesses good fastness properties on 
cellulose acetate and PAN tibres. It IS obtained by condensll1g Fischer's aldehyde with 2, 4-
dimethoxyani1ine. 

+ 

CH I j 

((::

C-CH IIJCO 

I I 3 -b-
:::::.... + -?C-CH=CH-NH If ~ 0('113 N -

I 
CII J ('I 

Other yellow dyes have been Astrazone Yellow 7 GLL. CI. Basic Yellow 21 and Astrazone 
Golden Yellow GL CI. Basic Yellow 28 whose constitutions arc not known with certainty. The 
structure of Astrazone Orange GCL Basic Orange 21 480 35 is as follO\'v's : 
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i"/r-{~CH' H'C-tWX)-..::::: 
~:,~C-C1--I=CH~C b 

N 
I 
CH J CI 

Synthetic Pres 

This dye is prepared by condensation and sal formation from the following compounds: 

CH I 3 

Ot::=C-CH I I 3 

~ , C=CH 
N/ 2 

I 
CHJ 

and 

The structure of Astrazone Orange R,CC.I. BasIc Orange 22 48040 IS as follows : 

CII CH J ~ I J 

i"/r-t- CHJ ~d/NX)~ 
~:,~~'-CH=CH ~C b 

N 
I 
CIIJ c:r 

Astrazone Pink FG c.r. Basic-Red 13 48015 obtained by condensing FIscher's mdole 
(l, 3, 3-trimethyl-i-methylene indoline) with 4 (N-methyl-I1-~ chloroethyl) benzaldehyde and has 
the structure : 

Astrazone Red 6B C.I. Bagic Violet 7 48020 is obtained by condensing I, 3, 3-trimethyI-
2-methylene indoline with 4-(methyl-N-chloroethyl)-2-methylbenzaldehyde. This dye has the 
following structure : 
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The structure of Astrazone- Red VIOlet 3 R c.I. Basic Violet 16 48013 is as follows : 

CH J 
I 

Cc::C-CH 
I I J -0-\\ /C,II, 

~ + oC-Cll=CH '/ '\ N -
N~ - 'c II I 2 5 

CH J 

friarylmethane Cationic Dyes 

Two of the dyes belonging to this class have been Astrazone Blue G or Rhoduline 6G C'.I. 
Basic Blue 1,42025 which possesses the following structure : 

tlje, f /0-1 3 /N'Q oN, CI 
H C I el1 3 

.I ~ ~ 
C (rei 

The structure of Astrazone Blue B. C.I. Basic Blue 5 42140 IS as follows: 

Oxazine Cationic Dyes 

An oxazine dye for PAN fibres has been Astrazone Blue BG C'.1. Basic Blue 351004 whose 
structure is as follows : 

,.......(XN-.;:n 
II~C I /CII~ . -, ~ + ,,~ , - . 

N 0 - N 
H:;C

J
/ C 1 'C

2 
H; 

It is obtained by condensing m-diethyl aminophenol wIth p-nitroso-diethylaniline. Many 
oxazine derivatives are found in patent literature as cationic dyes e.g .. BP 1339300. 

N 0('11 o::cc......:::::: ~ J 

HC I 3, ~ +...: ~ 

/ N 0 NHClli~\I2CN 
HJC 
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Naphthostyrilc Cationic Dyes 

The dyes of this type are prepared by condensing naphthostyril with. N-suhstitutcd aromatic 
amines with ZnCI~ or PCI J . These are blue dyes having good t~lstness. One c'(amplc from HI' 

- . 
1353983 is as follows : 
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1. Eriochrome Black T 

Step: (i) 

00°11 
~-Naphthol 

11i';(), 
• • 

Conc.II"'lO 

Step (ii) (Cuupling) 

OH 

.1 • p¢r
N1120H 

o 0 I-Alllil1o-6-nitro-4-slIlpho-2-naphthnl 

O2 

'i()311 

o 
NaN(),. IICI + 

N=N • • 
('''lIplin.!! 

°2N 
Diazo oxide a-Naphthol 

OH OH 

N=N-OOJ 
Eriochromc Black T 

(36.1 ) 
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[3-Naphthol is first of all converted into nitroso derivative and then reduced to get I-amino-
2-naphthol. Now it is sulphonated and nitrated to get l-amino-6-nitro-4-sulpho-2-naphthol. Tbis 
amine is diazotised and coupled with a-napthol in alkaline medium to give Eriochrome Black-T. 

It is a chrome azo dye. The fibres are made to treat with solution of chromium salts. 
followed by the dye to deepen the colour. Eriochrome black T is used as an mdicator for 
complexometric titrations using EDTA. 

2. Erio'chrolue Black -A .- -

Its preparation is similar to Eriochrome black T. Diazotization of 4-amino-7-nitro-3 naptho
sulfonic acid in presence of a small quantity of CuS04 is followcd by coupling the product 

obtained with naphthol. 

OH 

NaNO/IIe! • O·5"C 
('uSO. 

N02 

Oil 

N02 

OH 011 

N=N~ o 
EriOl.:hrol1lc Black ;\' 

('ouplin!,! \\ itll 

ro
~ Oil 

, III 

"" A .11 .. ,111 

0-1l·lphthol 

It is an azochrome dye which can be applied to wool by the modified mcthod. 

3. Eriochrome Red B 

(i) Preparatioll of PyraZO/fJlle der;wltive 

Aceto acetic ester 

PhellY Ithyurazine 

--lip 
{'211 ~lJlI 

(Keto) (Enol) 
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(il) Diazotisatioll and Couplillg 

OH 

HO's~g~NH' 
I-Amino-2-naphthol 

4-sulphonic acid 

Coupler 

NuNOzllCI 

36.3 

o 

~ HO's~g~N=N + 

Diazo oxide 

Aceto acetic ester IS first of all made to condense with phenylhydrazine to obtain a pyrazolone 
derivative which is the coupler. l-Amino-2-naphthol-4-sulphol11c acid is dJazotised and coupled 
with the pyrazolone derivative. 

It also find use as a chrome azo dye and has better fastness to light and washing. 

4. Celliton Scarlet B 

(i) Preparation of Coupler 

~NH2+C2H~Br 
Aniline 

/0" 
CHz-CHz 

Ethylene Oxide 

(ii) Diazoti.'iation alld Coupling 

-©- NaNO" IICl 
0lN NH2 - ~ 

O-SOC 

P-Nitro aniline 

IQ\- ..... CI11CHl 

~N"""'CH1CHi)H 
N-Ethyl-N-(2-hydroxy) ethylani line 

Na,CO, -©- -©- ..... C1·11CH l 

- ~ OzN N=N N 
....... CH2CHpll 

Cclliton Scarld B 

Amline is condensed with ethyl bromide (1 mole) followed by ethylene oXIde to get the 
ethanol amine derivative, which is used as the coupler. Then p-nitroaniline is coupled with the 
ethanol amine derivative to get celliton scarlet-B. 
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This is a disperse azo dye. The hydroxyethyl group (-CHFHl)Il) is the solubilizing group. 
Their dispersions are used to dye hydrophobic fibres like cellulose acetate, nylon etc. 

5. Diamond Black-F 

5-Amino salicylic acid is diazotised and coupled with I-naphthyl amine in mild medium. The 
resultmg amino azo compound is again diazotised and coupled with I-naphthoi-5-sulpholllc aCId 
(sometimes I-naphthol-4 sulphonic acid is also used). 

OH~ }-NII, 
\:aNO, r l>illll'1 

- ~ 

l>ia/oli,aliol1 27:11-: 

COONa 

5-Al1lillo~alicydic acid (~alt) 

('llL1plin~ 
~ 

Ilel 

t'\a7\'()2 ~ I>il 
~ 

IICI. 27:11-: 
I kV()li,ali, 111 

011 

H0~ + I 
~ ~ 

S03Na 
I-Naphthnl-5-

,>ulphonic acid (salt) 
01-1 

1l0~ }-N-Ni ~N=N-6; 
C()ONa ~ /; vy 

SOJNa 
Diamond Black F 

J -NJphth~ laillinc 

(\'lIpling 
~ 

lie I 

This is a disazo mordant dye which forms complex wIth chromIum. The fabric is mordanted 
by boiling with sodium dichromate in presence of a reducing agent. TIllS dye has good fastness 

, to light and washing. 

6. Direct Deep Ulack 

BenzIdine is tetrazotised and coupled with one mole of H-acid (I amino-g-naphthol-3, 6 
disulphonic acid in acid medium). The product is used as a coupler in the next step when it is 
coupled with one mole ofhenzene diazonium chloride in alkaline medium. Finally, this product is 
coupled with III-phenylene diamine when the second diazonium group of benzidine reacts, to give 
dIrect deep black. 
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~73 K 

-0-0-, r; , "aNO, ' Dilllel 
112N _ _ NII2 -"I-ct-ru;;"'~(-lli-sU-li(-lI1--+. 

Belvidinc 

CI N=N-{ X }-N= N CI 

Acid 1 
I11l:diUIll 

Coupling 

I- CI N = N -0' "\1"'~lin.:. 
_ IlICdll1f11 

( " I' • 1I1ip IIlg 

2 IIN()~ 

'-.~ 
+ ~ 

NaOjS SOjNa 

I 1110le II-acid 

NH,OH 

H2N-Q' N=N~N=N&'-~ N= N-o' - ~-- I -
NH

z 
~ "'-:/, 

SOjNa SOjNa 
Direct deep black 

This is a trisazodye which is a very widely used black dye, 

7. Safranine-T 

(;) Formatioll of 2, 5-Diamillotoluelle 

6
CHl 

l\:uNO 6 CHl 

+ r-••••••••••• rq-
NI-I2 . " 1. N=N: CT + H: NHz ~ ~ ;j 11('1. 0"(' ~;j •............. ~ ;j 

CH 3 

30.5 
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CH j < }-N = N-{ ~NII' _l'l_:' +_".....;..('1 .... 
4(H) 

CH J 

(if) Convendon illto Sa!ra"i"e-T 

CH.1:crNII2 
I t-

H2N ~ 
2, 5-Diam ino-toluene 

Na~CI}), • 

1 11('1 i 21()1 
--21Ip 

o-Toluidinc 

o-Toluidine 

~ 
+ IICI i 2101 

211P 

2,5-Dialllinotolucnc 

+---+ CH3yyN~Clij 

M~ 
II,N 2) cr Nil, 

Safranine-T 

o-Toluidine is made to diazotise and couple with o-toluidine. The azo compound on reduction 
with iron and acid yields back o-toluidine and 2,5-diaminotoluene. These products are condensed 
and oxidized with sodium dichromate in acidic medium. The resulting indamine is condensed with 
aniline and the product is again oxidized with sodium dichromate' to give safranine-T. 

It is a basic dye belonging to phenazine group dyes. Mauveine belonging to this group, is 
the first synthetic dye prepared by Perkin. This red dye is especially used for dyeing of paper. 
It is also used for dyeing of wool, silk and also cotton mordanted with tannin. 

8. Cyan in Green G 

The p-nitro toluene is made to reduce by steam and iron filings (Bechamp reduction). The 
product, p-toluidine, is sulphonated to yield 4-amino-toluene-3-sulphonic acid. 
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Phthalic anhydride is condensed with quniol in presence of concentrated sulphuric aCid. The 

¢' F~ T lip ¢' ConI:. ¢l • ---+ 
Dil Hel 11 2SO .. 

~ SUJH B':l:hamp 

N02 
n:dUl:liOIl NH2 NHl 

resulting quinizarin is condensed with 2 moles of 4-ammo toluenc-3-sulphonic acid under pressure 
to get alizarin cyanin green G. 

o 
II 

(X
C 

I )0 
~ c 

II 
o 

+ 

Phthalic anhydride 

011 

¢ 
OH 

Quinol 

..'.. I'r~s~lIr~ • 211/) 

o 011 

~+ 
~ 

o 011 

S(\II 

2H,N-{ ~CII, 

SOli 

o NH-O-CII, 
~-
~ 

o NII1 ~CII, 
S(\II 

Alizarinc cyaninc green G 

This is a water soluble anthraquinone acid dye, due to the presence of solubilizing sodium 
sulphonate group. It has very good fastness when applied to wool in acid medium. 

9. Dispersol Blue 

Phthalic anhydride is made to fuse with quinol in the presence of concentrated sulphuric acid 
to get quinizarin. This is condensed first with methyl amine under pressure and then with mono 
ethanol amme under pressure to get dispersol blue. 

0 OH 0 OH II 
C ¢ (X)O COile .• a:» C1IJ NIIZ 

-I- • IlzSO~ ~ .Q l~. prc~~lIn: 
C 
II OH 0 011 
0 

Phthalic anhydride Quinol Quinizarin 
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o NI-ICH3 

~ 
~ o 01-1 

11,1'\-CII,(,II,('11 - - - ~ 

MOllocthllolaml lie 
tl. prcs"urc 

o NII-CH3 

~ 
~ 

.~l'l1fhefic Dyes 

o NH-CII2CH 20H 

Dispersol blue 

This is an anthraquinone disperse dye. Ethanolamine is the group which helps the formation 
of dispersion of the dye. 

10. Copper Phthalocyanine (Monastral fast blue) 

Step (i) Formation of phthalonitrile 

o 
/I 

(XC" 
10+ 

~ C/ 
/I 
o 

Phthalic anhydride Urea 

Step (ii) Conversion into phthalocyanine : 

-21IzO·-COz 

Phthalonitrilc 

Phthalic anhydride is made to heat with urea and cuprous chloride in the presence of boric 
acid as catalyst. Phthalic anhydride first reacts with urea to form phthalonitrile. Then it is 
condensed with cuprous chloride to form the complex, copper phthalocyanme . 

.. 

This is a deep blue coloured pigment which is insoluble in water and resistant to tempera
ture. It possesses extremely good fastness properties. The sulphonated derivative is soluble and 
It can be used as direct dye. 
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It. Sulphur Black T 

(\N:©rN(\ J\a()ll~ 

CI 
2, 4-dinitrochloro b~n/.ene 

+ SzClz --+ 

Sulphur 
monochlorid~ 

('I 

II'N*H -0 
HO 

CI 

2-amino 3, 6-dichloropheno! 

H,N N -'t(Y 
HO~S 

O'N:©rNO' - 0 - ~ 
retlul'llOll 

110 

redUdion. 

s 

S 
Sulphur Black T 

'a,~ t S - ~ 

'I hionatHlll 

N Nil, 't(Y-
S~()II 
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Sulphur dyes get soluhilized by reduction and the cellulosIc fabric is Impregnated with this 
solution, Then the dye IS regenerated by atmospheric oxidation, 

Ar-S-S-Ar 

Sulphur dye' 

Na,S.21111 
- > 

< 
(0) 

Ar-SH 
Solubilized dye 

Sulphur dyes yield dark shades and they are cheap. They have good fastness towards light 
and washing. However their drawback is that they are affected by chlorine. They cannot be Llsed 
for dyeing wool and silk as they are damaged by sodium sulphide. Sulphur black-T is used for 
dyeing umbrella cloth. 

12. Rhodamine B 

The lIl-diethylamino phenol (1 molecule) is made to condense with phthalic anhydride 
(1 molecule) at ISO-I80aC. Reaction is continued for three hours. The reaction product (I) 

obtained is made to condense with another molecule of m-diehylamino phenol in the presence of 
zinc chloride at 170 to I80a C for three hours. The dye base (II) product obtained is treated with 
dilute hydrochloric acid, and thus, the dye III Rhodamine B formed. 
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+ A-I CO,o V-CO/ 
phthallic anhydride 

170-180° ZnCI2• 3 hrs. 

Hel 
-+ 

150- I XO"C 
~ 

3 hours 

II 

III Rhodamine B 

Rhodamines are basic dyes belonging to xanthene series. Rhodamines range in shades from 
yellowish red to blue. Rhodamine B is most commonly used basic dye for papers, wool, silk and 

. cotton m o:rdanted w:ith t:mnm e.g., where brilliant shades of tluorescent effects are needed. 
These dyes are of secondary importance. 



CHAPTER 
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Q.l. How does a dye differ from a coloured compound? 

Ans. A dye differs from a coloured compound in this respect. A dye can be applied to another 
substrate say fibre, paper, leather, etc., and impart colour to it. The applied colour will be retained 
by the substrate. A coloured compound such as copper sulphate is not a dye for the reason that 
this colour is not imparted to substrate and is not retained by it. Whereas Indigo or Congo Red, 
the typical coloured organic compounds under certain conditions can be applied to say cotton 
fibre and the colour will be retained by the fibre. Thus, the latter is a dye whereas the former 
is only a coloured chemical. Further, all dyestuffs need not be coloured substances as most of 
the optical brighteners are white in colour. 

Q.2. An object appears to be black or white or coloured when white light falls on it. How 
do you explain tliis'! 

Ans. When visible light falls on a substance, depending, upon the substance, some of It is 
absorbed, and some reflected. White surfaces re1lect all the light \Vht:r~as black surfact:s absorb 
light over the entire range of visible light. In the case of dye, however, there I!'> a selective 
absorption 111 visible region and reflection the rest of thiS region. There IS a defll1lte relationship 
between the colour absorbed and colour visualised with respect to a given range of wavelength. 
This is shown in table. 

The structural configuration in a molecule determines the part of the visible region the dye 
will absorb, Certain groups present 111 the dye molecule respond to the specific oscillatIOn 
frequency because of induced vibrations of electrons. The colour absorbed and colour visualised 
are complementary to each other i.e .. if the two are mixed, thc resultant will always be white. 

Colour Absorbed and Colour Visualised with Respect to Wavelength Regions 

U'ave/ength A C%ur absorbed C%ur visualised 

4000-4350 VlOlct Yellow-Grecn 

4350-4800 I3luc 'r'eIIO\\ 

4800-4900 Grccn-Bluc Orange 

4900-5000 Bluc-Grcen Rcd 

5000-5600 Grccn Purplc 

5600-5800 Ycllow-grcen VlOlct 

5800-5950 Ycllow 81ue 

5950-6050 Orange Grccn-Blue 

6050-7500 Red Bluc-Glccn 

(37.1) 
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Q.3. (a) What are pigments? 

(b) What are uses of pigments? 

(c) What are types of pigments'? 

SYllthetic Dyes 

Ans. (a) Pigments are coloured organic compounds (solids) which are completely insoluble in 
water or usual organic solvents. The pigments may be organic or inorganic derivatives. The 
orgarilc meta'i complexes of iron, copper, cobalt etc.; are used as pIgments. Zinc oxide (ZnO) and 
tital1lum dioxide (TI02) are whtte pigments, whereas carbon black is an example of black pigment. 

The pigments also contum same chrol11ophores and auxochrol11es as in dyes. The charac
teristic which distingUIshes pigment, form dye, is its msolubility. Thus the dye is soluble in water 
or organic solvents whereas pigments are completely insoluble. The same coloured substance can 
be used as the dye as well plgm~.'nt. If ~olubiltzmg gropus like -SOlL-CH2-~S02.0Na, etc. are 
introduced in a pigment it becolllc~, :1 dyt'. The difference also lies m the mode of applicatIOn. 
The dye is applied in the form of Its solut!on (dycin/! procc-:;). But pigment is applied as a paste 
or disperston during the print1l1g process. 

The physical properties are very Important whik prepanng the pigment. The most Important 
phYSical property is the particle size and It~ ul1lformity. [t affect:- the tnne and brightness of the 
pigment. Many additives are added to the pigments to improve affinity to .;;ubstrate. The actual 
composition depends on the end use of the pigment. 

Characteristics of Pigments 

1. The colour of the pigment depends not only on the chemical structure but also on the 
physical properties. Thus the tone and brightness depends on physical form, shape and 
size of the pigment particles. 

2. Pigment should be completely insoluble. Even if it is slightly soluble, the pigment 
crystallises on the substrate causing change of shade. The printed design should remain 
sharp without spreading. 

3. The pigment should he stable and must be resistant external to agencies lIke light, h.:at 
etc., dunng preparation and applicatIOn. Fastness to heat becomes important when it ,0.; 

used in glass, ceramICS, enamels etc. 

4. The pigments are applied in the fornl of pastes or dispersions. The reproducibility of the 
shade and brightness depends on consistency of the composition and uniformity of the 
shape and size of the pigment particles. 

5. The pigments must be resistant to the acid if It is Llsed in acidic medium. The pigments 
used for distempers or in plasters should have resistance to alkalies. 

6. The pigments should have good hiding (covering) pmvcr and tinctonal properties. These 
properties become important in case of paints. Thi~ also depends on the shape and sIze 
of the pIgment particles 
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(b) [Tses of Pigments 

1. The pigments are most commonly lIscd for printing designs or textile fabrics. The pig
ment is ground with dispersing agent to get a paste of um form concentration and suitable 
consistency. The over milling results In loss of brightness. The reSin binders are added. 
which help to fix the pigment to fabric. Finally, thickncrs like carboxymethyl cellulose 
«('Me) and stabilizers like rangolite (Na suphoxylate formaldehyde) are added and the 
kerosene emulsIOn is used for pnntIng. 

2. The paints are surface coating agents which Impart colour to d surface and protect It from 
corrosIOn. The paint IS an emulsion of pigment 111 a drYing oil like Imseed oil. The 
covering power and opaqueness are important for the pamt. The white pigment like zinc 
oxide or titanium dioxide are added to the paint 10 control the capacity and the depth of 
the shade. 

3. The printing inks are made up of dispersion of pigments and used in the form of a paste. 
It is used to print on paper, metal foil, plastic etc. Temperature resistant paints are used 
for ceramic printing. 

4. The mass colouration of plastic and rubber is carried out hy mixing the pigment with 
molten plastic or rubber. The pigments can also be mixed with cellulose pulp and beaten 
for making coloured paper. 

5. The pigments also find use in making distempers, crayons, artists colour etc. The soap. 
wax, etc. are also coloured by pigments. 

(c) Types of Pigments 

The pIgments are maInly of two types : 

(i) Lakes: They are soluble organic dyes which are precipitated on an inorganic substrate. 
The inorganic substances are colourless compounds like hydrated alumina or banum 
sulphate. Lake can also be the insoluble metal complex of an organic dye. The lakes have 
higher brightness and better transparency when lIsed in oil paint. 

(ii) TOilers: They are the salts of the dyes which arc precipitated without usmg any sub
strate. They were initially used for tOiling pnntIng Inks and hence they arc called toners. 
The toners have better colour strength compared to lakes. 

Q.4. Distinguish between : Dyes and Pigments. 

Ans. (i) Dyes and Pigments : 

Dyes 

I. Dyes are mainly organic. 

2. Dyes are always used in solution. 

3. Dyes are claSSIfied into numerous groups 
according to the structures. 

4. Dyes are durable and fast. 

5. Dyes are used directly as solutIOn. 

Pigment\' 

Pigments are organic as well as Inorganic. 

PIgments are always insoluble materials whieh are used dIrectly. 

Pigments are classifIed Into limited groups according 
to the structural features. 

PIgments are not as durable as dyes. 

PIgments are usually Pllxed \\Ith other matcnals, like 
111 paints, va11lishcs, etc. 
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Q.5. Classify the following dyes on the basis of chemical structure of dye-(i) Picric Acid, 
(ii) Crystal Violet, (iii) Eriohrome Black T, (iv) Alizarin, (v) Methylene Blue, (VI) Procion 
Blue, (vii) Astrazon Pink FG 

Ails. 

(i) Picnc ACid ~ Nitro dye. 

(ii) Crystal Violet ~ Aminotriphenyl methane dye. 

(iii) Eriochrome Black T ~ Monoazo aCid dye. 

(iv) Alizarin ~ Anthraquinone mordant dye. 

(v) Methylene Blue ~ Thiazine dye. 

(vi) Procion Blue HB ~ Reactive anthraquinone 

(1'iO Astrazon Pink FG ~ Polymethine. 

Q.6. How would you carry out diazotisation of amino phenols? 

Ans. Aminophenols arc readily oxidised by nitrous acid to the cOlTespondmg quinones. Hence, 
in such cases, a special procedure has been adopted. In place ofHCl, CuS04 is used. Aminophenols 
can be diazotiscd at 20°C by first adding CuS04 solution and then 30 lX, NaN02 solution with 
vigorous stilTing, the temperature rising to 30°C. The diazo oxide may be used as its sodium salt 
by the addition of sodium chloride or as free sulphonic acid by the addition of acid. 

Q.7. (a) Describe the different usc of dyes other than dyeing textile tib.'es. (b) Write a note 
on optical brighteners. 

Ans. (a) Besides textile fabncs which consume a good portion of dyes, other substrates are also 
coloured by dyestufTs. These are polymers (other than textiles) foodstuffs, leather, paper, etc. In 
order to achieve satisfactory resultant colour, It is necessary to choose and select appropriate 
class of dyes suitable for the substrate. The dyeing conditions required for these substrates may 
or may not be similar to those of dyemg textIle fabrics and brightness, fastness and attractive look 
needed may need to be ascertained before a choice is made of the dye. 

In the case of polymers, selecting a dye may be dependent on the nature of side cham 
groups present 111 the polymer. If hydrophobic groups are present disperse dyes could be made 
use of. If hydrophihc groups are present, dyeing can be camed out with direct, acid and basic 
dyes; sometimes mass colouration IS employed where the substrate and dye are intimately mixed 
and processed. 

In the case of foodstuffs, food colours are employed. Since many of the dyes are toxic, it 
IS necessary to choose dyes which are totally harmless to human beings. They generally belong 
to direct, acid and basic type. Typical example of dyes used in food is tartrazine. 

Dyemg of leather is another important application of dyes. The dyes tinding application in 
this field he long to acid dyes, metal complex dyes and a few basic dyes categories. 

Basic dyes find application in paper industry though other classes of dyes are also employed 
dcpcndmg upon the end uses. Black and white and colour photography are also dependent upon 
the use of dyes. 



Important Questions 37.5 

(h) Optical Brighteners: In order to achieve an overall whitening effect optical brighten
ers are used for textile fabrics and other substrates. They can be classed as white dyes. The 
optical brighteners contain various characteristic groups or systems responsible for tluoroscence 
eHect. Some of the systems which find commercial application are as follows: 

(i) Stilbene derivatIves. (ii) Triozolo denvatlves, (iii) Coumarian denvatlves. (iv) Benzasoles 
derivatives. (v) Naphthalimide derIvatives and pyrazline dem ativcs. 

[he structural features of an optical brightener is so made that It absorbs in the ultraviolet 
region of spectrum in the range 3300-380oA and it IS 111 the region of 4300-490oA 111 the blue 
region of spectrum. The whiteness seen on fabncs is the result of additIon efrect of emitted blue 
light and normal white light retlected from the surface. 

Q.8. Explain the following terms as used in dyestuff chemistry : (i) Toners, (ii) Lake~. 

Ans. (i) Toners: These are chemIcal compounds which are used to change the colour of the 
fabrICS before applymg the main dye Itself. This is specially applIed for synthetic fibres where 
dIsperse dyes are used. 

(ii) Lakes: These are chelate compounds formed between the metal and dye. They are 
formed when the dye is applied by mordant dyell1g where the metal hydroXIdes are usually used 
as mordants. 

Q.9. Explain fastness properties of dyes. 

Ans. The extent to whIch the dye on the tllbnc is able to WIthstand the actIOn of lIght. hcat, 
washing. perspiration, etc., gives an indIcation of its tastness. Each fastness, i.e. tastness with one 
agent is gIven on a scale L 2, 3 etc. For example, light fastness is graded I to 8, and heat tastness 
1 to 5, where 1 indicates the lowest ratmg for fastness in both cases, and 8 as the highest rating for 
light fastness and 5 for heat tastnes!>. For a given dye to be commercially sold It should ha\ c at least 
minimum rating in each field. However, m case of the phenyl methane dyes, though they have 10\\/ 
light fastness, they are still used because it is possible to obtain brilltant shades on fabrics. 

Q.IO. Write short notes on the following: (a) Dyes for paper and leather, (/J) Food colours. 

Ans. (a) Dyes for Paper and Leather: Generally. ba~lc class of dyes find applicatIon for 
colouring paper, but other classes of dyes can also be used dependmg upon the end uses. In the 
case of preparation of copypapers where there IS no need to have carbon paper. basically colour 
fonning precursors are applied to paper which are converted into parent colours by hard pressing. 
In photography also certam colour forming components are SUitably coupled with aromatic 
diamines capable of getting oXldised and these are used along with the silver halide. Even in 
development of black and whIte pictures, use is made of certam dJazol1lum components along' 
with coupling components to develop the picture from the silver halide e.g. of dyes used in 
paper-Safi'anine T. Auromme. The dyestuffs employed m leather industry l)t~long to aCid c1a~~, 
metal complex class and ba<;ic class. Polyazo and azo types of dyes find appltcation in dycill!,! 
leather e.g. Chrome leather Black A. 

(b) Food Colours: Dyes used for colouring foodstuft's are called as food colours. Though 
many of the dyes can be used for colounng food stun's, they are not all useful as food colours 
since many of them are toxic to humans. Thus the dyestuffs used in food have to be of very low 
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toxicity and totally ham1less to human bemgs. The class of dyes that are generally used are from 
direct, acid and basic class of dyes. Tartrazine is one of commonly employed food colours. 

Naooc-~-IH-N=N-oso'Na 
N, /C=O 
'N 

Qso,Na 

Q.ll. Write the role of mordants in dyeing. 

Ans. In dyeing of fabrics, certain metallic salts such as salts of chromium, aluminium, copper, 
cobalt, nickel, iron and tm are used as mordants. In the case of mordant dyes, there are certam 
groups present in dye molecule which help to hold the metal residue by formation of covalent 
and coordinate bonds by chelation. The mordants themselves arc capable of forming covalent and 
co-ordinate bonds not only with dye molecule but also with the fabric. thus improvmg fastness 
of the same dye structure used without mordanting. There are three ways how mordant dycmg 
is done. The dye can be applied first and subsequently the mordant can be used. The dye and 
mordant can be applied simultaneously and the dye can be premordanted to get a metal dye 
which can be then applIed to fabnc as such. Dyestuffs containing 0-0' dihyxroxy, 0-0 'dihyroxy 
azo, azo-O' -hydroxy-nitroso groups form mordant complex and hence can be used in mordant 
dyes. 

Q.12. Classify the following dyes on the basis of chemical structure of dye. 

(,) Picric Acid, (ii) Congo Red, (iii) Crystal Violet. (iv) Tinopal BV (v) Methylene Blue. 

Ans. 

Dyc.1 

(i) Picric Acid 

(ii) Congo Red 

(iii) Crystal Violet 

(iv) Tinopal BV 

( II) Methylcnc BIlle 

Q.13. What is chrome dyeing? 

('/ assljica lioll 

Nitro dyc 

Dia/o direct typc 

Tnphcnyll11cthanc class 

St11bcnc 

Thia/'inc class 

Ans. It is similar to mordant dyeing. Chromium and copper complexes possess both covalent and 
coordinate bonds that the made use of for binding the dye to the fabric. Nealon Red B for 
example is a red crystalline solid obtained by the treatment of Eriochrome Red B with chromium 
chloride in alcohol. This chromium complex is then applied to fabric wool generally where it 
imparts light fastness to the fabric. Similarly, Eriochrome Black A gives a dark brown colour to 
wool on dyeing which when treated with chromium salt gives a deep fast black colour which has 
excellent light fastness property. Similarly, Eriochrome Black T with chromium salts gives a fast 
bluish black shade. 
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II Ii" (II .. X-II ~ 
\ .. ' 

HOjS fj ~N='~ ell 
- j 

~ /; 
Neolon Red B 

Q.14. Discuss the dyes used in leather. 

ADS. Leather being of animal origin. mainly consists of collagenous protein and hence acidic and 
basic dyes used for dyeing wool silk can also be employed for dyeing leather. Basic dyes produce 
a rich variety of shades, and though they are not Itght fast. they WIthstand perspIratIOn and are 
held strongly on the leather surface. ACid dyes 111 the presence of formll: aCId are used to dye 
leather in lIght shades. The main critena for dyeing leather IS that the dye should not be very 
sensitive to variatIOns in leather and should dye leather uniformaly well. Bismark Brown. Meldolc 
Blue, Acid leather brown, etc. are some of the dyes used for dyeing leather. 

NH, NH, 

CI-f1,N~ }-~=N-o-N=N-< -}-NII,c1 

Bismark Brown 

Q.15. Which dyes are used for paper, food and photography? 

A.ns. (a) Dyes used for Paper: Paper is cellulose and hence direct dyes can be very well used 
for dyeing paper. Basic dyes are also employed such as basic blue dye. 

Safranine T is used in paper dyeing. Basic dye Methyl Violet 10 BNS is used in the making 
of carbon paper. 

(b) Dyes used for Food: Though many classes of dyes can impart colour to food products. 
dyes that can be used are limited to low toxicity and do not add to state of flavour in an ottending 
way. They should be totally hannless to human beings. Agam, a high degree of purity is also 
essential, since impurities present may have undesirable properties and thereby create problems 
by continuous use over a period. Hence. food colours are subjected to vigorous control to ensure 
that the population not in any way affects. The dyes generally used in foods and drugs are Orange 
I. Tartrazine. Amamath, Erythrosine, Naphthaol Yellow S, Crystal Red F, Fast Red E. 
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Nao,s--< ')-N=NSOH 
~ ;} 

NaO 

Orange -\ Erythrosi Ilt! 

(c) Dyes Used in Photography: The blue and violet region of light have etfect upon the 
usual gelatin silver bromide emulsion but addition of certain dyes such as carbocyanines and 
isocyanines have been found to make the photographic emulsion sensitives to whole range of 
visible spectrum. 

CH ~ ~ ~N~C1I-CH AN~ 
I 1 Ie 
C)I, 

Cyuninc Pin<1cymol 

Q.16. What are the requirements for optical brighteners'? What are their requirements'? 

Ans. For a compound to be optical bnghtener, the following points are to be taken into account. 

(i) A bnghtening agent should be substantive, non-toxic and compatible wIth detergent 
action under all likely conditions. 

(ii) It should be sufficiently fast to light and tht! effect should remain for reasonable period. 

(Iii) The molecule should not contam chromophoric system. Its structure should be simtlar to 
those of reactIve dyes. 

(iv) The molecule should have linear and coplanar configuration. 

(v) Coloured decompositton products should not be formed on prolonged exposure. 

Q.17. What are the requirements of organic pigments? Give two examples of organic 
pigments with their structure. 

Ans. For a substance to be an organic pigment, the following criteria arc applied: 

(i) Factors on which pigments are evaluated and depend upon are fastness to light, heat. 
water, solvent, action of acidic and basic compounds, action of other chemicals. For a pigment 
to be useful, it should be fast to light. This depends upon the pigment and the medium m whIch 
it is dIspersed. Pigments are less fast in pale tmts, than in the dark tints. Fastness to heat becomes 
an Important factor where the pigment is exposed to higher temperature as in the case of baking 
enamels, moulded plastics, etc. As most of the pigments are exposed to atmosphere, action of 
water, gases in air have etfects upon the pigment, its colour and its durability. Where acidic or 
alkali medium are present, the pigment should be able to withstand the eJrcct due to them. 
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(ii) The pigment should be insoluble in all media. This condition, though not stnctly 
applicable, is necessary since solubility of pigment may give rise to other problems such as 
crystallisation of pigment and change in the colour properties of pigment. 

(iii) In all applications, the physical form, shape, size of pigment particles are very impor
tant. The pigment colour-will also depend upon the medium in which it is dispersed, hence the 
medium als~ould be such that it just helps to act as a carrier for the pigment in an etficient 
manner. The shape and size of the particles determine the binding power of the pigment and 
hence pigment should have such size and shape to give maximum binding power. Though all 
these conditions would not be met by a single pigment, hence a number of pigments have been 
developed to satisfy the particular condition which plays a crucial role in Its application and usc. 

Examples of Organic Pigments 

Hansa Yellow G is used in paints and printing inks and has the following structure. 

CH If' N=N-O-l -Q--
N0

2 rOCHJ 

3 I 
- CH-NII( ) 

Carbazole dioxazine is another example of high grade pigment giving a blue to violet shade. 

C\ 1'211
" 

(JoC):-...:::::: N*0:O:::ON -...:::::: ~I Ib ~ ~I Ib 
NON 

~ II CI 
2 ~ 

Q.18. Discuss oxidation colours. 

Ans. Aniline Black is an example of oxidation colour ingrain dye. It is obtained on fibre cotton 
by treatment with aniline and aniline hydrochloride and subsequent oxidation with dichromate 
or perchlorate in the presence of copper salt. The colour obtained has good fastness and prop
erties and as it is cheap it is extensively used. There are three types of structures associated as 
shown below : 

aNHuoNH-
~I I~ "" N //' 

NUON
= ~ ~ I 

N 

o HY /N'CrNx;rN-
~ I ~ 

N 
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Q.19. What are the differences between primaries an~ intermcdiates? 

Ails. 

Primary 

I. Primary are basic raw material which arc 
obtained from the natural sources. 

2. The aromatIc prtlnanes are obtained from 
coal tar distillatloll products as different 
fractIOns depcndmg upon thc fractional 
disttilatlOn tempcrature. 

3. The examplcs of pnmanes arc benLelle. 
naphthalenc, phenol, anthracene, cresol, etc. 

4. The primaries arc not very pure in form. 

5. The dyes arc not directly obtalllcd from 
pnmanes. 

IlItf!rmediates 

Intermediates arc the pure organIc substances whIch 
are obtained from the primarics. 

The intermediates are obtained from the aromatic 
pnmaries by means of UllIt processes like I1Itration, 
sui phonation, halogenation etc. 

The examples of intermedIates arc I1Itrobell/ene. 
anilme and Its dert\ati\'cs. sulphune aCId. anlllics. ' 
etc. 

Intermediates arc comparatIvely III pure form. 

Dyes can be dIrectly prcparcd from IIltermedHJtes. 

Q.20. Suggest the types of dyes applicable to them. 

Ans. (i) Cotton: The dyes which are used are direct dyes. basic dyes with the help of mordants, 
vat dyes, like indigo and anthequinone type sulphur dyes. 

(ii) Silk: It is protein fibers: so the dyes used are acidic and basic dyes dIrectly. All types 
of direct dyes. 

(iii) Polyester Fibres: Mainly disperse dyes are used for the synthetic fibres. 

Q.21. Writc short note on substantive dyes. 

ADS. These are also called as direct dyes. Dyes having affinity for cellulose fibres Vv'hich do not 
require any mordant are termed as substantive dyes. These dyes are salts of colour acids and are 
generally azo dyes. Direct dyes are sometimes known as salt dyes SInce common salt is added 
to dyebath. These substantive dyes are substances o(high m.p. showmg collOIdal properties and 
fixed on fIbers by hydrogen bondmg. The substantive cotton dyes are surpassed 111 brIlliance by 
the basic dyes and In fastness by mordant dyes. Direct cotton dyes with excellent light fastness, 
which are either copper complexes or dioxane are now available. However, direct cotton dyes 
such as Congo Red with poor fastness properties continue to be used in very large quantitIes on 
account of the low cost of the dyes and the simplicity of the dyeing process. They dye wool silk 
from a neutral bath. Some of the examples of substantive dyes are Congo Red, Direct Black EW, 
etc. 

Q. 22. Explain why p-amino azobenzene is yellow in colour but in acidic medium it becomes 
violet. 

Ans. [n p-ammo azobenzene only one charged structure contributes to the resonance hybrid. But 
when it gets protonated in acidic medium, both the structures contributing to the resonance 
hybrid are charged. Thus, the absorption band is shifted to longer wavelength and the colour gets 
deepened. 
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This IS an example where the coordination with proton produces a greater bathochromic 
shift than IS caused by addition of an auxochrome. 

Q) 

ON=N-QNI-1 2 +-4 ----+-. e=( rN-N=< rNH2 
- -- Yellow 

ONI~=N-O:NHz +-4 ----+-. ONlI-N=< j=Nllz 
- - Violet 

Q.23. Explain why Malachite Green is more deeply coloured than crystal violet. 

Ans. In crystal violet, the cation of which all three benzene rings participate in resonance, 
polarizability in equal in all directions in the plane of the molecule but there is only one principal 
absorption peak A

11m 
5900A. In the unsymmetrical malachite green there are two axes of polar

izability differing m degree, lying at right angles, and ·two absorption peaks occur (Amax 4230 A 
and 6250 A). The mal:-'nitude of the charge on each nitrogen atom in crystal violet is less than 
that malachite green and thus colour will be lighter as compared to Malachite Green. 

Q.24. Write short note on fluorescent brightening agents? 

Ails. These are chemical compound used to mask the yellow or browl1lsh tint in the fabnc. They 
are colourles~ compounds which are also called optical bleaches or white dyes. 

We know that the yellow impurities in the cloth absorb blue colour. The reflected light is 
depleted of the blue component and hence the fabnc has yellow tmt. The fluorescent bnghtening 
agent which IS added does not absorb visible light as -it is colourless. Hence it reflects all the 
visible radiation whIch is mcident on it. The fluorescent agent absorbs the U.v. light present in 
the incident light. ThIS excites the electrons in the pigment to higher energy states. But when 
these electrons come to the ground state, absorbed energy is re-emitted as visible light. This 
continues as long as the exciting radiation falls on the pigment. A part of the energy of O.v. 
radiation is used up and hence re-emitted light has slightly less energy. Therefore, this emitted 
light will have longer wavelength. The absorption of u.v. lIght and re-emission of visible light 
of longer wavelength is called flourescence. The flourescence converts a part of 1I1visible U.v. 
light into VIsible light. 

The light re-emitted by t10rescent agent has longer wavelength and corresponds to the blue 
region. Thus the tluorescent light having greater proportion of blue light is supenmposed on the 
reflected light which is deficient in blue light. The balance of colours is restored and white effect 
is produced. Thus the colour compensation is done by additIon process. The intensity of retlected 
light is increased and the fabric appears brilliant white. 

The mechanism of fluorescent brightening agent can be represented by the following diagrams. 

Perfect Surface Cream white 
Surface 
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Cream White 
Fabric + Blue 

SYllthetic Dye.\ 

/Super 
Imposed 

Light 

Crealll- White 
Fabric + Fluorescent 
Brightening Agent 

The optical brighteners should have the following desirable properties. 

(i) They should not affect or be affected by detergent action. 

(ii) They should be soluble in water and should be absorbed by fabric (substantIve). 

(iii) They should have fastness to light. 

(iv) They should not contain chromophoric groups so that they themselves are not coloured. 

(v) The molecules should have hnear and planar structure so that they are easily attached to 
the fibre. 

The optical brighteners are mainly applied to cellulosic fibres. They can be directly mixed 
with the detergents. They can also be added to molten polymer during the manufacture of 
synthetic fibres. 

Types of Optical Brightners 

The optical brightners can be classified into following types dependmg on chemical structure. 

1. Stilbene Der;vat;ve,v 

Majority of optical brightners are denvatives of stilbene (diphenykthene) containing naphtho, 
benzothiilzole, or triazinyI rings. The basic compound IS 4, 4' -diammo stibene-2, 2' -disulphonic 
acid. 

Example (i) 
SOJH 

H,N -@-CH=CH-9-N11, 

SOJH 

1 
(i) 1C611; - ~ -, C 0_ 0 (l'h':lI) II~ol:) anal\:) 

(it) NaOl1 

o S(\Na 0 

" ~ -ft-" C6Hs-C-HN---\Ql-CH=CH P NJI-(,-NII C(,11 5 

SOJNa 
Blankophor R 
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Example (ii) 

Cyanuric Chloride 

Tinopal BY 

Example (iii) : The urea derivative of stilbenes whIch is sulphonated, is llsed as brightner • 
for wool. 

Blankophl)r \\iT 

1. Coumari" Derivatives 

The derivatives of 7-ammo coumarin are llsed as optIcal brightncrs. The formaldehyde 
bisulphite derivative, benzaldehyde bisulphite derivatIve, or acid salt or7-amino coumarin are used. 

C2H5 I . 
NaOJS-CH2-NyyOy o 

~ 
eH 3 

7-Ethyl amino-4-methyl cOllmarin 
tlmllaldehyde bisulphitc derivative 

T(,H" 
NaOJS-CII-NHyyoyo 

~ 
CII.1 

7-amillo-4-lllcthyl Cllllliidrill 
bCllzakkhyde bisulphite. 
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The tnazmyl derivative of 7-ammo-3-phenyl coumarin are suppIJed to natural fibres ilke 
cellulose and wool. They can also be added to molten polymers like polyamides, polyester~. 
polyurethanes, etc. They have good fastness 10 light. 

Q.25. Discuss the pollution of dyeing in industry. 

Ans. One of the main threatening problems in the industrIal world facing today and applicable 
to dyestuff is the pollution problem. Thc dyestuff industrial wastes in the f'lmll of atmospheric 
gases and waste waters have been found to be pollutll1g the neIghbouring area. 

The handing and production of carcmogenic intermediates regularly 111\"01\ cd in the produc
tlOn such as benzidine and its derivatIves U-. and l1-naphthvlamll1es. diphenylamll1e. ('/e. ha~ 

created setback in the production of dyes. Further benzIdine and Its derivatives are being banned 
all over the world and being replaced by the new comparatIvely much safer diarmnes because 
of theIr carcll10genic nature. For example, the B-naphthylamine is no more III practice for making 
its derivatives but IS replaced by a much safer sulphonic acid, Tobias acid <B-naphthyl-amine-a.
sui phonic acid). 

In dye Il1dustry. the processes where lead salts, mercury salts. etc.: were essential arc 
abandoned or replaced by ncw ~afcr methods. 

The abll\'C dc\'~lopmeJlI~ ,1tT notable from ecology point of view. It is hoped that the future 
de\'elopl~1cnt ·)f Iljl(T1l1ediates ;l1ld dye., to be exploited commercially wIll be thoroughly 111ves
tigaled fIrst li'om the P0111t of view of ecology and safety of human beings and antmal as well 
as plant kingdom, 

For the pollutIon control. ne\vcr techniques have been introduced and are further being 
developed by absorbmg the mdustrial gases and giving appropriate treatments to waste walers to 
minimise pollution. An expensive study had been made on careful handing of solvents, cyanides, 
etc. The developments are notable from ecology point of view. 
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