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Introduction

1.1 Definitions

Dye or Dyestuff. A dve or a dvestuff is usually a coloured organic
compound or mixture that may be used for imparting colour to a substrate
such as cloth, paper, plastic or leather in a reasonably permanent fash-
ion. In other words, a dyed substrate should be resistant to a normal
laundry or cleansing procedures (wash fast) and stable to light (light
fast). 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.

OO

Azobenzene (Red colouredbut not a dye)

White Dye. Some colourless compounds are used as the optical
brightners. They may also be called as the white dyes. They hav.e.thc
special property of absorbing ultraviolet light and re-emiting 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 ‘ot dye gnd
pigment will be different. A dye is applied in the form of a solution,
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. Colour and Chemical € ‘onstitution !

green —» blue —* violet —» purple =~ red —» orange —» yellow

: Any group or a factor that will lighten the colour of the dye
'~ in accordance to the above sequence is known as hypsochrome and
_ jts effect produced is known as hypsochromic effect. The hypso-
. chrome group diminishes resonance, often by forcing w=-orbitals out
- of coplanarity.

Changes in the structurg 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 absorption
~ are termed as hypochromic.

T v S T

Bathochromic, hypsochromic, hypochromic and hyperchromic
~ effects are represented by the absorption spectra (Fig. 2°2) which are

. obtained by plotting the intensity of absorption against wavelength
(M)
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Fig. 2.2. Absorption spectrum of a particular dye.

1 The introduction of certain groups in a dye molecule causes
. the bathochromic and hypsochromic effects. This is summarised
~ in the following facts :

(i) The bathochromic effect is produced by the introduction
of additional auxochromes such as —OH and —NH, groupsin a
~ dye molecule. For example, when an additional —NH, group
~ comes in the aniline yellow, chrysodine is produced which is an
. orange coloured dye.

(>non >

aniline yellow

—Z N_N=u—2 N\_
HN— _p—N=H—{ J—HN,

chrysodine (orange)
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2.2. Colour and Chemical Constitution
Colour. The psychological sensation which is produced when
known as the colour.

the light of certain wavelength reaches the eye is . ‘
Thus, colour is dependent on and varies with the nature of the

light illuminating the colourled substance.
_The ordinary light consists of electromagnetic radiations of
varying wavelengths which can be categorised in three headings :

Part of light Range of wavelength of
light '
Ultraviolet light 1000—4000 A
Visible part (white light) 4000—7500 A
Infrared : °
7500-—100,000,0 A

*.) ICgIons re :
prodllt:fns a dcﬁ;PCCUVCIy" Tbus the visi
fan » 1€ visible region is :
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lour is obtained

When white light is incident on a substance, €O
in the following different ways :
(i) If the white light is re

will appear light.
(ii) If the white light is absorbed completely, the subs

flected completely, the substance
tance

. will appear black.
E’ (iii) If all the wavelengths of white light are absorbed except’
" a single narrow band which is reflected, the colour of the substance
~ will be the ‘colour of the reflected band. For example, if the
. substance absorbs all wavelengths except omne single band say the
" blue (4500 A) which is reflected, the substance will appear blue.

E (iv) If only a single band of white light is absorbed, the
!‘ substance will have the complementary colour of the absorbed
_ band. For instance, blue colour is produced if light of 5900 A
~ (region of yellow colour) is absorbed because the composite of the
* remaining wavelengths which aré reflected gives the psychological

" gensation 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 aamd colour

~ visualised with respect to a given range of wavelength is given in
Table 2.1. - _ |
TABLE 2.1 B

Colour absorbed and colour visualised with respect to |
wavelength regions _ |

o

—

Wave Icngth Colour Colour -

o absorbed visualised
4000—4350 Violet Yellow-gr
:350—-4800 o Blueq‘ Yellow S
4388—4900 Green-blue Orange

—5000 Blue-green . Red
55000600—.‘5600 Green Purple
3 — 5800 Yellow-green Violet
59800—5950 Yellow Blue
6050—-6050 Orange . Green-blue

- 50—7500 Red Blue-green
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clation between colour an : 1o
subst:;g:::r has been explained by different theories which are

i follows :
descnll).ed \?it ¢s theory (Chromophore-auxochrome tt)heory),
According to this theory (1876), there existed a relationship between
colour and chemical constitution of a compourd and further a dye
is made up of two parts, chromophores and auxochromes.

(a) Chromphores. The colour usually appears 1n an organic
compound if it contains certain unsaturated groups. Witt called
these groups as the chromophores (Greek chroma-colour, and
phoros, bearing). For example, diazomethane contains the unsaturat-
ed group, azo group, and is, therefore, yellow in colour. On
reduction, the azo group is reduced and methlyhydrazine is produced
which is colourless because it does not contain unsaturated group.
Some important chromophores are listed in Table 2.2

- Table 2.2
Some Typical Chromophores

1 Constitution

ica
Colour and Chem chemical constjy,

ound is related to 118
following examples.

tion.

N\N_/
—N=0 nitroso /" \\ 0-qui .
-quinonoid
N _~
/C=S thiocarbonyl H
—C=N—azomethine
—N=N  azo O _
—N7  nitro
W
—N=N-0 azoxy O
AN
‘_‘N_=__N-NH azoamino ,C=0 carbonyl
=< L - "
./ P-Quinonoid
o /C=C< ethylenic

The chr :
types : omophores listed in the above Table are of two
€ 0 Wi



yes

at

o P

We

NG o el € )

SS——

Rt s a2 g KU -

Colour and Chemical Constitution 25
(a) Independent chromophores. This  type iqcludes _ such
chromophores when a single chromophore 18 sufficient to impart
colour to the compound. Examples of such chromophores are
—N=0, —NO,, —N=N, —N=N-0, —N=N—NH,
—N=N->0, p-quinonoid, etc. '
e includes such chromo-

(b) Dependent Chromophores. This typ : . )
phores when more than one chromophore 1s required to impart
Ne—c( .

colour. Examples of such chromophores are /C=-‘0 ,
etc. This type is exemplified by various examples. For exgmple, acet-
one, containing one carbonyl group, is colourless while biacetyl, con-
taining two carbonyl groups, is yellow. A single C=C group does

not produce colour in the compound but if a numbsr of them are
For example,

present in conjugatioa, the colour usually appears. :
ethylene, CH,=CH, is colourless while CHj (CH,)¢CHj 1s yellow.

O O (l)I
I Il
CHa"—C— CHa CHS_C_C_CHS
acetone biacetyl

Diphenylpolyenes provide another example. The formula of
these is Ph (CH —"-‘\CH)nPb. When n=0, 1 or 2, the compound is
colourless. However, when 7 is 3, the compound becomes yellow and

when n is further increased, the colour gets deepened, i.e., when n
is 5, the colour is orange, when 7 is 7, the colour is copper-bronze
and when 7 is 11, 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,

O O
ol

CH,—C—C—CH, is yellow in colour while
@ (0]

I f
CH,—C—CH,—CH,—C—CH, is a colourless

compound.

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

(b) Auxochromes. A chromogen may be coloured but it

does not represent a dye. Witt pointed out that the presence of
leads to a deepening of the colour

certain groups in a chromogen
although these groups are not chromophores themselves and do not
impart colour to the compound when present without the chromo-
phore. 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 2.3.
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Table 2.3
Some Typical A"’OChromf', B
Growp  Name  Grow
Name L T —— B
NH Chloro ((::lH
. —NH, -
Amino vl .
Methylamino —NHCHj, ::::hzxy _OCH,
Dimethyl amino —N(CHy)s Coano P
Sulphonic acid —SO,H y cocH,
d —OH Acetyl con
Hydroxy . -
mido s
Carboxylic acid —COOH Aceta

The auxochromes serve two functions, namely.

(@) They increase the intensity of the colour. This is illustrated
oy the following example :

(i) Benzene (no chromophore) is colourless.
(ii) Nitrobenzene (—NQO, as a chromophore) is pale yellow.

(iif) p—Nitroaniline (NO, as a chromophore and—NH, as an
auxochrome) is dark yellow.

(b) They make the chromogen a dye by fixing it to the Jabric or
the material to be dyed either b

_ Y associatian 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 ig best
illustrated by the following example :

CeHe CiHy.N=N.C;H; C,H,N=N— \_*

. N_J>—NH,CI
Dnzene azobenezene P"minoazobenzene hvd
(coloured - h Ydrochloride
but not a dye) a dye, aniline yellow)

r__These are the
th of the coloyr. These shift the absogr‘;lilgl:
our. It fyoed 2 nd thereby bring about

red shift. Wh
8roup -NH, are ref)’l.aced b;nRt,h:

hydrogen atoms jp a,

effect is Produced.

t - These are the .
the red ¢o - :lf the coloyr, These shift the groups

, a ti
ts in the rwnl;so;?n&z
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colour. It is called blue shift. When the hydrogen atom ina
hydroxyl group —OH or in an amino group, —NH, by an acetyl
group produces hypsochromic effect.

Witt's theory has proved to extreme] iri de §
developing many of the dyes. y useful empirical guide in
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o 1!; te?:::t ::T:uiﬁcd in ":‘i”(’ b)‘"&’i r‘°°°: ch,;f.‘:;ﬁ c;;sé?&ti?,:
m,modz of application to the fibre, (d) the intermediates from

‘ nd [ : }
{c) the types of materials to be dyed, & f classification is satisfac-

i gystem O . o
which they lafre ﬂg&i‘:g 3:: l{tit:-:: tzlo types of classification of dyes

tory by itse d they have been discussed here.

are very important an
f dyes according to application. Dyes
T, ‘? ?::ig:;g:?: apglication method, for the convenience
of the ayer n method available is that used

" The best classificatio .
?: 3;: c(li)g;(r)ur ’fn;cx, a publication sponsored by the Society of Dyers

ists (England) and the American Association of.Textilc
E‘L‘lgﬁltiua'ﬁ? éolgurists. This classification of dyes also gives the
various different methods of dyeing of the various fabrics with the

different dyes.

(@) Acid dyes. These dyes are usually the sodium salts of
the colour acids which may contain sulphonic acid or phenolic
group. These dyes give very bright hues and have a wide range of
fastness properties from very poor to very good.

Acid dyes are used to dye fibres baving basic groups, such as
wool, silk and polyamides. Application is generally made under
acidic conditions which cause protonation of the basic groups. The
dyeing process may be represented as follows :

Dye™+H*+Fibre — Dye~ H+— Fibre
This is the reversible process.

e S e o L

; . Gencrally, acid dyes can be removed
from fibres by washing. The rate of removal glepends on the rate

at whi ;
‘0 :aﬁa};nth.e d%;,":“ ?v‘ﬂ'usg through tl;e fibre under the conditions
temperature, given fibre, the diffusion rate depends upon

-and kind of lmf and shape of the dye molecules, and the number

inkages formed with the fibre.
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®) Basic or cationic dyes. These are those dyes which

pasic amino group which is protonated unde '
pave a of the fibres by formation of salt linkages wirtﬁhiﬁfé?ﬁ?ﬁ}

4itioBs © ips in the fibres. They generally give int 1e
gcid! ; tgut It’lave poor light fastpess. y give intense and brilliant

Like the acid dyes, these are used for dyeing silk and wool
direcﬂy but not unmordanted cotton (vegetable fibres). For dyeing
cotton the basic dyes need a mordant like tannic acid and tartar
emetic OF some synthetic organic substances.

Examples of basic dyes are methyl violet, crystal violet,
methylene blue, magneta, rthodamine, etc.

(c) Direct dyes. These are a class of dyes that become
strongly adsorbed on cellulose. These usually bear sulphonic acid
groups. However, these are not considered acid dyes because these
groups are not used as a means of attachment to the fibre.

Direct dyes are large, flat, linear molecules which can enter
the water-swollen amorphous of cellulose and orient themselves
along the crystalline regions. Common salt or Glauber’s salt is
often used to promote dyeing because the presence of excess sodium
jons favours establishment of equilibrium with a minimum of dye
remaining in the dye bath.

The dyeing process with direct dyes is reversible because these
dyes are held in cellulosic fibres by adsorption. Unless after-tredated
with resins and dye-fixing agents, direct dyes, as a class, have poor,
fastness to washing. They are used mainly because these are
economical and easy to apply. The direct dyes dye wool and silk

from a neutral or nearly neutral bath. A typical direct dye is congo
red.

A special type of direct dye having free amino groups is design-
ed to be diazotised and coupled (developed) in the fibre. This
improves the fastness of direct dyes to washing. An evample of this
type is direct black 17 (zambesi black D). This dye is used primarily

to colour plain grounds which are later to be printed in a pattern
with vat dyes.

(d) Mordant or adjective dyes. These dyes by themselves
have poor affinity for the fibre. However, these dyes require 2
pretreatment of the fibre with a mordant material designed to bind
the dye. The mordant gets attached to the fibre and then combines
with the dye to form an insoluble complex called a lake. Dyes with

mordant dyeing properties must contain groups which can hold the
metal in stable combination or chelate groups.

Mordants such as aluminium, chromium and iron salts are
used depending.upon the fibre and the class of the dye, €-8-

e e
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(i) Chromium salts. For dyeing wool and for Printin,
cotton with mordaat azo dyes.
(i) Aluminium salts. For dyeing and printing cotton with
: . | » .
i{) Iron salts.. For printing cotton with o-n.ltrogopgenok
‘ '(Ii'hdl only important dye used for dyeing cotton is alizarin, [,
does not have any affinity for the unm_ordal},ted. ﬁ.bres. ,H,O"e‘ver,
when it is mordanted with aluminium hyd‘r‘_oxld,e,, it is precipitated 1p,
cotton fibre in the form of an aluminium “lake’.

o
i ONa
./\n/\ “/\ l/ONa
N/ \“/\/
(9]
alizarin
Mordant dyes have declined in importance mainly because

their use is no longer necessary. Equal or superior results can

gebrobtained -with other classes of dyes at less expense in time and
€.




(k) Va_t dyes. Like sulphur dyes, these dycs are insoluble.
However, their reduccd forms are soluble. Therefore, Yhese dyes
are applied in their reduced fcrms which are obtained by treating

the compound with some reducing agent such as alkaline sodium
hyposulphite in a lar

ge wooden vat, giving rise to the name vat dve.
The cloth to be dyed B heE 4

is immersed in the vat, baving a reduced vat
dye. After the reduced dye has been adsor

original insoluble dye is reformed by oxidati
cals. The dyeings produced in this w
and, in most cases, the dyes are design
bleaching as well.
none vat dyes.

0 | OH
» E
H,
XD+
Hoo0 | D
i b

Indigo blue(insoluble) Indigo white (sciuble)

bed on the fibre, the
on with air or chemi-
ay are very fast to washing
ed to be fast to light and
Examples of vat dyes are indigo and anthraqui-

-

o OH

‘ 0 OH
: inel
Anthraquinone Quine
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The C.I. (Colour Index) definition wag
insoluble dyes pélgfmallyﬁ introduced
for dveine cellulose acetate and usually applied irom fine aqueous
d?;pe)rlseilgx%.ceRl:::ebnt work has shown that such dyes do, howeygr,
dissolve to a very slight extent in water and the degree of solubility

influences the dyeing and levelling processes.

(j) Disperse dyes.
that these are a class of water-

Disperse dye molecules are generally small and have some
hydroxyl or amino groups to give finite water solubility at dyeing
temperatures.

Disperse dyes are usually ground in a mill to fine particles
gizes (1-4 x) in an aqueous solution containing a dispersing agent.
The latter normally stabilises the dye suspension and acts as a rest-
raining and retarding agent.

Disperse dyes may b: applied by a dry heat procass (Ther-
mosol) to polyester fibres. In this case the dye achieves molecular
form by sublimation (vaporisation) from the solid dye to the fibre

process. Extremely small pasticle size is also important for this
process.

- The principal uses of disperse dyes dare the dyeing of cellu-
lose acetate, nylon polyester and polyacrylonitrile fibres. The
m:chanism in each casz is balizved to be on= of solution in the
fibre, no specific electrically charged dys sites bzing needed for



_Most polyester fibres must be dyed under
dyeiné to 2 ith %\“a:%‘gﬂ :f Ol?:anic swelling agents. The wu&:‘m;
’r’cssurﬁ or ¥ erse dyes on these fibres is excellent, Disperse dyes
Fustoess of d(‘lspfot dyeing woollen sheepskins (i.c., the skins to which
are als‘z) u?scstill attached) and for the surface dyeing of plastics.
W

jve dyes. Thesc arca relatively new class of dyes

f‘rzn f:{oev.aﬁm bO{ldl with fibres posscssing hydroxyl or amino
that An important type of reactive dye has chlorine atoms
"-“ﬁs;eact with hydroxyl groups in cellulose when applied in the
;rh;:ence of alkali. It has been proved that an ether linkage 18

established between the dye and the fibre. An example of this type
is the orange azo dyes.

Another important type of reactive dye involves an actiyatcd
vinyl group which can react with a cellulose hydroxyl group in the
presence of a base according to the following scheme :

OH~
| D)’e-—-SO, CH’ CH: OSOz Na""— e it S — —2

Dye—<0, CH=CH,+HO—Cellulose
|

Y
Dye—S0, CH, CH,0—Cellulose

Reactive dyes offer excellent fastness to washing since the dye
becomes a part of the fibre. The other properties depend on the

structure of the coloured part of the molecule and the me
ictur . ans b
which it gets attached to the reactive part. !

It is clear from the number of published patents relating to

reactive dyes that this field is regarded as bei "
importance by the dye-maker and dgye‘user, s being of the highest
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Anthraquinone Dyes

tion

‘ :hmquinonc, the basic system of these dyes, has & faintly

An lour the edge of its long wave extends into the visible
yello® co“ ’..,327 nm). It is not itself a dye. The introduction
‘-'E‘dmt-?,ely s?mplc electron donors gives anthraquinone compounds
of relal according to the strength of the electron donors (OH < NH,
"‘"E‘ < NHAD), absorb in any desired region of the visible
<K r:; . The position of the substitutents in anthraquinone not
si’cxdinﬂucm:cs the absorption maximum but also some of the other
Ono%crtics. For example, anthraquinone derivatives that have
hydroxyl or amino groups in the B-position generally exhibit better
resistance {0 sublimation, better solubility and better affinity for
rextile substrates than x-substituted compounds.

Dyes based on anthraquinone and related polycyclic aromatic
quinones are of great importance. Many of the most light-fast acid,

mordant, disperse, and vat dyes are of this kind. The chromophore
is the quinoid group,>C=0.

(a) Anthraquinone mordant dyes. éhcse contain groups

such as hydroxyl or carboxyl group, which cantombine with metal

:gnslso as 10 form insoluble compounds called lakes. The colour of

me lake depends upon the mordant, i e., the metal used. Some of
¢ important anthraquinone mordant dyes are as follows /

n',‘&‘;":)fat; mordant red 11.) Previously it was pbtained from the
under pre ¢ madder plant but fiow-a-days it is obtained by heating,
caucdpb::um, silver salt (sodium anthraquinone-2-sulphonate, 50
Tate and waause of its silvery crystals), caustic soda, potassium chlo-
melt is ter in a steel autoclave at about 180°C. The resulting
alizarae own into water and acidified to decompose the sodium

»the precipitated alizarin is filtered, washed and used as 2

rcent paste, (v

(i) Alizarin.(lt is 1, §dihydroxyanthraquinonc. It is also
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sodium gnthraquinone-2-sulphonate
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sodium alizarate alizarin

Alizarin is a red crystalline solid insoluble in water but solubl
in alcohol and alkali. It is a mordant dye and combines with |
mordants, i.e., metallic hydroxides, to form 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 mordants are given as follows :

Mordant used Colour of the lake
ga;:'. Ba2+, pb2+ Bluish-red
o :
i Red violet
Mg2+. Spd+ :
Yo
3+ '
g: e Brownish-red
Fes+ Violet
Sn42 grec:lwn black
ey B
When alizarin

DOWn turkey re

T e S
< the pr(::lncgl:?br::g'; ‘i‘:l'.ﬂe- Itis obtained by nitrating alizario i §
| |0 OH
Alizarig 000 CY I\/l\/OH
boric acid \ /“\ /"\/[\
a NO,

alizarin orange
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Dipheny!| methane Dy,

_— N

91. Introduction haracterised by the
. henyl methane dyes areé ¢ arac \C Presey
of a g;gfl:x;glncletyhanc nucleus. Only few dyes belonging o thciz
rcially important.
;!;?s asr: ;zmsn:impl{ s of piphenylmethane Dyes

Some examples of these dyes are described as follows ;

1. Auramine O. Kern and Karo pr.epared t.his dye
heating michler’s ketone with ammonium chloride and zinc chlorig,
at 150—160° C. The auramine base so obtained on treatment wiy,
HCI is converted into auramine O. The michler’s ketone requireg
for this synthesis is prepared by condensing N-dimethylaniline wit,

phosgene.

0
I |
Me,N— + C —
N+ kot e
Cl Ci
0
= | ==
MeN— >“C—< J—NMe, NELC, ZaCly
michles’s ketone 150° C
_ NH
czN \—-/ _C—<_.>—NMC‘ —-—--C—l-...)
aurmaine Bage |
_ lfHa
MCzN--/ —\ =
—C= \__-1-
N_/ L =M, } Cl-
auramine O



thane Dyes
Ime 199

de in an atmosphere of ammonia a

, : ‘ t

- of ’Od‘i:c base 30 produced is treated with hydrochlorlizs;c% ton
mit” », The sodium chloride is purely as a diluent. ot

ar mine _

S
o~ L /- NH
MC‘N‘—.&\J_-C-<_—>-”N Me, —p

NH
=_ 1 = HC!
MQN"<__>"‘C—<_>-"'NMc, e b
auramine base

_NH,
Me.N—<_>—<l:=<;>=ﬁMe, } cr-

auramine O

he form of hydrochloride. Itisa cheap,
prilliant y© ively used dye for dyeing of paper, silk,
jeather and jute. The yellow colour produced by it is not fast to

d is destroyed by boiling with water, and on treatment with

ight an

't:gt acids and alkalis. However, it is still employed due to its
cheaper cost than the other dyes of comparable colour.

~ The condensation of N-monomethyl-

ct I which on heating

2.
o-toluidine with formaldehyde yields the produ
onia, followed by treatment with

with sulphur in a current of amm
hydrochloric acid yields Auroamine G.

Itis marketed in t
jlow and extens

H,C\_
2 Meﬂ——< > '+ CH0 ——*
H,C CH,
>-_-_- ==/ ) S+NH:'
Meg-\~> —CH, '—<__) —~NHMe == ma

1

o L= e}
o —_ Cl-

Meg_\_)_c.._\“ > NHMe

' auramine G
Itis oreenish vellow dye.
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Triphenylmethane Dyes

o
g

4"
e

v

. oduction _ |
10 I.ntr of dyes is one of the oldest known synthetic dyestuff
This %r]oupa re of brilliant colour due to resonance and cover a

o including violet and green. How-

groups- d to blue
range of shades from red tc BITe, It and due to this reason they
ever, the colour fades rapldtla)tlxtmareg used for colouring papers, type

s uses in textiles " .
g!;ge:csribbons and other articles where fastness to light is not of

much significance.
i i ir chromophores,
These dyes have the quinonoid group as their ¢
These dyes ar); obtained by the introduction of NH., NR; or OH
f the benzene ring of tripheny}

oups into the para positions O '
metha btained are colourless and are called

methane. The compounds so obtaine :
leuco-compounds. These on oXxidation are converted into the

corresponding tertiary. alcohols called colour bases which on treat-
ment with acid are changed from the co}our!ess benzenoid forms to.
the quinonoid dyes due to salt formation. The coloured salts on

treatment with alkali are converted into the leuco-base.

oxidation acid
p—y

leuco-base =+  colour base =  dye
(colourless) reduction (colourless) akali (coloured)

Some structures of this class of dyes involve an aryl gro
than phenyl and, therefore, i . aryl group
Iriarylmethane dyes. » In general this class can be called

10°2. Classification

The triph .
the followingpt;;eysl?ethane dyes have been further classified into

| ; Aminotriphenylmethane dyes.
. Hydroxytriphenylmethane dyes.
Let us discygg these one by one.

» ’l' i On-iphe. .
Which o obtained by they ! methane dyes. These are the sallé
' actior of mineral acids on certain di-of



es
o™ iured triph
: substituts riphenylmethanols (colour basss)

1V 0. : ’

. 40i? are in turn prepared by the oxidatio The

{cgl"“f g;fgcthancs). n of the leuco base
. Ahie

gﬂph !

( oy HHN CeH,

M N \

v CH NH) c 4 -

P4 HN.CH/

N CeHa
& 1¢iphenyImethanes
of
Lauco bose(colourlcss)

NH,

Triphenylmethono\s

or
pPgeudo base ( colouriess)

Aikali‘ xHCl
~ H,NCH s
AN + | -
/C NH, | Cl

RN

oye(co!oured)

The intense colour of this group °f dyes has been at}ributed to

the resonance of uqsymm:tncal triphenylcarboa‘mm ions.
resonanc: will bz only possibleit‘ two or mdre of the b C
i h amino Of substxtuted amino

of the triphenyl carbonium ions have
gmxps (generally in the p-position). The resonance
&3 positive ion of the dye, thereby, favouring the

™ We will now .+ o oyimethane
dyes We will now discuss the various important tripheny!m@

(a) Malachite g .
e green. On 2 large scal®:

mﬁg:?;:ﬁm“ N moles of dimathylanilinq wit hlo?indcc Ic?:?lc% n‘é.

yde at 100° Cin the pres3nce of zin¢ igised with o

sul : :
dio‘;t-lg"? acid. The leuco-base produce is OX : 4 The
idain a erlutinm ~f acetic acid having hydrochlonc acid.
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‘b eX of hydrochlg,.
base OR acidification Wit cess lorig
resulting colour bas

e o achite green-
acid gives mal ZaC), or

== | ".—\——-NMC| ————
/TN C=0 + 2 V4 H,S0
Q= . .
Y
= N
/TN _c—< —NMe;
7\
¢
NMe,
leuco base
(‘)H
__[93_, “N\_C— - NMe
PbO|<.—-/ (l: <—>-. ’
7\
[
N
NMe,
colour base
HCI = = + -
L TN el T M, 1O
_H.B'\_> (l: N/ NMe,
AN
I
Y
NMe,

malachite green

~ Malachite green dyes wool and silk directly, and cotton mor-
c¢anted with tannin,

'd'('b) Rosanil_inel (Magneta or Fuchsine).
oxidising an equimolecular mixture of auijline, o- and p-toluidines,
and their hydrochlorides, with ni .y P iron
flings. The product ) nitrobenzene in the presence of 110

s0 obtained is a mixture iline and
el 2 . of rosaniline 2
pararosaniline in which the former is predominating.

It is prepared by

H'N"<__/"(|3“H + N+ 1
H | |
v (0)

NH,
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colourless carbinol

I
| HCI

¥ |
/’ -/CH‘
N e N\
PDara S

/N
BN
N/

'+ WCl-

NH. S
rosaniline

HgN -

/

Rosaniline forms crystals which show a green metallic lustre.
It dissolves in water, giving a deep red solution. This solution is
decolourised by sulphur dioxide and is then called schiff’'s reagent.
This reagent is used as a test fot aldehydes. The restoration of the

he formation of a dye with aldehyde

colour may be probably due tO t
(e.g., formaldehyde), having the following structurc.

a
_ (8 1
| HO,SCH,—NH— < > —C= < \, _NH—CH,—S0;H 'I SO;H™
" | =

/N }

| ,

N/

' J

,.....
Z
&
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nd silk directly, producing

dye wool :‘ba mordanted with tannin,

cotton mus | le
uclu;!ne). of two moles of aniling

nara
) P,"ro#qnﬂh:; i dﬂﬂi“‘ a nm_tt.ugﬁi d orrni(robcnzcne. The
ally prepared 0. o th arsenic : he dye
generdlly BEOR S p-toluidine WHE Slith acid yields ! :

lour base on treatmen

i i to
Rosaniline 18 u\a:':«.:cr'
violet-red colour 3 ho

cesulting €0
i /TN NH,+ |/\\\
- ' —NHg
7 —C—H + /
H NH,
I
=_o— »-NH
© BN- )¢/
l/\ll
M
NH,
pararosaniline (leuco) base
?H
{S-c< H-nH
) H.N <__./ |C \__> 2
T N
l/
NH,
colourless carbinol
(colour base)

7 =\___ Y 4 + _

HCI HN \_/ ?—<=>=NH,}CI
7 VAN
L
\/

NH,
- Pararosaniline

Itis also possi
metbod . possible to prepare pararosaniline by the following



yhnethane Dyes

7riph®” ,
05
_ CH,O0

HiN Q + HN - ) —cn,
VAN i
'\/“ 7 l/\n @ GeleNm.HCH
g N/ @) ©
H, 1'~JH,

- e~ +
N S e

g

|
NH,

pararosaniline

Paragqsani_line has the sams .properties as that of rosaniline.
Like rosaniline, 1t dyes wool and silk directly, producing a violet-
red colour ; cotton must first be mordanted with tannio.

The N-phenylated sulphonic acid derivatives of pararosaniline
are more important than the parent dyes. These are known as ink
blues and are valuable acid dyes.

(d) Aniline blue (diphenylrosaniline). On a large, scale it
may be obtained by heating rosaniline dye base with aniline in the

presence of benzoic acid or acetic acid.
CH,

CeH; COOH

—_———

on
e S W SUREL

g

NH

2
rosaniline dye

' - HC
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hat the phenylatnon of the amino

‘ r hexamethyl-
group s Prev®” methyl parafuchsin

xa ained by heating
() ‘2’{!&‘“1 “olef,,,( ) It may beh %‘:gsence of phosphoryl
sani‘ine hydrochl {hylaniline in the und is used, then
nfi'g)’l%rs ketone with dlme¢= y If the latter compo

1 chloride:
bonyl chloride- = by heating carbony
chloride or car ﬂ%e red directly by
prepa
cfystal violet may

and dmethylanllnne

N Cly, —

N
I
/
|
o)
|
o
AN
\
[
Z
2
$

MeN—  / | N_7/

NMe,

michler’s ketone
OH

| = -
MC,N—\ >_C|'—<—>'—'N Mez POClg

—_———
AN

NMe,
crystal Violet



|

aMeN
4 ‘\ .
MeN— /€~ © Q) NMe,
N — -
I COCl,
Y
NMe,

NMe,
crystal violet

Jts weak acid solution is violet, its strongly acid solution is
and its very strongly acid solution is yellow. The colour

green £
changes may be explained as follows :

In weaxly 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

jon (II). In this state, the whole unit of charge wild
undergo oscillation in the horizontal direction and, therefore, the
colour deepens. It-is important 1O remember that the vertical
direction of oscillation gets inhibited due to the fixation of the lone
r by proton addition. In very strongly acid solution, it has been
ound to exist in form (111) having three charges. In this ion,
relatively little resonance (with oscillation of charge) 18 possible and

therefore the colour lightens.
- = +
Me,N-—< >-——-C ==.< >=NM°'

N

N
N(de,

@
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Me.N< 275K m>‘=NMe‘
®
N/
NHMe,
+
(In
—_ = +
Me,§H<=>—('3=<=>=NM°s
VA
H\/l
blHMe,
(I11)

Crystal violet is used to dye silk, wool and tannin-mordanted
<cotton to bluish violet colour but the colour is not fast to light,
Crystal violet is used in making indelible ink and pencils, in stamp-

ing pad, etc. It isused as an indicator in the determination of
hydrogen-ion concentration of solution.

- o
e ™
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Phthaleins

e

oduction
ihydroxytriphenyl ivati

These 3r¢ dihydroxytripheny methane derivatives wi
DO xyl of sulphonic acid group ortho to the central cargo:’ lz;:lo::
¢ the third phenyl ring. These are used as indicators because they
i tive to the action of alkali solutions. Phenolphthalein is the
gost ;mportant member of this group.

(@ Phenolphthalein. It is prepared by heating hthalic
anhydrid? {no{effﬁfe)‘“‘lth phengl (2 molecules) in the presl,)ence of
Sonc. sulphuric acid as a condensing agent.

{
L _t} _J
conc HS0, o
cO co
Colourless

It is a white crystalline solid imsoluble in water but soluble

in alkalis to form deep pink solation.

\OH

coo” co0”

Deep pink colourless
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If the excess of strong alkali is added to the pink solution, ;
becomes colourless again due to the loss of quinonoid structure apg

resopance.

Its 1% solution in alcohol is used as an indicator in acid-alka)
titrations. It is also used as a laxative in medicine:

- - -« . ® s % _. P |
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Xanthene Dyes

_— T

/
" ction to Xanthene Dyes
g1 derivatives of xanthen ‘ ives ri
osc are . e. This grou
» T:‘ ﬂuoresccm dyes having red to yellow cgoloul:.g“;g:x{:ﬁ;:
Vﬂha:btai aed from xanthene by the introduction of auxochromes
ayes 0 amino of hydroxyl group into positions 3 and 6, i.e., the
,,cg_ cosi émlﬁons. with respect to the carbon atom linking the two
w n'aClﬂ .
o
N
NN/
xanthene or xanthen

Some important members of this group of dyes are described

as follows :

(g) Fluorescein. Itis a xanthene derivative and is obtai-

gped by heating phthalic anhydride (1 molecule) with resorcinol
(2 molecules) at 200° C or 110-120° C with anhydrous oxalic acid.

HO—” \_ou H0©»0H HO
S '
g H
. \ ~2H,0

L- —‘-‘D'- ‘-—J —
c—0 VD :

ﬁjéo

Fluorescein is red powder. It is insoluble in water.
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216 o
. hich is th
e structurc (D, w .
ljhs unsatisfactory. However &1\
ostulated 1n which the Strugy"®

es have been P hile the structure (“I)?
LY

giponoid structures :d structure W
< having the p-quinonoid ot tains tercovalent oxygen)
lllla]s)'it’!sg (:;'uinonmd structure (this contal )
(0] O OH
o) O
“ Y OO0
\/\I/\/ N goa
COOH /\/
i \1/ "\ |
N (111)

n

When Davies ef al. (1954) recorded the infrared spectra of
ptenol, phenolphthalein, fluorescein and some of their alkali der;.
vztives, they concluded that the structure (I) is preferred over other
structures (1I) and (III). The structure (11) is eliminated due t,
the absence of the characterised absorption of the carboxyl group,
Similarly, the structure (I11) is eliminated because the frequencies
of the carboxylate ion in (III) are absent.

When fluorescein is dissolved in alkalis, it gives i
i . solv s, a reddish-
brown solution which on dilution gives a strongg yellowish-gre?n
fluorescence. The structure of fluorescein anion is (1V).

0 o
\(\(\/\/0
A /.
"/\,—'COO

ol and sjjk | in i known as uranine. Uranin¢
. }’ellow from an acig bath ; theliolouri

Fluoresceip s used

rivers as in tracin ;
well as a marke 8 underground currents in sea and

(b).. .E"'in. It is “l"f?fl‘ng acﬁdems;

andlo



These are basic dyes belonging to xan-
in shades from yellowish red to

’ (¢) Rhodamines.
basic thodamines are rhodamine

thene class. Rhodamines range
blue. Two most commonly used

B and rhodamine 6 G.
Rhodomine B is obtained by condensing m-diethylamino-
phenol '(g molecule) with .phthalic a,t_l_hyclride'g (1 mole)cl:ule) at
150—180°C for 3 hours to yield the reaction product (I). Then the
rele]xctlon. product (I) is condensed with another-molecule of m-di-
;:(:r)gaggwophenql in the presence of zinc chloride at 170—180°C
urs to yield the dye base (II) which is converted into the

dye (II1) by treatment with dil. hydrochlori¢ acid



CO\ 150 -180°C
CO/ "3 hours
EtN OH
EtL,N
-

370-180°C

0 el
EN_ | NEt,Cl
x Vi
-
COOH

(111)

HCL

219




Introduction . N I)
Acridine dyes have basically acridine skelemn
dyes have amino or substituted amino groups ip 3 . r?to“ ;
or only in 6 position. d ¢ "4
8 9 )
7 - 2
LI
5 10 4

acridine r...cleus

Like xanthene dyes, the acridine dyes can pe divideq .
subgroups corresponding to diphenylmethane anq tri .

tO t

. . . T1pheny]p,. ... Yo
derivatives. In the latter case the third phenyl ring js préx
Position.

Among the acridine dyes, acridine orange NO i imporg,
It is prepared from 4, 4-bis (dlmethylamlnophenyl) Methane (4) gt.
nitration and subsequent reduction with zinc ~and hydrOchloric acig ty
yield 2, 2’-(diamino)-4, 4'-bjs (dimethylaminophenyi) Methane (p
Wwhich then gets cyclised. The cyclisation of (B) is do

' . ) D¢ either
heating the reduction mixture to boil and 1solating the dye ag zigg
chl(:ride dauble salt or by heating (B) with aqueous  sulphyric acid g

140°C under pressure and salting out the dye by the treatment of
common salt in the presence of copper sulphate and ajr at 80°C.

_ — Nitrati
(CH')’N—<__> _CH’_-<__>—N (CH,), ‘—l—r?—'u:l:

Reduction

2, 2'-diangnM. 4’-bis {dimethylamino
.. Phenyl) methane,
Cyclisation /\/ (B)

AN N
(CH,), N NC 6 N chy),
H

acridiné Orange NO
Acridine orange NO is used to dye

_ silk o i e
fluorescent. . However, it hag Poor fastnegg p::gg:ﬁe‘:,lth :cr%;iﬂe
orange NO is used for leather dyeing and jp ink Manufactyre.

' - 302

R——
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e Reactive Dyes

A . w——

of forming a covalent bond betwe

molecule and an oxygen, nitrogen or sulohur atom of a hydroxy, an
amido or & mercapto group respectively of the substrate”.

This definition excludes mordant dyes and 1 : 1 chrominm azo
dye complexes whlch,.m 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 di

. chlorotriazinyl group. These dyes
were made by condensing a dye ¢

ontaining amino group with cyanu-
ric chloride.
Cl
|
C
N\
N N
N
Dye—NH—C C—Cl
N/
N

. . . . : . ti.
. cyanuric chloride is cheap and readily available. The reac
Vity of the chlorine atom in cyanuric chloride is due to the electron

Withdrawing properties of the nitrogen atoms.

high The dyeing with reactive dyes is carried out at 70°-100°C under
e

ion H
brapg . 2ikaline  conditions. These dyes were sold as proci
and and cibacron reactive dyes.



2. Procion blue HB. It is obtained by condensin ’
bromo-3-anthraquinone sulphonic acid (a) with 2-sulpho-p-phcny\czg
diamine (b). The resulting product is next condensed with Cyanuri
chloride in presence of sodium carbonate at low temperature, 1. "
fOW condensed with suiphanilic aci

. : . d and ultimately converted inu
1ts sodium or potassium salt,

g l'am'mo-a. :



ov NH Q
SOa3H
e 20°¢C

T
A e e

sOsNa
Presion Blue HB

It is wsed as a reactive dye. It gives @ royal-blue shade.



(b) Indigosol O (C.1 .m/ub.i/ised blue. 1,7..?00‘-2) .ln digorsn,m
is not stable. Therefore in ordinary dyeing, md’g,mm‘white A ;P%
converted to its disulphonic cstc.r (I) by treatmc.nt with C}_ll°f0~su1m"""
nic acid in the presence of pyridine. The alkaline solutiop of &

Citg,
(1) is called the indigosol O (II).

When the indigosol O is applied to the fibre a:nd is thep Subj,
ted to oxidation with sodium nitrite in acid solution, the Origing
blue dye is regenerated.

HOO,SO
| H
C N
CISO4H, pyridine \\/\ N\ NaOH
Indigotin-white —— — | | C ] -
NN\ N\
N C
H |
OSO,OH
(D
Na0O0,SO
| H
C N
'/\ ll/\c/\u/
\NAN
N C
H |
OSO,0Na
(1D

indigosol O



245

C
A YA R
N = ) M
/\/ \VAY 4 Na-hyposulphite
N C
| I
O
indigotin
0|Na H
¢ n
-0
NN/ N/ \/I
T
H ONa
|[ Indigotin-white
(i) CISOzH (Pyridine)
| (ii) NaOH
NaOO,SO }-I
: C N
NN NN\
) I Cc—C | |
NS NN/
i
P) 0OSO,ONa
indigosol O

(¢) Tetrabromoindigo ciba blue

(2B (C.I. vat blue

3,73065). 1t is obtained by bromination of indigotin in nitrobenzene

or dichlo‘obenzene.

O
Il
Br
Br C N
, 2Br, NN L NN

Indigotin , Y W ¢=C I_)

nitrogenzepe N\ N/ \é/ \,/

chlorobernzene_ ]‘31. g | Br




" Various Metho Dyei ollows:
mlm\":rinus Methods of Dyeing. These arc as f

. . f dyeing depends on the absorptjy
) ct dyeing. The method 0 on the .
pu“c:i:fpt;,r:ﬁhri, the nature of the dye and the conditions of dyeiny

ied i o light, wash;
However. it is necessary that the dye appllgd is fast tit Cgom a:;sbf:mg‘
hleaching and other treatments and possesses an intensity p e o

the standard sample. _ -
As wool and silk are amphoteric proteins, they can be dyed directly

either by acidic or basic dyes. However, mordant dyelr)g 1S qsed 0 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 after 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.

(i) 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 (ii) are quite useful in ifyi :
dyed fibre. g modifying the shade of the

. The cotton, linen and rayons do not show affinit for ma S
::’";):‘igni;:i U%‘.d f.Ogdyc'lng wool and silk. However, they Zan be dyne)(',j (vivyi‘t:h
water. To this dye ot o 2" method. The dye is dissolved in hot
Carh();la(c o ad);‘c‘d dt{?f 5—~20‘7S sodium sulphate and 0.5—2¢; sodium
which is first ma; Ll ‘OW the fibres are introduced in the dyeing bath
85—95'C. The 4 lengd at 50—60"C and then raised in half an hour to

As U.u. X J;ung IS completed in abouyt | hour

S e synthetic fibres are : '
usuaily Cﬂlmn}dycf“;{ lzhr‘¢s‘arc hydrophobic, they are resistant to the
S However, they can pe best dyed from an aqueous



{ dye to form a soluble alkali salt by reducin

 oxtile fibres especially the cellulose fibres. If £
. alkaline solution of a reduced dye (called

3 oxidation which remains fixed to the fibre.

.~ caustic soda and hydrosulphite. Vat

. continuous process in which the cotton cloth is impregnated with vat
liquor. Then, it is steamed so that there occurs proper fixation of the

Introducti on

7

cpersion ol a water-insoluble anthy i

L dispersion aquinone or azo dve i
. f a dispersing agent such as soap. In (hig process o%rledm the presence
. enters the fibres in the form of a solj( solution yeing, the dye

(b) Vat dyeing. The ability of g colourin .

o vat dye has been found to depend upon (i) the property of the insolub|
e

: . g with alkalj i
such as sodium hydrosulphite and (ii) the affinity c?fl?lfer?g:;nfa?tg ?2:

ibre is immersed in the
vat) and exposed to atmo-

spheric oxygen or oxidising agent the insoluble dye is regenerated by

dyeing is carried out partly by a

leuco compound to .th.c-: fibric. 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 cxample of vat dye is Indigo. Its two carbonyl groups are
reduced to hydroxyls. 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 fastness when properly selected. They are the dyes most
often used on cotton fabrics.

(c) Mordant dyeing. Whenever mordant dyes are applied, a pre-
treatment of the fibre with a mordant material designed to bind the dye is
essential. The mordant becomes attached to the fibre and thén combines
with the dye to form an insoluble complex called a lake. An examp!e of
mordant is aluminium hydroxide which is precipitated in cotton .fl!)re.
This mordant binds such dyes as Alizarin by formation of an aluminium
lake.

When the mordant dyes are applied to wool, there occurs the com-
bination of a metal with the wool fibre and the lacking of the dye with
combined metal gives the fibre very good fastness to washing. The metal
used for wool is commonly chromium which can be app}ied before,
during or after dyeing. The colour can be changed using various metals.
The dveing bath for mordant dyeing is made by adding 2—5%

acetic acid (40% solution) and 10% sodium sulphate solution to the dye



ially maintained at 50-60y
bath, the temperature of 4 :

18
solution. The (emperature of the bath is'inn
When the fibre is introduced in the dyeing ' |
ally raiscd to boil till level dy€eing is obtained. The tempe;.
dium dichromatc, equal to half the weip
d 4

material is rinsed.
e mainly because equal

bath is gradu

d to drop and sO
n importanc
h other classes of dyes at less expen;

ture is allowe
dded. Finally the

of the dye is @
have declined i
d wit

Mordant dyes
superior results can be obtaine
in time and labour.
(d) Disperse dyeing. This method is now used for dyeing polyeste
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