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Introduction

1.1 Definitions

Dye or D}jc-‘?‘l'ﬂ- A dve or a dyestuff is usually a coloured organie
compound or mixture that may be used for imparting colour to a substrare
such as cloth, paper, plastic or leather in a reasonably permanent fash-
ton. In other words, a dyed substrate should be resistant to a normal
laundry or cleansing procedures (wash fast) and stable to light (light
fas?). 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
dve as it can be applied on cotton and retained by it. Thus, the dyes
should haye certain groups which help the attachment to the fibre,

Azobenzene (Red colouredbut not a dye)

White Dye. Some colourless compounds are used as the optical
brightners. They may also. be cailef! as l?xe white dyes."?hcy huvg ‘thc
special property of absorbing ul(rfwlolcl light and re-emiting the visible
light so that the fabric appears bright.

Pigment. The coloured substance which is insoiu‘ble in‘ water or
other solvents js called a pigment. Thus the application \0(‘ dye f'.md
pigment will be different. A dye is applied in the form of a so(unpm
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abie 10 dye ik O W:} union with the substrate heing dyed ar i ey gey
ﬁm::if\:::]“;:tt(;hi:t'i’;‘}m intimate physical union.
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(v) The substrate 10 be dyed must hav.e a "aml’;?! flﬁ;"”}‘ for an
1;1:'{)]77":'(17{:‘ dve and must be able to absorb rt.f': om 3‘.7 ut Z’" OF aqueoys
:Ii.s.;pm':;mu. if necessary, in the fErESCHCE of auxillary substances under
suitable conditions of concentration, temperature and pH.

(vi) When a dye is fixed to a substrare, it must be fas
dry cleaning, perspiration, light, heat and other agen
resistant to the action of water, acids or alkalis,
to the alkaline nature of washing soda and was _

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

I to washing
ctes. It must be
particularly the later due
hing soap.

(Vi) The shade’and fasiness of a given dye may vary depending on
the substrate due 10 different i
dye with the substrate, and the case with whic
absorbed Energy 1o its environment without
evelopment from
 Eraof natyrg) dyes. These |
t;.mxux{ng and printing fabrics, Upgj) the middle o
the dyes were derived from la ani
FALE Processes. Angi ) P nts.or anim z
O of (he o Plian hieroglyphs contain a thorough descrip-
; Nalural gyeg and their application in dyeing.

it itself decomposing.
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(A

v (111) Alizarin. 1t is the oldest colouring matesial It was abtained
Arom the rooiz of the madder plant which was cultivated exrensively in
Burape, the near East and India. It is a mordant dye and gives differen
shades with many matallic salts (mordanis), c.g.. it gives very fast red
solour on an aluminium oxide mordant and a purple to black shade on an
iron oxigde mordant. Madder, cultivated in Turkey, yiclded an exception-
ally bright red material which accounts for the name Turkey red.

{(iv) Cochineal. It was obtained from the female insects of the
species Coceus cacti. Jt dyed a crimson shade on an aluminium mordant.
This dye came to the European dyers from Mexico. Chemically, co-
chincal is carminic acid.

o4 O OH

Carminic acid

(v) Logwood. It is the only natural dye which is still is?iated on a
ge scale from the wood of the tree Haematoxylon campechianum. i.t is
ltivated and also grows wild in the central America. The fermentation
f the wood of this tree contains a glucoside of haematoxylin which on
xidation yields a colouring maiter called haematin.

Haematin is an active dye which when mordanted with ch'mmi}tm
mpounds gives blue and black shades. It is still used for dyeing silk,
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ation of natural dyes has been abandoney

«till retain the interest of chemists an: a gqr[(;iljtc:;jf:: of work is
“formed for the determination of their ¢ | 5. ‘

" /Em of synthetic dyes. Picric aci(!, which was obtained by w
in 1771 by treating indigo with nilr:c'amd, was s'uk‘)scquently occaSiOnany
used for éycing silk but did not allzgm any significance. Ff)r this reason

really incorrectly, William H. Perkin, not Woulfe, was g1ven credis f();.
having produced the first synthetic organic dye. As a young eighteen year
old student of Hofmann, William H. Perkin in 1856 decided (g make
guinine from aniline. Instead of quinine, he obtained a black Mass in hi
reaction. On working up, he found that he had made a purpie dye. Hé
started manufacturing the dye himself with great success
dye Mauveine. It is a violet cationic dye.

w ) :
H:C .
+
H,N N N
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Cl-

« they

Although the izol .

Oulfe

- He called iy

Mauveine

ar experiments. In this
sine. On the other hand,
d the foundation for the
azo dye called Bismarck
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as dcvcloped by }\),;Z;i'rh.e first true
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; Alter the excellent work by 1Kekule o i <
(IRSKY and on 1he o_‘nm-'lHm:;tni’;:{ 'irf,-.’,:;:-,’,‘f,d: ;’g; :i"'mh.‘“‘lim e Of €4
for the planned prepration of ‘im.:‘!y ,.1;'.‘”._;“‘;'1”-' H;.I,, 0,';,',,3-.}, v s1ariad
—arthicial production of anstural dyes T4 '.f, i_ f’y‘.t :i.hfd Nise Tov I
e vee, The Jivet success aohiove e
direction was the clucidation of the conui i el y i”'f Rl
3 ‘ y i shistitution as woll as the synthenia
. Oof ﬂll'?.nl.ll'l h)’ Girnebe and ].i("l‘)‘('”nnn" (]ﬂ(yﬂ, l",(. {,h,,-’rd,;‘.!.?,h,}‘ :fl
: Cfmf\“n”“"‘~m'd the syntheais of indigo were comgpleted hy n‘”:'p::,:i;
;\f;gofxl(?t1(1:rngg, over several deendes (Adoll von Bacyes, 1870, ¥, Heurmann,
vdcvd;"c'(;'tml;‘cfznpnn‘m’z‘ .n!. 12()(‘h century, G Engi and 1. Priendlander
thioi _if,“ e igoid dyes. These workers synthesised Ciba Blue 4 B and
: 15 'lh':(“'l&:: ;ﬁ::::‘;llu\'tl‘]lz' }f!ll‘)()l. R. Bohn synthesised indanthrone which
e d BRI quinonoid vat dye. In the ?..Olh century, the dyes such as
. Neolan dyes, (1915) phthalocyanine (1936) and 1, 2~metal comples
dyes (Irgalan dyes, 1949) were synthesized.
In 1920, R, Clavel and H. Dreyfuss introduced disperse dyes which
; '_solvcd the problem of dycing hydrophobic fibres, After the Second World
‘ War, ctcr(ain pigments were synthesised which achieved importance for
colouring plastics e.g., quinacridone (1948). Later, chromophthalic dyes
 (1957), reactivc dyes for wool (1951/1952, Remalan and Cibalan Eril-
-"_Jiam dyes) and especcially reactive dyes for cellulose fibres (Procion dyes,
1956) were also synthesised.
Most of the dyes made in the nineteenth century were derived from
. the aromatic intermediate chemicals isolated from the coal tar distillation
‘,_v.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
oday. Some of these dyes are being exported to other countries. The
xport market possibilities in the recent years has also increased the
orizon of many ambitious dye-stuff firms to enter in the world wide

ompetition in the dyestuffs and intermediates.

.3 Nomenclature of Dyes Intermgdiates

a variety of intermediates involved in dyestuff
roduction cannot always be named by their chemical names because
-hemical nomenclatures may Jead to confusion. For example, H-acid may
e named chemically as l—amino-8-hydroxy—naphthalcnc-3, 6-disulphonic
id or l—hydroxy-8—amino-naphthalcnc-3, 5 disulphonic acid, the chemi-
| names are different but the compounds are identical.

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

A large number of



. chemical Constitutie,,
Colour and Chemer. = Tion

M

GRS

M | )
v s stonenchromic Effects
T —— Hypeochrs i
it ‘d:m*t* in &2 dye mo?scuig shifts ;&;FWWV,
sr » sprpeture chenge 8 & © pen (he  coloar of the gy,
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o 1“",}?;@ to the following sequence

flow —» Orenge > red —» purple == violet <> blur = grep,

. ~tor that deuccsp the mﬂfﬁg af e

- ,;ﬁﬁ-}ﬁfgafa a{ or:atf:fbcve s,é’;;ucnce is known as bathcesy, ﬁiﬁ
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Whes 2 batbochromic group is introduced info 2 dye, it wiy
jmerease the resopance which 1n turD dm the CBeTRY gan of
the ground more-excited siate iramsitions with visible  colog
inceion. The shifting of the absorption tcwards bigher waye.
ﬁ...nsimh the introduction of bathochromes has been fllnstras vd

o Fig 2.1,
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Lreen «» dive > violet ~ purple = ped - orange ~+ yellow

‘ Any gronp or a factor that will Hghten the ealour of the dya
maccondance to the above sequence is known  as hypsochrome and
s efeet produced is known ns Aypsochromie effect.  The bypac-
chrome gronp  diminishies resonance, often by foreing =orbitals ont
of coplanarity,

Changes in the strncture of o dye due to which the intensity of
AbsOrPHON  increases are snhi to be hyperchromic. On  the otier
hand, structural changes which decrense the intensity of absorption
are teemed as hypochromic.

. Bathochromie, hypsochromie, hypochromic and hyperchromic
eﬂm}s are represented b): the absorption spectra ( Fig. 2'2) which are
@}Ab)tmned by plotting the intensity ot absorption against wavelength

P
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{
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) v

—= BATHQCHROMIC

SITY s

MIEH

L. ! ‘

== WAVE LENGTH (A) & —=

Fig. 2.2, Absorption spectrum of a particular dye.

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

: (/) 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.

<;>-—-N:=N--<;>—NH2

aniline yellow

HN=C S—N=i— S—nN,

chrysodine (orange)

S of
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2.2. Colour and Che e soiinrion st 2
Colour. The psychologicd sensation which is prody,,,

the Iigh? of certain waveéength reacl;ec.l? tégfg}: ;{; ]tcga,{g az th, coz%

‘ is dependent on a4 i ¢ natnr ;

T 7 d substance. ture of the

light illuminating the colourle
The ordinary light consists of electromagnetic radia ﬁ%%{

varying wavelengths which can be categorised in three headinoe .

22

[I':-'i.t

i

Part of light Range of Waveléngma\
light ’
Ultraviolet light 1000—4000 A s
Visible part (white light) 4000—7500 A
Infrared ; " 7500—100.000.0 Acb

At T T

electromagnetic radiati :

4000 to 8 _ latl'OIl.S covering rays of <3 2

near vicir?ﬁg i-' Radiations below 403(30 A ;vlz:;el%ngth 000 5 o

(LR.) regions rei;g;’t’?lblc and lie in ultravio]et ?l}) ‘{/‘? )800?i Ain t;h;
- ively. Thus, the visible region 1s .rez'gonsli'g{:?m

Producing a defin;
ite colou -
Tange of wavelengtp,, lightritso'? particular substance. In the visib

Damely, vyjglet .

j GYOR .’r lndlgos blue gre

, : e s > €n, yello ,

colours) ang Infrared fﬁg‘;g‘;gis zg UItravioblret, z’sib?ﬁggifh g
Own in Fig. 2.3

Omposed of seven different colous

]
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Fip 3.3, [sgoence of ULY [ viidie with soeerral codoury and {8,
) When white light i incident on o tabutance, colour is obtaine
0 the following different WaYS
L, )3T the white lght ie reflected completely, the substancs
will appeat light,

(#i) If the white light is absorbed compietely, the substancs
will appear black.

@) I7 all the wavelengths of white light are absorbed except
& mngle narrow band which is reflected, the colour of the sabstance
will be the ‘colour of the reflected band. For example, if the
substance absorbs all wavclengths except one single band say the
blue (3500 A) which is reflected, the substance will appear bige.

(s¥) 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 5500 A
{rexion of yellow colour) is absorbed because the composits of the
remaining wavelengths which aré reflected gives the psychological
scasation of blue colour. Thus, blue and -orange are said to be
complementary colours because the absorption of one from white
fight gives the other. The relation of colour absorbed 2ad colour
visuzlised with respect to a given range of wavelength is given in
Table 2.1. '

TABLE 2.1 N
Colour absorbed and colour visualised with respect to
wavelength regions

-

Wavelength Colour Colour
- absorbed visnalised
A
4000—4350 Violet Yellow-green
4350—4800 Blue’ Yellow
4800 —4900 Green-blue . Orange
4900—5000 Blue-green ‘ Red
5000 —S600 Green Purple
5600—5800 Yellow-green Violet
5800—5950 Yellow Blue
5950—6050 Orange QGreen-blue
6050—7500 Red Blue-green
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22 Relation Betwesn Colour ﬁ"f’ Chemical Conngg, Yo

T e eoloutr of a compound it related to it Chemijgg 4

The colour of ¢ Howing exampl &t vy
It te evident from the following examples.

() Besrene is colourless while its isomer futyen, i

T Reduction of coloured organic compounds

\ 3
Joss of eolont and otidation of the reduced Compoung, .t

oy 1rache and Libermann 1868
the original colout (Gracbe a teduction ) Q'afg

A
vaidation
. hin ORS Graebe and Libermanp

rom this example, conely
uns ruration wat responsible for the development of colour 4 thy,
S e o lour and chemical ¢ il >
The relation bd\\ccn.CO 'y 9"Stlt .
m}w\:ta:z‘\,‘i‘ “has been explained by different theories "l;;:ioch of 5
described as follows ! ara
1. Witt's theory (ChromOpl)ore-auxochrome th
According to this theory (1876), there existed a relationship beeowl
colour and chemical constitution of a compound apg furthe,.tweeu
i« made up of two parts, chromophores and auxochromes. 2 dye

(a) Chromphores. The colour usually appears ip, an o :
compound if it contains certain unsaturated groups. Wit S2nic

N,

eoloutlad organic compound colourless COmpoun

d

Greek chr Calleq
these groups as the chromophores ( roma-colg
pharos:‘beaging). For example, diazomethane contains the un;l;{ ang

. azo group, and is, therefore, yellow in cq Urat,
%u?ﬁ'oolgz the azoa grort)lp is reduced and methl}'hydrazine islo?;_d 3
which is colourless because it does not contain unsaturateq gruced
Some important chromophores are listed in Table 2.2 Oup_

"~ Table 2.2
Some Typical Chromophores

N ¢ T

—N=O  nitrosc 7/ \\ o-quinonoid
N_~7
>C=S thiocarbonyl ‘ H &
——C=]§—azomethine
—N=N azo ‘ ~N”/ nitro
X
O

—N=N-0 azoxy

¥ ‘
i C=0 carbonyl
—N=N—NH azoamino 7 2

=<_____/-= Pp-quinonoid >C=C< ethylenic

P

e "I'he chromophores listed in the above Table are of tW°
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)

() Independent ehpe , _ o —_

§ . THEL rhremophores,  Thia type
chromophores when o single chromophore {8 sufficians g Wi
‘:“S‘}Slg to the compound. Examples of such chramophores aga
WN,_()’ "'"N()g. . ~-—N"N. QMNa.N,,,()‘ S rq o r,‘f T‘!"
N0, paquinenoid, ete,

1 (h) D(‘Pf‘mft’?m Chromophores. Thia type includes sueh ohramo.
phores when more than one chromophore is required Lo fmpaet

incliudng gtints

colour. Examples of such chromophores are >(‘_'.°'*('J . JC ('/ ‘
y vatious examples. For example, aoat-
group, is colourless while bincatyl, oo
v 18 yellow, A single Ce=C group doss
compound but if a numbar of them are
¢ colour usually appears. For example,
2==CHj is colourless while CH, (CH,)aCHy s yellow.

ete. This type is exemplified b
one, containing one carbony|
faming two carbonyl groups
not produce colour in the

present in conjugation, the
cthylene, CH e

i T
he="sil]
CH;—C— CH, CHy—C-=C—CH,
acetone biacetyl

l?lphenylpolyenes provide auother example. The formula of
these is Ph (CH =CH)nPh. When n=0, 1 or 2, the compound is
colourles_s. However, when #n is 3, the compound becomes yellow and,
When n is furtl;er increased, the colour gets deepened, i.e., when n
1s 5, the colour is orange, when # is 7, the colour  is copper-bronze
and when 7 is 11, the colour is violet-black.

) The shade of fhe colour is also influenced by the proximity of
the chromophores. [f these are separated by other groups, the
compound becomes colourless. For example,
i O O
Il Il .
CH,—C—C—CH, is yellow in colour while
(@) ' O

It f ,
CH;—C—CH,— CH,—C—CHj, is a colourless
compound. -

Compounds containing a chromc;phoric group were called as
chromogens by Witt. ' ’

(b) Auxochromes. A chromogén 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 ot the colour
although these groups are not chromophores themselves and do not
impart colour to the compound when present without the chromo-
pPhore. Witt called these groups as auxochromes (Greek auwxein-
to increase, and chroma-colour).

Witt had listed a number of auxochromes which are given in
Table 2.3. '
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The aurochromes gerve two functions, namely.

«’w They tncrease (he Intensity of the colour. This ig ’ﬂmgﬁ |

by the §of flowing e12mPie -
(f; Bemzene (nO chromophore) it colourless,

(f) Watsobenzepe (150 282 Coromophore) is pale yeiig,,

ity p—? syfrozniline (WO 252 chromopnore 2nd—NH, 25 2q
posochrome) is Czsk yebow. -

(5) They moke the chromozen 2 dye by fixing it 1o the fotys,
1he 7o 'érza! 70 be dyed either by associdtian or by 5“11f0fmmfan. "h
Gxing of the Cye tO the fibre is ZEn€ erzily daoe to the o
.wz,.:z} bond o‘;:wm the fiore 2o the zuxochrome. This is ey

Sisstrzted by the following exampie :

CHy CH M =N.CH, € CeH N=N \__/_NHzQ

Eerarne FUF AT pzrminczzobenzene bydrochloride
e (rhozred - (z Zye, z2niline yellow)
b=t oot 2 €y8)

Auyochromnes zre mzinly of twWo types ©

(2y Bathothromic auxochromes, ‘T1hese are the mﬁ
which increzse fhe depth of 1the colour. These shift the a2
rezzirez from the violet towzrds the red and thereby bring aboet
;r.‘; decpeming of the colour. It is (:a:;qh;:iiz red shift. When the
iydrogen aioms in 2n 2mino group - are replaced z
bzthochromic effect i3 produced. i R’

(2) Hypsochromic anxochromes. These are the groups
which decrezse the depth of the colour.  These shift the absorpm
snzyirnz from the red 1o violet znd this results in the fading of e




27

wr and Chemical Cpre pintion _
atgm 08

Cﬂ‘f("

colonr. 1t is called hlue shift. Wwien the ¥$§"d'f'§ﬁ"5”' : oot

Pydroxyl group —OH o in an aming sroup, —NHe Y id.5%0Y
ide in

nees hypeochromic effect. : I
¢eful empitical g9

group prod
- Witt’s theoty has proved to extremely o
developing many of the dyes. fing ¢
R Avmstrong’s theory (Quinonoid theoty): /‘m‘co:‘é::r%
this theory, all the colonred compounds could oe pr’c; Rfrt;vturc
the quinonoid structures (oot p-). Thus, it a quinonoif f ;w;gé
could be assigned to a compound, it wonld be coloured m;’c' the
not. On the basis of this theory, it could be pmmb!c to explain fros
colouring properties of some of the important compounds. i
example,
(i) Benzene is colourless where

oy

“

as benzo-quinones are coloured.
O

i

N /N
l{\ Il [
N N/
)I
(0
benzene p-benzoquinone
B (colourless) (yellow)
A (?) If phenolphthalein is present in benzoquinon€ siructure,
bCIS:CO oured. On the other hand, if phenolphthalein js present 1M
ng:eno:d structure, it is colourless.
O o)
I c - e
l/ \ll/ \0 |/\||/ NG
N \C 7 NN
: C
et ea0
| A |
SN NN\ 7\ \N/\©
HO . OH ‘ O
phcnolpbthalem phcnolphtha]ein
(colourless) (red coloured)
ould not explain the

Limitations. (i) Armstrong’s theory ¢©
f all of the compoun

colouring characteristics O
d di-iminoquinone

_although iminoquinone an

ds. For example,
have a quinonol

structure, yet they are colourless.
O NH
] I
N\ AN
Il ol
YLy
Il
NH , NH
4 di-iminoquinone

iminoquinone¢

T
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C14,.C C.CHs foivene N robe nrana

dinpe ¥l

Although ity
theoty stimulated

nhe f limitat
has a number o nitationy, ..
further yesearch (mtf:"c‘ aprolt.’(l’cft? of C;)Ia!dfs thig
sractical applications ‘
) 3 Jt has l‘mmd somctr’rgx lain rtgﬁ co?ons e he d':(
copstitnnon. ATOng nuc,‘“pth o | p / i u_r ‘ofp_ '
indostry.  ATMSUONE B0 o quinonoid struclure (11) but the

1ASIS ’
phenol m or})lrhfh‘c existence of such a structure,
U

g theoty

e W&g

syvidence
o ¢Vl O]l (i?
| AN
O
/
\II l‘
T’Iog ' NOzH
Q) U
. i f ethers (IIX)
1 preparation of two series o ] and (1 _
p-nitr;r;;c?xgtlugy I;—;agtzsch proved that there exists the phenom\gs‘g

of tautomerism in nitrophenols.

OR C”)
A %
N N
N N
PR ¥ '\
@) O O OR
(1171) (IV) ,
coiourless coloured

Hantzsch presumed that a change in colour of a compoung
could be attributed to a change in structure from benzenoid to
quinonoid or vice versa. However, Hantzsch also realised that
colour is an additive property.” It means that the state of the mole-
cule as a whole should be taken into consideration for explaining
the colour of a compound. For example, the groups —NO, and
—ONa, if simultancously present, impart visible colour but if
present alone do not do so. It means that the two groups must be
Interacting to ' yield a new structure for the molecule. Thus, the
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of Lagoons in Maine
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What are lagoon systems?

Lagoons are pond-like bodies of water or basins designed to receive
hold, and treat wastewater for a predetermined period of time. If
necessary, they are lined with material, such as clay or an artificial liner

to prevent leaks to the groundwater below.

In the lagoon, wastewater is treated through a combination of physical,
biologicai, and chemical processes. Much of the treatment occurs
naturally, but some systems use aeration devices to add oxygen to the
wastewater. Aeration makes treatment more efficient, so that less land
area is necessary. Aerators can be used to allow existing systems to treat

more wastewater.
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Aerial view of the
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Time is another important factor in treatment. Facuitative fagoons zre
designec 10 hold the wastewater long enough for much of the solids i™ T1e
wastewater to settle and for many disease—caus'mg pecteria, parasites:
and viruses to either die off or settle out. Time alsc ailows treatment O
reduce the overall organic strength of the wastewate or 1ts biochemica:

oxygen demand (BOD)- 1n addition, some of the wastewater eventually

evaporates.

sunlight is also extremely important to facultative lagocins because it
contributes to the growth of green algae on the water surface. Because
algae are plants, they require sunlight for photosynthesxs oxygen is @
byproduct of photosynthe5|s and the presence of green algae contributes
signiﬁcant\y to the amount of oxygen in the aerobic zone. The more
warmth and light the sun prov'\des, the more green algae and oxygen

there is likely to be in the lagoon.

The oxygen in the aerobic zone makes conditions favorable for aerobic

hacteria. Both aerobic and anaerob‘\c hacteria are very \mportant to the
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