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ABSTRACT

The synthesis of azo dyes derived from 2-am nothiazole
derivatives was undertaken and their spectroscopic properties in
different solvents exam ned. From the results of the
investigation, the incorporation of electron wthdraw ng group in
the acceptor ring of the chronmogen gives a bathochromc shift of
the visible absorption band, while the incorporation of electron
donating group in the same position of the chromogen results in
hysochrom c effect. The dyes were applied to pol yester and nyl on
fabrics and their fastness characteristics assessed. It was
found generally that the dyes are very resistant to alkaline
washing and are al so suitable for transfer printing.

Series of methine dyes were al so synthesised by condensing
highly electronegative active methylene conpounds wth fornyl
group of aromatic compounds and the dyes obtai ned were applied on
pol yester and nylon fabrics. The colours obtained are very
brilliant, ranging fromyellow to green with good resistance to

al kal i ne hydrol ysi s.
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1,1 Gemeral Intrpduction
| Dyes are coloured substances that can be applied in solution
or dispersion to a sulhstrate to give coloured appearance. The
substrate to which a dye is applied is usually & textile fibre
but may be leather, paper, fur, hair, pulp, food, cosmetics ete.
In most cases the material to be dyed possesses a natural
affinlty for appropriate dyes and readily absorbs them from
solutior or acqueous dispersion under suitable conditions of
concentration and temperature. The presence of other substances
called additives to regulate the rate of dyeing and the pH of the
solution may sometimes be necessary.
¥oet caloured materials awe their colour to the presence of
_ substances that absorb light of wavelength ranges within the
visible region of the electromagnetic spectrum (3400 - 800nm)> and
- this property 1s not destroyed by pulverisation’. The mbsorption
of light by a coloured substance is due to electronic transition
between different molecular orbitals within the molecule and the
wavelengths absorbed are determined by the energy difference
baetween the orbital=,
, Every dye or pigment therefore exhibitis a pattern of
(.
f?nbsorptiun arising from its chemlcal structure and this may be

fhlrepresented by an abosrption spectrum consisting of a graph in

W\ - | -



which the degree of absorption (i.e absorbance} or transmittance
is plotted as ordinate and frequency or wavelength is plotted as
abscissa.

Dyes and pigments absorb light in a characteristic manner and
the unabsorbed light, called the complemsntary colour, is usually
reflected or transmitted, Thus a dye or a pigment absorbing
light within the green range (500-560nm) is seen 1in day light as
purple, which is the complementary colour of that absorbed,

Table 1 shows the relationship o0f complementary colour

observed to wavelength of light absorbed named after Mohler®.

Table 1: PAIRS QF COMPLEMENTARY COLOURS

Coloux_absorbed Yavelengihs absorbed Colour. seen -
Violet 400-435nm Yellow-green
Blue 435-480nm Yellow
Greenish-blue 480~490nm Orange
Bluish-green 4950-500nm Red

Geen 500-560nm Purple
Yellow-green 560~580nm Violet

Yellow 580-5951m Blue

Orange 595-605nm Green-blue
Red 605-750nm Blue-green

Red + Violet (Purple) 400-435nm Green



As 1o singlle wavelength of light corresponds to the colour
purple, a nmixture of red and violets has to be removed from white
light tp give a visual effect of green. Thue all green dyes have
two absorption bands, in the region of 650nm and 420nm.

The absocrption spectrum of a dye may be complex and the
purity of the colour observed'depends on the shape of the curve,
thus bright colours are the result of narrow absorption bands
with sharp peaks while dull colour is associated with broader
bands lacking such peaks. Fon spectral bands such as brown are
assoclated with sbeorption spreading fairly evenly over wide
wavelength range, black 1s a result of absorption throughout the
visible region and white is due to no absorption of light, almost
all reflected.

It should be noted however, that many substances absorb
radiation of wavelengths above or below the visible region.
These substances do not give rise to colour appearance because of
the limited sensitivity of the eye rather than to any difference
in phenomena.

Young-Helmoholzt theory* in order to explain the above
cbservation assumes that the human eye possesses three types of
receptore which respond to 1light of the colours red, green and
blue or vioclet and the conversion of light energy into electrical
energy takes place in the retina of the eye where sensitive

tissues namely, rods and cones are embeded and the inability of



these tissues to respond to eleciromagnetic waves of such

wavelength ls responsible for the colourless appearance.

1.2 Natural dyes

The dyes used earliest by the prehistoric man were obtained
from plants and anlmals via extraction while cothers were obtained
as minerals from ground. 1In essence therefore, all dyes that are
obtained naturally without any chemical transformation are
referred to as natural dyes. These dyes are also used to dye
furs, textiles, etc.

Among the natural dyes extracted and used, the following
deserve mention.

Indigo (i) was obtained from dyers wood indigenocus in Europe
and from Indigofera tinctoria a native plant of Asia. It was used

to dye cotton fabrics, ' )

)

Alizarin {1i?> was obtained from madder campheachi wood

extract from Africa and was used to dye wool, silk, fur ete.

"
ol



(ii>

Also "Logwwod" (CI Natural black 75290) the only natural dye
that 1s still in production in large scale today is obtained from
haematoxylon which is cultivated but also grow wild in central
America. Logwood is used for the dyeing of silk, nylon, viscose
acetate fibres and give cheap blacks of good fastness properties.
Vhen freshly cut, the wood contains haematoxylon (1ii) the leuco
compound of the colouring matter haematin (iv). Oxidation to
haematin occurs during ageing or by deliberate oxidation of the

extract®,

T )

HO OH

1ii) (iv)



Other examples of natural dyes include Saffron, henna
cochineal from insect cochina etc.

Most natural dyes have no direct affinity for textile fibres
and are applied by means of mordante which function as fixing
agents®. The name nmordant is derived from the French word modrs
and is based on an early belief that these agents corroded the
fibres, opening the pores so that dye particles might enter.
Later it wae recognlsed that mordants combine with dye molecule
to form inscluble compounds or "colour lakes" inside the fibre.
Usually the mordants not only fix the dye but is essential for
colour formatiorn and a single dye may give a range of hues with
different mordants, Mordants are normally metal salts of Cr, Al,
Cy etc.

Dyeing with natural dyes 1is usually undertaken in three
steps, namely, scouring, mordanting and dyeing?. The scouring
process involves the preparation of the dye bath using generous
amount of warm water containing a water softner and socap solution
to which the fabric is immersed for sometimes, rinsed and dried.
The mordanting process Involves the application of the mordant.
This is either done before dyeing, during dyeing or after dyeing.
Chromium salt is one of the mordant in common use and the
mordanting process is named in respect of the chromium metal e.g
when chromium is added during dyeing the mordanting process is
called the metachrome process, while the after chrome process

refers to the application of the mordant before dyeing. The third
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pracess is the application of the mordant after dyeing and this
is often referred to as pre mordant method. Tbe dyeing process
. involves the abesorption of the c¢olour by the substrates. This
requires Jdifferent pH, pressures and temperature condition

depending on the dye and fibre in use.

The extraction and application of natural dye became a
substantial industry that flourished until the later part of the
19th century wheu 1t was gradvally superseeded by the new
synthetic dyes industry. This came about as a result of the
inherent disadvantages accrued in the production and application
of natural dyes,

One of the disadvantages being that natural dyes have no
affinity for textile fibres and always require a mordant for
their fixmtion to the fabric. These mordants produce colour
racges peculiar to the particular kind of metal from which the
salt 1s made end unusual results were sometimes obtaired by
mixing mordants with differeant level of contaminants. At times
the concentration of these mordants result in non unitorm dysings
while other mordants are very expensive,

Also the extraction procedure are normelly too cumbersome and
expensive for large-scale pruduction. Natural dyes alsc differ

according to climatic conditions arnd geographical region, their

|



dyed products lack uniformity of hues with fastness properties
which are inadequate for most quality dyeings.

Fatural dyes from plants spoil, ferment or mold at room
temperature within two or three days unless precautions are taken
to preserve them. This effact could only be minimised if the dye
bath is stored in a cool place or refrigerated®. Some of the
dyes when fermented produce toxic -ubstances, examples of which
is the poke weed berry which ferments to give repugnant odour and
fumes. Thus mordanting and dyeing have to be performed in
ventilated environment.

Lastly, to produce bright and clear colour, the dyebath has
to contain soft water which 1ie obtained normally by the
application of wasbing soda to boiling water, that is later
filtered before vegetable dyeing ensued. This 1s of a great
disadvantage in view of the tine wastage and the cost Involved.
Thus natural dyes have limited uses and are nowadays used mainly

in the dveing of the leather.

1.3 BHistorical developwent of synthetic dyes

Synthetic dyes are coloured substances obtained by chemical
transformation. They were an early result of trial synthesis of
quinine through the oxidation of a mixture of aniline bases by
Villaiam H. Perkin in England®. In the courses of his oxidation
reaction he accidentally obtained =2 black precipitate which

after extraction with alcohol resulted into a purple dye



called mauve or mauveine instead of the expected quinine. The
brilliant wviolet hue of mauve on silk immediately stimulated
attention of many chemists and in 1859, Vergum in Lyon discivered
fuschine, whilst the discovery of diazo compound by Peter
Griess'” In England laid the roundation for the development of
the currently largest class of synthetic dyes namely the azo
compounds.

[t should be noted however, taat mauveine was not the first
synthetic dye to be proved in the laboratory, nor even the first
to be manufactured but Perkin zauve 1s regarded as the starting
point of the synthetic dye era because it was the first toc be
recognised and used as a dye. Also with primitive means theu at
his disposal Perkin was able to prepare a relatively pure and
technically interesting product which later resulted to large
scale production in his industry set up the ifollowiug year after
the discovery.

After the discovery of the quadrivalency of carbaon by Kekule
(1858) and the constitution of benzene (18€5) a way was opened up
for processes leading to the production of purely synthetic dyes,
as well as for the artificial production of natural dyes.

The first succese to be wmentioned is the discavery and
synthesis immediately afterwards of alizarin (l,2-dihydroxyauthr-
anquinine by Graebe and Liberman (1268) by the fusion of
sulphonated anthraquinone wita caustic alkali''. The elucidation

of the constitution and the synthesic of indigo by Adoif Von
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Baeyer'* and K., Heuman'® and also of indigoid dyes by G. Engi
and P. Friedlander'® who synthesized Ciba blue 4B and thio indigo
respectively.

Vidal'® opened up the field of sulpbur dyes whilst the year
1901 was characterized by the discovery of indanthrone, the first
anthraquinone vat dye discovered by R. Bohn'“. Other classes of
dyes discovered in the 20th centuray include Feolan dyes (1915),
phathalocynines (1936) and the 1l:2-metal complex dyes (irgalan
dyes)'s,

R. Clavel and H. Dreffuss'® solved the problem of dyeing
hydrophobic fibres by means of disperse dyes. The post war era
is characteristised by the development of pigments which achieved
importance for colouring plastics, example o0f which include
quinacridone'®, cromophthalic dyes'”.

In 1951-52 reactives dyes for wool were developed. Typical
examples include Remalan, Cibanlan produced by Ciba and procion
dyes produced by ICI. These possess very brilllant shade on the
substrate and the fastness characteristics are very excellent.
The synthesis and the application of reactive dyes has further
opened up a way for dyestuff research to graduate from purely
empirical synthesis of coloured molecules to the study of the
mechanism of interaction of substrates and dyee with already
known chromogens such as azo, anthraquinone and cyclic aza

compounds.
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Nowadays, thousands of dyes of different constitution are
commercially available the wmanufacture of which spread over a
large number of countries like Germany, Switzerland, Italy, Japan
etc, This clearly shows that a tborough knowledge of organic
synthesis lsading to preparation of new dyes, optimization of

manufacturing process is yielding succase.

1.83.1 Raw malariale for syntheiic dyes

Bince zome nf the earliest synthetlc dyes were obtained
from anilins which was known to be constituesnt of coal tar and
were referred to as anliine dyes whether or nol they were
actually derived from aniline or coal tar., The term systhetic
dyes 1s now preferred since primaries are increasingly obtained
from petroleun sources rather than from cual tar'e,

The manufacture of synthetic dyes pruceeds from siample pure
chemical wsubstances used as raw materials and are called
primaries. The most lmportaznt of which include benzene, toluene,
the xylenes, phennls, the cresols, napthalenes, anthlracenes,
carbaznle etc. Although aromatic compounds ars present 1in
patroleun the content is usually so low that they cannot bde
isolated ecomamically, thus, the petroleum industry and othaer
ralatad industries have dJdeveloped several processes whereby
arnomatic compounds are obtained from non-aromatic fractions. The
first of thesa were cracking procesess which wers designed to

bring about the cleavage of bigh-beiling coupoosest into more
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volatite fractions, but, which with the aid of suitable catalyst
also enabls naphtbalene to be dehydrogenated with formation of
aromatic products, The application of +these processes was
limited by the presence of suitable precusors in the natural oil,
and they were chiefly of value for the produveticn of fuel of
increased octane rating. Later, various reforming processes werae
developed, maXing use of wider range of aliphatic compound to
yield lower boiling aromatic derivatives.

Thus benzene iz obtalned by dehydrogenation of cycloparaffins
like cyclohexane or by dehydrogenation with rearrangement of
methyl oyclopentane wsing a suitable catalyst such as alumiaa.

The reaction is represented below'”: -

Aluaina
_____________ 5 @)
~3lz
Cyclohexane Benzene
:I Alumina- Molybdena-
_\; ~~~~~~~ y )
CHs silica Heat Alunmina
Using n-hezane,
Alumina- CHa
CHu{CR2)4CHz  =memee——— P Y L Rl bl ?
Zaolite Silica

Toluene (methylbenbeme} is produced by several analogous

processes for example by dashydrogenation of methylcyclobexane in
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:  the presence of a catalyst which could be molybdena-alumina,
;'.platinium. cobalt molybdate or chrome-alumina. For instance, the
| catarole process developed by petrochemicals Ltd converts
-~ paraffinic hydrocarbons at 630-680°C by means of a copper or
.. copper—~iron catalyst to a liquid aromatic product and a gas
:.cnnsisting mainly of ethylene and propylene®. Alsp the thermal
. hydrodealkylation process developed by the Gulf research and
-”:_devalopment company is stated to convert toluene inte benzene

-with 2t least 95% efficlency without a catalyst=°,

1.4,1 Colour and Chemical Constitution
After Perkin synthesis of mauvine in 1857, little was known
.Df the chemistry of dyes and infact the constitution of mauveine
- was not establshed until many years later. As mare and more dyes
were discovered and their properties studied, working rules
emerged, whereby colour and dyeing properties could be related
with structura.

Graebe and Libermﬁaﬂn’a in 1868 obsarvéd that all organic
dyes then known were decolcurised on reduction and they suggested
that colour 1s associated with unsaturation. Witt®' in his own
studies associated the colour of organic dyes to the presence of
certain unsaturated @groups of atoms which he called
chromophores=". Examples of such groups include the nitro (~
NOz>, nitrpso -(-X=0), azo -{(-¥=K-)-, ethylane -(-CH=CH-)- and

carbonyl groups -(-C=0). This howaver, 1s in good agreement with
I
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Graebe and Libermann suggestion. Vitt®' ascribed the name
chromngen to compounds containing such groups and showed that
although they are cocloured, they do not behave as dyes for fibres
unless they are also substituted by basic or weakly acidic groups
such as —NWH,, -~-N{(CHx)z, or OH. The presence of these groups
greatly increase the colour yielding power of a chromophore and
for this reason they are called auxochromes. The presence of the
auxochromes make the compound to have affinity for the substrate
ond also intensify the colour,

Nietzki*= pointed out that the colour of dyes is deepened by
the incorporation of substituents, the deepening effect being
roughly proportional to the increase in molecular mass®2,
Certain groups however, when incorpecrated produce hypsochromic
effect (i.e. shift of imax to shorter wavelength) and serve as
exception to this rule.

The next major development was the quinoid theory advanced by
H.B. Amstrong®®. Anmstrong®® pointed out that most dyes can be
Irepresented in a quinonoid form since quinones were known to be
component of several colours. This is referred to as quinonoid
theory, however, Amstrong did not explain the reason why they

gave rise to colour.




15

Baeyear=+ fn 1907 put further the view that colour might be
due to "rhythmic" vibraticn in ether caused as a result of
oscillation of +the quinoooid conditicn between +two benzene
ring.** In the same year Hewiit and Mitchell observed that in
azo dyes the depths of colour increases with the length of a
chain of alternating single and double bonds (conjugated chain)
and ascibed this effect to the dimunition in frequency of the
chief oscillation?®®, This was confirmed in quantitative
| experiments by Vatson and Meek'®,

¥ore recently Brooker et al found that in a series of methine;
dyes of general structures (vil), in which n has values of 0, 1, 2
and 3. the wavelengths of absorption maximal in wethanol solution

are 423nm, 557.50m, 650nm and 758nm respectively=*®,

H- (-CH=CH->n-.._
S

.,

i (vi}

CH= (CH-CH}===
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Vatson'#® ﬁlso pointed out that the depth of colour is
affected by otbe} factors beside the length bf the conjugated
- chain because if the dye melecule is weighted without altering
‘tthe lengthe pof the conjugated chain, vibrations become slover and
-the shade is rendered bluer. Thus on brominating fluorescein,
erosine with much deeper hue 15 obtailned. This system was
likened to a stretched string whose vibrations are slowered by
the increase in either its length or weight with the tension kept
congtant. The presence of an additional auxochrome as in
polyhydroxyanthraguinone or the modifications of an avxochrocme as
when an amino group is alkylated or aryiated has also a marked
deepening influence on hue®,

Although most dyes contain an axcchrome the presence pf such
groupe is not a precondition for d4yeing ability because wmany vat
dyes with one or more keto groups as chromophores have no
auxochrones. Howsver, on reduction to leuco form the vat dye
possesses the hydroxyl group which function as the auxchrome
during dyeing. !

It is now usual to regard the molecule of a dye as consisting
of a chromophoric system in which the classical chromophore forms
part of a conjugated system of a single and double bonds often
terminating in a polar atpm or group which can exist in two

adjacent states of covalency.
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1.4.2 Resopance theory in relation to colour
Bury (1935)®® pointed ocut that majority offayea exlsted in

.resonanoe bybrids i.e a compound having tweo extreme strucltures,

but in between the extreme structures are some intermediate ones.

e, g benzeéne exists in two extreme structures with respect to bend

| {&) . (vii) 4.3
distributicn wit£in the molecule. There is no difference in the
chemical properties between the two forms. In fact benzene does
not exist in either of the forms but as a resonance hybrid of the
two, a condition described as a mesomeric state. The energy of
the mesomeric state 1s less than that of either of the two
structures shown above (vii), In its simplest formn, resoﬁnnce
theory states that if an unsaturated organic compound can exist
in two extreme canonical forms, then the closer the two forms are
in energy, the smaller will be the gap between the ground and
first excited state, 1i.e the more bathochromic will be the
absorption band, e.g.
' I

| -

RoK- (CH=CH) CH=FRz <==--> RN=CH- (CH=CH),~NRa

(a) (viii) (b
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The two structures (viiia and b), are equal in energy, and
-thus resonance theory suggests that these should absorb at
longer wavelengths.
Another good example of the effect of rescnance on colour 1is
shown by the indicator methyl organge, and also demonstrating the
mode of action of the azo group chromophore. In 2lkali medium

methyl orange exist in the form (ix):

=Oa =R NNe=

(1x)

The resonanlce is restricted to valency changes within the
benzene rings. As acild is added, as in acid-base titration,
there 1s excess hydrogen ions in the system resulting in the
protonation of +the azp group chromophore. There 1is charge
transfer so that the metbyl orange can exist in two canonical

|
structures {(x):

: +
noas-m—ne @nnﬂ

ms-;n= Q o=

(2
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These strucltures are intensely coloured and r;aspcnsible for
the characteristic colour change in acid-base titration when
methyl orange indicator is used. The association of colour with

resonance 1s dve to the fact that the energy required to bring

the nesomeric structure from ground state to exclted state is

comparatively low, hence absorption in the visible and then

colour. !

In general, according to resonance theory, the more the
structures that could be drawn for a molecule i.e the higher the
resonance energy, the lower the transition frequency and hence

the more bathochromic a dye becomes.

A mathematical analysis of resonance between members of a

series of ionic structures in polymethines and other dyes have

also been carried out by means of the valence bond method=".=2,
and the results of this work are in good agreement with the
obsefved absorption characteristics of dyes concerned®®, The
resonance theory 4s however, impracticable for quantitative
pradiction of colour-structure relationship being very useful
only in the qualitative treatwment.

The quantitative treatment of colour-structure relationship

. has been approachad with greater success by the molecular orbital

‘methods.

1.4.3 XNolecular Orbital Method in relation to colour

The molecular orbital method assumes that a molecular

"orbital is formed by the overlapping of outer singly occupied

orbitals of two or more atoms, resulting to several types of
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molacular orbitals. This is called the linear combination of
atomic orbitals (LCAO) method®>. Each molecular orbital has a
characteristic shape, size and energy and are denoted by symbols
such as o(sigma), v# <(sigmwa star) or antibonding orbital =-
bonding and n%# {(pl antibonding). Atomic orbitals that are
incapable of combination such as those containing inner shell or
lone pair electrons are described as non-bonding (n) orbital.

The order of orbitals energy is as shown below. In the lowest or

—_— - —— wem —— =N Increasing energy

ground electronic state of most organic mnlecules all the bonding
and non-bonding orbitals are fully occupied while the antibonding |
orbitals are empty®'. Absorption of a quantum of energy of a
wavelength within the visible region cauees a ¢ or =« bonding
electron associated with a covalent bond or a non-banding (n)
electron to be promoted to an empty antibonding level, +thus
bringing about the excited state.

- In simple molecules, the electironic snergy level are in the
hﬁrdar v { m {0 <K a* { o¥, Transition of the type n ---)>n%

normally give rise to spectral bands at longer wavelengths than
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those due to transition a—->n% or ¢ --> o¢#% {(in the u.v. reglom),
In dye molecules the n—->n% is more probable since there are as
many n-levels as there are cenjugated atoms, The energy gain AE
is in the first approximation equal to the energy difference
between the two molecular orbitale concerned in the tramsition
. and is related to the wavelength (A} of the light absorbed by the

equation
AE = Bwa = Bup = = wmm=e vereeense 1)

. where wn and wo are the acceptor and domor orbitals wavefunction
Irespectively. h = planks' constant and ¢ = velocity of light.

In the molecular orbital (MO} method, the Huckel method
called "linear combization of atomic crblital method" (LCAD) leads

to a more successful prediction of colour in organic compounds®3,

1.4.4 _Linepr Combination of Atcmic Orbital (LCAQ)

Huckel Molecular Orbitapl (HMDO Bethod

In this approach, the aseumption is made that a molecular
orbital wave function (W) can ba expressed as a Jinpear
‘combination of the component atomic orbital wave function (e».

Thus for a system of n overlapping p orbitals, with each atomic

orbital having the wave functiomn en, w can be written as a linear

sum

W =Cid1 + CzBzx + ... CnBry ——=——- 22



" B, of the molecular orbital is defined by the equation

R
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where ¢ is the nixing coefficient and the energy or eigein value,

]

- : .

L

Ho = B @  ~—————mm 3

H

where H = Hamitonian operator. This is equal to

!Hcl'Iﬂy'l + annEnd?

wave function

5

Thus the energy of a nmolecular orbital is expressed in teras
of the atomic orbltal wavefunction, In short the HMO method
provides the n-orbital energles of a molecule, and these energies

can be expressed in the general form=.

The transition energy for the promotion of one electron from

one orbital to the other is then given by the enrergy difference

between the two relevant n orbital energies. In its original

form the HMO has been applied specifically to hydrocarbon system

.in which there is some justification for assuming that all atoms

have the same coulomn integral o and all pair of adjacent atome

have the same resonance integral (B value). The HMO has also
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been applied successfully to symmetrical cynninas {ype nmolecules
because of the high tendency to bond length equalisation along
the conjugated chain of this system. For other system LCAOD

- treatment is less successful and generally net applicable.

e | , S _ :
1.4.8 mmwmw

' ¥olecular orbital method

The Huckel molecular urbital.suffars serious disadvantages

especially in the calculation of electromic transition energles
and thus can only be used in the prediction of spectra for some
few cases. Une of these more reliable methods 1s that due +to
Periser-Parr-Pople™® and although this procedure retains the e-x
separation principle o©of +the HMO =nethed, 1t has the great
i advantage of including interelectronic interaction in the
calculations.

The PPP method is based on the same LCAO approach i.e, it is
;ssumed that each molecular orbital can be expressed as a linear
sum of the individual atomic orbital. Thus a set pf secular
equations are cbtained which are simllar in general form tp the
HMO equations, differing only in the emergy terms «, <{(coulomb
. integral) B (resonance integral) which include repulsion energiss .
dve to the presence of electronic interactionm,

Thus it can be shown that the transition energy .for the promo-
;tion of a single electron from orbital 1 to orbitals j without

reversal of spin (singlet-singlet transition) is given by®s:
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(E.ﬂ - Ei)‘TiJ +26i.| R ] (6)

i
I . ¥
: [ §

ARy~

CRwa

E; and Ei are the eigen values for orbitals § and i respectively.
The energy quantity r.y; is the total repulsion energy between the

molecular orbitals 1 and ] assuming there is one electron each,

The PPF method is particularly suitable for the treatment of .

. ey

iarge conjugated mplecules and can be used routinely and .

inexpensively. Additicnal advantages of the method when compared
with the HMO or FEMO procedures are: | |

{1 The ability to handle heteroatomic systens reliably.

(2) The ability to distinguish molecular geometry like the cis-

| trans isomers unlike the HMO or FENO

{3) The ability to distinguish between singlet and triplet

states.

The disadvantage of the PPP method is a hcst of assumption |

and approximations made in the calculation to arrive at

reasonable prediction of colour in organic compounds.
|

'1.4.6 The Free Electron Method

The free electron method provides a somewhat simpler :

approach by resiricting attention to the conjugated r-electron

systens which are regarded as mainly responsible for the colour

of dyes. Assuming that electron are free to move within the

conjugated system, Kuhn®® showed that the wavelength of the
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|
- maximum of the first absorption band (A1) can be calculated by

means of the Schroedinger expression4®:-

hin + 1)
|

I
and the transition energy is given by

h=
AEn——)n-o-'l - s (21’1 + 1)
8ml2

where m = mass of an electron, c = velocity of l1ight, h = plank's

constant, n = number of m-electrons, 1 = length of the conjugated

chain. |

Calculations with this method of appoach have shown good
agreaement with observed values of lamda () maximum for several

,cyanine and triphenylmethane dyes and it may become of practical

B

value in the study of dyes in other classes like the cyclic

conjugated system by assuming that the electron is confined in a |
i ¢ircle of constant potential.

: One important source of error in this method stems from the
.assumptinn that all bond lengths along the molecular axis are
. 1dentical, which inturn assumes a conetant potential energy along

the chain. This situwation certalnly does not hold for polyenes

which are known to exhibit strong bond alteratiom.



26
The development of synthetic dyes were hampered by the lack
of euitable theory to explain light absorption process untill the
developnent of quantum mechanic - "The wave-particulate theory of
| electron® by Schroedinger™”. The earlier theorlies were
qualitative in treatment of 1light absorption.prnaess and stem

* from the valence bond or resonance theory introcduced by Bury®=,

1.5.0 Chemical classification of dyes

| The classification of dyes on the basis of the type of
chromophoric group present in the dye molecule is referred to as
.chamdcal classification. The most important group of dyes based

on this metbod of classification are discussed below.

1.5.1 Azp dyes
The azo dyes account for more than €0% of the total dyes
known to be manufactured. They are characterized by the presence
of one or more azo (~N=N-) chromophoric group(s) in the dye
molecule which form bridges between organic residue, one of which
is vsually an aromatic nucleus. They are further subdivided into
monoazo, disazo, trisazo or polyazo depending on whether there is
Eone, two, three, or more azo chromophoric group respectively in
the dye molecule. They cover the whole af the visible region of
the spectrum. Thus yellow, red, blue, green eotc can be |

fsynthesized by introducing a suitable substituents 1n the

accoptor and donor ring of the chromogen.

i
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They are manufactured by diazotising primary aromatic amine

.'and coupling to suitable coupling component such as phenols,

..__naphthals, arylamines and active methylene compounds. Another

- method of synthesis is the oxidative coupling reaction developed

‘by Hunig, this method huwever; is not widely used.?®
; |

|
1.5.2 Anthnnqninnne_dxea
The characteristic chromophoric group present i1im the

| .
| ‘anthraquinone series consist of one or more carbonyl group —g- in

"association with a conjugated system, one of which is an aromatic

nucleus or condensed aromatic rings (xi).

! (x1)

Anthraquinone is a faintly yellow compound and does not
.pnssess dyeing properties until it 1is being introduced with |
electron donors such as -0OH, KHz, KRz, FHAr setc. The
_Jintrnducticn of these substituents involve unit processes such as
;hydrOxylation, nitration, reduvction, etc.

These electron donors also provide the compound the ability

‘to absourd in any desired region of tha visible spectrum. Thus as
|

..
A
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.fwith the azo dyes, 1t is possible to have yellow, red, blue, and
green anthragquiuone dyes. They are often synthesized by
cyclisatione and reduction reactions betwsan componentis
: containing several reactive positions, consequently, scme of the
commercial products of aznthraquinope dyes are mixtures<?,
|

"1.5.3 Iriaryl Neihane Dyes
: Thesze dyes are characterized by thelr chromophorlc system
consisting of 2 central carbon atom linked to three arcmatic
rings and usuvally contain two or three substituted amino groups.
_IThe hue and dyeing properties depends on the nature and number of
auxochromic groups such as -0OH, NR.. NHR, ¥WH:= NHAr or alkyl group
or a combination of these in the 3-para position.?!?

Typlcal examples of this class of dyes are malachbite green

‘where X = Y = FR'R, V = B in structure (xii).

(x311)
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Vher X = ¥ = OH, the structure {(xiil) is known as phanolphthalein
and a popular colour known as magenia results when X = Y = ¥V = ”
¥H: in the above structure (xii),

A1l the dyes of this series are derived from the triphenyl-
Imethana or tripenylcarbinol which are both colourless. They can
:also be synthesized by condensation of benzene with carbontetra-
chloride to form tbhe aluninium complex of triphenylmethylchloride
vhich i1s then reduced +tp the hydrocarbon by etherd®<e?, The
application of triaryl methane dyes is in dyeing of silk, woonl,

paper, office stationary, cosmetic and in printing ink,
1.5.4 HElrosp dyes

The charateristic feature of nitroso dyes is the presence
of the nitrosc chromovhoric group ¢(-KF=0) in conjugation with

arpmatic residue.
Re=—§—=0

{(xili>

The shade produced on fabric by these dyes depend on the
substituents attached to R, which 1s usually an arcmatic nucleus. .
They are prepared by nitrosation reaction ot +the aromatic
- compounds. A few green dyes of the nitroso class are of

importance, for instance, a mordant dye discovered by Fuchs4=<t?
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is obtained by nitrosating R-naphthol in the one position and

converting the product into its bisulphite derivative., The dye

i

glves brownish olive shade on a chromium mordant or yellowish

green with iron. The fastness properties of the nitrpso dyes are
excellent on most fabrics.
1.5.5 Hlirp dyes

These are phenols or amines containing the nitro (-NOz)
ércup in the o and/or p-positions in conjugation with aromatic

residue. The water soluble members of the series are acid

enlours while ithe inseoluble members are useful plgments. The

‘nitro chromophoric group is often found in dyes bhaving a

different chromophoric group. In a few dyes however, the nitro
group is the only chromophore, a hydroxyl or amino group is then
invariably present as auxochrome and raesonanate between two or
more tautomeric forms giving rise to colour, The first
commercial nitro dye was picric acid®® (CI 110305 (3,5-
dinitrophenol {xiv} formerly used as an acld dye giving greenish.
yellow on silk,

OH

B0

(xiv)
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1.5.6 Methine, polysethine and cyaning dyes
| | The methine, polymethine and cyanine dyes fall into ome
gfnup since their chromophoric system is characterized by an

acyclic link of methine group (-CH=)> with a structure (uv).

|
|
«{=C-C~)n-~

v}

whare n = 0 or a positive integer or (xvi)}

. | : ~(C=C-)n— whera n = a positive integer | ‘
” n i {xvi) _ . o «
.fhe cyaﬁine djés are known for their photegraphic sensitizing
action and forw an important class of dyes with links or chains
qu the first pra containing aan odd number of carhon atoms!
attacked to two basic beterocyclic residues. The first cyanine
dye was discovered by V. Grevile by heating crude quinoline
 -chtaining lepidine witk isoamyl iodide and caustic s=oda2#. The
 §yanines are not as sultable as the isocyanines in photographic
action Dbecause of their +tendency +tvo produce fogging on
photographic plate<s,
ﬁ The methine and polymethine are used for dyeing cellulose
_Eacetate e.g Celliton fast Yellow 7G (I.G)*¥, CI Dispersa Yellow

31, (CI 48000) is used to dye acetate and nylon with good

H}ﬁfastness to light, gas fumes and hot pressing properties. In

-general, the application of polymethine dyes for the dyeing of

PN . |
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textllies 1s limlted by the fact that they generally have very
poor light fastness, but by choice of a suitable heterocyclic
nucleus, the light fastness properties can be enhanced greatly.
For example, the aza analogue have outstanding fastness
properties.

1.5.7 GSulphur dyes

These are obtained by heating certain organic compound

with sulpbur. Thie class of dyes are characterized by the -
presence of a sulphur linkage serving as the chromophore within
the dye molecule. However, little iz known about the chemical_
structure of these dyes, despite thelr long history. The first
commercial sulphur dye made 1in  France by Croissant and
Bretonniere <1973} was produced by heating varlety of oprganic
materials of animals or vegetable origin with aqueous sodiunm
sulphide or polysulphide. The shade obtained could often be
varied by adjusting the temperature and duratiorn of heating-47.4%
Sulphur dyes can he applisd to cotton and othear fibres by the.

vating processing using sodiup sulphide bathb,

1.5.8 Indamine nod_lodophenol

This consists of derivatives of benzogquinome mnno or
diimine or corresponding napthalensa compound. Dyes of this class
are meinly used for color photography and also as intermedistes

for sulphur dyes.
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(xvii) ' : (xviii)
indamine indophenol
Typical example of this class of dyes is Cl soplvent Blue 22
| (CT 497082 (xix) which is obtained by oxidising a mixture of K, R-
 diethyl-p-phenylenediamine and o-rvaphthol in alkaline solution.

It is used for colouring spirits, lacuers, fats and waxeam,

Et=K N= =0}

{xix)
:
1.5.9 8Btilbene dyss
| The stilbene dyes are characterised by ihe presence in
Itheir structuore of the stilbene (xz) residue. The first stilbene
dye was diszcovered by J. Walter (1883) aud is still manufactured
.by many firms under various brand names such as curcunmines (FBY)
..‘CI Direct Yellow 11, (CI 4000}, it gives yellow shade of low
faztness to light and is wideiy used for dyeing and printing of

papers,

4
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-CH=CE
(xx)

Other chemical class of dyes include:-

The phthalocyanines

Quinoline dyes

Xanthene dyes

Thiazole dyes.

1.6.0 Colouristic classification of dyes o

The classification which is based on the method by which
the dye is applied to the fabric and alsc to the type of fabric
to which apllication is made is known as colouristic
classification. This 1s of interest tp the dyers than the
chemical classification. Based on this method of classificétiun,

|
the following are of paramount importance.

:1.6.1 Azaic dyes

The term azoic describes a system of producing an
{nsoluble azo dye in situ 1.e 1inside the fibre, One
intermediate, the coupling component having afflnity for
celivlosic fidre being padded onto the material, the material is

always impregnated with a coupling component and dried and then
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L
i

brought in contact with a solution of the second intermediate
known as the diazo component where uvpon the insoluble dye is
formed, The major application of this dye is in dyeing and

printing of cellulosic fibres, especially cotton, giving bright,

. intense hues and shade of high standard of fastness to light and

wet treatments,

1.6.2 Yat dyes

Vat dyes are insoluble dyes which are convefted to the
.leuco form by vatting wusing sodium hydrosulphite. The
application of these dyes involve three different stages viz: {12
redvction 4o leuco form, {(ii} adsorption of the leuco dye by the
fibre and (11i) pxidation of the dye to inscluble colour pigment
inside the fibre. The water soluble leuco esters are valuable for
producing pale shades, or for colouring materials that are
difficult to penetrate. The origiral dye is regenerated by
simultanecus hydrolysis eand oxidation, The dyes possess
ovtstanding fastness properties due to 1the fact +that after
oxidation the dyes remain permanently in the insoluble form

irside the fibre.

1.6.3 Acid dyes
' Acld dyes are water soluble, the solubility depends on one

or more sulphonic or carboxylic groups present in the dye
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molecule. These dyes are used in dyeing textiles such as wool,

silk, polyamide, acrylic, and leather. b

They are normally applied from a dyebath cnntaining:
totraoxosulphate (VI) acid, formic acid or acetic acid <ethanclic
acid). Feutral and even slightly alkaline dyebaths may sometinmes
be used. These dyes give very bright hues on substrate with wide

range of fastness properties ranging from poor o very goed

fastness. !

1.6.4 Direct dyes

The direct dyes are also called substantive azo dye because

they have substantivity for cellulosic materials. They are water

soluble due to the presence of two or more sulphonic group in
their structure. They are used in dyeing cellulosic fibres from
aqueous dyebath using approximately neutral condition., Inorganic
salts are often used to enhance exhaustion onto the fibre. The
substantivity of +the dyes onto the fibre depends on the
combination of van der waals forces, hydrogen bonding and
poesibly physical entrapment by aggregation, The fastness .
properties of direct dyes are not outstanding and thus for

quality dyeing, vat, azoic, and reactive dyes are preferred.

1.6.5 BReactive dyes

These are dyes that form covalent linkages with the fibre

molecule and because of the covalent attachment, the fastness
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properties of these are excellent on all the substrates to which h
they are applied. They are also water soluble and are used in
the dyeing and printing of cellulosic fibre, wool, silk and
nylon. The presence of hydroxyl or amino group/carboxylic group
Play 2 role in the attachment of ithe reactlve dyes to the fibregr\
The major problem in the use of reactive dyes is the reaction of
 .the dyos with water Iinstead nf the substrate and this leads to
bydrolysis, however, this can be minimised when dyeing fy
exhaustion technique, by adding the alkali required for tha
fixation at a later ctage of dyeing process or by using small
.1iqunr ratio.
1.6.6 Disperse dyes

This is a class of water insoluble dyes originally
“introduced for dyelng celluvlose acetate and usually applied from
fine aqueoue dispersion.#?® Recently work have alec established
that such dyes slightly dissolve in water and the degree of
‘snlubility inflvence the dyeing and leveling properties. Disperss
dyes belong to three main classes, viz, nitroarylamine, azo and
anthraquinone, almost all contain amino or substituted amino
ngroupa. but do not contain selubilising groups such as sulphonic
acid or carboxylic acid groups. They are usually ground in a mill
to fine particle size (1-10)) in an agqueous mediuvm containing a
dispersing agent, the later being acting as a restraining and

retarding agent. The principal uses of digperse dyes are in the ..
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dyeing of cellulose acetate, nylon, peclyester and polyacrilonit-
rile fibres. The fastness propertles vary on different fibres,
for example the washing fastness is higher on polyester than on

nylon and the rate of dyeing is in reverse condition,

1.6.7 Ingmj.n_d‘lzﬁ

This is the mame given tp a small group of dyes, almost
all of them based on phthalocyanine precursors, which under the
prescribed conditipns of zpplication form insoluble phthalocya-

nine inside the fibre.

&

1.6.8 Oxidatim dyes

Thig is a small group of dyes, only one type of which is
of importance In textile colpuration and even this Is restricted
largely to printing. They are so called because on chemical
oxidation they are converted to insnluble colorants inside the

fibre. The classical oxidation dye is Anilire Rlack.

: o |
1.6.9 BEBasic dyss

| They are so called because they give coloured cations in
aquenpus solution; hence these dyes are often referrad to as the
cationic dyes, They are used to dye negatively charged fibres

suck as modified acrylonitrile fibres.
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1.6.10 Chrome dyes

In the Colour Index these dyes are classified as "mordant
dyes”, tut since +the only mordants wused to any extent
commercially in textile dyeing are chromium compoundes the term
"chrome dyes" 1s generally used. The essentlal feature of these
dyes 1= that the basis of thelr application i the formmticn
inside the fibre of a wvary stable co-ordination complex of the
chrome dye and chromium from the mordant. After the application
of the dye to the substrate, they are essentially irreversible
whereby dyeings of very high wet fastness are obtained.

. | .
1.7 MM@MMM.WM

Dyes are uveed in large quantities by the textile industry in
Rigeria and no single manufacturing plant is in the country at
present, therefore a large amount of hard currencles are spent
for the importation of these vital mmterials for our industries,’
The main aims of the present work is to study the methods which
can be uwsed to synthesis some useful dyes for the local
consumption by our textile industry.

The principal raw materials for the synthesis are derived_;
from petroleum which can be obtained in large quantities from our
petrol-chemical plant in HNigeria. The conversion of the
primaries to intermediates can be done lpcally and the final -
.stage which 1s the conversion of the intermediates to wseful dyes.

can similarly be done successfully. - L _ii_
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In the present work, efforts have being made to synthesise
some azo and methine dyes and the effect of incorporating
different substituents in different positions of the dye
chromogen. Ancther objective of the present study is to exanine
the effect of these substitvents cn the colour and fastness
properties of the dyes synthesised. Some azo dyes are used as
indicator e.g methyl orange because of their sensitivity to acid-
alkali, it is also the objective of the present study to examine
the effect of acid on the absorption wavelengths of both methine
and azp dyes synthesised, The sffect of solvent polarity on the
absorption wavelengths of the dyes was also investigated. |
This research is of necessity in view of the need for a
successful dye industry take off in a developing country like
Figeria. This then calls for exploring the possibility of
synthesising and applying dyes with improved fastness +to

different agencles,
It is my hope that apart from testing these dyes for textile
dyeing, +the a=application could be extended ¢to photographic

prianting technology, especially the methine dyes.
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EXPERI¥ENTAL
2.1.0 General Information

2.1.1 Chemlcals
Bromine
Indine crystals
Bthylacetoacetate
Acetophenone
Prioplophenone
Acetone
Thiourea
Ammonia solution
Potassium hydroxide pellets
Ethanol (85%)
Tetraoxosulphate (VI acid (concentrated)
Aniline
¥, ¥-dimethyl aniline
N,E-diethyl aniline
Acetic acid glacial
Propionic acid
Chloroform

Hydrochloric acid
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Phthalic anhydride

Triethylamine N(CH:iCHz)=

Toluene

Malononitrile CHz (CNYz

Sodium acetate {(anhydrous) CHzCO:Na
Sodium acetate trihydrate CH=CDzNa.3HD
A-N,K,-Dimethylaminobenzaldehyde
4-Hydroxybenzaldehyde
2-¥ethoxybenzaldehyde
4-Nltro-2-aminobenzaldehyde
4-~-Nitrobenzaldehyde

Dimethyl formamide

Dichleoromethanse

4-Acetamido benzaldeshyde

Sodium trioxo carbonate (NazCOsz)

2.1.2 Materials
Polyester fabric
Nylon 6 fabric

100% cotton
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2.2.0 Charncterisation of Intermedistes and Dyes
2.2.1 Melting point determiunation
The meliing polnt of various intermediates and dyes were

detarmined using Gallenkamp melting point apparatus - open-

tubular in the department of chemistry, A.B.U., Zaria,.

2.2.2 Uliraviglei-Visibie absorption spaciroscopy

The UV-Visible spectra of the dyes 1n different solvents
ware recorded on uv-visible specirophotometer Unicamp SP 800 In

the department of chemistry, A.B.U., Zaria.

2.2.3 Infra-rad mpectroscopy

The inira-red spectra of thiazole intermediates and dyes
were recorded in Nuinl solution on Perkin-Elmer 710B Infra-red
spectrophotometer in the department of chenistry, A.B.U., Zaria.

Indanc-1,3-dione intermediates and dyes were recorded in
nujol solutior on Perkin-Elmer 710B Infra-red spectrophotomer in

the department of chemistry Tafawa Balewa University, Bauchi

2.3 Dyeing of the fabrice®o

Dyeing was carried out on nylon 6, 100% cotton, and .
polyester fabrics wusing all the dyes synthesised in the
laboratory at a liquor ratio of 1:50 with the 'dye master' in the

Department of Textile Science and technology, A.B.U. Zaria., A 1%
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stock sclution of each of the dyes were prepared and 10ca™ was
taken for each dye solution and put in the dyebath contalning
small amount of dispersing agent, enough water was then added io
the dyebath to make up to SO0cw®. After the dyebath is set, the
fabrics (igm each) were wetted out and excess water sgueezed out
with the ald of filter papers and then introduced into the
dyebath this was done at a temperature of 50-C The itemperature
was then raised to the boiled over 15 minutes and dyeing continue

at this temperature for 1 hour. After dyeing, the the fabric

vas removed and rinsed thoroughly with water and dried.

2.4 Trpnsfer printing

A strip of whatman chromatography paper (4 x 4cmd was
immersed for 2 minvtes In 0.0IM solution of the dye in
dichloromethane (15cm™). The excess solution on the surface of
tbe paper was squeezed off between two glass rods and the strip
was allowed to dry at rooa temperature before belng wrapped in a
plece of peolyester, nylon and cotton fabric and then enclosed in
a metal foll (Aluminium foil).

The conmposite was placed between hot prese plate suitable for
transfer printing at 180°C for 40 and 60 seconds respectively.

The transfer printed fabrice were rinsed with water, and dried.
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2.5 ¥ashing fastness test

All the dyeinge were assesed for washing fastness by
following the IS0 Yo 3 test procedure®'., The test was carried
ovt usipg the linitest washing machine in the department of

Textile Sclence and Techmclogy, A.B.VU,, Zaria,

2.6 Preparatioppn.oi 2-Awlno-4-methylthiazple (la®®

0.5 mole of balogen (I or Br) was added to a suspension of
1.0mnle of thiourea (26g) 1in 100cw® of acetone, After the
addition was complete, the reaction mixture was refluxed for 2
hours, the reflux condenser was removed and the open vessel was
heated overnight on a steam bath., The heated mixture was then
stirred slowly and 20g of solid sodivm bydroxide pellets were
added with cooling. The uvpper olly layer was separated in a
separatory funnel and the ageous laver was sxtracted three times
with ether using a total volume of 300cm®,

The dark red nil was rombired with the ether extract and the
solution wms dried over 30g of splid sodium hydroxide and-
filtered under suction. The ether was removed by distillation
from a steam bath and after & small fore-run, 2-amino-4-methylth-
iazple (la) was collected, filtered and recrystallised from
ethenol. This gave a yield of 56% and the melting point was found

to be 4B8<C (Lit. *® n.pt 45~0)
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2.7 Preparation of Z-Amiuwp-4-phenylthlazole (1b}

0.2mole (28cm™) acetophenone and 0.4mole of thiourea (30.4g)
ware reacted with 0.2mole of kalogen (1 = 26.4g, Br = 20cm®)==,
The reaction mixture was heated overnight on a steam bath, then
diluted with water and heated again until most of {the solid had
gone into sclution. The solution was then filtered, cooled ard
made alkaline with concentrated ammonia seolution, The
precipitated compound (ih) was filtered and recrystallised from
absolute ethanol. Yield, ©0%, m.pt. 1i70°C (Lit. *® m.pt., 173~

174=CH .

2.8 Preparation of 2-Awino-A-phepyl-S-mathylihiazole. {ic)

The same procedure vas follcwed as for the preparation of
compound {(la) except that propiophenome was used instead of
acatophenone, Yield, 48%; melting point 110-120°C (Lit.®® 115-

120G,

2.9 Preparation _of Z-Anmino-4-methyl-S-carbethoxythiazole (1d)

The sanme proceddure as for compound (1B and (Ao’ axcept
ethylacetoacetate was used as the aclive welbylene cowpound in
this case. Yield, S53%; nelting pelet 150-156i=C. (Lit.%7 147~C).

Ymax nujol >C=0 1710cm™?
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A

(1)
Fo : Bubstituents : Name 1Yield: X, Pt : ir
H I . 9 JHEN A ¥
{la): X = CHz; Y=H : 2~amino~4~methyl- : 56 : 48 :
s : thiazole 1 H :
(1b): X = CgHe; Y = H : Z2~amino-4-phenyl- : 60 : 174 H
: thiazole : i :
(lo)y: ¥=CgHsz; ¥ = CHx : 2-amino-4~phenyl~ : 48 :119-120:
! : S-methylthiazole :
(1d): X =CHs; Y=COC.He: 2-amino-4~methyl- : 53 :160-151: >C=0
: 5-carbethoxylthia-: : 1710cm®

: zole

2,10 Geperal Procedure for diazotisation of Amino Thiaznle

Sodium nitrite (0.2mole,
concentrated tetraoxosulphate VI acid

0=C so that no brown fumes were given off,

1.38g) was added portionwise to
(20cm®) with stirring at

The mixture was

etirred for 10 minutes and then placed on a water bath and heated

gradually until the temperature reacked 65°C.

Stirring was

continved until all the nitrite had dissolved, Acetic acid and

T
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propionic acid mixture 1:4 (20cm®) was added and the soiution was
conled to 0-C. To +this mixture was then added portionwiee
0.2mole (1.38g) of the aminoc thiazle and the solution stirred for

about 10 minutes to form the diazonium salt.

2.11 CGeneral Procedure for coupling

0.02nole of the coupling component [aniline (2cm®’, N, K-
dimethylaniline (2.5ml)) respectively was suspended in 200g of
crushed ice in a beaker, to this suspension was added Bcm® of
concentrated tetraoxosulphate VI acid followed by the addition of
the diazonium ion solution with stirring. The precipitated dye
{(2), was filltered with sintered glass funnel porosity 4. The
dyes were purlfied by ceolumn chromatography and recrystallised
from suitable solvents. Yield, melting point and characterisation

data for the dyes are summarised in Table 2,

X-0C
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Table 2: Yield and characterisation data for the azo dyes

Dye Ro. ) :Yield: nm.pt : ir : U.¥
1 %)+ °C H
2@ X = Me, Y = CO2C=Hs, R'R* = Kt 36 :178-179:1710 :1B0 n->nx*
: | :2C=0 :300 n->w*
2¢(b X = Ph, Y =H, R'RE = §{ t 40 1 196 :
2¢c) X = Me, Y = H, R'R™ = Ne t 30 1136-137: ;
2(d) X = Me, ¥ = C0zCzHs, R'R® = Me: 55 :168-169:>C=0 :190 n-Dn*
2 x 3 ! :1715 ¢
2¢() X =Ph, Y= H, R'R” = Ne : 80 »: 151,65 :
2¢f) X = ¥e, Y = H, R'R® = EL 1 45 : 119 3
2(g) X = Me, Y = CO=zEt, R'R® = Et : 48 :124-126:>C=0 :
: ' 11685
2¢h) X = Ph, ¥ = Ne, R'R* = Et : 652 :189-190: :
2(iy X = Ph, Y = H, R*R= = B¢t : 43+ 160.6 3

2.12.0 Preparation of Acijive methylena compounds

2.12.1 FPreparation of 1,3 -Indanedione

' Triethylamine (278cn®) and acetic anhydride (95cun®) were
étirred together on a water bath. Phthalic anhydride (145g) was
added with stirring followed by dropwise addition of acetocacetic

ester (126.5cn”) at a temperature between 30-35<C for 15minutes.
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The mixture was heated to 75°C for 1%hrs and cnoléd to 40=C. Tha
resulting deep crange brown solution was poured iuto the mixtuyre
of the ice and water (500cm®) containing hydrochloric acid
{190cm®?, effervescence occured and on cooling overnight, the
product was precipitated out and was filtered off as a yellow
solid. The precipltate was washed with water (3 x 250cm®? then
with toluene (500cm™) in small portions untill the brown vil was
removed. The precipitate was finally washed with petroleum ether
(b.p. 80-100=C), the crude product wae recrystallised once from
toluene to give indane-1,3~dione as a yellow needle. The yield
obtalined was (105.2g, 72%), m. pt. 132-134=C, (J4119" 129-132=0),

Vmax nujol >C=0 1710 com™!

2.12.2 Preparation pf 3-oxo-A':?-Indandedione-salononitrils

Anhydrous secdium acetate (16g) was added toc a stirred
.mdxture of 1,3-indanedione (21.9g), malononitrile (1%9.8g) and
absolute alcohol (250cm™) at 22°C., An immediate red colouration
occurad and the suspended solid slowly dissolved. After 40
minutes, the wmixture was dfluted with water (500ca®) and
acidified to pf 1-2 by the addition of HCl. The suspension was
stirred for 10minutes and the solid material filtered off and
washed thoroughly with water. Tha crude material was
recrystallised +twice from acetic acid to give 3-oxo-A' 3~
indapedione malononitrile as a c¢olurless solid (26.4g, 90%).

M.pt 232=C Litm® (223-229=C).



Voux nujol >C=0 1700cm?

-C=% 2210ca ",

2.12.3 Preparation of 2,2-Indene-1,3-diylidenebispropanedinitrile

A mixture of 1,3-indanedione {(8.76g) and malononitrile
{11.88g> in nbsolute alcohnl (100cnm?) was stirred at room
temperature for 15minutez and sndium acetate trihydrate was
added. Tae mixture was heated under reflux for B hours, After
copling, the blue solution was filtered tp remove the monoconden-
sativn products., The filerate was acidified with HCl to pH 1-2.
The white precipitate was filtered off washed with water unitill
the washing was blue, It was then dried to give the rasulting
2,2-indane~1,3~diylidenebispropandinitrile as an off white solid
(13g, 80%). An  analytically pure sample was obtained by
recrystallisation from acetic acid followed by wvacuum
sublimation. M.pt. 257<C,

VYmax nuijol >CZR 2220cx!?

2.13 Coppdensaticn nf henzaldehydes with active methylens
coupounds

2.13.1 Coudensaliop_of benzaldehydes with Indane-1,3-dione
0.03mple (4.38g) of 1,3-indadione was reacted with
0. 03mole of 1-X,F-dimethylaminobenzaldebhyde (4.41g), 2-

methoxybanzaldehyde (4.1g), 4-acetamidobenzaldebyde (4.92g) and
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4-bydroxylbenzaldehyde (3,66g) respectively 1in 50cn® acetic
anhydride with stirring at 60°C for 1lhr. The resulting dye on
cooling was filtered, washed with acetic anbydride and
recrystalliced from the same snlvent to give series of dyes (3).

The charactearisation data for the dyes are summarised in Table 3.

)

Table 3: Yiald and characterisation datz for methine dyes derived

from indane-1,3-dione.

Dye HoiSubstituents _ tM.pt (oC):17ield (%): uv . ir
3¢a) :R' = H, R* = N{Ne).:21B-220 80 $132n->w*: 1690cn™"
! : : : : 2C=0

H

3¢b> R = H, R# = (H ¢ 223 : 75 1190 1 168 T

s n--aRt s 20=0

1

8¢cy :R'" =H, R® = FHCOCH»:189-192 : 68 yo1ng ¢ 1730cn?

-

t n-=>x* 1 2C=0
3¢d) : R’ = QCH», R* = H :210-213 : 8% : 199 : 1700ca™?

>C=0

Y
-
-
-
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2.13.2 —axQ-A" 2=
3-opxo-A'-®-indanedione {(0.06mole, 11.76g) was reacted
with 0.06mole of appropriate btenzaldehyde [4-N,FN-dimethylamino-
benzaldehyde (8.82g), 2Z2-methoxylbenzaldehyde (8.Z2g), 4-hydroxyl-
benzaldehyde (7.32g), 4-acetanidobenzaldehyde <(9.84g), and 2-
nitro-4-aminobenzaldehyde (10, 08g>1 in  ethanol at room
temperature for Whour with stirring and then beated to 60<C for
another ¥hour. The crystalline product was filtered off, washed
with ethanol and recrystailised from ethanol to give dyes in
soriss (4). Yield, m.pt. and characterisation data for the dyes

are summarised in Table 4.

Ry
. CH
(4
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Table 4: Yield and characterisation data for dyes derived from

3-pxo-A'r*-indanedione

Dye Bo:Substituents tM.pt =C:Yield %: ir : uv

- * +
Jr— H -

4(a) X = Me, T = CO.C2Ha, R1Bx = H :178-170: 235 (1710 11990

: : ! i 2C=0 in-nw*
! : : : str 300
H : n-n*
4<bY ;X =Ph, Y=H, Rz =1 : 186 ¢ 40 :
4(c) ;X =Me, Y =1U, FhR: = Me $136-137: 30 H

4¢d> :X = Me, Y = COzC2Hs, RiR= = Me:168-168: 5§ :1718 ;190

H : 1 1 »C=0 ;n-n*

H : : i str
4{@) :X =Ph, Y=H, R:R= = Me :181.5 : 50
4{f) :X = Me, ¥ = H, R+Rz = Bt 1 119 . 45 !
4(g) :X = Me, Y = COzEt, R:Rz = Et :124-126: 48 : >C=0 :

H ! H : 1685

! H H : str
4<hY : ¥ =7Ph, ¥ = Me, R:R> = Et :189-1890. 52
4¢1> : X =Ph, Y = H, ByRz = Et : 1860.5 ¢ 43 ! :
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2.13.3 Condensation of benzaldehyde with bispropandinitrile

The zamz procedure as in 2.13.1 is followed except that

2,2-indene-1,3-diylidenebispropandinitrile is used in place of

1,3-indandione. Yield, melting point and characterisation data

obtained for dves (5) in this series =re summarised in Table 5.

(5)

Table 5: Yleld and characterisation data for dyes

bispropaninitrile

derived from

Dye No : Dubstituspts ~ : Melting point: Yield : ir

5(a) : Rv = H, Rz = HMea: 190=C : 85% : C=C 1635cm™’
:-C-N 2220cm™?

5(b) : Ry = H, R. = OH : 209-211=C : 70% :-C=C- 1630cm™’'
;=C-N- 2226cm™’

5¢(c) : Ry = OCHs, R= = H: 238<C : 55% :-C=C- 1645cm™’
1~C N~ 2220cm™?

5(d) :Ry = B0z, Rz = NHz: 179 : 66% :-C=C- 1650cm™!

-C=R- 2222cm™"
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3.0 RESULTS AND DISCUSSION

3.1 Synthesis of intermedlates and Momoazo fdyes

The intermediates used for the preparation of azo dyes are
the derivatives of 2-aminothiazole. They are 2-amino-d-
mathylthiazole 1¢(a), Z-amino-4~phenylthiazole 1(b), 2-anino-4-
phenyl-S-methylthiazole 1<¢c> and 2—amino—4~methyl—5—carbethoxyt-.
hiazole 1(d). These were prepared by adopting Dodson method®?, 1n N
which ketones were reacted with thiourea and a halogen to give

substituted 2-aminothiazole, ae =hown in scheme 1.

x - Po= D
+ 2NH=C-SH 4+ Iz (Braz, Cla)

Y - CHe =

Y—C—X + H:0 ¥ §H=1-"-—SH :

Y- RH;:HI (Br, Cl1) H-HI (Br, C1)
1dad X=CKs, Y =R
1 X=Clls, Y=EK
1¢c) X = = CHax

Celle, Y

1> X = CHa, ¥ ~CO=CHCHa

Scheme 1.
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In scheme 1, acetone, propiophencne, acetophenone and
ethylacetoacetate were reacted respectively overnight on a steam
bath with thiocurea in equimolar ratic in the presence of half
mole of halogen. Iodine and bromine were used respectively for
the bhalogen in the present study. In each case, the 2-
aminottiazcle obtained from the reaction mixture agreed in ir and
physical properties with those reported in the literature®?,

The 2-aminothiazeole derivatives cblained were recrystallised
;n absolute ethanol and diazotised satisfactocriiy at 0-5°C by
adding the solld aminotbiazole to nitrosylsulphuric acid prepared
by adding cuncentrated telraovavsuwlptate (¥I) acid, The recsulting
diazonium solutions were gemerally used within a faw hours since
decomposition takes place on lcong standing even when ccld.
| The diazonium salts were coupled to aninile, X, K-
dimethylaniline and K,R-diethylaniline respectively to obtain a
series of dyes (2). Coupling was usually accorpanled by some
evidence of decomposition, however, by careiul addition of thg
diazonium ealte splution at 0-5°C to the solution of *he coupler
in acetic-propionic acid mizture in ratic 1:4, good yields cf the
dyes ware obtalned. Series of dyes (2) obtained using the
different 2 -amwino tihiazole derivatives are summerised in Table

3.1
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Tzbtle 2,1: Seriss of mounpezo dyes derived from 2-aminothiazole

Y

o

(2}

Dye fin Substitvents _— . -
2{a) X =CEx, Y = -COzCH.CH, Bi = Ra = 1
2(bh) X = CaHs, Y == H Bi = Ra= N
z{c) X =CH-, Y =% R: = Rz = CHa
2¢d) X = CHi:, Y = ~C0=CzHs Ry = Rz = CHa
2{a) X =« CgHs, Y= K Ry = Rz = CHa
2(£) X =CHay, Y =1 Ri = Ra = CalHe
2{g’ X =CHa, Y = -C0xCuHe Ry = R» = Cals
2 X = CulHe, Y = CH. R = Rz = Cale
240 X =CsHs, ¥ = H R: = R: = Cule

3.2 Tisible ahcorptio specira fur the axo dyes

The visible ahscrpilon spactra of tho dyes were nmemsursd in
etbanol ~nd chlorcform and their molar axtinction coefficients
were calculated from ethanpl sgolution, Ths results obbtainad are

summarised in Table 3.2
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o

Table 3.2 Visible absorption spectira for the azo dyes

Dye Ko Ethanol Chloroform  Ethanol-chloropfocrm emax in

dmexiom) dmax(amd  Admax (o)  ethanol

2a) 494 470 + 24 5831
2 504 494 + 10 5762
2¢c) 412 506 + 6 5251
2(d) 526 510 + 16 4512
2¢e) 520 512 + B 5100
2¢H 523 514 + 9 5700
2¢g? 532 520 + 12 5330
2¢h) 500 492 + 8 4520
201 524 498 + 20 5371

Dye 2¢(a) obtained by coupling aniline with 2-amino-4-methyl-
5-carbethoxy-thiazple absorbs at 494nm 1i» ethancl, when the
methyl group in 3{a) was replaced by a phenyl ring and the
electrpr withdrawing carbethoxyl group in position-5 was removed,
the resulting dye 2(b) absorbs at 504nm in the same solvent
indicating an increase in wavelengih or a bathochromic shift of
10nm. In this case, the attiachment of electron donating methyl
group in the acceptor ring of the dye 2(a) causes a hypsochromic
effect on the absorption maximum of dye 2(a) relative to dye

2¢(b). The increase in the wavelength of absorption cbserved for



dye 2(a) in comparison with 2(b) can be attributed to the
increase in the conjugation of +the dye molecule by the
incoporation of the phanyl ring.

This resuvit is comparable to that obtained on the effect of
conjugation on the absporption maxims pf cyanine dyes by L.G.S
Brooker®# .52, Qualitatively, as conjugation increases the ground
electronic state of the molecule is lowered even further due to
gtabilisation resulting from a rapid increase in the number of
charged structures. This makes the difference in energy of the
excited electronic state from the ground electronic state, AE
becomes progressively smaller and bence the bathochromic effect.

In dye 2(d>, tke electron donating ability of the coupler inm
2(a) has been enhanced by replacing the simple aniline with ¥,F¥-
dimethylaniline and the new dye 2(d) aborbs at 526nm, indicatiung
a bathochromic shift of 32nm relative to dye 2<(a). Comparison of
dye 2{(1) and dye 2(c) also reveals the effect of the electrom
withdrawing carbethoxy group in position-5 of dye 2(d), and in
this case dye 2(c) withoui the electron withdrawing groups in the
accaptor rings shows maximum absorption at 5iZnm and when the
electron withdrawing group is incorporated, a bathochromic shift
of ldnm was ocobserved ddye 2(d) lmax 926nm and 2<¢c) imax 912
respectively in the same solvent). This result is very similar
to the report on the effect of electon withdrawing nitro group on
the absorption maxima of monbazo dyes derived from 5-
nitrothiazoles and substituted anilines by J.B. Dickey et al®=®.

L2
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Furthemore, replacement of electron donating methyl group in
dye 2Z¢c) with phenyl group as 1Iin dye 2{(e) also gives a
bathochromic shift pf 8nom relative 1o dye 2{c). This is
constistent with the results obtained when alinine was used as a
coupler.

In the series of dyes 2(£f}-2(1), the electron donating metﬁyl
group was replaced by ethyl group in the donor half of the
chromogen and from the results summarised in table 2.2, the
electron donating strength of N, N-diethylaniline is more than the
¥,F-dimethyl aniline as indicated by the red shift displayed when
the corresponding pairs of dyes 2(c)-2(e) are compared with those
in series 2(f£2-2(2. In each case, the dyes with N,HN-dietbylani-
line are more bathochromic in colour.

The results summerised in Table 3.2, clearly show that the
incnrporatinn of electron domating group in the acceptor ring of
the azo chromogen leads to bluve shift of the visible absorption
band, while ithe incorporation of powerful electron withdrawing
group in thise position leads to red shift. In the same manner,
when the electron donating ability of the coupler is enhanced,
the more deepened in colour the resulting dyes become. The shift
ln Mmax to longer wavelength is due to increase in polarisation
0of the dye molecule resulting to enhanced eleciron density
displacement from the donor half of the chromogen to the acceptor
half of the chromogen. Consequently, the energy between the

highest occupied molecular orbital and the lowest unoccupied
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molecular orbital LUMO is decreased, 1.e the =n-->w* iransition
frequency decreases and the electron transition takes place at
lower frequency photon resuvlting to the bathockromic shift of the

visible absorption band.

8.3 Effect aof wolvent polacily og dmnax of monoazo dyes

The effects of the solvent polarity on the absorption maxima
of tbhe dyes were also investigated and the results obtalned are
also summarised in Table 3.2. The results show a general red
shift when the snlvent polarity is changed from less polar
solvent-chlorofornm to  the more polar solvent-ethanol as
summarised In Table 3.2. HKore dramatically the dmax values are
displaced to longer wavelengths by around §-26nm in ethanol when
compared with less polar sclvent -~ chloroform. For esxample, dye
2(1) abserbs at 524nm in ethapol and at 500nm in chleroforn.
Simllarly, dye 2{(c) absorbs at 51Z2um In ethanul whersas, 1t shows
mavimom absorption at 506nm in chloroform, indicating a red shilt
of 6on, Similar irends were obeerved for all the dyes in this
saries.

The effect of solvent polarity on the visible absorpticn band
of the dyes have been thoroughly studied znd well documented in
the literature’®. The report indlcated in the literature has
shown that m-->n* {ransition exhibit bathochromic effect when the
polarity of the snlvent is increased while, the n—->»n* transition

show hypsochromic effect wlth increase in splvent polarity. This
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clearly indicates that in the present study, the visible band is
due to m-->n. transition since a general positive solvatochromic
effect was observed on increasing the polarity of tke solvent.
Solvatochromisy 15 dus to various solute-solvent interaction
in both the ground and excited states, The red sift un changing
t0 a nore palsr solvent suggesis bthat the dye molecule has a more
polar excited state than the ground state and this wili lower the
energy of the n--2x* transition. Thus light absorption causes
the =n-elecron tu be displaced from the amino donor group to the
various elscron acceptor resldues and hence the encited state has

a larger dipole mement i.a. more polar than the ground state.

3.4 Eilfect of Hudrochioric acid op Vigible absorption

baad (Halochroaisa’

Halochromism is the effect of acld uwn the visible sbsorption
band which could he decrease or increase of the wavelength of
absorption maxima. The decrease uf Xuwax in acidic medium 1s
referrad to as negative halochromism while the increase of lmax
in the same acidic medium is known as positive haiochromism,

The bhelochromism yproperties of the Z2-znluothiazole dyes
synthesised were cxamined and the shifts cf the absorptiun bands

in acidified ethanol are listed in table 3.3,
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Table 3.3 Halochreomism in monoazp dyes

Dye No Ethanol Ethanol + ECl AXmBX
Apax (pm)  smax (nm
2{(a2 484 500 + 6
2{b) 504 550 + 46
2(c) 8512 596 + B84
2{d) 526 560 + 34
2(e 520 570 + 50
2¢6H) 523 538 + 12
24(g) 532 570 + 44
2¢h) 500 594 + 94
2¢1) 524 570 + 46

Axmax = dmax in acidic ethanol ~ xmax in ethanol

In all cases, the protonated solutions were neutiralised
carafully witk base (sodium triopxocarborate IV} to ensure that
the original spectra were completely restored thus confirming
that decomposition o©f +the dyes had not occured during
protonation.

The halochromism of p-aminoazobenzene has besn the subject of
prolonged coniroversy among chemist®4, but it is now believed
that protonation of p-aminoazoc benzene dyes occurs almost
exclusively at the B-azo nitrogen atom toc form the azonium™®

tautomer and the protonated form is in all respect different from



tha neutrai azo compound, This is due to factors such as
resonance stabilisatlion of the resulting azonium cation®s.

In the case of the thiazole dyes, protonation may take place
at the heterocyclic nitrogen atom to generate a diazohemicyanine
catlion and the increase in electronic symmetry results in an

ehanced bathrochromlc effect (popsitive halochromismd,

Y 31

Y ’ F=5 NR'R=
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Diazphenicyanine caticn

As car be seen in Table 3.3, all the dyes studled, show
pronounced positive halochromism i.m, shift of the absorption
band to longer wavelength on addition of acid. The most striking
exanmple is dye 2(h} which is viclet max 500nm’ 1in peutral
solution but turns blue Omax 594nm) in acidic ethanol solution
indicating a bathochromic shift of +94nm. Other members of the

geries like 2{f) gives lmax in neutral ethanol of $23nm but gives
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rmax of 535nr in acldic ethaunl; 24g> glves Xmax of 532Znm in
nautral ethanpl and 576nm in acidic ethancl indicating a positive
halochremise of +44nm. In 211 the cases of dyes under study,
protonation leads to enbanced elactron density displacement from
the donor toc the scceptor ring leading to decrease in energy of
the ®* orbital and hence m——>n™* transition frequency.

The halochromic effect for dye 2{h) is very remarkable where
a bathochromic shift of +94nm was obtalned when the dye solution
in ethanol was acidified. This large shift can be atiriblted to
the incorporation of the electron donmating methyl group in the

S-position of the acceptor ring of the chromogen.

2.9 Application of the azo dyes o tbe fabrics

A1l the dyes synthesised were applied on polyester and nylon
fabrics using standard dysing conditions®™”. The different shades
obtainad on these fabrics are summarised in Table 3.4.

As can be seen in table 3.4, {the colour produced ranges
botween red and viclet on both fabrics, A typlical exanple iz dye
2{(a) vhick produced red-prange shade on polyester awd nylom.
¥hen the two bydrogen of the amino grovp of dye 2 &) were
substituted with two electron donating methyl group to produce
dye 2(d), the shade produced is violet on polyester and nylon
indicating tbe deepening effect of thbe colour reselting from an

increase in electron donaiing sivengih of the donor ring.
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Table 5.4 5Shales of dyeinge obtained cn the fabrics

Dye Ko Colour on polyeste: Ceolour on nylon
2(a) Red-orange Red-orange
2 Red-orange Red-orange
2(c) Pipk-red Pink-red

2(d) Pink-violet Pink-violet
2(e) Pink Pink

2{DH Pink Pink

2(g) Pink Pink

2 Red-orange Pink

2(1)> Pink Pink

A similar cbservation was noticed on the shade of dye 2(i)
compared w#ith dye 2(h) where Y substituvent bhas been substituted
with methyl group. 2, produce red-orange snade on polyester
and nylon fabrics while 2{1) produce pink shade on both fabrics.
In this cease = negative deepening effect (hypsochromic effect)
was ohservad. This is explained on the basis of the substituents
which in *turn affect the w%-->a* Lramsition wavelengths as
explainad in section &.2.

Vith all tle other dyes under study, the change in shade is

not appreciable on both fabrics, for example, dye 2(f) gives pink
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shade on nylon and polyester but on substitution of Y which 1s B
in 2{f) by electroan withdrawing carbethoxy group at such position
to give dye 2(g), the same shade 1.e. pink was produced omn the
fabrics. This 1s however, consistent with the fact that their
visible absprpiion maxima is not wide enough as to produce any
conspicous colour change on the fabrics.

The colours obtained on the application of the azo dyes to

polyester and nylon are shown in Appendix 1.

3.6 ¥Yaching fastnees rating |

Washing fastness is the resistance of dyeings to alkaline
hydrolysis. This test 1is considered wvery useful since dyed
fabrice are subjected to various washing conditione during use,
The test was conducted by adopting the general procedure by the
International Standard Organisation. Procedure number three (IS0
Fo 3 procedure was followed)®®. The results obtained are shown
in Table 3.5.

As can be seen in Table 3.5, dye 3(a) has fastness rating of

4 on nylon and polyester indicating good fastness to washing,
vhile staining of the dyeings on the adjacent material is rated 3
on nylon and 4 on polyester indicating that the adjacent material
vas fairly stained with dyeings of nylon and almost stainless on

polyester,
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Table 3.5 V¥ashing Fastness rating of Monpazo dyes

Pye Ko Change 1n Shade : Staining con adjacent fibre
i _ Xylon i Pplyegter ; . Nylon @ Polyester
2(a) : 3 : 4 : 3 : 4
2{ t 3 : 4 : 4 : 3
2¢c) : 2-8 : 3 : 4 : 3
2¢a) : 3~4 : 4 : 2-3 : 4
2¢@) 3-4 1 : 3 3 4
2¢) : 4 : 4 t 3 H 4
24 : 3 3~4 : 2-3 ! 3
2¢m : 3-4 : 4 ! 3 ' 4
2 : 4 : 3 H 3 H 4

On the other hand dye 2{(¢) shows moderate fastness om both
rolyester and nylon and was rated 3 and 2-3 respectively on these
fibres. The degree of stainlng in this case being fair and is
rated 4 on nylon and 3 on polyester fibre.

In General, the process of attachment of dye molecule can be
by mechanical entrapment or by chemical linkage between the dye
and the fibres molecules. Fastness characteristics of individual
dyes depend on so wmany factarse which include the relative
orientation of the dye mplecule with the fibre molecule and the

various forces involved {n the dye-fibre interaction, i.e
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whethor ionic, covalent, van der waals, dipole interaction ete.
Also the iastness characterisiiecs of the dyes depend on the
gtructure of the dye and the fibre mnlecule to which the dye is
being applied.

In the present study, all the dyes synthesised are disperse
dyves since they all lack solubilising groups the force involves
in the dye-fibre interaction is mainly due +to physical
entrapment, invelving van der waals forces nf attraction. These
forces are as a resylt of second-order wave nechanical
interaction of the s-orbital of the dye and the fibre molecule
and are vary effective when the dye mplecule iz linear and having
groups such as alkyl or aryl which approach the fibre molecule
clusely.

Thus the observation that some of the dye have good wash
fastness is attributed to the strong van der waals interaction
and sppe dipple-dipple interaction between the dye and fibre
mplecules. While dyeings having moderate fastness indicates weak

Interaction uvf these forces.

3.7 Ynsh Facipese of Trapsfer Printed Fabrics

The monoazo dyes synthesised were also applied onto the
polyester and nylon by trassfer printing technique and +the
printed fabrice were subjected to ISO 3 washing test to assess
the fastness characteristics of the printed samples. The results

obtained are summarised in Table 3.5b.
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Table 3.5b Fastness rating of Azc Dyes Transfer printed

~ Dye Fo __Change in shade Staining of whitp sample

Polyestaer Fylon Polyester Nylon
2 (a) 4 3 4 3
(b> 4 3-4 4 3-4
{c) 3-4 3 3 2-3
{d) 4 3 3 2-3
(e) i 3 4 3
(£ 3 3 4 3
(g 4 ¢ 4 3
(h 3-4 3 3-4 3-4
1> 3-4 3 4 8

The fastuess properties of the transfer printed saaplee are
genarally good on both subatrates end slightly better on
polyester than on nylen and this may e attributed to the
crystalline nature of the polyester material. This means that
once the dyes are able to enter the crystalline region of the
fibre, it ic not easy tp desorb. The colour obtained or transfer
printing are similar to those obtalned during dyeing and this are

shown in appendix 2.



72
3.8 IR Specira of the monoazo dyes

The infra red specirum of dye 2(a) shows an. absorption due
to >C=0 stretch vibration at 1700cw~'. The absence of such peak
in dye 2(b) 1ie a strong evidence ot the absence uf the electron
withdrawing carbethoxy +~CO:Et group in such dye. The absorption
at 3300cm™' for 2ia) and 2%70cm™' for 2 is dus o the F-H
stratching vibration,

The replacement of methyl group of 2¢a) wvhich absorbs at
1400-1456cw=' and 137Bcm~* (finger print reglon) with phenyl
group resulted toc Z(b) which gives a broad abserption at 3000~
3100c™', The same trend was observed on comparing 2(c) and
2¢d>, 2} and 2(g> with abscrption at 1710cw~) for 2(d) and
170%¢cw? for 2(g while no such band was cbserved for 24(c) and
2(f3.

Dys 2(e) and 2(f) give very uimilar spectrunm except at tha
absorption at 180Cci ' whichk iw =lightly different for tha ethyl
group of Z¢I) by the broadening of -CF. at 14%Ccr™ and -CH: at
1500cw™" for dye Z21£).

in general, =ach dye glves its characlteristic absorphtion
;pectrum in the finger print regien 14C00cwm=?-S$60cm™?) but an
absorpticen band between the reglon 1300cm' - 1500cw™' for all
the dyes indicates the vibration frequency due to the -W=F-
streching vibration. Also a general absorption between 1180cn™
- 1560cw™ is due to ~-C-N-R'R siretching vibrational frequency.

The absence of sume bands in the spectra is beling attributed

to the presence ouf overtones (hemonics) frequency®?.



73

The dyes synthesised in thise section were derived by
condensing active methylene compounds with various benzaldehyde
under base catalysed reaction. The active methylene compounds
used are 1,3-indanedione (3), 3-oxo-A'-®-indanedionemalononitrile

(4) and 2,2-indene-1,3-diylidenebispropandinitrile (5).

(3) (4) 5)

1,3-Indanedione was synthesised by reacting equimolar amount
of phthalic anhydride with ethylacetoacetate in the presence of
triethylamine as base for 1%hours. The deep orange solution that
was obtained was acifidied with hydrochloric acid. The resulting
compound was recrystallised from toluene to get 1,3-indanedione

as yellow needles.

0 + CHaCOCH=COzEt + N(Et); ---> H=>

"~

0 0

Phthalic anhydride (3)
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3-ox0-A' -~ Indanedionemalononitrile (4> and 2,2-indene-1,3-
diyledenebispropandinitrile (5} were  prepared by reacting 3D
with malononitrile {n the presence of anhydrous sodium acetate
and socdium acetate +trihydrate respectively as shown in the.
reaction scheme below,

Q

)
C¥ N
CF  CHaCO:Ka.3H20
P P ——— , .
CK
§ CX

)

In each case the intermediates obtalned agreed In their ir
ispectra and physical properties with +that reported in the
literature®®*,

The active methylene compounds (32, (4) and (%) were
'fecrystalliaad respectively in toluene and then condensed in

turns with various benzaldehyde derivatives, namely 4-¥,¥-dimeth-
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4-hydroxybenzaldehyde, c-methoxybenzaldshyde,

4-nitro-2-aminobenzaldehyde, 3~acetamideobenzaldehyde and p-

nitrpbenzaldehyde to produce series of methine dyes (6), () and

(8) respectivel

Y.

Tiad

b

{c)

18

{e)

16

6(a)

(b

{c)

(

CY

4

R4

R,

Rs

R,

R,

R

3]

R, = H, R = Hi¥e)x
Ry = H, R: = OH
R+ = H, Rz = NRCOCH=
By = DCH:;-, K= =H
R,

H 2
H, Rz = N(CHs)>
Hl RE = OH
CHw, R = H
ND=, Rx = NHx
H. R = ROz
H, Rz = HHCOCHw -
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Rz

B(a) R. H, R N(CHs)=

(b) R'I = H’ RZ = OH
(c) Ry = OCHa, Rz = H

(d> R

il
m
N

|
s
)

The visible absorption spectra of the dyes were measured on
the Unicamp SP 800 spectrophotometer in different solvents and
their molar extinction coefficients were calculated from absolute
alcohol. The results of the condensation of indane-1,3-dione with
various benzaldehydes are summarised in table 3.0a.

Table 3.9a Visible absorption spectra of dyes derived from 1,3~

indanedione

Dye No :DMF/)max (nm): Ethanol: Chloroform: DCX : € max (ETOH)

Aamx o /Amax (ol Amax i X 107
6a) 490 : 486 470 : 468 :  6.21
M 455 . 445 420 : 412 @ 5.24
) 500 : 485 468 : 465 :  6.05

d) : 495 : 470 : 460 : 440 8.50
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As can be seen in the table 3.9a, dye 6(a) which was obtained
by condensation of 1,3-indanedione with 4-N,¥-dimethylamino
benzaldehyde absorbs at 490nm in dimethylformamide and 1t 1o
yellow in colour. When the electron donating dimethylamino group
was replaced by hydroxyl group, the resulting dye 6(b) absorbs at
455nm in the same solvent indicating an hypscochromic shift of
3%5nm ralative to dye 6(a). Dye 6<(c), cbtained by the sanme
condensation reaction of 1,3-indanedione with 4-acetamidobenzal-
dehyde absorbs at 500nm and this is relatively more bathochromic
when compared with dyes 6¢(a) and (b>. In this case the electrom
donating abllity of acetamido group is stromger ihan that of the
dimethylaminn group and hydroxy group. Dye 6{(d) with the methoxy
group in the o-position gives an absorption maximum at 495nm 1a
DMF and this shows an hypsochromic shift of 5mm relative to dye

6(c).

Vhen one of the carbonyl groups in dye (6) was replaced by

dicyanovinyl group another series of dyes (7) were obtained and
the spectroscoplc data ©f these dyes are sinmilarly measured in

different soclvents and the results are summarised in table 3.9b.
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Table 3.9b: Visible Absorption specira of dyes derived from

3-oxo-A' - ¥-Indanedione malononitrile

Dye Mo : DEF »max{(um):@ Ethanol: Chloroform: DCM : emax ethanpl

samaxinme: dxax {(om) :amax(nms:ethanol x 10°

7(n) : 610 : 605 : 600 : 580 1 6,156

(b) : 550 : 545 4490 ¢ 435 4.9
(c) H 565 : 562 144 ¢ 430 ; 5.7
@ : 572 ¢ 570 456 452 5.8
{a) 1 570 : B35 : 4E5 ¢ 450 H 9.6
(f) : 605 : 600 : 500 : 490 : 5.6

Comparison of the data summarised in table 3.%a and (b)
generally show that dyes in table 3.0b are more bathochromic when
compared with their corresponding analogues. For example, dye
7{a) absorbs at 610nm in dimethyiformamide, whereas, the
corresponding dys 6(a) absorb at 480nm in the same wolvent. This
ghows that replacement of one of the carbonyl group in dye (6}
results in large bathochromic shift of 120nm. Tt is interesting
‘to note that the incorporation of electron withdrawing nitro
group as in dye 7{(2) gives a dye which is bypsochromic when
conpared with dye 7{f) whleh has an electron donating acetanmido
group. This chows that the incorporation nf electron withdrawing
group in the donor half of the methine chromogen will lead to
dyes which are less bathochromic than when electron donating

groups are substituted in this position,
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Siumilar trend wams observed when different Balvgnts were used,
For example 7{a) shows Xmax owf ©60Bmm in ethanoi, whereas, the
corresponding dye 6{a’ iu table 3,9a absorbs at 486nm, showing a
bathochromic shift of 119nm. VWhen chloroform was used the shift
was +130nm relative to dye 6¢a) d.e. T(a) xmax in chloroform isl
600nm and 6(a) xmax 470nm in the same solvent).

Vhen the intensity of the dyes in table 3.8a and 3.9b are
compared, it can be seen that when one of the carbonyl group was
replaced as in dye (7), the extipction coefficient 1s reduced.
Por example, the extinction coefficient of dye 7¢(a) is 6.15 x 10%
and that bpf 6{a) is 6.21 x 10 +this may be due to steric
interaction of the cyano group in series (73.

The resylts summarised Iin table 3.9b suggest that further
bathockromic shift can be obtained if the second carbonyl group
can be replaced by dicyanovinyl groups. To investigate this, the
dyes in series (B> were prepared by condensation of the
benzaldehyde with 2,2-Indene-1,3-diylidenebigpropandinitrile (%),
The wvisible absorption spectra of dyes (8) are summarised in

table 3.9%c.
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Table 3.2c Visible absorption spectra of dyes derived from

2,2-1Indene-1, 3-diylidenebispropandinitrile

e

. Dye No. : max in different solvest ¢ emax EtOH

. :DER (um:Ethappl {(nm):Chloroform (unm):DCH ; x 109

8(al) ; 625 615 : 605 ; 600 5.92
oy 1 578 573 : 466 + 460; 3.83
(e : 580 4174 : 470 » 465:  4.60
(d> : 576 570 : 460 : 4051 4.89

key: DMF = Dimethylformemide; DCK = Dichloromethane

The dyes in this series are more bathochromic than the
corresponding analogue in Table 3.9¢a) and (b). For example,
.dye 8{(a) absorbs =at €25nm in DMF, and the corresponding dye in
Table 3.9b (dye 7a) absorbs at 610nwm indicating a bathochromic
shift of 15nm. Simllar weffects are observed when the
borrespnnding dyes are compared, This shows that the replacement
of the second carbonyl group in dye 7 results in an increase in
the wavelength of maximum absorption. This can be accounted for
in terms of the resonance theory which states that the more the
canonical structures which can be drawn for a compound the more
bathochromic the colour of the resulting compound. This is
because the interaction betwesn these structures will glve rise
to a set of energy states, namely, tbhe ground and the exeited
states which will be Dbetter approximations to the actual
molecular state. The energy difference between the ground state

and the first excited state is equal io that associated with the
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longest wavelength of absorption band. Thus, applying this
theory, 1%t can be szid that dye in series (7) are generally more
bathochromic than dye 1in series (6} because of increase in
resonance energy arlsing from greater number of the classical
structures of (7) than <6, For example four classical
structures can be drawn for (7) while only three can be drawn for .

{6} as shown below:

e

- CH

%

Canonical structures of dye (6)
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—

Canonical structures of dye (70
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In general the more structures there are coniributing to the
resonance, the greater will be the resonance energy, 1.e. the
lesgser the transition frequency and hence the more bathochromic
the dye becomes. The red shift observed on comparing dyes (7)
with (6} can also be explained as resulting frun increase in
congugatlion when the carbonyl group is replaced by a more eleciro
negative cyano group, Qualitatively as conjugation increases,
the ground state is lowered i.e rescnance energy increazes but
the first excited state 1s lowered ~even further due +to
stabllieation by =a rapid increase in the number of charged
structures. The iransition fregquency progressively diminish and
the Xmax is shifted to longer wavelength. Furthermore, the
replacement of the second carbonyl group as in dyes (&) by the
sooontl dicyanovinyl group increases the conjugation further and
more resonance &iructures can be written for dyes (8) and in
consequence imax is further increased bathochromically.

As can be seen from the canounical structures below, five
resonance structures can be drawn for dye (8> while only four can
be written for dye (7) and only three for dye (6), The order of
increasing bathochromic shift of the dyes can be arranged thus:

Dye (B > dye (7> > (8) when the corresponding dyes are compared.
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Vhen individual dye in the series <(6), (7) and (8) are
compared with each other, it is noted that a hypsochromic effect
is observed when electron withdrawing groups ars attached at the
donor balf of the chromogewn, This can alse be explained in lerms
of resonance theory. It is evident <that these =ubstituents
decrease the symmeiry of the molecule instead of Increasing the
coenjugation, Consequently, the degree of degeneracy of the
canpnical structures is decreased, giving rise to incresse in
n-->a* transition frequency. For example, dye 7{ad with dimethyl-
amino group absorbs at 610nm while dye 74¢) with electron
withdrawing group in ihe donor half of the chromcgen absocrbs at
565na in the same solvent.

As can be seen frow the canonizal structures below, only
threes cancnical structures can te dravn for dye 7{(c) and all
gtructures are charged, the degree of charge separation in this
case belng great. This implies that there iz greater assymetry
of the dye molecule and 2 decrease 1n resonance energy. An
hypsochrnmic eftfect 1is thersfore expected and the transition
frequency is Increased. This explains why dye 7(c) absorbe at
565nn indicating a blue shift of 4%nm relative to dye 7(a) Qmax
610nm in the same sdlvent),

In general, the stronger the electron withdrawing power of a
substituent at the donor half of the chromgen the lesser is the
degree of symmetiry of the dye molecule and the smaller the

wavelength of absorption maximum of the dye becomes.



= CH Q W (CHa) =
1

R (CHa) =
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aa,:C_%ﬁ (CHa)=

(CHa) =

Canonical structures of dye 7(a)
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Canonical structures of dye 7(c)

3.10 Spivatochromism in methine dyes
The effect of solvent polarity on absorption maxima was
also investigated in dimethylformamide, ethanol, chloroform and
dichloromethane. The results are summarised in tables 3.9a, 3.9b
and 3.9c for the three series of dyes,
As can be seen in the tablems, for ail the dye in the series,
there is a general red shift when the solvent is changed from a

less polar solvent to a more polar solvent, i.e from
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dichloronethane-chloroform-ethanol to the more polsr dimethylfor-
mamide. The magnitude of the shift belng of tﬁe order of 16-
145om, A typical example is dye 7¢a) which absocrbs at 580um in
dichloromethane bul absorbs at 600nm in the more polar chloroform
indicating a bathochromi¢c shift of 20mnwm. VWhen the dmax of the
sama dye was measured in still wmore polar solvent than
chloroform, a further increase in lmax was observed {e.g the same
Idye absorbs at 605nm in ethanol and 610nm in dimethylformamde.
Simliar results were obtained for all the methine dyes
studied. Solvatochromism is due to soclute-solvent interaction
and in this class of coloured organic mpleculas it meanz that the
ground state 3is less polar than the excited state. & polar
solvent thus tend tp stabllise the excited state nore than the
ground state i.e lowering the 7% transiticn without changing the
non bonding molecular orbital (NBMD) and in consequence giving
rise to a bathochromic effect.
Using 8(b> s an example, 1t is evident thet an increase in
solvent polarity will pnly have a2 small effect on the stability
of nautral 8(b)i, wharmas the stability of the charged wmeporation

forme 8(BX11, 8MIili, B8(Wiv and B(L)v will be greatly enhanced.
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Thus a change in the solevent polarity wiil bring 8(biii,
8(b>iii, BM)iv and B(blv closer together in energy and after
allowlng for resonance iuteraction, the gab between the ground
and the excited state in the more polar splvent like dimethylfor-
mamide will be reduced relatlive to that in a less polar solvent
like dichloromethane. A bathochromic shift will then result™?,
However, in few cases like merocyanines hypsochroumic shift of the
»max bas been observed as the polarity of the solvent increases,
this being peculliar Lo a type of donor-acceptor chromogen that
bhas a lower energy resonance form of greater polarity than the

higher energy resonance forn’=.

3.11 Allopolar Isoperism

Allopolar isomerism is a phenomenon arising fron a conbina~
tion of steric and electronic effects and is shown by a chromogen
having a banched x-electron system, Allopolar isonmerism occurs
when a dye molecule shows two well defined visible bands, one
near §00nn and the other near 500nm and the relative intensities
of the tvwo bands show a marked dependence on solvent polarity”™.
This is being attributable to the presence of two different
molecular specles in solution.

Anong the series ouf dyes studied, the following indicated the
existence of this isomerism ©6(d), T(a), 7(1) and 8<a) as chown

in table 3.11.
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Table 3.11 Allopolar properties of the methine dyes

Dye No; aomax DMF o omax BLOH :  omeax CLF . Opax DO
—— Al am g inmd il A& {nm) Al (pmd i h2 (amd i Al lomwd 22 {nm
6(d) 1 4905 : 425: 470 : 420 @ 460 : 410 : 440 : 402

1 : 1e=B,6%10%:6.9%x10%; ; : ;
7<) 610 : 450: 605 : 445 ;600 ; -~ 1 580 1 -

: 1e=6, 2x10%: 7. 2x10%:

7y + B72 : 4420 570 1 438 1456 ¢+ - : 452 1+ -

1=l Bx10%:6, 3x10%; : H

8{a) . 625 : 456: €15 : 452 : 600

¢ 608 1 -

' : 1=, 8x10%: 5. ox10%=;

£=3
-

Az can be seen in Table 3.11, dye 7(4) give twn absorption
bands, one at 570nm and the other at 438nm with molar extinction
coefficlent of 5.8 x 10® and 12,1 % 10" respectively in ethancl.
Both bands show marked dependence mn solvent polarditvy, for
example when the polarity of the solvent is changed {rom
dimethylformamide to chloroform the Xmax changed from 572nm to
456nm, while the second peak changed from 44Znm to zerp. Also
the molar extinction coefflcient of the second band is almust 
twice that of the first band showing a remarkably abscrption
intensity of the mecond band relative to the first band. This .
observation can be expiained in terme pof the steric ecrowding of |

the substituents which prevents the coplanarity of the dye
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molecule. Thus for dye 7(d), it is possible that both the nitro
and the dicyanovinyl groups prevent the system from achieving
coplanarity and two isomeric entities are then possible as shown

below.

/ﬁ

71 meropolar form (uncharged

form)

¥ KH=

Halopolar form

NH- (charged form)
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The first can be represented by 7(d)i in which the amino group is.
twisted out of the plane of the carbonyl ring. This 1is the
mercpolar (uncharged) form and give rise to the band at 438nm in
ethanol. The second specie can be represented by 7(d)ii which
- 1s the ionised dicyanvinyl ring and non coplanar to the donor
half of the cyanine chromogen. This is called the halopolar form
and gives absorption at 572nm.

For the same reason, the meropolar form of T(c) is
" recponeible for the absortion band at 470mm in dimethylformamide
while the halopolar form ie responzible for the )max at 580nm.
In dye 6¢(d> the meropolar form with the amino group twisted out
of the plane give absorption at 425nm while the halopolar form
being non coplanar with the donor half of the ring gives absorp-
tion at 445nm in dimetbhylformamide. The extinction coefficient
of the meropolar form is lower (6.9 x 105) than the hplopnlar
form (¢ = 8,50 x 10®) in ethanol solution.

Similariy, the absorption at 445nm for dye 7<{a) {e¢ = 7.2x10%)
in ethanol is due to the meropolar form while the holopolar form
absorbs at 6505nm (e = 6.15 x 10%

~For the same reason the wmeropolar form of dye 8(a) is
?rasponaible for the absorption at 615nm (¢ = 5.89 x 10%) while
the holopolar form is responsible for that at 4%2um (¢ = 56.72 x

10?7} in ethanol,
It should be noted that the two i1someric forms are no.

resonance forms but are distinct chemical entitles. Also the
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appearance of one abscrption band i.e the one with the longest
amax at around 500nm for dyes exhibiting this isomerism in less
polar solvent indicates the predominance of one form, in this
case the meropolar form, ocver the otbher, the holopolar form.
This 1s because the uncharged form predomlinates in solvent that
are non or lsast polar as charge separation is unlikely. A clear
example is dye B8{(c) where only cne absorption band was observed
in chloroform 470nm and dichloromethane 465nm. This shows that
in less polar solvent the charged fourms {(allopolar} are less
stable and are overwhelmed by the meropolar form which absorbs at
the 470nm and 465nm  in chloroform and dichloromethane

respectively.

3.12 Halochromism ip meihine dyes

For all the methine dyes studied, no change in lmax of the
visible absorption band was observed when a few drops of
hydrochloric acid was added i.e, no halochromic effect. Thig is
due to the absence of protonation at any electronegative atom or

group such as the azo group which is protopkilie,

3.13 1.R Bpecia of the Nethine dyes

The i.r spectra of the dyes show absorption below 1400cw™'
representing the vibration fregquency of the whole dye mplecule. .
This is characieristic of each dye sample and is referred to as

the finger print region. The absorptions above 1400cw ' repres-
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.ents the stretcﬁing.or bonding vibrations of groups incorporated
in the dye molecule. Thus dye 6{a) gives an absorption at
1632¢m~' due to C=C- stretching vibration, while a sharp peak at
1710cw™' 1is due to the carbonyl >C=0 stretching vibration
frequency. These peaks are found in the rest of the members of
the dyes in series (6) with absorption differing a little in
wavenumber. For example the absorption at 1685cm ' for 6k
corresponds to >C=0 stretch vibration frequency, while 6(c) gives
the same absorption at 1720cm™'. The absorption corresponding to
the C=C stretching vibration remains almost constant for all the
dyes in this series (6) i.e at 1632cn™'.

Vhen one of the carbonyl group in dye (6) was replaced by
dicyanovinyl group to give series of dyes (7), a very sharp peak
at the reglon 2220-2266cw~' corresponding to ihe stretching
vibration frequency of -C K- is observed for the dyes. The peak
also differing slightly from one member to the other as a result
0f the structural differences.

Dye 7{(a) in addition to showing absorptipn corresponding te
>C=0 stiretching vibration at 1700c¢cm™', C=C stretching vibrationm
at 1630cwm~’ also gives a sharp peak at 2220cm™' corresponding to
the -C=F stretching vibration freguvency. Showing clearly the
presence of the cyano group. Additional absorption band were
obsaerved in the finger print reglom.

The replacement of the second carbonyl group from dyes (7)

giving rise to series of dyes (8) show the complete absence of
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'rthe absorption peak around 1700 - 1735cw™' and indicating the
absence of the carbonyl group. However, the absorption
corresponding 2220cu™' due to the presence o& cyano groups
becomes sharper and more intense. A typlcal example is dye 8(ad,
which gives no absorption around 1700cm~'-1735cm™' but give an
intense and sharp peak at 2220cw™’ corresponding to the C=N

stretching vibration fraquency.

3.14 Dyeing and colour raagn of Mathine dyes
| All tha methine dyes synihesised were applied to puolyester,

nylon and cottor fabrice using standard dyeing procedure. The

colour produced are summarised in Table 3,14

Table 3.14 Colour range of methine dyes

Dye No; Colour oa Polyester : Colour on Bylon: Colour on ceotion

Ea> prange : orange } - orahge
by Yeliow ! yellow : yellow
N red : red : : rad

@ prange : orange i Qorapge
7€ay Blua-green 3 blue-grean : blue-green

by violat H violet t violet

{cy violet : vicolet t viclet

) Blue : blue : blue

(e) Blue H blue ! blue

£y Green-hlue i gL - : =
4ia) Blue-green : Blue—-green : Blue-green

(b} blue H Blue : Blue

(e} Blue = : Blue : Blue

fdy ;  Blue : Blue : Hiue
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From the data on Table 3,14, dye 6¢(a) produced arange shade
on polyester, nylon and cotion fabrics while the corresponding
analogue (5a) produce blue-green shade on all the fabrics. This
is attributated ‘o the deepening effect of the incorporation of
Cicyanovinyl group in B(a). When the shades of the dyeings
obtained with all the dyes In the three series are compared, it
was found that dyeings cbtalned with series (6) are yellow to
orange in shade, while those in series (7) are violet to blue and

those in series (B) are blue and blue~green in colour.

3.15 ¥ashing fastpess properiies of Helhine dyes

The reslistance of the dyelngs to alkallne bhydrolysis was
investigated using I.3.0. N¥p 3 washing procedure, the results
pbtaloed are summarisad in Table 3.15.

The dyeings are very resistant to alkaline washing
treatment indicating good washing fastness for all the dyes, For
instance, wash fastness of dye 6{a}) is rated 4 on polyester and 4
on nylon, while on cotton the rating is 3, This shows a very
slight loss in depth on both polyester and nylon and moderate
fastness on cotton fibre. The higher resistance on nylon and
polyester may be due to high crystalline structure of both
fibres.

Fastness ?ropertias depend on how strongly the dyes molecules
are held by +the £fibre molecule and so many factors are
responsible for this which ranges from weak Van der wasl's furces

to strong dipolar interactions. These forces in turn depend on

L ad
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Table 3.1% VWashing Fastness Rating

Dye Ko Change in Shade i Staining of adjacent fibresg
i Polyesiaer: Eylon : Cotton : Polvester: Nylon ; Cottan

6l ; 4 ; 4 ; 3 ; 4-5 : 4 : 3
; (b} 3-4 4 4 4 3 3-4
e 4 13-4 ¢ 3 : 3-4 4 ¢+ 3

{d) : < : a . 4 4 4 : 3 ; B3-4
Tia) : 1-5 : 4 o 2-3 : 4 : 3 : 2-3
(b) ; 4 : 3 3 4-5 3 3-4
; () d 4 : 3-4 3 : 4 : 3 ' 3
d) : -5 ! 23 3 4-5 3-4 3-4
: & 1 34 r 34 1 3 34 : 3~4 : 3
) v 4=0 HE 3 H 3 ; 3 i 3-4 . 4
E{a) ; 3-4 &5 4 : 4 1 3-4 3
(o) 3 4 t 3-4 : 3-4 : 3-4 : 4 : 2-3
{c) : 4-5 : 3 P34 4-5 v 45 3
(@ 4 e 1273 4 i3 2 2-3

the gecmetry or the relative stoichimetry of the dye molecule and
fibre molecule, The geometrical factors depend on the nature,
the number and position of substituents in the chromogen,
Therefore, the good fastness properties exhibited by the dye
indicates strong dye-fibre interaction with =zo many forces coming
into play. with the dye molecules possibly assuming a better

geometry for lnteraction.
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3.16 TIrancfer printing properties of the Metbine Dyes

The transfer printing property of the methine dyes under
study was investigated using the procedure described in section
2.4 and the colour of the printed materials on nylon, polester

and cotton are tabulated in table 3.16 and shown in Appendix 4.

Table 3.16 Colour of Printed Samples

Dye Fo Colpur on polyester . Colour on Nylon Colour op cption |

G(a) orange crange orange
_;(b) l1ight-yellow yellow yellow
| (c) red rod red
: (@) orange orange orange
7 Blue-green blua-green blue-green
13- violet violet violet
- vinlet violet violet
{d) blue blue blue
- {a) biue blue blue
£ green-blue green-blue green-blue
B(a) blue-green blue-green blue-green
(b) blue blue blue
(¢} blue blue blue
(d) biue Piue blue
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3.17 V¥ashing {asiness properties of Prinsted materimls
The washing fastness of the tansfer printed materials are
also studied using the I1.5.0., Fo. 3 washing procedure. The

results are tabulated in Table 3.17.

Table 3,17 Washing Fastness properties of printed fabrics

Dye Yo — Chapge in shade = _Slaining of whiile sagple
Polyester Nyion Cotton Polyester . Nylpn Cotion

€ (a) 4 K 4 4 3-4 3-4
(b 3-4 3 4 4 3 3
(c) 4 3-4 3-4 3 3 3
(- i 3-4 3 3-4 3 3-4

7(m} 4 3 4 4 3 5-4
(b 4 3-1 4 3-4 3-4 2-3
(c) 3-4 3 3-4 4 2-3 4
{d) 4 3-4 3 3-4 3-4 3
() 4 4 3 4 3-4 4
() 4 3 3-4 4 4 3-4

B(a) 4 3-4 3 3-4 4 2-3
(b 4 3 2-3 3 3 3
(c) 3-4 2-3 3 2-3 2-3 3

.(d) 3 3 3 3-4 3 3

From the data summarised above, the printed samples are also
very fast {to washing with little staining of the adjacent white

materials.



In the series of the azo dyes prepared, it can be concluded
that the incorporation of the electronwithdrawing groups in the
acceptor half of the chromogen results in bathochromic shift of
the visible absorption band, while the incorporation of electrom
donating group in this positicn gives a hypsochromic effect,

Similarly, when the strength pf an electron donating group
incorporated in the donor ring of the chromogen is increased, the
colour of +the dyes become more bathochromic. The effect of
solvent polarity on the visible absorption band generally show a
red shift on changing from less polar solvent to more polar
solvent. Also, all the =mzo dyes show pronounced halochromic
effect on addition of few drops of acid, this 1s typlcal of azo
dyes.

The colours obtained on dyelng vf both polyester and nylon
fabrics with azo dyes synthesised show a very billlant shade with
good washing fastness rating which i1s quite in the range
acceptable for quality dyeings.

The colour obtained frum methine dyes ranges from ysllow to
green. Replacement of the carbonyl groups of the parent dyes
investigated results in highly bathochromic shift and this shows
that the oyano groups are strongly electronegative to induce such

highly batbochromic displacement,
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The methine dyes synthesised are also very sultable for
transfer printing and the resistance of the printed materials to

waching are excellent.
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DYED FABRICS WITH THE MOMQAZO DYES
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APPENDIX 3

COLOUR OF METHINE DYED SAMPLES
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AEFENDIX 4.

COLOUR OF HMETHINE PRINTED SAMPLES 0o
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