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ABEI BACX

Hghly electros wthdrawing groups, bronine and oyano, were
substituted into 2 , and 6 - positions in the acceptor ring of
azodyes, wthcondenesabl e al dehyde groupinthe 4-position. The
fornyl group of the resulting dyes were condensed with active
net hyl ene conpounds to give series of dyes. Characterisation and
spectrophotonetry analysis of the derived dyes were carried out.

The dyes were applied to polyester and their dyeing properties
wer e investigated.

It was found that the incorporation of these highly el ectron
withdrawing groups led only to slight bathochronmic shifts of
visible absorption bands. Seasons such as steric interference
were given to explain the effect. However, it was found that the
dyes derived from 2',6'-dicyano para-am noaeonpounds were nore
bat hochronmic than their 2',6'-di bromo para-amnoazo conterparts.

Most of the dyes exhibit, negative hal ochrom sm due to the.
effect of electron w thdraw ng groups incorporated in the

acceptor ring. Most of the. dyes al so show bathochronmic shifts as
the solvent polarity was increased.

The dyes are generally fast to washing but very poor to

li ght.
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1.0 INTRODUCTION

1.1 GENERAL INTRODUCTION

Dyes are described as chemical substances which are coloured
and can impart their colour onto a substrate either from a
solution or aqueous dispersionm. The substrate may be either
textile fibre, leather, food items, hair or cosmetice etc,

Dyes and pigments owe their colour to their ability to abesorb
light of wavelength ranges within the visibe region of the
electromagnetic spectrum (); 400 - 800nm). This is due to the
electronic transition between different molecular orbitale within
the molecule and the wavelengths absorbed are determined by the
eénergy difference between the arbitals'.

The colour seen when a chemical substance absorbs a
particular wavelength within the visible spectrum is however the
complementary colour of the reflected light.

Table 1.1, gives paire of complementary colours with their

wavelengths in the visible spectrum.



Table 1.1 Paire oc Complementary Colours®

Colour absorbed Vavelengths abeorbed Colour seen
Violet 400 - 435nm Yelluw-green
Blue 455 - 480nn Yellow
Greenish-blue 480 - 490nm Orange
Bluisk-green 460 - 500nm Red

Green 500 - 560nm Purple
Yellow-green 560 -~ S80nm Violet
Yellow 580 - 595na Blue

Orange 595 - 605nm Greenish-blue
Red 605 - 750nm Bluish-green

1.2 COLOUR AND CHEMICAL CONSTITUTION

The theory of modern synthetic dye is attributed to the
pioneer work of Perkin when he discovered mauveine in 18562. Rew
chromophoric dye classes were developed in the 1860's. The field
of triarylmethane dyes was diecovered in 1850 by the syuthesis of
Magenta by Verguin. In 1862, the first Acridine dye, Phosphine
wae discovered by Nicholson. In 1858 dye synthesis and organic
chemietry in general was revolutionized by the discovery of
diazotisation reactions by Griess®. The first azo dye, Aniline
Yellow was thus eynthesized in 1861, Biesmarck brown by Martin in
1863 etc. In 1868, Graebe and Liebermann synthesized the patural
dye Alizarin thus marking the beginning of anthraquinone

chemistry.



At all these times, structural chemistry was very much in its
infancy. Electron was unknown, bonding in molecules was based on
empirical valency ideas. Kekule had provided the cyclohexatriene
formlation for benzene in 1865°. This was later modified to a
dynaric structure involving a continuous oscillation between the
two triene forms.

The first observation on the relation between chemical
constitution and colour was made by Graebe and Liebermann®. They
poetulated that colour arise from the presence of unsaturation in
a molecule. This idea was based on the experimental observation
that all known dyes could be reduced and the colour disappears on
reduction.

In 1879, Professor Nietrki” extended this idea and formulated
a rule that the colour of a dye was deepened (shifted
bathochromically) by the addition of groups to the molecule thus
increasing the molecular weight. This rule was however left open
to criticism due to ready availability of practical exceptions;
Lkowever, the rudiments of the ideas of extended conjugation can
be recognised in it.

Hewitt and Mitchell® stated the rule correctly in terms of
the dependence of colour on the conjugation length in a molecule.
Schutze® in 1892 examined Nietzkis rule in depth pointing out
many exceptions and in so doing coined the terme bathochrome and
hypsochrome. These are now used to describe red (bathochromic)

and blue (hypsochromic) shifts in absorption spectroscopy.



The first real attempt to establisk a general theory relating
depth of colour to molecular constitution was made by Witt in
1876'°, He provided what bae proved to bte one of the most
durable theories surviving to the present day and haviang its
indelible mark on the everyday terminclogy of electronic
absorption spectroscopy. Vitt considered that a dye molecule
could be dissected into discrete units, the total combination of
which gave rise to colour. He noted that all dyes known at that
time contained a benzene or naphthalene moity and that attached
to this moity were simple unsaturated groups such as -KO., -NO,
~N=N-, -C=0. He termed these groups chromcphores. Combination
of an aromatic nucleus and chromophores generally give rise to
feeble colour or none at all. Such a union was called a
chromogen. Inlense colour could be developed from a chromogeu by
attaching weakly basic groups i.e¢ -NH., -ER., -0OH etc called
avxochrones. In modern timee a chromophore is more clearly
defined as a -X (mesomerically electron withdrawizng) and
auxochrome as a XK (mesomerically electron dorating)
substituents.

Thie approach was adopted by Kauffmann'' in the 1900's,
systematically extended and developed. He established that the
relative effectiveness of the common auxochromee for producing

colour is

CaHe~ ¢ OCHs ¢ REHAc ¢ -NH. ¢ NMe. < KHPh.
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Recognizing that chromophores were opposite in Acid-Base
characteristics to auxochromes, Kauffmann redesignated them anti-
auxochrome., Kauffmann also examined the influence of multi
auxochromic substitution on colour and the importance of the
relative position of auxochrome and anti-auxochromes in a dye
molecule. Kauffmann showed that the deepest colour was obtained
when two auxochromes were ortho, meta relative to a single anti-
auxochrome. The organic chemist hawever thinke that ortho and
para arrangement is potentially the most bathochromic. Thie is

well exemplified by the two azo dyes anions (1) and (2).

0 ¢

)

0!

blue crange

Although a greater number of low €nergy resonance structures
can be drawn for (2) thau for (1), it is the latter compound that
absorbs at longer wavelength. This highlighted one of the
weakness of the resonance interpretation of colour, in which
seemingly resonance forbidden structures are often ignored, yet
thie can make a very important contribution to the excited state
of the molecule and hence its colour. Adequate consideration of

such structures predict (1) to have lower transition energy.
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Vitts theory was developed further by Pfeffer, Delthy and
Vizinger'#. To explain the intense colour of di- and triaryl-
methane cationic and anionic dyes which contain no obviocus

chromophores, the concept of lonogenes wae introduced (e.g

"E—. ~C-, -¥-) which were powerful antiauxochromic grouvps. Vitts
theory though applicable to quinone and azo dyes, could not be
applied to the cationic dyee known at that time.

In 1888, the gquincnaid theory was proposed by Armstrong'?.
This approach enjoyed wide acceptance in ite day becauvse of its
imsediate relevance to the cationic dyes which were most numerous
at that time. This theory no longer survive and bhas no relevance
in modern interpretation of colour. The theory was based on the
idea that the exocyclic double bonds peculiar to ortho and para
quinonoid siructures (3) and (4) were in come way strained and
this was associated with colour. Thus any molecule that had such

quinonoid unite in its structure would exhibit colour.

(3) 4>

Cationic dyes e.g (5) also owe their intense colour to the

gquinonoic estructures. The azo dyee are adopted to this theory by
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assuming that they actually existed as hydrazone tautomers
6.

!E.r 2

!e:i (6}

(5)

Many exceptions to the quinoncid theory were advanced.

Some

quinonoid compounds were synthesized with no coloure e.g 1,4-

benzoquinone diamine and alsc many intensely coloured compounds

with no possibility of quinonoid sbstituents were synthesized e.g

yellow, 1,4-dimethoxy-2-nitro-benzene (7).

OCH. (7)



In 1913, WVatson'® csuggested that if a dye could show a
quinonoid structures in itz possible tautomeric forms, then it
would be deeply coloured however small {ite molecular size, e.g
indamine (8) which {s blue, contrasted with 4,4’'-diaminoazo
benzene (9) which is yellow and yet the latter bas the greater
degree cof conjugation. It was then possible to rationalize
varioue pronounced differences between dyes of similar molecular
size, as Vatecn demonctated for hydroxy-anthraquincnes, triary-

methane, indophenol dyes and many others.

A le.«—@_n I_Q—lﬁz
9)

In 1904, Baly and Decch'S promoted by the discovery of the

(R)

phenomenan of keto-enol tavtomerism, presumed that near uv light
absorption was associated with the very rapid bond alternation
occuring between tautomeric forms of a molecule (dypamic

isomerism) for example ket-enol tautomerism).

R-CH: - C - B R-C=¢-R

(10a) (10b>
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However many coloured compounds are incapable of exhibiting
tavtomeriem.

Analogous oscillation theories were proposed by Von Baeyer'®
for triarylmethare dyes and by Villstatter'” for quinhydrones and
oscillation between benzonoid and quinonid rings structures was
assumed to occur.

Vateon'? extended these ideas to include other dye systems
and suggested that the oscillating process in a dye molecule
corresponded to the reversal of double bond and single bonds

along the whole conjugated chain i.e.

u,gﬁ@e;@ea@b@h

(11a) (11

The longer the chain the slower the period of the oscillation
and then one could account qualitatively for the effect of
conjugation length on absorption. The idea that light absorption
involved the electrons in a molecule was introduced later but was
accepted reluctantly by organic chemists. Drude'® showed
theoretically that whereas atomic vibration corresponded to
frequencies in the I.R. range, U.V. frequencies required the
oscillation of particles of much smaller mass i.e electron and
vieible region involved interractions of the radiation with

electrons.



1.3.1 Predictive Method Of Colour Assessment

Coloured organic molecules can be of the following
chromogenic types.
(1>  n-wn* chromogen
(11} donor-acceptor chromogen
(1ii) polyene chromogen

(iv) cyanine type chromogen

Most organic dyes however belong to the donor-acceptor clase.
Such chromogens are characterized by baving one or more
substituents with lone pair of electrons (donor groups) and one
or more electron attracting substituents (acceptor groupe)
attached to the same conjugated x electron system (conjugating
bridge). Absorption of visible light results in the migration of
n-electrone demsity from the donor groups to the acceptor groups.
The transition energy of such process will depend critically on
the relative strengthe of the donor and acceptor residues and
also the nature of the bridging group. Most empirical
quantitative work is based on the numerical definition of the
donor strength (ionization potential) and acceptor strength
(electron affinity, Hammett o constants), and the correlation of
these quantities with absorption maxima.

The order of electron donor strengthe for some common donors

based on ionization potential is
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OAc < OH ¢ NHAc = O¥e ¢ SH ¢ NH> ¢ SMe ¢ O~ ¢ NH-

The colour of donor-acceptor chromogens generally deepen as
the donor stremgth is increased. An example of a linear
correlation Dbetween absorption wavelength and {onization
potential of domor is given by the 2-donor substituted
anthraquinone'”. Corresponding compounds substituted in the 1-
position are complicated by steric interraction and hydrogen
bonding effecte.

Frediction of spectrs properties based on electron acceptor
strength using the Hawmeite svbstituents ¢ conestant are met with
complexities because the v-counstant derived on the basis of
ground etate properties of aromatic compounde containing the
relevant acceptor group, may have little relevance in the axcited

state of the chromogen.

1.3.2 Resguance Theary

Thie theory states that {f an unsaturated organic molecule
can be represented reasonably as a hybrid of +two extreme
canonical forms, then, the closer the two forms are in energy,
the esmaller will be the gap between the ground and first excited
state, i.e the more bathochromic will be the light absorption
band. 12a and 12b are two canonical forms of a cyanine dye; they
are equal in energy, thus resorance theory cuggests that these

skould absorb at particularly long wavelengths. Such chromogens
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are generally the most bathochromic of all organic n-n*

chromogens for a given molecular size.

RuN- (CH=CH) .CH=RRs ¢----> Rafi=CH- (CH=CH),.-NRa

(12a) (12b)

The merocyanines (13) have none-equivalent extreme forms
(13a) and (13b), they are predicted to absorb at shorter
wavelengthe than the cyanines of equivalent chain length. The
merocyanines and related chromogens have a ground state structure
corresponding more closely to the neutral form and thus show some
degree of double bond - single bond alternation along their

conjugated systems.

RaK- (CH=CH) .CH=0 (===~ > RaN=CH-(CH=CH),.-O~

(13a) (13b)

The hydrocarbon polyenes on the other hand represent an
extreme situation where one canonical form (14a) is much lower in
energy than the charge separated form (14b), these are thus

relatively hypsochromic chromogen.

2=CH- (CH=CH),,~CH=CHs ¢--==> &Ha~(CH=CH).,~CHa

(14a) (14h)

All general qualitative treatments of colour and constitution

recognise the fundamental significance of the tramsition of a



18
chromogen from the ideal so called polysethine state as in (12}
to the polyere state as in  (14) although socme place greater
stress on thig than otbers. YO l

Yhen several low energy resonance forms for a molecule are
possible, it is generally assumed that the Breater the number of
these, the more bathockromic will the molecule be,

However, the mein weakness of resonance theory lies in the
assumption that orly a few, low energy canenical forms contribute
to the hybdbrid molecular structure. It has been found out that
various high energy forms may make an important contribution to
the excited state of a molecule, neglect of this can lead +o the
prediction of bhigh exnergy absorption bands wﬁere infact low
energy transition exist.

Some of the exceptions to the abgve rele predicted by
resonance theory is given in (15). A awd D are acceptor and
donor groups respectively. 1L is observed that the relative
order of Aue. values for these systerns will be (15a) > (15b) »

{15¢). The reverse order is predicted by the restnance theory.

A A A

{1%a} (15h) (15¢)
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The ionized dihydroxyazo benzene derivatives (16) and (17}

provide other examples of such systems.

0_
02 = 02N =N
(0 o
(16) (17)
Awae 655mm Mnmre B74nm

Other exception can be beenm in the case of benzene
derivatives bearing one donor and one acceptor group, as in (18a)
and (18b), the meta isomer in most cases absorbs at longer

wavelength than the para isomer, the resonance theory predicts

the reverse.

(18a) (18b)

Also quinacridone (19) is red-violet, whereas its isomer (20)

is yellow in colour.



e
(2]

(149) (20)

red-violet Yellow

Resonance theory ie of considerable value in belping one to
understand the colour and conetitution behaviour of cyanine type
chroscgens, because of ite comceptual simplicity. However, this
spproack cannot be extended with any confidence to other more

complex types of chromogen.

1.3.3 Periurbatiopal ¥olecular Orbital Theary (PO

The (PMO) method considers the electromic structure of a
complex molecule to arise by the modification or perturbation of
a simpler model compound®'.

Suck a perturbation might result from the attachment of
csubstituents to the model structure or the replacement of a
carbon atom in the molecular frame work by a hetercatom. By
focuseing attention on the highest unoccupied molecular orbital
(B.U.M.0) and lowest unoccupied molecular orbital (L.U.X.O),

Dewar=? was able to draw up a set of rules for predicting the
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effect of structural changes on the colour of alternant
molecules.

An alternant molecule is defined as one that contains a
system of overlapping atomic p-orbitals such that the
contributing atoms are linked to form open chains or even-
numbered rings. If the contributing atoms are indexed by
‘starring' every alternate atom, it is found that in such systems
no two adjacent atomse will carry the same index. Starring is
initiated at any of the terminal positions of the =n-electron
eystem and it is found that all odd alternants have at least one
more starred atom than there are unstarred atoms. The following

scheme can be used to explain the starring in the Dewar's

* £ d
OO,
w -

(21)

apalysis.

¥Y=X- represents typical electron acceptor group suchk as -NOi,

-CK-, -CHO etc.

-
> * - -
CH2=CH-* @—-cu = G——@—CH:
x
* *

(22)
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However elight modification ae summarised below have been
made to the gerneral approach.
(i) Alteration of the electronegativity of an atom in an even
numbered alternant system has only a small effect on the
wavelength of the first absorplion band.

For odd numbered alterpante the following rules apply.

{11} Replacing a carbon atom at a starred position by a more
electronegative hetercatom will cause a hypsachromic shift of the
firset absorption band whereas similar replacement at an unetarred
position will cause a bathochromic shift,

(111} Attaching electrum dorating substituents (X, +I} to a
starred position will cause a bathochromic shift of the first
absorption band, attaching them to unstarred position will cause
hypsochromic <hift. The reverse is true of electron withdrawing
subetituents (-X, -1,

(Iv) Atlachment of a neutral conjugating specie (M) i.e, phenyl,
vinyl etc to any position in the chromogen will result in a
bathochromic shift,

So many examples cam be given to confirm the rules but still
some limitations to the rulee have been found out. One of the
problems concerns what is meant by an 'electron donating' or
'electron withdrawing' groups, for some substituents both
characteristice are observed depending on their particular
relationship to the reaction centre in a given molecule. The
methoxy group (-OCH»>), for example showe typical donor properties

when it is in the para position of a phenyl ring and in this case
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the +X effect of the group is dominant. In contrast, the same
substituent in the meta position of a phenyl ring ie weak
electron acceptor and in such case the -1 effect is dominant.
Many substituents have similar opposed inductive and mesomeric
effects (e.g -OH, NH:, -F, -Cl).

Dewar's rules are based on the orbital pairing properties
peculiar to alternant hydrocarbons and as long as hetercatomic
dye structures bear a close similarity to such compounds, the
rules should work well.

- However, there is ewidence that in more complex systens
containing several hetercatoms and exhibiting some polyene
character the anology between such systems and iso-n-electronic
odd alternant hydrocarbon breaks down, and the rules are
inapplicable, e.g the aminocazobenzenes illustrated by (21). Rule
3 would suggests that attachment of electron donor groups e.g
OMe, NHAc, Me) to the 2-position (formally unstarred) esbould
produce a hypeochromic shift, whereas it is well known that such
structural modifications give useful bathochromic shifte.
Converecely, hypeochromic displacement were produced when electron
acceptor groups were attached to the same position.

Failure of Dewar's rules also occurs in other systems e.g the
anthraquinones and in certain cases the rules camnot be applied
at all, if a chromogen 1is non alternant system (e.g the

indigoids). In such cases the 'starring' procedure breaks down.
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1.3.4 The Triad Theary of Dakac

Dahne=' developed some ideae concerning the basic theories
of colour and comstitution in organic chemistry. This theory
developed in 1965 is ap overall restatement of +he well known
molecular orbital and electronic properties of alternant
bydrocarbon and the extension of these principles to include
heteroatomic dye structures and complex donor-acceptor chromogens
containing several domor and acceptor groups.

Dalme postulated that there are three ideal states for
unsaturated compounds.

(1) The arcmatic state structure. This ie belleved to have a
stabilised electronic structure with equal w-bond orders and
equal x-electron densities at all atoms.
(i1} The polyene state. In this system there is no special
resonance statilisation of the conjugated eystem and thus there
ie a high degree of single-double bond alternation.
(iii)> Polymethine state. Structures  falling under this
correspond to the odd-altenant hydrocarbon anions and cations and
also include the even alternant pelyene radical anions and
cations, such cystems possess a high resonance energy, equal =-
bond orders and a strongly alternating n-electron density.
Electronic excitation gives a maximum change in m-electrom
dercsity at all atoms.

Dahne's general formula is represented by structure (25)
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----- 3 7S PP —
I— (Y}n—:—xh

25)

Based on this, the following rules are made for predicting
colour and constitution.
(1) If a polymethine system is pertubed by replacing carbon atom
by a heteroatom or attaching a substituent, if the characteristic
charge density alternation of the polymethine is preserved, then
the firet absorption band will be unaffected or displaced
slightly to shorter wavelength. The resultant structures are
designated.
(11) If modification such as described altere the characteristic
polymethine charge alternation, then the resultant chromogen will
absorb at significantly longer wavelengths than the parent
system.
(iii) If an alternating or non-alternating polymethine can adopt
a more favourable aromatic structure, the chromogen will absorb
generally at shorter wavelength than the corresponding unbranched
polymethine chromogen.
(iv) The gradual traneition from an ideal polymethine structure
to an aromatic or polyene structure results in an increasing
hypsochromic shift2=,

Some important criticism of the Dahne's approack to colour

and constitution theories is that it attempts to interprete the



behavicur of all donor-acceptor chromogens within the polymethine

concept, as a result in a few cases lead to the wrong predictionm.

1.4 QUASTITATIVE MOLECULAR ORRITAL METHODS

The most successful procedures for comwputing the transition
energies and intensities of compler organic molecules are based
on the linear combipation of atomic orbitals (LCAO)} theory. This
assumes that the molecular orbitals of a particular structure can
be represented as a linear combipation of the individuval atomic
orhitale present in the system. By calculating the energy of
each molecular orhital it is then possible to calculate the
trancition energies for the promoticn of an electron froe a low
energy orbital to the varioue high energy unoccupied orbitals.
From the L.C.A.0. form of the two orbitals involved in a
transition, !t i= possible +o estimate +the absorption
intensities.

It is assumed that the ¢ and w orbitals of an unsaturated
molecule can be treated independently and attention ie directed
ta the higher energy set of w-crhital only. Flectrorn repulsion
effects are ignored hopefully to be compensated for by suitable
choice of empirical parameters. Ve lave wvaricus methods under

thie category some of the more important ones are:



1.4.1 The Free Electron Nodel (F.E.N.Q)

The (FEM0) method is the simplest molecular orbital
calculation procedure and works surprisingly well with polymethi-
ne systems because of their high degree of bond uniformity along
the molecular axis. The approach restricts attention to the
conjugated w-electron systems which are regarded as mainly
responeible for the colour of dyes.

It ie assumed that the electrons are free to move within the
conjugated system, based on this, Kubn®® showed that the
wavelength of the maximum absorption over the first absorption

band ), is calculated by means of the Schroedinger expreseion®4.

k' L it o o ] R (1)

m = mass of an electron, ¢ = velocity of light, h = Plank's
constant, n = number of wm-electrons, 1 = length of the conjugated
chain.

However, one important source of error identified with this
approach is due to ite assumption that all bond lengths along the

molecular axis are identical which assumes a constant potential
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energy along the cheain, this situation does not hald for polyenes
which are known to exhibit strong bond alternations.
Though many refinements of the method have bLeen suggested,
these are more of academic than practical value because of ready

availability of other far superior methode.

1.4.2 The Huckel Method (HND)

The Huckel method is based on the assumption that a
molecular orbital wave function (w) can be expreesed as a linear
corbinalion of the component atomic orbital wave function (@),

Thue for a mystem of » overlapping p orbital, with each
atomic orbital having the wave function o, w can be written as a

lipear sum. . I
{h'l:Clﬁ! +Caﬁ;‘g+++.,...- Cnﬂn P (3}

C is the mixing coefficient and the energy of the eigenr value, E,

of the molecular orbital is defined by the equation.

Ho = By ..... (4>
where H =- Hamilton operator.
=
B Cndn + LaCrandr '
E T - TR L = e RN (5}
(Erlonan ) 2dt
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w = wave function.

Thus the energy of a molecular orbital is expressed in terms of
the atomic orbital wave functionm.

The HMD model provides the w-orbital emnergies of a molecule,

these energies can be expressed in the gemeral form=3.

The transition energy for the promotion of one electron from
one orbital to the other is then given by the energy differemnce
between the two relevant w-arbital energies.

Although the HMO method is more generally applicable than the
latter procedure, it suffers from the same major disadvantage,
namely that it neglects electronic interaction effects.

The method can however be refined in various waye, and in
particular it can be made self-comnsistent by carrying out several
consecutive calculations on the same molecule, adjusting the
parametere at each state to allow for the charge densities and
bond ordere predicted by the previoue calculation. Eventually
convergence is achieved, i.e, predicted charge deneities and bond
orders show no change between two consecutive calculations. Such
a procedure has been used recently to calculate the spectra of a
wide range of heteroatomic conjugated molecules, including

retinals and porphyrins®s.
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1.4.3 The Pariser-Parr-Pople (PPP) Meihod
Both the H¥O and the FEMO wmethods suffer serious

disadvantagees especially in the calculation of electronic
trancition energies and thue can only be used in the prediction
of spectra for some few cases. The PPP method takes into account
electronic interacticn, and becavee it is self-coneistent it is
well suited tc bandle hetervatomic structures.

Since it is alsoc based on the LCACO approach, it assumed that
each wolecular orbital can be expressed as a linear =zum of the
individual atomic orbitals. £ eet of equatione are obtained
which are similar in gereral form to the HNO equation, differing
only iu the eunergy terms «: (caulonb, integral), B, {(resonance
integral) which include repulsion energies due to the presence of
electronic interaction.

Thus it can be shown that the tramsition energy for the
promotion of a single electron from orbital i to orbital §
without reversal of spin (singlet-singlet tramsition) is given
by?ﬂ

AE, === J = (Bs; - Ei} - 1355, + 284, venes KT

E. and E, are the eigen values for orbital i and j
respectively. The energy quantity £., is the total repulsion
energy between the mulecular orbitals i and § aesuming there is

cne electron in each.
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Additional advantages of the method over the previous two
(FEMO and HMO) are that
(i) The ability to distinguish moclecular geometry like the cie-
trans isomers.
(ii> The ability to distingish between singlet and triplet
statee.

The main disadvantage of thie method is that it relies on the
assumption that the ¢~ and n~ electrons behave independently of

each other, and thus the ¢-elecrons are ignored.

1.4.4 All-Valence-Electron Nethods
All valence-electron MO calculations are based more or
lese on the same formular as the PPP procedure but with the major
difference that all orbitals invelved in bonding, i.e both ¢~ and
n-electrons are specifically considered. Obviously the choice of
parameters is a greater problem than in wx-electron methods, and
in addition, the demands made on computer time are much greater.
Important calculations of spectra is the CRDO/S wmethod
designed by Jaffe and Del Bene®”, thie was applied for the
polyenes and polyacetylenes®9, acetylinic, cyanines=?

porphyrine®® and the aminoazobenzene??,

1.4.5 MNolecules in Nolecules Nethod
Molecules in molecules (MIM) calculations have both

quantitative and qualitative applications in colour and constitu-
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tion studies. Vhen XIM and PPP are combined, the procedure is
known as 'configuration analysis'?'.

The MIN procedure was developed by Languet-Higgins and
Murrel®® and is consequently alsoc known as the LHX method.

In this method a complex unsaturated molecule ie dissected
into smaller sub-units, the molecular orbital properties of which
are known, and the state wave function for the complete molecule
are calculated on the basis of these smaller units. For example
a donor-acceptor chromogen is considered to consist of three
unite: the donor, a single atom with lome pair of electrons; the
acceptor, conmsisting of two atome linked together by a double
bond; and the conjugating bridge, a more complex system of
conjugated doube bonds. I the units are brought together and
still retain their separate identities, then various electronic
excitation processes are possible. These may be classed as local
excitation, where an electrom is prosoted from a bonding orbital
to an antibonding orbital within the same unit, and gives rise to
locally excited (LE) configurations. Alternately they can be
classed as charge transfer transitiom, where an electron from the
bonding orbital of one unit is promoted to the antibonding
orbital of a different unit and gives rise to charge transfer
(CT) configurations.

To obtain a closer approximation to the true eituation, the
ground state or no bond (KB) configuration, the LE and cT

configurations are considered to interact and the configuration



interaction procedure gives rise to state wave function and
energies, the former expressed as a linear sum of the NB, CT, and
LE configurations, which is later retained and simplified in the
work of Baba, Suzuki and Tekemura®' where they based their
calculations on the PPP-C1 method on the concept of delocalised

molecular orbitals.

W2 Cuune + cor,1 + Cor . auer.2 4+ ... ...

+ Cle,s wie,s + C'E.5 _oq 4+ ... (8)

where w is the wave function

1.5 DISPERSE DYES

In early 1920e, secondary cellulose acetate then called
'synthetic silk' was synthesized. Unfortunately it was eoon
discovered that all available dyes both natural and synthetic
known then could not dye this fibre, apart from some few acid,
mordant and basic dyes none of which gave dyeings of satisfactory
fastnese properties.

Disperse dyes owe their name due to the fact that they are
only sparingly soluble in water and are applied from fimely
dispersed particles in aqueous media.

Dieperse dyes are the most important class of dyes in the

colouration of cellulose acetate and polyesters.
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Disperse dyes are nonionic, crystalline when pure, are of
comparatively low molecular weight and when heated above welting
point sublime without decomposing. They are very sparingly
soluble in water at dyebath temperatures. Chemical groupings in
the dye responsible for solubility are normally those whick can
form hydrogen bords with water, notably -N=N-, -0H, -NH., -0-

Alkyl, -NHAlk.

1.5.2 Chemical classification of Disperse Dves

Chemically disperse dyes belong to three more iwportant

and two less important chemical groupings:

1.5.2.1 HNitrodiphenylamine Dyes

The basic structure of this type of dye is
NO.
R'RZK02
(26) R?
R' and R= = H, Alk or Ar; R® = H or substituent.

They are generally prepared by chlorosulphonating 2-

nitrochlorobenzene and condensing the products with ammonia and
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alkylamino or aniline to give the corresponding sul phonamide
followed by further condensation with an arylamine at a higher
temperature to form the nitrodiphenylamine. Probably the best
known commercial dye of this type ie C.I. Disperse Yellow 42 (26,
R' = ph; R? = R2 = ),

Thie is a relatively small class of dyee which are still used
on account of their low cost, ease of manufacture, very good
fastness to 1light in pale colours and their usefulness in
producing greens with blue anthraquinone dye whilst maintaining
good fastness to light.

One of their main problems is that their sublimation fastness
ie not very good.

Recently research work has aimed at improving the sublimation
fastness either by the incorporation of polar groups or by

increasing the molecular size®3-3s,

1.5.2.2 Azo Dyes

Basically azo dyee can be defined as the dyes made by
the diazotisation of primary aromatic amines and then coupled to
a suitable coupling component.

The general formula for azo disperse dye is:



Ra Rs
Re
j: 3 =
R
R
(27)

Ry = au electron attractiag group especially a nitru group;: Ro
ard R» = H or electron attraciing groups, R« and Re = H or

electron repelling groups, R: and B+ = H ar especially alkyl
groups which may be further substituted.

In general this type of structure is used to cover the orange
to blue area of the spectrum using 4-pitroaniline and 2-chloro-4-
nitroaniline for orangee and scarlets, 2.6~d1halogena—4-nitra_
anilines far browss, 2-cyano-4-nitroaniline for reds and reddish
viclets, 6-bramo-2-cyano-4-nitroaniline far viclets and reddish
bluvese and G-halogeno-2,4~dinitroaniline for blues. Several
structures of this type of comercial dye bhave recently been
discloseds”,

Cl

2HaCK

RHADCOHB
Cl (23

C.I. Disperse orange 30,



CK
2HaCH
00X
3 -

(26

C.I. Disperse Red 73

Et
Et

NHCOEt
(30}

C.I1. Disperse Blue 183

Azo disperse dyes continue to be the major area of research
activity because of the following reasons.
1) The colour of dyeings produced by azo dyes now range from
greenieh yellow to bluish green.
(i1} It is possibe to prepare these dyeiungs with moderate to very
good faeiness properties.
(ii1) The dyes are relatively cheap and generally do not require

numerous intermediate stages.
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1.5.2.3 Asthroguinone Dyes

These give wide coverage of the epectrum. However, they
are no longer popular with the dyestuff chemists and
manufacturers due ta the following reasons:
(1) Their tinctorial strength is weak.
(i1) Several intermediate stagec are often required in their

production.

(1ii> Most of the intermediates are derived from anthraquinone-a-

sulphonic acide which require a mercury calalyst.

fu example of anthraguinonoid dye is C.1. Disperse Blue 73.

(31)

1.5.2.4 Styryl Dyes
These are useful for the production of bright greenish
yellow colours with good fastness to light on polyester fibres.

They have the general formula:
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C¥
Me

(32>

Some of the early members of this class of dyes were lacking
in sublimation fastnees and rather unstable when applied at high

temperature especially under alkaline conditions.

1.5.2.5 Quinophthalone Dyes

They produce greenish yellow colour effect on polyester.
They are however limited in their colours. They possese good
fastnese to light with the advantage of a high degree of
stability under most application conditions.

A typlical structure is:

(33)
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Though there are other chemical groups that caun produce
disperse dyes, they are nol importart as these groups. Some of
the other lmportani chemical groups that produce disperse dyes

include coumarine dyes.

R is a heterocyclic radical

Et:N &

Colour and constitution studies have in the recent years
centred om what might be termed 'donor-acceptor’' monoazo dyes

generalised by formula (39).

D.-.'I-L'="'Y'An

(3%

D represeats cue or more donor groups, such as -KHz, ¥eO, CHs,
-NHCOCH» eic, and X represents an aramatic ring eystem which may
be carbocyclic or heterocyclic and together they coustitute the
donor half of the chromogen. The residue Y and the attached
electron acceptor groups A form the acceptor half of the

chropmogen.
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The visible absorption band of (35) can be equated with the
movement of electron demsity from the donor groups D to the
acceptor groups A, but in addition there is significant movement
in the azo group itself, and thus it hae been suggested®® that
the residue -N=N-Y-A. be classed as a complex acceptor.

In the general sense, any factor that lowere the ionization
potential of the unit D-X-, will cause a bathrochromic shift of
the visible band. This can be achieved where X is benzene ring
by
) Increasing the electron donor strengthe of group D
(11> Increasing the number of groups D
(1131} Varyiug the position of attachment of groups D relative to
the point of attachment of the azo group.

(iv) The benzene ring can be replaced by a heterocyclic residue.

As far as (1) 1s concerned for maximum inteneity in an
amino azo benzene, the domor group should be para to the azo
group. Though, meta and ortho donor groupe give more
bathochromic effects®®, they have very low absorption intemsity
(€uws~ < 6,000), the intensity cannot be greatly enhanced by
increasing the electron withdrawing strength of the acceptor
ring.

The electron donor strength of the amino group in the para
position can be modified in various ways®2,

Nodifiction of the side chain substituente in the amino-domor

group causes hpsochromic shifte as most heterocatomic substituents
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exert an electron withdrawing inductive effect which is
transmitted through the e¢-bonds of the alkyl chain to the
nitrogen atom.

Substituent effecte in the domor ring of dyes of type (36)
haes been examined in detail by Gregory and Thorp*'. It was noted
that donor groups R produced bathochromic shifts. The largest
shifts were obtained when R = NEt: Ouu.. in ethanol) and R = -0-;
567nm, when compared with the parent dye, R = H, which has the

value 486nn.

(36) R

As already mentioned, bathochromic shifts can alsoc be
produced by replacing the donor aromatic ring by a heterocyclic
residues, the net effect being a gemeral lowering of ionization
potential of the donor moiety for example the thiopen analogue of
the amino benzene (37) absorbe at 554nm in ethanol whereas its

benzene counterpart absorbs at 478nm in the same solventa=,
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The colour properties of the donar-acceptor azcbenzene are
equally dependent on structural variation within the acceptor

ring. This has been studied elaborately*”.

1.6 QObjective of the Preseal Work

The objectives of the preesent study are many and potably
among them are to synthesize new azo dyes. The effect of
incorporating kighly electron withdrawing groups on colour and
chemical constitutions of the resulting dyes will also be
examined. The effect of solvent polarity and few drops of HCl on
the visible absorption spectra of the dyes will also be
investigated. Finally all the dyes will be characterized and a
comparative study of the influence of these substituents on the

dyeing and fastness properties will Le examined.
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2.0 EXPERIXENTAL

2.1.0 General Infarmation

2.1.1 Chemicals

Bromine

Glacial acetic acid

Fara dimethyl amino benzaldehyde
Ethanol

Kalononitrile

ldan-1,3-dione

Anhydrous sodium acetate
Hydrochloric acid

Sodium acetate trihydrate
3-Acetamido-6-methoxy aniline
3-Acetamido-N,K-diethyl aniline
2,5-Dimethoxy! aniline

Dimethyl formamide

Toluene

Cuproue cyanide

Piperidine

Phenol

Detergent
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Sodium carbonate

Liquid paraffin

2.1.2 Isstrumentc

Xechanical stirrer

50ml tkree necked flack

Colorimeter 253

Yenon arsc light fastness measuring instrunegt
Linitest washing machine

Dyeing master

Electronic weigbing balance

Oven

2.1.3 MEaterials

Polyester fabric
Cotton fabrie
Filter papers

Ice blocks

2.1.4 Melting Point determinatiog
' Gallamkemp melting point apparatus was used to determine

the melting points of the Bynthesised samples,
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2.1.5 Infrared speciraoscopic measurcments

A mule was prepared by grinding a mixture of the dyes in
liguid paraffin. The paste was placed in between sodium chloride
disce. Spectra of the samples were got ueing a Beckmann single
beam infra-red spectrophotometer obtained at the Bayero

University, Karo.

2.1.6

Colorimeter 253 was used. Five solvente were used to
determine the wavelength of maxima absorption (hu..) of the dyes.
The eolverte are dimethyl formamide, carbon tetrachloride,
toluene, acetone and ethanol.

In either case, the determination of the Jw.. involved taking
€0 many readings while maintaiuing the concentration constant and
varying the wavelengths by 2nm interval and taking the absorbance
values. This was continued until a point wae reached where the
absorbance wvalve continued to decrease with increasing
wavelength. A graph plotted of wavelength versus absorbance
revealed that the )... is that point where the absorbance started

to decline with increasing wavelength (3).

2.1.7 Determination of Halochromism effect
After obtaining the )w.- for the various dyes in ethanol,
few drops of HCl was added and a change in colour was noticed.

Colorimeter 253 was then used to determine the new J.... following



, :
the procedure described in sectiox 2.1.6. The charge of dma. due
to protonation of any centre of the dye is described as

halochronism. : |

2.1.8 Deteraination of molar extinction coefficient

A known quantity of dye was dissclved in a known volume of
DXKF. The absorbance of the dye solution was determined at the
. 2appropriate lwawx for the dyes in DHF, Beer's and Lamberte law

was used to determire the mplar ewtinction coefficient.

2.1.9 Dyeing uf pulyester - |

The polyester sample was cut into G.4gmsisamp1es. Each
tauple was dyed in a dyebath made up as follows: i
10mt of S0g/1 phenal as carrier |

20ml of 17g/1 anionic detergent !

and 70nl of water.
The liquor:goods ratio being 250:1, the depthk of shade being
1.4%, Dyeing was carried out for one hour at a tempperature of
100>C. A thorougk rinsing was then followed. The dyed saxmples
vwere dried oversight., All dyeinge were carried cut uBing dyeing
magter, | ' : é |

2.1.10 Defermipation of dge exhaustiog o |
411 the dyed eamples were weighed (ygm), small specimens

were cut out from these samples and also weighed (xgm).
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£ known weight of each dye (dgm) was diesolved in Scw® of
pyridine, )u.. and the absorbance wvalues were noted. Scm® of
pyridine was used to sirip the dye from the specimens. The
absorbance of the dyes stripped from the specimen was determined
using the <colorimeter set at the appropriate waveleangth
determined. By using Beers and Lamberte law, the quantity of the

dye absorbed by the specimen was determined using the formular:

c = Axd/A,

wkere ¢ = the quantity in grammes of the dye absorbed by the
specimen

A; = the absorbance of dgm of te dye in Scm? pyridine

A> = the abeorbance of cgme dye stripped from the specimen

in Scm® pyridine

The total dye in the sample = ¢/x . y
c/x . §y
Exhaustion (%) = -==——ee——o x 100
0. 0056

0.0056gm being the quantity of dye in the dye liguor from section

2.1.9,
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2.1.11 ¥ach fostness tegt ‘

This was done according tn I1.5.0. 35 standard wasking
procedure. Thke specimens were prepared by cutiing tﬁe dyed
samples Into 10cm z 4om dimensions. These samples were made into
composites by stitching a test specimen made up of the dyed
sampie place In between a cotion plece and a polyester piece of
dimensicon Som X 4cm. The corpositie was agitated in a solution
made up in the following way:

%g/1 soap sclution E
2g/1 eoda ash : ; \
Liguor ratic 50:1 | |

The washing was carried owt ian the linitest machine a2t 60 x 270

for 30 minutes. The composites were then separated and dried.

2.1.11.1 Ascegement of change in colour \

Grey scale for evaluating change in colour .was used to
determine the change in colesr after the washing test. Tke
procedure invelved comparing the degree of contrast between the
nrigivally dyed sample and the specimen tected, compared to the
degree of contrast betwszen the paire of celourse in the steandard
grey scale for asseesing change in colour. The fastness rating
of the eapecimen under test is the number of this grey scale

contrast. i
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2.1.11.2 Assessment of staining
The degree of staining of the adjacent white polyester
in the composite was assessed using the grey scale for assessing
staining.
4 white polyesier material and tke stained specimen were
assessed according to the manper used for assessing change in

colour as in section 2.1.11.1,

2.1.12 Light fastness testing

Light fastpess testing of the dved sampler were aesessed
by the use of xzenon arc light fastness lnstrument obtaired at the
Chemistry Department, Bayero University, Kano.

The procedure involved aligning bolh the eight dyed eamples
woo! standarde together with the dyed sample epecimens on a card
which was later attached to stainless steel metal strip and then
incerted into a compactment which was meintained at a constant
relative humidity by the uvse of distilled water during exposure.
The compactment was then placed into position along the radial
exposure chamber. Exposure was carried out for 24 hours until
the last sample speciwen to fade have faded to the extent of
standard three of the standard grey scale for evalvating change
in colour. The test was then terminaled.

The rating of a dyed sample is that standard wool dyed sample
which faded to the same extent as the epecimen exposed at the

same time.
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Bromine, 68.39g (0.428 moles) was dissolved in 40cm® of
glacial acetic acid. The solution was added dropwiee to 30g of
4-dimethy! amino benzaldehyde (0.2moles) In 96cm® glacial acetic
acid over a period of 15 minutes. §Stirring was continued for 45
minutes while cooling in an icebath. Orange crystals were
obtained, and these were washed thoroughly with benzene and then
dried overnight over sodium hydroxide. The product obtained
after drying was then oven heated for 3 hours at 135°C. This
yielded 950.05gw of 3,5-dibromo-para-aminoc benzaldehyde. The
compound was recrystallised from ethanol, melting poiaot 148-150¢

(Lit44 m. pt. 149.5-150.6<C). The yield was 389.68%.

2.2.2 Preparation of J-oxo-A'-*-indandione

Indandione 35.13g (0.021moles’ and malononitrile 2.83g
(0.042moles) were dissolved in 35.7cwm® absolute alcchol, 2.29g of
anhydrous sodium acetate was added at room temperature, with
rigorouse stirring. An immediate red colouration occured, the
suspended solid slowly dissolved. After 40 minutes, the mixture
wae dliluted with 92cm® of water and then acidified with HCl to a
pH of 1-2. The suspension was stirred for 10 minutes and the
solid material filtered off and washed thoroughly with water to

give a colourless eolid. —

-® -
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The crude product was recrystalized twice from acetic acid to
give 3-oxzo-' “*-indandione, melting point 225<C (Lit“® m.pt. 223-

229<C). The yield was 3.84g which was 98.4%.

Indan-1,3-dione, 4.38g (0.03 moles! and malononitrile 5.94g

(0.12mole) were dissolved i 50cm® of absolute alcohol at room
temperature and 5.163g sodium acetate tribhydrate was added. The
mixture was heated under reflux for 5 bours. After cooling the
blue solution was filtered *o remove the mono condensate
products. The filterate was acidified with HClI to pH 1-2, the
grey precipitate was filtered off and washed thoroughly with

water. [t was then dried to give the product as a grey poweder.

Yield 68.6% (4.49g) and the meiting point was 257°C.

3,5-Dibromo emiuo benzaldebyde 5.58g (0.02moles) was
dissolved in a mixture of Zdcwm® acetic acid and 6cm® water. The
solution was cooled with stirring to 12°C. To this solution was
added dropwise 1.5g (0.02moles) sodium nitrite dissolved in 10cm®
of water. 10cm® of HC1 was then added immediately and the

mixture maintained at 15-20°C for 15 minutes.
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Excess nitrous acid was destroyed with a small amount of
urea. The solution was diluted with 200cm” ice water, giving a

clear solution of the diazonium salt.

2.8.2 ngeml.mxzmlnm_.[mm

0 .02 melee each of the 3-acetamido-N, K-diethylaniline, 3~
acetamido-6-methoxy anilive and 2 f-dimethoxy aniline was
digeolved in a mixture of 200cm™ ice water and Scm® HCl. The pH
of this solution was 4. The diazonivm salt solution formed in
gection 2.3.1 was then added dropwise with stirring at 0-5°C.
The pH wac mintained at 4 by the addition of sufficient quantity
of sodium acetate. Stirring was continved for 2 hours. The dyes
obtained using each of the coupling componente were washed
thoroughly with water and then recrystallized from suitable
solveats. The yield and melting points of the three dyes are
summarised in Table 3.1.

2.3.3 Wwﬂw
campounds

Equal moles of the benzaldehyde dyes (I-1ITD and the
active methylene compounds which are indan-!,3-dione, 3-oxo-a' - -
indandione, 2,2-indene-1, 2-dlylidene blspra‘panedinitrilp and
malononitrile respectively were condensed in ethanol veoder reflux
for 2 houre with 2 drope of piperidine. The products obtained
were washed thoroughly with water and then recrystallised from
suitable solvents. Yields, melting points for the dyes are

cummarised in Table 3.2.
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2.3.4 Ceperal method far the preparation of 3.5-dicyang para
benzaldehyde azo dyes (19-¥1)

Equimolar amounts of eack of three formyl azo dyes (I),
(I1) and (III) {obtained in section 2.3.2) and cuprous cyanide
were vaacted in dimethylformamide under reflux for 30 minutes.
The suspension formed was poured intas !00ce™ cold water. The
precipitated sclid was washed thoroughly with water and then
ied in the oven overright. Pure samples were obtained by
recrystallication from esuitable solveats to give dyes (IV), (V)
and (VI) respectively. The yleld and melting points are

summarised in Table 3.5.

2.3.5 Geperal procedure for condensalion af 2'.6'-dicyano para-
benzaldehydes with aclive sethylese cumpounds

Equimolar quantities of each dyes (IV), (V) and (VI) and
each of the active methylene compounds, indan-1,3-dione, 3-oxo-
A" F-indandiope, 2,2-indene-1,5-diyldene bispropanedinitrile and
malonoaitrile were condensed in ethsnel wunder reflux with

catalytic amoont of piperidine for 30 minvtes to give dyes in

geries (IV)-(VI) respectively. The dyes were purified by
recrystallisation from suitable colvents. Yield and melting
points for +the dyes are =svmmarised in Tables 3.6 - 3.8

respectively.
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CHAPTER THREE
3.0 RESULTS AND DISCUSSION

3.1 Synthesis of Intermediates and Dyes

The principal intermediate 3,5-dibromo para-aminobenzaldehye
was synthesised from K,N-diethylaminobenzaldehyde by direct
bromination and elimination of the ethyl radical by baking as

illustrated in the equation below.

2Hs 135=2C, 4hrs Br
OHC— + BI’J """""""" > OH 2
2He A Br

The yield obtained was good and the melting point
corresponded with what was reported in the literature*®.

The three dyes (I} - (III} were then prepared by the
diazotization of 3,5-dibromo para-aminobenzaldehyde and coupled
to 3,acetamido-N,N-diethylaniline, 2-methoxy-5-acetamidoaniline
and 2,5-dimethoxyaniline respectively.

Br NHCOCHa>

CaHs

CaoHe
Br
(I

4'-formyl-2',6' -dibromo-4 -N,N-diethyl ami no-2-acetanidoazobenzene



&1

i
[k

RHCOCHs

Y |
OH ¥ = |
OCHA é 'l

(11> | o

4' -forsyl-2',6' -dibromo-4-anmino-2-acetamido-S-methoxylazobenzene

Br OCHa

CH =K :
H }

!

Br OCHa

(FI1}

4'-formyl-2',6'-dibtromp-4-amine-2,5-dimethoxyazobenzene

Tabie 3.1: VYield and melting points for the formyl dyes

Dye Ho:¥ield : ¥olecular : Meliing : Recrystalli- 1+ Cplour of

(%2 ;_ _weight : point <C:sation splvent: crystal
(I : 40.4 1 495.0 : 100-108 Ethanol ! orange

(I1} : 63.5 : 469.9 s 130,132 ¢ Ethanol : red

(IIfy : 32 : _442.9 2 125-130 Ethangl L red
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The yield obtained as svmmarised in Table 3.1 were not high
and this could be due to the deactivation of the benzene ring by
the electron withdrawing strength of -CHO and -Br groups.

Dyes (I) -(I1I) were condensed with active methylene
compounds in order to push the .. to the longer wavelength of
the visible absorption regien.

The active methylene compounds used are indanedione, 3-oxo-
4'-?-indanedione, 2,2-indene-1,3-diyledene bispropandinitrile and
malononitrile. Indanedaione and malononitrile were supplied from
the chemical company (BASF), while 3-oxo-A'-*-indanedione and
2,2-indene-1,3-diyledene bispropandinitrile were prepared by

following scheme 3.1.

(CN)2CH. <Cl}:CHa
lach/25°C anAc/70°C

indanedione 3-oxo-4' -?-indanedione 2,2-indene-1, 3-
diyledene bie-

propandinitrile
Scheme 3.1

Reaction of indanedione with malononitrile in absolute alcohol
in the presence of sodium acetate at room temperature gave 3-oxo-

A'-?-indanedione on dilution of the reaction mixture with water
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followed by acidification with bydrochloric acid. It was
purified by recrystallisation from acetic acid and was isoclated
as colourless solid. 2,2'-indene-1, 3-diyledene bispropandinitrile
was eimilarly prepared by refluxing a mixture of indanedione and
malononitrile in ethanol in the presence of sodium acetate
trikydrate for 5 hours. The mixture was cooled, left overnight,
diluted with water and acidified, giving the Compound as a white
precipitate. Pure sample was obtained by recrystallisation from
acetic acid.

These active methylene compounds were then condensed with the
aldehyde dyes (I)-(III) by refluxing in ethanol to give dyes in
series (la)-(Id), (Ila)-(I1d) and (ITTa-IId) as summarised in

Table 3.2 - 3.4 respectively.
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condensation products of dye (I}

Yield and characterisation data for dyes derived from

Br NHCOCH
CaHe
2Hs
Br
! '
Dye No| Substituent{ Mol. Yield| M.Pt. } Rec. Solvent| Colour
—(R) (% ¢
Grey
I(a) 623.9 36.8 {150-160} Toluene crystal
: ; ;
C Ethanol j dark
I(b) %.Vd/m 659.9 { 25,0 { 114 {crystal
8] ? i
¥ ;' {leaflet
1) [[%La 695.9 { 20.13{119-120! Toluee |
| |
3 { épouder
I¢d) (CK)2C=CH { 543.9 10.98 315-3234 Toluene jcrystal
|

i

-

i
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Table 3.3: VYield and characterisation data for dyes derived from

condensation products of dye (I

Br NHCOCH>

Dye No} Substituent| Mol. Wt{ Yield} M.Pt Rec. Solvent} Colour

R} (%) § €°C)

dark
II(a) CH{ 597.9 15.681200-215{ Ethanol crystal

0

Clﬂc dark
IT(b O]/a 633.9 { 25.55{ 240 { Toluene crystal

CHCR 3 tleaflet
I1¢e) H{ 669.9 1 250 259 { Toluene ineedle

E 3 1 idark

1T(d> 3 (CNY2C=CH- § 517.9

7?.15! 200 Toluene icrystal

i 4 | )
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Table 3.4: VYield and characterisation data for dyes derived
from condensation products of dye (I1D)
Br OCHa
= 2
Br OCHa
Dye No| Sbstituent| Mol. Wt Yieldy M.Pt. Rec. solvent} Colour
(R) (%) (=C)
0 leaflet
III¢a) CH} 570.9 49.247 190 Ethanol needles
Q
CN CN Dark
ITI(b) CH; 606.9 49.047 215 Toluene crystal
o |
CH CN | ; Dark
IIl () CH: 642.7 38.78{250-2567{ Toluene crystal
CNCE
H ? dark
IIT(d)| (CN).C=CH ; 4900.9 : 40.3 1193-194: Ethanol powder
H i
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The corresponding dicyano derivatives of dyes (I} - (IID}
were prepared by the nucleophilic gubstitution reaction of the
bromine by cyano group to give dyes (IV), (V) and (VD)
respectively. Yield and characterisation data for these dyes are

summarised in Table 3.65.

NHCOCHs

2 C:Hs
C.z He
Iy

4'-formyl-2',6' -dicyano-4-N, N-diethyl -2-acetamidoazobenzene

&7

4'-formyl-2',6'-dicyano-4-amino-2, 5-dimethoxyazobenzene

NHCOCH»

-Gy

(Vi)

4'-formyl-2',6'-dicyano-4-ami no-2-acetamido-5-methoxyazobenzene
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Table 3.5: Yield and characterisation data for 2',6'-dicyano-

benzaldehyde dyes (IV) - (VI)

Dye No| Yield | Mol. Wt } M. Pt, Rec. solvent | Apprearance
(%) LoC)

(IV) 03.12 362 250-2621 Toluene Dark crystals
4'3] a5 300 217-2251 Toluene Leaflet needle
Vi) 96 336 315 Ethanol i dark npeedle

i : :

Condensation of dyes (IV), (V) and (VI) with the active
methylene compounds summarised in Scheme 3.1 gave series of dyes
in (IVa) - (IVd), (Va)-(Vd) and (VIa) - (VIid) respectively as

summrised in Tables 3.6 - 3.8.
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Table 3.4: Yield and charactericaticn data for dyes derived

from condensation product of dye (IV)

dﬁ

RHCOCH

O

Dye No| Substituent (R} | Mao. Wit.] Yield | M.Pt. rec, Colour
%) =C) {solvent)
Dark
IVia) B 490 13.3 |313-316]Ethanol |crystal
CN CX
IV H 526 28.70 |307-310) Toluene|Powder
Leaflet
IVdic) 562 18.6 |316-320{Toluene}needles
Dark
IV(d) | (CN)2C=CH~- 410 22  {290-300{Fthanolicrystal
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Table 3.7: Yield and characterisation data for dyes derived

from condensation products of dye (V)

0OCH-

0OCHa

Dye No} Substituents (R)} Mo. Vt.| Yield { X.Pt. Rec. Colour
& { (=C)
Dark
Via) @cn 437 25 300 |Ethanol|crystal
C Dark
Vib) Ww 473 74.7 |280-290{Toluene|crystal
CR,CN leaflet
Vie) %ﬂl 500 70.5 |{283-287{Toluene|needles
|
; | Dark
V) § (CFC=CH- | 857 | 70.78 | 280 iEthanol!needles




Al

Table 3.8: Yield and characterieation data for dyes derived

from condensation product of dye (VD)

NHCOCH s
= 2
CN 2
Dve ¥o| Substituents (R) Mal. Vt| Yield { M.Pt. | Rec. Colour
(%) (=C) {Solvent}
Dark
Viia) 464 66 208-305{ Fthanol | crystal
Dark
VIib) 500 79 310 |{Toluene}crystal
C N : Leaflet
VIie) CH{ 536 73.13 317 {Tolueneineedles

|
i
|
- 4 i_
i
:

Dark

Vidd) { (CE)-C=CH- 384 { 59 :1290-301iFthanclineedles

i i 3 i
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3.2 Visible Absarptiou spectra of the dyes

Vieible absorption spectra of the dyes were measured by the
use of colorimeter 253 spectrophotometer. Five different
solvents, ethannl, acetone, dimethylformamide, toluene and carbon
tetrachloride were used, The extinction coefficient was
calculated from dimethylformamide. The resulis obtained are
sumsmrised in Table 3.9 for dibromo derivatives and Table 3.10
for dicyano derivatives respectively.

Dye (1) whick was obtained by coupling 3-acetamido N, N-
diethylaniine with 8,5-dibromo-para-amino-benzaldehyde absorbed
at 55%mm in toluene and is violet in colour. WVhen the formyl
grovp of thie dye was condensed with indanedione as the electron
withdrawing group, the dye absorbed at 557nm in the same solvent,
indicating a bathochromic shift of 2um. Replacement of one of
the cartoryl group in dye I(a) by dicyanovinyl group gave dye
T(b) which absorbed at 559nm in the same solvent as dye I(a) and
this showe a bathochromic shift of 2mm relative to dye I(a).
However, when the second carbonyl group of dye I(b) is replaced
by eecond dicyanovinyl, the resulting dye I(c) absorbed at 585nm
in the same solvent, giving a bathochromic shift of 26nm in
toluene. Condensation of dye (I) with malononitrile gave dye
I{d) and this is relatively bypsochromic when compared with I(c),
but the dye is still more bathochromic than the parent dye (I)

and even when (I) ie condensed with indanedione.
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\_n. Table 3.9 ””nwvwm m.u“.ognwou spectra of dye derive from 3,5-dibromepara~~
Rq =l R, PRIy e
(9 R R
Subsatituents Wavelength of maximum absorption ( max) | Molar absorption
L ooomwwaMMm in DMF
Dye No. R, R, I.Hw "R luul Rg R Ccl, Toluene Lthanol Acetone DI Loz
I -C,B;  -C,Hg B -NHCOCH; H ~CHo 560 555 525 555 585 14289
Ia " n . - " - 1 565 557 527 590 590 23957
b " g " " " " X2 525 559 543 557 592 Je554
1e " " " " 1" " X3 527 585 585 596 595 £.,186
1d " L " " " " (CN) ,C=CH-] 526 560 535 692 585 34131
I " " " " " -OCH, -CHO L8o 517 515 555 515 1.857
IIa " " " " " " XI 517 525 522 557 525 3.847
IIb T " " " " " X2 520 560 525 5% 555 9.667
IIc " " " " " " 3 527 570 583 600 5% 34129
114 n " " " n " (CR),C=CH~ | - 556 526 537 545 3.1
111 " " ~OCH, 5 -0CH " -CEO kg5 512 526 554 566 4,834
IIIa " 1 " " " " 500 560 555 592 583 5.1
IID n " " " " " X2 513 563 552 600 587 64937
Il " " " i " n 3 515 575 565 603 603 3,606
IITd " " " " " "o (CN)C=Ci- | - 562 555 590 570 24,161
e
o /\rz /\?1
e X2 — R\[ﬂm‘ 33 === CH—

&
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Table 3:10 Visible absorption spectra of dyes derived from

3¢5~dicyano paraamino benzaldehyde

Wavelengths of maximum absorption ( max)

Substituents ot e
Coefficient wm
. _ .r DMF (£max X 10°)

Dye No. Ry wm wu Ry wu wm. WN CCI, Toluene Ethanol Acetone DiF

Iv nn_mmm =C.Hs ® - -NHCCCH., - ¥ H -CHO 602 603 600 603 610 50147

IVa " " " " " " X1 587 585 582 595 605 58696

IVb " 1 " " " " X2 592 587 581 605 600 7416

Ive " " " " " " X3 605 60k 600 607 587 6663

vd " " " " . " (CN) CeCE=| - 5% 510 598 600 8.59

v " " -CCH, it ocH, i -CHO 555 565 591 590 585 7+96

Va " " " » " ! X1 560 557 588 595 5% 8.30

Vb " ", " " " " X2 565 565 590 591 59 84787

Ve " " " " " " X3 593 590 585 605 603 5.00

vd " " n " n " ﬁozvmonom; 560 550 591 600 602 2.85

V1 " " H -zmoanmu B -0CH;, ~CHO 215 560 557 593 600 4,569

Via " " " " n " X1 535 572 560 578 533 1.431

VIb " L g " " " X2 - 581 570 582 601 ko555

Vie " 1" " " " " X3 540 600 593 590 608 24086

VId " L " " " " (CN)CaCio = 562 565 561 595 54196

o N N o N
X = B X2 — 8m| 5, P B—
o o
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The results summarised in Table 3.9 has clearly showed that
the visible absorption spectra of the dye based on 3,5-dibromo
para-aminoc benzaldehyde is very insensitive to the effect of
incorporating electron withdrawing groups in the acceptor half of
the chromogen. This lack of sensitivity may be due to steric
effect of the bromo atoms in position 2,6 which prevented the dye
from aesuming a complete planarity with the rest of the
chromogen.

s already mentioned in the literature”, that the azo dye
can be claceified as donor-acceptor chromogen, in which the =-
electron density of the donor group can be enbanced either by
increasing the number of electron donating groups or by
increasing the etremgth of this electron donating substituents.
Vkern this occurs, a bathochromic shift in colour is usuvally the
result. In order to investigate this effect, an additional
electron donating methoxy group was incorparated ia dye (I) to
give dye (II) and this dye absorbs at Si7nm which is very
hypsochromic when compared with dye (I) in the same solvent,
This hypsockromic effect may be due tou the fact ihat the N, N-
diethyl group in dye (I) has also been replaced by the amino
group apd this meancs that the N.N-~diethylaniline can release more
electran into the acceptor group of the chromophore than the
simple anilire.

Vhen dye (11} was condensed with all the active methylene

cmpounds as wae done with dye (I), the same small bathochromic



shift was chserved in the same solvent and thle further confirms
that dyes based on this diazo component are very insensitive to
the actior of incorporating strong electron withdrawing groups
and similarly little change in colour was obtained when an
additional electron donating group was incorporated in the donor
group of this dye.

Dye in series (IIl) were similarly prepared by replacing the
acetamido group with two metboxy groups in position 3 and 5
relative to the azo groups. As can be seen from the data
summarised in Table 3.9, similar results are obtained. This
means that it will be very difficult to push the hua< of the dyes
based on this diazo component into longer wavelength of the
visible abeorption region.

It ie however evident from the data summarised in Table 3.9
that the bathochromic effect of the active methylene compounds
incorporated into the acceptor half of the chromogen follows a
similar pattern irrespective of the electron donating groupe in
the donor half of the chromogen. This order is generally observed
that dve in series (¢) is more bathochromic than (b) and thie is
more than (d) and more than those in series (a) and lastly

followed by the dye with formyl -CHO groups.

Series ¢ > series b > series d ) series a > with - CHO group.
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Dyes in series (c) represent all dyes derived from 2,2-
indene-1,3-diyledene bispropandinitrile, and those in series (b)
represents all dyes derived from 3-oxo-A' - "-indanedione while
those in series (a) represent dyes derived from indandione and
lastly those in series (d) represent dyes derived from the
condensation with malononitrile.

The reasons for the small bathochromic shift observed when
the active methylenme compounds are incorporated are not far
fetched. Quantitatively, bathochromic shift ie determined by two
opposing factors at the acceptor ring: these are electron
withdrawal strengths of the acceptor group and the steric
influence of the atoms attached to the acceptor rimg. Dyes in
series (c), though might suffer from steric hinderance due to the
positioning of two cyano groupe at one carbon atom is not much
affected adversely because cyano groups are rod like in shape.
Vhatever this steric interference might incur on the dume. is much
counter balanced by the strength of electron withdrawal, cyano
group being strongly (-¥). A strong -X effect group attached to
the acceptor ring in a situation as this is believed to lead to
increased conjugation thus lowering the ionization potential
acrose the molecule and therefore bringing about a bathochromic
ehift.

Members of dyee in series (d) gave more bathochrmic shift
than the members of dyes in series (a) simply because the former

have two cyano groupe i.e. increased conjugation than the latter.
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A similar trend was observed between series of dyes in (a) and
dyes containipg the terninal -CHO.

The reculte summarised in Table 3.10 shows the effect of
replacing the bromine groupe with cyano groups and comparison of
the data in Table 3.9 and Table 3.10 clearly showed that dyee in
Table 3.10 are more bathochromic than those in Table 3.9 even
when the correspeonding pairs of dyee were compared. For example
dye (I) absorbs at 555nm in toluvene and when the two bromo groups
are replaced by cyano groups giving dye (IV), the )max chauged to
605nnm in the same solvent, indicating a bathochromic shift of
46nm which is a very significant change in colour and infact the
colour of the dye <hanged completely from violet to blue.
Similar tresds were observed when different electron donating
groups and electron withdrawing groups were incorporated into the
dyes.

It is however, very surprising to note that incorporation of
electron withdrawing groups into dye (IV) gave hypsochromic
effect. For example dye (IV) absorbed at 603nm in toluene and
when the formyl group is condensed with indandione the resulting
dye (IVa) absorbed at 585nm which is relatively hypsochromic.
Similar effect were observed with other electron withdrawing
grouvpe incorporated with this dye. This effect is very difficult
to explain as the data in Table 3.9 showed that when the electrom
withdrawing groups were incorporated withk dyes derived from the
bromc derivatives a small bathochromic effect were cbserved which

is in good agreement with the resulte of the other workers2s.
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The general red shifts obeerved when the cyano groups were
substituted for bromo grovps can he explained in terms of Lhe
size of the bromo group, whick is large in nature, producing
marked scteric hindrance interfering with the lone pair of
electron on the B-nitrogen of the azo nitrogens. It was
reported*® that amino azo dyes exist in the trams configuration,
as such, a large substituvent can exercise strong steric
hinderance between it and the lone pair orbital of the B-nitrogen

atom as shown in the configuration in Figure 3.1.

Fig 2.1

This will effeclively reduce p-orbital overlap thus reducing
delocalization of the lome pair of electron on that atom,
reducing the resonance energy, incresing ionization potential and
thus Introducing some hypsochromic shift as compared with groups
that could not exhibit such behaviour. Cyano group being rod-
like in nature reduces such effect to a minimuz and as compared
to the dibromo substituents, they were favourably more

bathochromic.
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3.3 Sclvalochromism

Thie describes the influence of solvent polarity on the
absorption maxima of the dyes. Extensive work has been done on
this over the year4”, It was reported that the influence of
polarity of the sulvent is on the x—n* tramsition whkichk is
believed to exhibit bathochromic shift with increasing solvent
polarity and or the n-x* transition which is shifted
hypsochromically with increasing solvent polarity.

Yet another report”® stated that certain donor-acceptor
chromogen with low resopance energy might record hypsochromic
shift with increasing polarity while a high rescnance energy fornm
might record bathockromic shift.

The solvents in the study as shown in Table 3.9 and 3.10 are
arranged in order of increasing polarity. An observation of the
dyes derived from 3-acetamino-5-methoxyaniline in C(Cls, etbhanol
and DMF, chosen because they are wider apart in polarity, for
dyee (II) and (VI) showed that there was a gemeral bathochromic
shift with increasisg polarity of the solvenis.

In Tahle 3.0 and 3.10 for dyes (Ila) the luww CCla 517nm <
b 522nm ethanol < hua. 525nm in DNF.

(Via); due~ CCls 535nm ¢ Awe~ ethanol 560nm ¢ lue~ DMF 583nm.
Similarly the dyes based on 3J-acetamido-N,N-diethylaniline
typified by dyes (I) and (IV) showed this trend.

(Ia); dwan CCls 565nm > hw.. ethanol 527nm ¢ due. DNF 590nm.
(IVa); ). CCls S87nm > dan ethanol 582 ¢ i< DMF 605nm.

It could be observed that as the polarity of the solvent is
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enhanced the bathochromic shift is progressively increased,
however, these are not as pronounced as in the case of the dyes
based on 2-methoxy-95-acetamido aniline.

Similarly the dyes based on 2,5-dimethoxy aniline showed this
trend:

(1I1B), humm- OCls S13nm < Awss ethanol 55201 ¢ swe~ DNF 587nm.
(Vb), dwm. OCls 565nm < Ausm-~ ethancl GO0nm ¢ lman DMF SO50nm,

A general increase in bathochromic shift with reepect to
increasing polarity was also recorded in this group.

The reason for these results which become readily obvicus is
that 3-acetamido-5-methoxy aniline is more expoced to participate
in H-bonding interaction making it easily soclvated, reducing
energy between the cannonical forms with increasing eolvent
pelarity. The same explanation applied with the case of the dye
derived from 2,5-dimethoxy aniline which showed the trend to a
leseer extent.

Solvatochromiem is due to various solute-solvent interaction
in both the ground and excited states. The red shift on changing
to a more polar solvent also suggested that the dye molecule has
a more polar excited state than the ground state and a polar
eolvent can stabilise this more than the ground state, and this
will lower the energy of the tramsition. Light absorption causes
the w-electrone to migrate from amino donar group to the various
electron acceptor residues and hence the excited state has a
larger dipole moment (that ig, is more polar) than the ground

state.
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3.4 Halochromica

It has been observed for a long time that most dyes derived
from A4-aminoazo benzene undergo a pronounced colour change on
addition of few drop of acid®”. In view of this it became
necessary to study the effect of hydrochloric scid addition on
the lue~ of the dyes syntheeised.

The halochromicsm of the azo dyes synthesized were studied in
ethanol ae solvent and the shifts of the absorption maxime on
acidification with hydrochloric acid are summaried iv Table 3.11
and 3.12. In all cases, the protonated eolutions were
neutralised carefully with weak alkali (sodium hicarbtouate) to
verify that the original spectra were completely resorted,
showing that decomposition of the dyes had not occured during
protonation.

As can be seen from the data summariced in Table 3.11 and
3.12, most of the dyes showed negative halochromism which may be
duve to the strength of +the electron withrawing groups
incorparated in the acceptor balf of the chromogen.

Addition of acid +to 4-amincazobenzene dyes bave been
explained to lead to two equilibrium tauvtomeric forams. One
tautomeric icomer resulted from the protonation of the B-nitrogen
in the azo linkage to form an azonium lon leadiag to bathochromic
shift. The second isomer leads to the formation of an ammonium
cation at the terminal amino group, this prevents lone pair
donation at this terminal and as suck leade to hypsochromic

shift.
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Table 3.11: Absorption maxima of dyes derived from 3,5-dibromo

Para-amincbenzaldehyde in neutral and acidic ethanol

Dye Ko p—4 : Adrosae
; Neuiral + HCI : ) i X :

I : 526 815 - 10
(Ia} } 527 480 - 47
(It : 513 505 + 82
(Ic) : 585 485 =100
(Id) 3 535 450 - 45
(1) : 515 468 - 50
(Ilad 522 418 -104
(IThy 525 463 - 62
(Ilcr 583 460 -123
(Ild» 526 455 - 71
(II1y 560 545 - 15
(Ilia) : 550 535 = 1%
(ITIb} : 552 925 - 27
(Ille) 5465 495 - 70

(I1Id) 255 815 - 40
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Table 3.12: Absorption maxima of dyes derived from 3, 5-dicvano

para-amino benzaldebhyde in neutral and acidic etharnol

Dye No : ps—4 £ A
et - SEFRY + RCl  : deciase = Aneuscal
(Iv) : 600 510 - - 00
(IVa} 582 500 - 82
(Ivh» 581 505 - 72
IVe) 3 600 510 - Q0
(avdy 510 487 - 23
0 § 501 580 -~ 13
(Va) ! 583 868 - 33
(Vb) : 500 515 =79
(V) : 585 500 + 5
Vd) 3 501 505 - 86
V1) ; 557 408 - 50
(VIa) 560 510 - 50
(Vibd 570 500 - 70
(Vie) 503 499 - 94

{4} (-5 T . S L9805 - -40
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R,
R N =
R..
8 e
" R. Ra Re Ra Ru
Rh_<i:;:§;>_iﬂl-{%;ij%éy_lnnR;fEE;R;_<éZ;;iEyJ= ¥R, R2
| Re. R; ‘Ra | bRu Re R

Scheme 3.2

Substituents are believed to cause inverse variation of the

two forms since they stabilize orne form or the other.

The tautomeric equilibrium copstant &y = -~ -omemmeeem

kv depends on the solvent, acid concentration and the
substituents®”.
From this explanation, it is understandable why there was a

general hypsochromic shift. The 2,6-disubstittution must have
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effectively blocked the orbital of the a-nitroger so that
accessibility to it by =& proton became bhindered therefore
reducing kr.

Thie line of thoughkt is even reinforced whem it wae realised
that tbe 2,6-dibromo substituted azo dyee recorded higher Aluax
hypsochromically being larger ir wvolume tham thelr dicyano
substituted counterparie.

For members of different donor groups, it was cbserved that
the dyes derived from 2,5-dimethoxy suffer less hypsochromic
shift because the methoxy group at R positicu can be viewed as
partially blocking the lone pair of elecirons on the terminal
nitrogen thus reducing the [ammomiuvem] and increasieg ky. It was
reported*® that methyl group bas been used to bock -N-alkyl group
against protonation.

It is also true that 2-methoxy-S-acetamido derivative dyes
could alen exercise suchk influence due to the sirategic
positioning of a methoxy group at R. position, but it is also
true that the bulky -NHCOCH: group can ipterfere with the p-
orbital at the B-unitrogen therefore from the former effect there
is increased [azonium! and the latter effect there is increased
(ammoniuml, the two effect reacking equilibrium wiih the result
that the dyes derived from 2-methoxy-S-acetamido aniline suffered
more bypsochromic shift than those derived from 2,5-dimethoxy
aniline.

The dyes derived from 3-acetamido-N,N-diethylaniline suffered

more hypeochromic shift. Two corresponding reasons account for
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this. The bulky ethyl group at the terminal nitrogen sterically
blocks the approach of a proton, but the high +1 strength of
these groups concentrating the lone pair at the nitrogen atom
encourage proton affinity, it appeare that the last effect over
ridee the steric factor, also the large acetamido group can
interfere with the p-orbital at the B-azo nitrogen, eo that the
overall effect is marked hypsochromic shift as was recorded for

the dyes derived from 3-acetamido N ,N-diethyl aniline.

3.5 Interpretation of IR Spectra

The fundamental reactions of concern in this analysis
involved the condensation of the aldehyde furctional group -CHO
in the parent dye (I}, (II), (IID), <I¥V), (V) arwd (VI) to form
their respective condernsation derivatives and the nucleophilic
substitution reactions of bromine in the dyes (I}, (II) and (IID}
by cyano groupe to form dyes (IV), (V) and (VI) respectively.

The basis of infrared spectroscopy ir this respect was to
ensure that the aldehyde groupe were actually condensed as
observed by the disappearance of their absorption peaks when the
spectra of respective derivatives were compared with those of the
parent dyes.

Aromatic aldehyes are believed io absorb in the following
regions of the infrared spectrum?® 49,

Strong band at 1650-1750cwm™'
¥edium bands 2700 - 2750cm™!

1225 - 1300cm™!



1160 - 1200cm™!
830 ~ 970cm"'

All the dyes in group (IV), (V) and (VI) contained cyano
groups while theose 4n group (I}, (II) and (III} contained
aldekyde groups. So dyes (IV), (¥) and (V1) were easily
dietinguisbed from (1), (II}) and (IIl} by the precence of -CX
group. This functional groupse absorbs a stretching vibration at
2120-2260cm™'. It can also absorbs between 2200-2300cm' 49-43,

Anotber approach of distipguishing dyes in groups (IV), (V)
and (VI} from those iz groups (I), (1I) amd (III} ie the absent
of bromine absorption peaks in the former. But this ic ueed to a
leser extent becsuse bromine absorption is not counstant with
reepect to structure.

Observation of the ir spectrum of dye (I) showed a2 strong
band at 1715cm ', (Ia), (Ib), (Ic) and (Id) did not show similar
peake. This confirmed that condensation had taken place. Dyes
(Io)-(IdY showed a wmedium-strong abecrption peak at 2400cm™?.
Thi= ie a characteristic absorption bard of a -CN group. Dye (I)
and (la) did not show thic peak, indicating that the -CF group is
absent.

There is a ctropg band at 1700cm™' for dye (11} due to the
presence of -CHO etretching. This is absernt in dye (Ila-(Ild).
The presence of a medium absorption peak at 2400cw™' for dye
(IIbY-{1Id) but not in (Ila) indicated the presence of -CN.

The ir spectra of (IIIb)~-(IIld) indicated a strong absorption

band between 2400-2420cm~' due to the presence of the same -CK
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group. However dyes (III) and (IITa) did not show the presence
of CK group.

All the dves in grouns (IV)-(VI) ehowed strong abecrption
band at 2120cm~' indicatig the presence of the -CF- group and
this clearly showed that the bromine has been replaced by the

Cyanu groups.

3.6 Dye Exhaustion and Substantivity for Polyester

All the dyes synthesised were applied on polyeeter and the
percentage dve absorbed estimated to assess the substantivity of
the dyes for the fibre. The resulte obtained are shown in Table
3.13 and 3.14 for the dibromo derivaties and cyanc derivatives
respectively.

As can be seen from the results summarised in Table 2.13 and
3.14, dyes based on dicyano derivatives have higher substantivity
on polyester than the dibromo derivatives. This can be
attributed tn their lower molecular weight favouring high
diffusion ceoefficient. It is generally the case with disperee
dyes of low molecular weight that the rate of diffusion is
normally high because the polyester filbre is more compact in
structure and therefore dye possessing large molecular weight
usualy find it difficult to penetrate the interior of the fibre

molecule,
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Table 3.13: Dye exhaustion on polyester for dyes based on 2,6-

dibromo para substituted azo dyes

Dye Ko : _Per cept Exhaustion : Shade i Sample
(I : 65 : pink s
(Ia) : 53 :light-pink
(Ib) : 20 :bright pink :
(Ic) : 38 :dull pink
(Id> : 60 :1light violet:
(1D $ 63.5 : Orange
(ITa) $ 60 :light pink
(IIb) : 45 : pink
(IIc) 3 55 : deep pink
(IId) 3 63 : Stained
(IT1) 3 60.1 ¢ pink
(Illa) 3 40 :light pink
(IIIb) 3 37 : light pink :
(Illc) 3 53 :  Stained

(I11d) s 59 : Stained s
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Tale 3.14: Exhavustion of dyes on polyester for dyes based on

2,6-dicyanopara substituted azo dyes

Dye Bo =~ : Exhaustion (%) :  Shade : Sample

(Iv) s 70 : Purple
(IVa) i 63 : blue

: blue
(IVh) : 56 : bright blue
(IVe) : 50 : blue-violet
(Ivd) - 62.3 : blue
(¥ - 63 : violet-blue
(Va) 3 50 : reddish-violet :
(Vb) } 55 : viplet
(Ve) 3 70 : deep blue
Vd) H 68 : violet
vI) 3 77 : violet-blue
(Via) - 60.3 : blue
(VIb) 3 73 : bright blue
(VIc) H 75 : blue

(Vid) : 77 : viplet blue
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The surprisng result is the percentage dye exhausted of the
dyes based on 2,2-indene-1,3-diyledene bispropandinitrile which
proved to have higher substantivity than their 3-oxo-4'-“-indane-
dione malononitrile counterpart and in some cases even better
than the dyes based on indane-1,3-dicne.

It can be explained that both indane-1,3-dione and 3-oxo-'-3-
indandione malononitrile are having at least an oxygen atom in
their etructure. This is believed to participate in hydrogen
bond formation inside the fibre structure, while dyes based on
2,2-indene-1,3-diylidere bispropanedinitrile doee not carry any
oxygen atom in its structure. This hydrogen bonding capability
of the former dyes can hinder their diffusion into the fibre as
reported by Glenzel et al®®. Another possible explanation is
that oxygen atom ie more spherical and might contribute to more
molar volume factor than the cyano group which are rod like and
denser and therefore less molar volume factor®?. These reasons
could alsoc be fowarded to explain why dyes based on 2,6-dicyano
dyes are bhaving more substantivity than their 2,6-dibromo

derivatives

3.7 VYash fastness properties

All the dyeings cbtained on polyester fabrics were assessed
for wash fastness test by following the I1.5.0 3 standard
procedure. The results of this investigation using grey scale

for aseessing both change in shade and staining of the adjacent
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fabric are shown in tables 3.15 and 3.16 respectively for dibromo

ard cyano derivatives.

Table 3.15: Vashk fastness of dyes derived from bromo derivatives

Dye o :  Change in colour  :  Staining of white polyester

(89 3 3 : 4
(Ia) 3 3 i 3-4
(Ib) : 3-4 : 4
(Ie)> =3 4-5 : 4
(Idy 4-5 3 4-5
(11 i 3 : 2
(IIa} 4-5 E 3-4
(IIb) : 4-5 $ 3
(IIc) 4-5 ¥ B
(11d» 2-3 3 4
{318} O3 4 : 4
(IlIa) : - : 4
(IIIb) : 2-3 3 4
(Illch : 4 3 4

(I1Id) : 3 i 3
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Table 3.16:Vash fastness of dyes derived from dicyano derivatives

(Ivy 2-3 3 4
(IVa) 3 : 3
(IVb) 3-4 3 3-4
(IVe} e-3 : 4-5
(rvd» 3-4 3 4
'S ! 3-4 : 3
(Va) 3 g 4
(¥b) 3 : 3-4
Ve) 1-2 3 3-4
vd) 3 3 3-4
vI) 4 3 3
(Via) : 4-5 : 3-4
(VIib) : 4 : 4
(Vic) : 4 : 4
(Vid) : 4-5 - 4-5

The results of the washness fastness summarised in tables
3.15 and 3.16 generally showed that the washing fastnese of dyes
derived from dibromo derivatives were better than those based on
dicyano derivatives. However, both series of dyes have moderate

to good fastnsss rating.
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The excellent fastnes of the dibromo derevatives relative to
the cyano derivatives is due to the large molecular size of the
former which afforded them low diffusion and made thenm bhave
bigher resistance to washing than the relatively low molecular
weight dicyano derivatives.

Vith respect to the substituent effects on washing fastness,
it could be observed that lower grades were obtained for the dyes
based on 2,5-dimethoxy aniline dyes (III} and (V). (IIIb) gave
the lowest for 2,6-dibromo derivatives while (Vo) gave the lowest
far the dicyano derivatives.

1t ie however, generally observed that with increase in the
molecular weight of the dyes higher fastnees properties were

recorded.

3.8 Light fastness test

Light fastness testing was carried out by the help of xenon
arc lamp whose spectra composition almost equal that of the
natural day light. Exposure was carried out for 24 houre when
the specimens have faded to the extent of grade 3 on the standard
grey ecale for evaluating washing fastnes. The results cbtained
are summaried in tables 3.17 and 3.18 for the dibromo and diyano

dyes derivatives respectively.
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Table 3.17: Light fastness rating for dibromo derivatives on

polyester

Dye Np ——— Light fastness rating
II 7 3 -4
(Ila) : 2-3
(IIw $ 2
(1lc) 3 2
(I1d} ; 2-3
(111>
(I1la)
(11T
(111c) 3 1
(1114} i _4-5

Table 3.18: Light fastness rating for dicyano derivatives on

polyester

‘v § 3
(Va) 3 2-3
(Vh) : 2
{Vc)
(Vd)
(vl
(Via)
(VIb)
(Vied : 2-3
(Vid) H 2

?
&
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As can be seen from the resulis in tables 3.17 amd 3,18 for
for series of dyes, the light fastness of these dyes are very
poor.

Comparicon of the twe series ehiows 'thl!tt 2,6-dibromn
derivatives bave slightly fair light fastness than the 2,6~

dicyaﬁo derivatives. Thie is no doubt due to the influence of

the bromine atoms,
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It wae observed generally that to obtain bathochromic shift,
incorporation of highly electron withdrawing group at acceptor
group of the azo dye could achieve this objective. But the
precence of two bromo or 2 cyano groups in positions 2 and 6
relative to the azo group made the dyes under study to be
relatively insensitive to this effect due to steric interference
affecting the delocalization of the lone pair of electron at the
B-nitrogen and thie also reduced the extinction coefficients of
the dyes.

It was also found out that there is a general negative
halochromien which reflected the high electron withdrawing nature
of the substituents incorporated.

Incorporation of relatively low molecular weight cyano groups
had negative effect on the washing fastnese and to some extent
also on the light fastness. Though the relative low molecular
weight of cyano derivatives had more substantivity. There was
alsc a general bathochromic shift with increase in polarity of

the solvents.



89

1. Vysecki, and Stiles, "Colour Science Concepts and XNethods,
Quantitative data and formla* Villey Intersclience Ltd. pp 5-25

(1967).

2. Griffith=, "Colour and constitution of organic molecules®,

Academic Prees London pp 8 (1976,

3. Allen, "Colour chemistry" ITI, Ltd. pp 5-25 (1971).

4. Griess, '"Annalen' 106 (1G58) 123.

5. Kekule, 'Bull society chia', France, (2) 3(1865) 08; 'Annalen’

137 (1866) 12a, Ber, 2(1989) 362

6. Graebe and Liebermanz 'Ber' 1 (18658) 106,

7. Nietzki 'verdandl des Vereins Zur Burforderung des Cewerbefki-

sses' 58 (1879) 231.

8. Hewili and Mitckell 'Jourue! of Chemical Society' 91¢1907)

1251.

9. Shutzi, Physlik, Chem. O (1892) 109.



90

10. Witt Ber, 9 (1976) 522.

11. Kaoffmanu, ‘'Die Auzochrume, samlung citem und chem-Techn

Voltrage' Vol 12 (Stuttigart: Ence 1907).

12. Delikey and Wizinger, 'Journal of practical chemistry' 118

{1827) 321.

13, Arazstrong, 'Proc, Chemical Society' (1888) 27.

i14. Vatecon, 'Proc. chemical society' 20(1913) 348.

i5. Baly and Desch, 'Journal Chemical Society' 85(1904) 1029,

67 (1905) 7566.

16. Von Baeyer, 'Annalen' 354 (1907) 152.

17. Willstatier and Piccard, 'Bero 41 (1608 1458.

18. Drude Ann Phys 14 (1904) 677, 936.

19. Yoshida and Takabayashi, Tetrahedron, 24 (1968) 933.

20. Dewaxr, 'Jourpal Chemical Society' (1950) 2329.



91

21. Dahne, 'Science’ 199 (1978) 1163.

22. Dakue and Kulpe, J. Prakt. Chem. 320 (1978) 395.

23. ¥Xuhn, Helv Chim Acta 31 1441, (1948) 2. Elecktrochem 53, 165

(1949},

24. Thomson, "Anthraquinone dyes” pp 402. 'Thorpes dictionary of

applied chemistry’' Longwan Green London 4th ed (1954).

25, Kakitani and Kakitani, Theor. Chem. Acta 46 (1977} 259.

26. Pople and Segal, 'J. Chem. Fhy'. 44 (1966) 3289.

27. Del Beme and Jaife. 'J. Chem. Phy' 48 (1988) 1807, 4050.

28. Duke, Paton, Saianell, Thomas, Plummer, Heeger and McDiarmid.

'Chem. phys letters’ 59 (1078) l46.

29. Mee and Sturmer. 'J. org. Chem', 42 (1977) 1041.

30. Chantrell, McAuliffe, MXunn, FPraff and Weaver, Boiorg. Chem.

7¢1977) 283.

31. Baba, Suzuki and Takemura J. Chem. Phys 50(1969) 2078.



a2

32. Longnet-Higgins and Murrel, Pwe Phys. Soc. A. 68(1958) 601.

33. 8. BP 1,275981 (1968).

34. S, BP. 1,323,568 (1969

35. YCL, BP. 1,364,201 (1971)

36. ICI, BP 1,423,648 (1972)

37. Venkataraman, 'The analytical chemistry of synthetic dyes’

(John Villey and Soms Inc. 253, 1977).

38. Martynoff, Compt. Rend. 235 (1052) 54.

39. Hallas, J.S.D.C., 95 (1979) 285.

40. Castelino and Hallas, J.C.S. B (1971) 793.

41. Gregory and Thorp, J.C.S. B(1971) 703.

42, Mishra, Patnack and Rout, Indian J. Chem. (A), 15(1977) G651,

43. Griffiths and Roozperkar J.C.S. Perkin 1 (1976) 42.



93

44. Vells gt al 'Journal of Organic Chemistry' 25 (1960) 2053-5

45. Bello, Lubu, and Criffiths, J. Chem. Soc. Perkin II 6(1987)

1714.

46. Hallas, I1.S5.D.C. 95 (1079) 285.

47. Venkataraman, "The chemistry of synthetic dyes" Academic

Press pp 3-5, Vol. 3, 1970.

48. Sawgyer,Villiam,and Janice,'Chemistry Experiments for

instrumental methods'. John Willey and Soms pp 232-236, 1084.

49. Elong and Vinefordner, 'Applied infrared spectroscopy' John

Villey and Sons' Vol. 54, pp 174 (1979).

50. Glenz, Beckmann and Wunder, 1.8.D.C 75(1959) 141.

51. Dewar and Dougkerty, 'The P.X.0. theory of organic chemistry’

(New York: Plenum, 1975).

52. Methode of test for colour fastness of textixile and leather,

s§.D.C., CO3, 1978, B.S. 1006, 1978.



