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ABSTRACT

The research thrust of this thesis investigatedrote of acetylation on
the colour and dyeing properties of mono azo dyksrevH-acid was used as
coupling component. It also studied the potentialit 2-nitroso-I-naphthol both
as a pigment when used as a ligand with some edléwavy metals and as a
dye to nylon and wool substrates with a possibditypeing postmetallized with
some metallic salts. In addition, characterizatamial dyeing properties of dyes
where p-amino toluenesulphon-N-ethylanilide wasduae diazo component
was investigated.

In the first case, H-acid was acetylated. Two setsdyes were
synthesized from this and the unacetylated interabedby coupling with
different diazo components. The two groups wereragttarized and then
applied to wool and nylon 6.6 fabrics and their ocofastness assessed.
Generally, the acetylated dyes gave hypsochronfiectsf on color. However,
color fastness to wet treatments such as washidgarspiration was improved
on both substrates as a result of acetylation. ¥dsera general improvement
was made on acetylated dyes when applied to wdmlicfano noticeable

improvement on light fastness with respect to n@dhwas observed.
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2-Nitroso-1-naphthol was synthesized and coupled twe diazo
components under alkaline condition. The three aamgds were in turn
complexed to several heavy metals. Two types ahpigs the 1:1 and 1:2 were
identified. In the 1:1, one molecule of the orgacmenpound was complexed to
one atom of the metal whereas in the 1:2, two nubésc of the organic
compound were complexed to one atom of the meta. rEsults showed that
both the parent nitroso and its azo derivativessémeng ligands. They formed
complexes by mere shaking the solution of the sareith an agueous solution
of the heavy metals. However, unlike the complesesved from the nitroso
phenols, the two types of complexes cannot be réiffiated by solubility.
Similarly, the two types of complexes seemed taodbst basically the same
region. The complexes from different metals gavstintit color differences.
Following the success of this, we extended the gamfigdiazo components to
increase the number of azo dyes. Their uv-visilsld &-spectroscopies were
studied. The dyes obtained were applied to wool ayldn 6.6 fabrics. The
kinetics and thermodynamics of dyeing were quatifiThe postmetallisability
of the dyed substrates with heavy metals was tingstigated. The effect of pH
on adsorption by wool and nylon 6.6 substrates iooefl that acid-dyeing
mechanism could explain the dyeing system. Guengy phenomenon

observed with the



dyeing of polyamide fibres with conventional acigkd was however, not indicated by
these dyes. A dyeing mechanism from this obsematias proposed. As with many
cases in the literature, thermodynamic and kinaftidyeing didn't outline any general
trend with respect to the influence of moleculazesivolume and the degree of
sulphonation etc. The dyed substrates proved risatlé with the agueous solutions
of heavy metals. The influence of pH on metallmatshowed that the best region is
between the pH of 7-9. It also indicated that a/\arort liquor ratio is more desirable
with a very dilute solutions of the metals. Thetidit shade changes confirmed that
the nitroso and hydroxyl groups are still intactheir relative positions and therefore
formed the complexes in situ. These findings adgktdanother post metallisable dye
in addition to the already existing ones. Its chamastics are however, similar to the
dyes with salicylic acid residue. The dyeings shibweoderate to excellent wet
fastness treatments, but poor light fastness ratmgboth substrates, the effect of post
metallisation showing little influence.

p-Aminololucnesulphon-N-ethylanilide was diazotised coupled to
five  different coupling components.  After uv-visible and
Ir-
characterisations, the dyes were applied to wooll aylon 6.6 substrates.

Thermodynamic and kinetic parameters were quadttbgether with wet



and light fastness indices. The results showedtthabmcrism greatly affected
the extinction coefficients of the dyes. The wasid gerspiration fastness
ratings were also good. The light fastness progedf the dyes were moderate

on nylon 6.6 but ranged from good to excellent @ohsubstrate.
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CHAPTER1 .

Literature Survey

1.1 lntroduction

| Dyes are described as chemical substances that are colored and can be
i-mparted onto a given substrate. They are characterized in accordance with
their ability to absorb in the visible part of the electromagnetic radiation.
Visible light represents a very small part of the electromagnetlc spectrum

and corresponds roughly with radlatlon w1thm the wavelength range 400-

Py
?kn_-, .

780 nm. | T - o
. The absorptien of light by colored substances is due to electronic
.trr\:msitions' between different orbitals within the molecule and the
wavelengths absorbed are determined by energy differences between the
' .orhitals. Every dye or pigment therefore exhibits a pattern of absorption
- arising from its chemical structure and this may be represented by an
absorption spectrum consisting of a graph in which the degree ef absorption

is plotted as ordinate ag,amst wavelength as abscissa.
The v151b1e spectrum contams TG{,]OHS recogmzecl by the human wsual.

. system m terms of color and the approxrmate wavelength ranges

. corresponding to the colors are as shown in Table 1.1,

LD



Wheﬁ Iight of a giveh color is absorbed the complementary color is
.transmitted or reflected. For example, a dye absorbing light within the blue
range is éeen in daylight as yellow.

The absorption spectrum of a dye may be complex, apd the purnity of
the color observed depends on the shape of the curve. Bright colors are thé A
result of narrow absorption bands with sharp peaks and duliﬁess is
associated with broeu:lel.r bands lacking |

Table 1.1 Relationship of Colors observed to Wavelengths absorbed.’

Light absorbed Complementary
Wavelength (nm) Color | ~ Color seen
400-435 : | Violet =~ Green-Yellow
435-480 | Blue Yellow
480-490 - Green-Blue | Orange
490-500 | , Blue-Green _ Red
500-560 Green Purple
560580 Yellow-Green Violet
580-595 | Yellow | Blue
505-605 Orange Green-Blue
606-750 Red Blue-Green

Ze



such peaks.  Non-spectral colors such as brown are associated with
'absorption spread fairly evenly over a wide wavelength range. Black is the

result of absorption throughout the visible spectrum.

1.2 Historical Development of the Synthetic Dye Industry

Before the mid-nineteenth century, virtually all dyes originated from
animal and mineral sources. In fact, aﬁcient Egyptian hieroglyphs contain a
th_orough description of the extraction of natural dyes and their application in
dyeing®> Further development extending many thousand years led to rather
complicated dyeing processes and high-quality dyeings. Among these,
indigo, Turkey red ancient purple deserve spe;:ial mention. Indigo is a
natural blue colorant of vegetable origin. The major source of this dye was
the plant indigofera tinctoria. The leaves of the plant is rich in indoxyl (1),
which is a glycoside derivative. Fermentation of the leaves liberates free
indoxyl and this is rapidly oxidized by air to the desired, water insoluble

indigo (2). In Europe the woad plant was used to provide the dye. |
0 0 H

M ' @
The superior wash- and light fastness properties of indigo meant that

none of the early synthetic blue dyes posed a threat to it. Madder was also
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vegetable based. It is obtained from the root of the Rubia tinctorum plant.
The principal component being alizarine (3). The popular Turkey Red is
from the same source. Cellulosic fabrics were dyed with this material by a
mordant dyeing process. Perhaps the only natural dye that is still in
production on a large scale is logwood. It is derived from the wood of the
tree Haematoxylon campechianum which is cultivated in Central America.
When freshly cut the wood contains haematoxylin (4). This is oxidized to
haematin (5) during ageing or deliberate oxidation of the extract. Logwood
is still used for dyeing wool, silk, nylon, viscose and acetate fibres to a cheap

black shade with good fastness properties.*




In 1771, pﬁcric acid was obtained by Woulfe by heating indigo with

J.n.itric acid. Although it was found that picric acid dyed silk greenish yellow,
it was not until 1845 that an economic route to picric acid from phenol could

- be found and the dye commercialized. It was however not a successful d)-fe '
because of its poor light fastness. In 1818, Pr_out discovered Murexide (6)..
| It was made by the reaction of uric acid with concenfrated nitric acid
followed by ammonia. Like picric aci.dl, its poor fastﬁéss properties limited

its usefulness.

Another historical antecedant to the development of syntheﬁc dye.
industry was the discovery of Aniline by the distillation of indigo by
Unverdorben in 1826. In 1825, Faraday discovered be;lzene and by 1845,
Zinin and Hoffmann had found how to nitrate this chemical and how to
reduce the product to aniline. |

Iﬁ 1834, Runge synthesized Rosolic acid (7) by the oxidation of crude
carbolic acid. However, it was not until 1861 when it was obtained by

heating phenol with oxalic acid and sulphuric acid.
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The foundation of the synthetic dye industry was laid in 1856 when
Perkin synthesized Aniline purple otherwise called Mauvein while
attempting to produce quinine by oxidizing aniline, a dirty brownish product
was obtained. By extracting with alcohol he obtained mauvein. He showed

that the dye was in fact a mixture of two dyes; (8) and (9).
Hs N@th H; NHph

©
@

Another success story was Magenta. This was discovered i 1856 in
Natanson and commercially by Verguin in 1959, Verguin obtained this dye
by oxidizing crude aniline with stannic chloride. One of the principal
contents of the dye was homorosaniline (10) together with rosaline.

Magenta proved a greater commercial success than Aniline purple. Other
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nﬁtable discoveries in the 1950°s and 60°s were Hofmann’s violet (11) 1863,
and Girard’s violet Imperial (12) 1860. But, the first systematic approach to
dye synthesis came independently from Nicholson and Gilbee in .1 862 when -
they deliberately sulphonated N-phenyl derivatives of magenta to confer
water solubility. These proved to be the pioneering researcﬁ .in aéid dyé

| ﬁeld for wool with good water solubility and protein fibre affinity.

CHgN
! NHC ,Hs ]
HC ,Hg

1
an (12)

In 1863 a major break through was made with the synthesis of an azo
dye Bismarch Brown by Martin (13). The structure of the dye was only

discovered when Griess demonstrated the azo coupling reaction.

N N y //N

(13 NH.

NH,

H;
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Afier the decisive work by Kekule on the quadrivalence of carbon in
1858 and on the constitution of benzene in 1865 a way was opened for the
planned preparation of purely synthetic dyes as well as for the artificial |
production of natural dyes. The first success to be mentioned is the
elucidation of the constitution and the synthesis immediately afterwards of
alizarin by Gracbe and Liebermann in 1868. They synthesized alizarin by |
bromination of anthraquinone followed by alkali fusion. The high cost of
bromine prevented commercialization of this method until Perkin and Caro
discovered an alternative route in 1869 by the sulphonation of anthraguinone
in the Z-position followed by alkali fusion.

In 1866 Martins and Griess showed that Aniline Yellow was actually
4-amino azo benzene formed by coupling diazotised aniline to aniline itselﬁ
followed by acid-catalyzed rearrangement of the diazo amino compound.
The coupling reaction between diazonium ions and phenols was discbvered
by Kekule m 1870. In 1875 Caro made the basic azo dye chrysoidine. 1876
saw the syvmthests of the first azo dyes for wool Orange I and Orange II by
Roussin.

In 1873 Croissant produced what came to be known as sulphur dyes
by heating saw dust with sodium polysulphide to give deeply colored

products. By 1880 a completely new dyeing method was discovered by the



introduction of azoic dyeing. It involved saturating the fabrié with an -
alkaline solution of a phenol or.naphthol al'ld then treéting the fabric with a
éolution of a diazotised aromatic amine, )

In the eérly 1880’s, cotton was still the most important textile fibre,
the dyeing of which was only limited to Indigo and mordant dyeing with
alizarin, the shade of which were very narrow coupled with troublesome and <4
fﬁﬁ;:é; unreproducible. Thus a major step forward was made in 1883 when
Griess developed disazo sulphonated dyes which had natural affinity for

cellulose without the need of a mordant. These dyes were later named direct

dyes. Thus in 1884 Bottinger synthesized Congo Red (14).

NH2 . =
OO0
O4Na (4) | O;Na

By 1885 also, Meldula and Nietzki prepared dyes from the coupling
reaction between diazonium ions and salicyclic acid which could by
mordanting with chromium produce good fastness properties on wool. This
was the beginning of metal-complex azo dye éherrlistry.

In the 1890’s, Indigo was perhaps the only natural dye that had any

commercial importance, a lot of research was intensified to synthesize it.
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~ After economically non vi.able attempts by Baeyer iﬁ 1878 Ey the .o-
nitrophenylacetic acid or the o-nitrocinnamic acid route neither .w'as. thé
BASF’s anthranilic acid (15) though o-c.arboxy-phenylglycine (16) was any
SUCCESS.

ooncoon § OIS
CICH,COOH —_— = Indigo
CICH,CO0H CH, 9
NH NH~
2

16
‘(15) (16

In 1902 a more economic route was established by Roessler by using

phenylglycine (17) and cyclizing it to Indoxyl at'moderate temperatures by

COOH 1 NaNm,, 1800C
éH ) 2. oxidation
H/ —_— Indigo

an

using sodamide.

Concurrently in 1901, Bohn in an attempt to synthesize Indigo |
structure  containing anthraquinone residues by reacting 2-amino
anthraquinone with chloroacetic acid and subjecting to alkaline fusion
obtained a blue dye which was subsequentlj shoﬁn by Scholl to be an

Indanthrone (18) believed to contain a quinonoid structure.
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The recognition of quinones as potential vat dye systems encouraged
intensive investigation of other related structures and many new vat colours
| were intrpduced in the 1900-1910 period. |

From the 1901 to the 1930’s notable achievements included the J-acid
direct dyes, naphthol AS and its analogues in the azoic dyemng field, blue
acid dyes from bromamine acid and arylamines. Others included the Neolan
dyes which were the pre complexed mordant azo dyes for wool and silk. In
1920 the ICI marketed Caledon Jade Green (19) thus filling the gap in the
vat dye range. It became possible to market stabilized diazonium salts and
sulphuric esters of pre-reduced vat rdyes increasiﬁg tﬁe versatility and
conventence of the azoic and vat dyeing processes. The introduction of
cellulose acetate fibres opened a totally new appr'oach in the dyeing

technology. The lonamine dye ranges in the 1920°s solved the problem.



These dye ranges were Believed to be wéter soluble but hydrolyse toa

water insoluble dye inside the fibre. Subsequently disperse dye chemistry
was born. In 1934, the most important new chromophore of the century,
| copber phthalocyanine was marketed by ICL.
- Essentially, the 1940’s saw the marketing‘of Nylons, polyesters and
the acrylic fibres which meant a more intensive research in the disperse dye
area, culminating in the discovery of the more innovative cati:onic dyes for
acrylic fibres. |

When the cotton reactive dyes were introduced in 1956,. it proved to

_ |
be the most significant advance in dye application chemistry of the century.’

13 Develonm'e'nt of Color and Constitution Theory

Apparently synthetic chemists were advancing faster than the
theoretical chemists. It was not until the Kekules cyclohexatriene

formulation of the benzene ring in 1865° that structural chemistry started to
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be appreciated. This was however later modified to a dynamic structure "
involving a continuous loscillation between the two triene forms. Electron
was only discovered in 1897 and the concept of the electron-pair-bond |
formulated only in 1916’

The first observation on the relation between chemical constitution
and color was made by Graebe and Liebermann.® They postulated that color
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 color disappeared on reduction. Ih 1879, Professor Nietzki® extended
this idea and formulated a rule that the color of a. dye was deepened 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, however, the rudiments of the ideas of extended
conjugation can be recognized in it. |

Hewitt and Mitchel® stated the rule .comectly in terms of the.
dependence of color on the conjugation length in a molecule. Schutze'' in
1892 examined Nietzkis rule in depth poinﬁng out many exceptions and ih
so doing coined the terms bathochrome and hypsochrome.

The first real attempt to establish a general theory relating depth of

color to molecular constitution was by Witt in 1876.'> He considered that a
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dye molecule could be dissected into discrete units, the total combination of
~ which gzlz_ve rise to cdlor. He noted that all dyes known at that time
contained a benzené or naphthalene moiety and that attached to this moiety
were simple unsaturated groups such as ~NO, -NO, -N=N-, -C=0, _. |
which he termed chromophores. Combination of an aromatic nucleus and :
chromophores give rise to feeble color or non at all. Such a -union was .
called a chromogen. Intense colour could be developed from a chromdgen |

by attaching weakly basic groups i.e -NH,, —NRz, -OH etc. called
auxochromes. In modern times a chromophore is more clearly defined as a -

M (mesomerically electron withdrawing) and auxochrome as a +M

(mesomerically electron donating) substituents. This approach was adopted

by Kauffmann'’ in the 1907 systematically extended and developed. He |

established that the relative effectiveness of the common auxochromes for
producing color is: | |
CHs- < OCH; < NHAG < -NH, < Nme, < NHph.

Recognizing that chromophores were | opinosite m Acid-Base -'

chafacteristics to  auxochromes, Kauffmann redesignated them

antiauxochrome.  Kauffmann also examined the influence of multi

auxochromic substitution on color and the importance of the relative

position of auxochrome and antiauxochromes in a dye molecule.
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Kauffmann showed that the deepest color was obtained when two
auxochromes were ortho, meta relative to a single anti auxochrome. The
organic chemist however thinks that ortho and para arrangement is

potentially the most bathochromic. This is well exemplified by the two azo |

dye anions (20) and (21).

Q’”‘@ *@j;)@

Although a greater number of low energy r;:sonance structures can be
drawn for (21) than (20), it is the latter compound that aborbs at longer
wavelength. This highlighted one of -the weakness of the resonance
interpretation of color in which seemingly resonance forbidden stru;:ture.s are
often ignored, yet these can make very important confribution to the excited
state of the molecule and hence its color. Adequate considératibn of such
sfructures predict (20) to have ldwer transition energy. |

.Witts theory was developed further by Pfeffer, Delthy and Wizinger™
.to explain the intense color of the di- and triaryl- methane cationic and
anionic dyes which contain no obvious chromophores.  The concept of

: .
lonogenes was introduced  (,, & & £
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| - which were poweful antiauxochroﬁlic group.»s... Witts thédry as it Was, though
applicable to quinone and azo dyés could not be applied to the cationic dye
| known'.at that time. | |

Wizinger" also pointed out that it is impossible to understand the so
called distribution principle of auxochromes on the basis of the resonance
theory to be discussed later. This refers to the fact that the introduction of a
further donor into a benzene derivative that already carries one electron

acceptor and a donor causes the following shifts relative to the 1,4-donor-

acceptor compound: | - -
D i D g
D
D D
Y S < S -~ N -
Red shitt

.It is seen here too'® that the cause of this shift to longer wave-lengths.
lies in the fact that the energy in the éxcited-staté does not corrcspond to that
which could be expected from the customary concepts of the resonanc'el
theory.

In 1888 the quinonoid theory was proposed by Amstrong.!” This

approach enjoyed wide acceptance in its day because of its immediate
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relevance to the cationic dyes which were most numerous at that time. The
theory was based on the idea that the exocyclic double bonds peculiar to
ortho and para quinonoid structures (26) and (27) were in some way strained

and this was associated with color. . N
28) @
Thus any molecule that had such quinonoid units in its structure
would exhibit color. Cationic dyes e.g (28) also owe their intense color to

the quinonoid structures. The azo dyes are adopted to this theory by,

assuming that they actually existed as hydrazone tautomers e.g (29).

NH
AT

@s)

28) - | _
Many exceptions to the quinonoid theory were advanced. Some

quinonoid compounds were synthesized with no colors e.g .'1,4-
benzoquinone diamine and also many intensely colored compounds with no
possibility of quinonoid substituents were synthesized e.g 1,4-dimethoxy-2-

nitrobenzene (30).
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OCH;

3
(30)

Watson'® in 1913 suggested that if a dye could show a quinoﬁoid_
structure in all its possible tautomeric forms, then it would be deéply col.ored
however small its mo_lecular size. An example of this is Indamine (31) =
which is blue contrasted with 4,4’ -diamino azo benzene (32) which is yellow

and yet the latter has the greater degree of conjugation.
O OO
'- Gy 2 |

It was then possible to rationalize various pronounced differences
between dyes of similar molecular size, as Watson demonstréted for hydroxjf
anthraquinones, triarylmethane, indophenol dyes and .many others.. |

In 1904, Baly and Desch"” promoted by the. discovery. of the
phenomenon of keto eno! tautomerism, ﬁresumed that near uv light
absbrption was associated with the rapid bond alteration occuring between
tautomeric forms of a molecule ¢.g (33a) and (33b)

R—CH;~C—R &—» R—CH=C—FR

4

(333) (33b)
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However, mény colored compounds are incapable of exhibiting
tautomerisrﬁ. Analogous oscillation theories were proposed by Von
Baeyer for triarylmethane dyes and by Willstatter®'.

Watson'® 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

+
NBZNQM—O_MZ e WZN—OVCEQM;
(34a) (34b)

The longer the chain the slower the period of the oscillation and then

ie.

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
correspond to frequencies in the IR range, uv frequeﬁcies required the
oscillation of particles of much smaller mass i.e electron and visible region
involved interactions of the radiation with electrons.

1.4 Qualitative Methods of Color Prediction

1.4.1 Predictive Methods of Color Assessment

19



o Coiofed organic mblecules have been classified into the following
chromogenic types by Griffiths™,;

® ot |

(i) donor-acceptor

(iti) polyene

(iv) cyanine

Most organic dyes however belong to the ﬁonor-acceptor élass. Such
| chromogens are characterized by having one or more substituents with lone
pair of electrons (donor groups) and .one or-more electron attracting
substituents (acceptor groups) ﬁttached to the same conjugated =x-electron
systems (comjugating bridge). Absorption of visible light results in the
migration of m-electrons density from the donor groups to the acceptor
groups. The transition energy of such process will depend critically on the
relative strengths 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 écceptor
| | strength (electron affinity Hammett ¢ constants), and the correlation of these
quantities with absorption maxima. The order- of electron donor strengths
for some common donors based on ionization potential is:- |

Oac < OH < NHAc¢ = Ome < SH <NH, < Sme < Q"< NH’

20



The color of donor-acceptor chromogens generally deepens as the
donof strength is increased. An example of a linear correlation between
.ab:sorption Wavelength and ionization potential of donor is given by the 2-
donor substituted anthraquingne:”, corresponding compounds substituted in
the 1-position are complicated by steric interaction and hy_dfogen bonding
effects. ) |

 Prediction of spectral properties based on electron acceptor strength

using the Hammetts substituents o-constant are met with complexities

because the o-constant derived on the basis of grbund state properties of
aromatic compounds containing the relevant accebtor group, may have little

relevance in the excited state of the chromogen.

1.4.2 Resonance Theory

This theory states that if an unsaturated orgamic molecule can bé
représented reasonably as a hybrid of two extreme canonical forms, then,. the
- closer the two forms are in energy, the émaller will be the gap between the |
ground aﬁd ﬁrsf excited stafe i.e the more bathochromic will be the light
absorptiou band. (35a) and (35b) are two canonical forms of a cyanine dye; |
.they are equai in energy, thus resonance theory suggests that these should

absorb at particularly long wavelength. Such chromogens are generally the
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most bathochromic of all organic n — #n* chromogens for a given molecular
size:

RoN—CH=CH)—CH=NR , <——> RoN=CH—CH=CHT R,
(352) E (35b) :

| The merocyanines (3.6) have none équivﬁlent extreme forms (36a) and
- (36b), they are predicted to absorb at shorter wavelengths than the cyanines
of equivalent chain length. The mefocyanincs and related chromogens have
a ground state structure corresponding more closely to the neutral form and
thus show some degree of double-single bond alteration along their

conjugated systems.

Ry;NHCHECHICHEO —— R,N=CH—CH=CHyiO-
(36a) ) (36b)

The hydrocarbon polyenes on the other hand represent an extreme
 situation where one canonical form (37a) is much lower than the charge
separated form (37b) in energy. These are thus relatively hypsochromic

chromogen.

. 3
CH,=CHHACHECH)-CH=CH, g CH{CH=CH-CH:
@72) - @)

All general qualitative treatments of color and constitution recognise

the fundamental significance of the transition of a chromogen from the ideal
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SO cailed polymethine state (35) to the polyene state as in (37) although
some pla.ce greater stress on this than others.

When several low energy resonance forms for a molecule are possible,
it is generally assumed that the greater the number of these, the more
bathochromic will be the molecule. However, the main weakness of
resonance theory lies in the assumption that only a few low energy canonical
forms contribute to the hybrid 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 to the prediction of high
energy absorption bands where infact low energy ﬁ'ansition exist.

Some of the exceptions to the above rule predicted by resonance
theory 1s given in (22) to (25) above. It is observed that the relative order éf
Amax values for these systems will be (22) < (23) < 24) < (25). The reverse
order is predicted by the resonance theory. The ionized dihydroxyézo
benzene derivatives (20) ‘and (21), provide other examples of such systems.

Other exception can be seen in the case of benzene derivatives bearing
one donor and one acceptor group, as in (38) and (39), the meta isomer in
most cases absorbs at longer wavelength than the para isomer, the resonance

theory predicts otherwise.
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@8 (9)

Similarly, quinacridone (40) is red violet, whereas its¢somer (41) 1s

only yellow in color.

Resonance theory is of considerable value in helping one to
understand the color and constitution behaviour of cyanine type chromogens
because of its conceptual simplicity. However, this approach cannot be

extended with any confidence to other more complex types of chromogens.

1.4.3 Perturbational Molecular Orbital Theory (PMO)

This method considers the electronic structure of a complex molecule
to arise by the modification or perturbation of a simpler model compound®
Such a perturbation might result from the attachment of substituents to the

model structure or the replacement of a carbon atom in the molecular frame
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work by a heteroatom. By focussing attention on the highest unoccupied
molecular orbital (HUMO) and the lowest unoccupied molecular orbital
(LUMO), Dewar”® was able to draw up a set of rules for predicting the effect
of structural changes on the color 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 atoms will carry the same index. Starring i3 initiated at any of
the terminal positions of the r-electron system ;md 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

analysis.

Y=X- represent typical electron acceptor group such as -NO,, -CN, -
CHO etc.
Generally, slight modification as summarised below have been made

to the general rule:
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(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 absorption band.

For odd numbered alternants the following rules apply:

(i) Replacing a carbon atom at a starred position by a more
electronegative heteroatom will causé a hypsochromic shift of
the first absorption band whereas similar replacement at an
unstarred position will cause a bathochromic shift.

(i1)  Attaching electron donating substituents (+M, + I) to a starred
position will cause a bathochromic shift of the first absorption
band, attaching them to an unstarred position will cause
hypsochromic shift. The reverse is true of electron withdrawing
substituents (-M, -I).

(iv) Attachment of a neu_tral .conjugating specie (= M) i.e phenyl,
vinyl fo any position in the chromogen will result in a
bathochromic shift.

So many examples can be given to confirm the rules, but still some

limitations to the rules have been found out. One of the problems concerns
what is meant by an electron donating or withdrawing groups. For some

substituents both characteristics are observed depending on their particular
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relationship to the reaction centre in a given molecule. The methoxy group
(-OCH;) for example shows typical donor prbperties when in the para
position of a phenyl ring and in this case the (+M) effect of the group is
dominant. In contrast, the same substituent in the mefa position of a phenyl
ring is 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 pecuhar to
alternant hydrocarbons and as long as heteroatomic dve structures bear a
close similarity to such compounds, the rules sholuld work well.

However, there is evidence that in more complex systems containing
several heteroatoms and exhibiting some polyene character, the anology
between such systems and iso-w-electronic odd alternant hydrocarbon breaks
down and the rules are inapplicable e.g the aminoazo benzenes illustrated by
(42). Rule (ii1) would suggest that attachment of electron donor group ¢.g
Ome, NHA¢, Me to the 2-position (formally unstarred) should produce a
hypsochrdmic shift, whereas it is well known that such structural
modifications give useful bathochromic shifts. Conversely, hypsochromic
displacements were produced when electron acceptor groups were attached

to the same position.

27



Failure of Dewar’s rules also occurs in other systems e.g the
anthraquinones and in certain cases, the rules cannot be applied at all, if a
chromogen is non alternant system e.g the Indigoid). In such cases, the

starring procedure breaks down.

1.4.4 The Triad Theory of Dahne

Dahne?’ developed some ideas concerning the basic theories of color
and constitution in organic chemistry. This theory developed in 1965 is an
overall restatement of the well known molecular orbital and electronic
properties of alternant hydrocarbon and the extension of these principles to
include heteroatomic dye structures and complex donor-acceptor
chromogens containing several donor and acceptor groups. He postulated
that there are three ideal states for unsaturated compounds:

(1)  The aromatic state structure. This is believed to have a stabilized
electronic structuré with equal n-bond orders and equal r-electron
densities at all atoms.

(i) The polyene state. In this system, there is no special resonance
stabtlisation of the conjugated system and thus there is a high degree

of single-double bond alternation.



(i)

Polymethine state: Structures falling under this, correspond to the
odd-alternant hydrocarbon anions and cations and also include the
even alternant polyene radical anions and cations, such system poss¢ss
a high resonance energy, equal © bond orders and a strongly
alternating n-electron density.

Electronic excitation gives a maximum change in n-electron density at

all atoms. Dahne’s general formula is represented by structure (43).

Based on this, the following rules are made for predicting color and

constitution.

M

(i1)

If a polymethine system is perturbed by replacing carbon atom by a
heteroatom or attaching a substituent, if the characteristic charge
density alternation of the polymethine is preserved, then the first
absorption band will be unaffected or displaced slightly to shorter
wavelength.

If modifications such as described alters the characteristic
polymethine charge alternation, then, the resultant chromogen will

-

absorb at significantly longer wavelength than the parent system.
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(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 transition from an ideal polymethine structure to an
aromatic or bolyene structure results in an increasing hypsochromic'
shift.*®
Some criticism of the Dahnes approach to color and constitution

theories 1s that it attempts to interpret the behaviour of all donor-acceptor

chromogens within the polymethine concept, as ;':1 result, in a few cases lead

to the wrong prediction.

1.5 Quantitative Molecular Orbital Methods

The most successful procedures for computing the transition energies
and intensities of complex organic molecules are based on the linear
combination of atomic orbitals (LCAQ) theory. This assumes that the
molecular orbitals of a particular structure can be represented as a linear
combination of the individual atomic orbitals present in the system. By
calculating the ¢nergy of each molecular orbital it is then possible to

calculate the transition energies for the promotion of an electron from a low



energy orbital to the various high energy unoccupied lorbita'ls. From the

LCAO for_m of the orbitals.involvéd n a traﬁsition, it is possible to estimate
the absorption intensities. | |

.I.t is. assumed that the ¢ and = orbitals of an unsaturated molecule can

. be treated .independently and attention is directed to the higher energy set of
_.rc-orbital onlf. Electron repulsion effects are ignored hopefully to be

compensated for by suitable choice of empirical parameters. We have

~ various methods under this category, some of the important ones are:

1.5.1 The Free Electron Model (FEMO)

The FEMO method is the simplest molecular orbital calculation
procedure and works surprisingly well with polymethine systems because of
their high degree of bond uniformity along the molecular axis. The |
- approach restricts attention to the conjugated m-electron systems which are
regarded as mainly responsible for the color of dyes.

It is assumed that the electrons are free to move within the conjugated
system, based on this, Kuhn® showed that the wavelength of the maximmﬁ
absorption 6ver the first absorption band () is calculated by means of the

Schroedinger expression.”
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8mcl?

Moo= el (1)
h(n+ 1)

and the transition energy is given by:-

AE, »a+1 = Cn+1) ......... (2)

where, m = mass of electron, ¢ = velocity of light, h = Plank’s constant, n =
number of n-electron, 1 = iength of the. conjugated chain.

One important source of error identified with this .approach is due to
its assumption that all bond lengths along the molecular axis are identical
which assumes a constant potential energy along the chain, this situation
does not hold for polyenes which are known to exhibit strong bond
alternations.

Though many refinements of the method have been suggested, these
are more of academic than practicﬁl value becausé of ready availability of

other far superior methods.

1.5.2 The Huckel Molecular Method (HMO)

The Huckel method is based on the assumption that a molecular
orbital wave function {(w) can be expressed as a linear combination of the

component atomic orbital wave functions (y).



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

- having the wave function y;, w can be written as a linear sum:

w=eyt eyt Callp e (3)
¢’s are the mixing coefficients, E, of the molecular orbital is defined
by the equation:- |
Hy = Ev cievrviviieennee. (4)
Where H = Hamilton operator,

+o0

EnCun + EdCrysdr

(EoCay)dt

~00

Thus the energy of a molecular orbital is expressed in terms of the
atomic orbital wave functions. | |
The HMO model provides the w-orbital energies of a moleéule, these
energies can be expréssed in the general form:
Ea = ¢+ XB oo 6)
The transition energy for the promotion of one electron from one
orbital to the other is given by the energy difference between the two

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

The method can however, be refined in various ways and in particular,
it can be made self-consistent by camying out several _consecutive.
calculations on the same molecule, adjusting the parameters at each state to
allow for the charge densities and bond orders predicted by the previous
calculation. Eventually, convergénce is achieved i.e, predicted charge
denéities and bond orders show no change betweén two consecutive
calcﬁlations. Such a procedure has been used to calculate the spectra of a
wide range of heteroatomic conjugated molecules including retinal and

porphyrins.”

1.5.3 The Pariser-Parr-Pople (PPP) Method)

Both the HMO and FEMO methods suffer serious disadvantages
especially m the calculation of electronic transition energies and thus can
only be used in the -prediction of spectra fof some few casés. The PPP
method takes into account electronic interaction and because it is self-

consistent, it is well suited to handle heteroatomic structures.
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Since it is also based on the LCAO approach, it assumed that each
molecular orbital can be expressed as a linear sum of the individual atomic
orbitals. A set of equations are obtained which are similar in general form to

the HMO equations, differing only i the energy term o, (Coulomb. integral),
| B, (resonance integral) which include repulsion energies due to the bresence
of electroﬁic interactions.
| Thus, it can be seen that the transition energy for the promotion of a
single electron from orbital 1 to orbital j without reversal of spin (singlet-
singlet transition) is given by
AE; > j =(E-E)-T5+28 ... N
E; and E; are the eigen values for orbital I and j respectively.
The energy quantity 3 is the total repulsion energy between the
molecular orbital i and j assuming there is one electron each.
Additional advantages of the method over the previous two are that:
(1) -The ability to distinguish molecular geometry like the cis-trans
isomers |
(i)  The ability to distinguish betweén singlet and triplet states.
The main disadvantage of this method is that it relies on the
assumption that the ¢ and = electrons behave independently of each other

and thus, the c-electron are ignored.
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.54 &l-Valence—E]ectmﬁ ;\Iethod.

All valenée electron MO calculations are based mofe or less on the
same formula as the PPP procedure, but with the nia_jor d-iff:'erences tha.t all
.orbitals involved in bonding 1.e. both ¢ and = electrons are specitically
considered. Obviously, the choice of parameters is a greater problem than in
n-electrons methods, and in addition, the demands made on conﬁputer time
are much greater.

[mportant calculations of spectra is the CNDO/s method designed by
Jaffe and Del Bene,~ this was applied for the polyemes33 and
1::»0lyacetylenes,34 acetylinic, C)_ram'nes3 : porphyrinsﬁ and the aminoazo

benzene™.

1.54 Molecules In Molecule Method

Molecules in molecules (MIM) calculations have both quantitative
and qualitative applications in color and constitution studies. When MIM
and PPP are combined, the procedure is known as configuration analysis.™

The MIM procedure was developed by Languet-Higgin and Murrel™
and is consequently also known as the LHM method.

In this method a complex unsaturated molecule is dissected into

smaller sub units, the molecular orbital properties of which are known and



the state wave fuﬁction for the complete molccule are calcuiated bn the basis
of these smaller umts For exﬁmp;le, a donor-acceptor chromogen Is
considered to consist of three units, the donor, a single atom with lone pair
of electrons; the acceptor, .t.:onsisting of two atoms linked together by a
double bond; and the conjugating bridge, a more complex system of
conjugated double bonds. If 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 electron is
promoted from a bonding orbital to an anti-bonding orbital within the same
unit, and gives rise to locally excifed (LE) cohﬁgurati(jn. Altemately they
can be classed as charge transfer transition, where an electron from the
bonding orbital of one unit is promoted to the anti-bonding orbital of a
different umt and gives rise to charge transfer (CT) configuration.

To obtain a closer approximation to the true situation, the ground state
or no bond (NB) configuration, the LE and CT configuration are considered
to interact and the configuration interadion procedure gives rise to state
wave function and eﬁefgies, the former expreésed as a linear sum of the NB,
CT and LE configurations, which is later retained and simplified in the work
of Baba Suzuk and Tekemma®® where they based their calculations on the

PPP-Cl method on the concept of delocalized molecular orbitals.
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1.6 Aclid Dyes
From application point of view acid dyes afe clas.sed as etther
1evelling or milling types. The levelling sometimes call.ed. Iégiualising dyes
héwe fairly simple chemical strﬁctureé, migrate readily. on wool and are
easily applied from strongly acid baths. Howev‘er, their wet fastness
properties are low. These dyes are much influenced by the presence of salts
such as sodium sulphate. Some examples of the leveling dyes are:*®

" NHCOCH 4 SOsha  NH2

@mu@\ c:-mow@
NasG, SOgha
C.l. Red 1 Ci.Red 37
CHa
- a
=N NaQs N— N '
_ |.___ OsMa
' wof
: {47)
NaS0, : ClLAcid Yellow 23 | .
C.l. Blue 92

The milling dyes are structurally more complex, have high affinity,
form colloidal state in aqueous conditions, medium rate of dyeing and slow

migration. These dyes are much faster to wet treatments, perspiration and
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milling than levelling dyes. A weak acid, usually formic or acetic acid 1s
used in the dyebath together in some cases, with an auxiliary to control the

rate of dyeing.”® Some of these dyes are shown in structures (48) — (51).

SCOqNa

—CHsg : :
\)
-
C.1. Acid Orange 67
HO
(48)
a
C.i Red 57

| N\ CaHs  SOgNa
= N
\CH
| o L
C.l. Acid Red 119

C.I. Acid Yellow 29

39



1.6.1 Mordant Dves

The term mordant djes which was properly applied. to most of the old
naturﬁl dyes now also covers acid dyes metallised i various Ways during the
application process and the synthetic polyhydroxyanthraquinone of Alizarine
discovereci éarlier. Mordant dyes as a class still represent some 30% of all
dyes for wool on a world-wide basis and can be used at all stages in wool
processing.

Nietzki* in 1889 is credited with the discovery of an azo dye
containing a salicyclic acid residue that could be rendered faster to washing
by treatment with a chromium compound. It was not unti} the beginning of
the 20" century that any real.progress was made, ﬁarticularly in the case.of
dyes containing o,o.’-dihydroxy, é-hydroxy-o’—carboxylic acid grou.p,. 0-
amino-o’-hydroxy azo groups and the arylazo pyrazolone dyes. Below are

typical examples of mordant dyes:

o COOH
@ @°” | ““@“'
N303 (52) o .

OsNa  (53)
C.I. Mordart Yellow 3 | C.I. Mordart Red 5



g-8_~G e

NO,
(54)
C.l. Mordant Brown 33 - Cl Mordant Red 7

Three application techniques are used. The on-chrome, after-chrome
and the meta chrome methods.

In the on-chrome method, the matenial is treated imitially with a

| dichromate solution and then vﬁth a reducing agent such as formic acid. The
matérial 1s then treated with the dye solutiﬁn. :

In the after chrome method, the material is dyed in an acid bath until
exhausted due regard being taken for the possibie need to include auxiliaries
to control the rate of dyeing to give levelness. After a slight reduction in
temperature, dichromate is added and the temperature raised to the boil until
a full shade 1s developed.

In the méta chrome method, only sélected dyes are used. In this
mefhod, the dye is applied .simultaneously with a chromating agent
consisting of a mixture of a choﬁate with armﬁonium sulphate. The
chromating agent is usually prepared from a dichromate with ammonium

sulphate and ammonia. Whereas, dichromates usually cause chromium
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derivatives of dyes to be precipitated in the bath, this does not oceur with the
chromates formed by the action of ammonia. In the boiling clyel.)ath,. acid is
liberated slowly so that dichromafe is. formed at a steady féte and the
chromium complex 1s fixed on the. ﬁb-re. The role of émmom'um salts has
been studied by Goodall and his collaborators.*' ™

In all these processes a deepeming and dulling of shade occur
especially when monoazo dyes are used. .

The processes whereby chromium complexes are formed on the fibre
were studied by Speakman and his _co—workers.“l They considered the
possibility that 1:1 complexes are obtainéd in which uhion with the fibre
| might depend on (I) co—ordinaté valencies of chrémium (11) residual cationic
valency of chromium and (ui) iomc attraction between sulphonic acid
groups in the dye and basic groups in wool fibre. These experiments
showed that in at least some dyes a 1:2 complex 1s formed and they pointed
out that in such cases, the co-ordinate valencies of chromium are satisfied
wi_thin the dye molecule and are therefore not available for combination with
the fibre. The larger molecules of 1:2-chromium complexeé would result .in

stronger attachment by van der Waal forces aﬁd perhaps also in physical

entrapment of dye molecule within the fibre.’



" 1.6.2 Pre-Metallised Dyes

Due to the disadvantages aésociated with the mordanting methods
described .above, some of which include; matching difficulty, dullness,
selectability for the meta chrome dyes etc, dye chemists synthesized dyes |
alréady metallised. There are two types of these dyes:

(i) 1. Complexes

As long ago as the 1912, Bohr succeeded in isolating chromium
complexes of dyes (;ontaining salicylic écid residues. Seven years later
BASF obtain chromium coﬁlpléxes from sulphonated 0,0’-dihydroxyazo
dyes. Production of the dyes entails heating an o,0'-dihydroxy or an o-
hydroxy-o'-carboxylic acid azo derivative in an acid medium with chromium
11T compounds often under pressure. The 1:1 complex : is indicative that one
molecule of dye is linked to one atom of the metal. Since the dye molecule
occupies only three of the six coordination sites of the chromium atom, the
remaining sites are occupied by watéf molecules or hydroxyl ons. It is
possible that the ligands are water molecules in acid or neutral media but
their place is taken by hydroxy! ion in alkaline condition.**

A study of molecular models shows that in complex compounds of

trans 0.0’-dihydroxyazo structures, the metal atoms (M) can be linked to
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only one of the nitrogen atoms, but in unsymmetrical compounds, two

isomers are possible which may be represented thus:

However, metal compléxes of o-carboxy-o0’-hydroazo dyes probably
exist in one form only, the nitrogén atém nearer thé carboxy substituted ring
being linked to the metal atom so that .s.ix-membered rihgs are formed.

With one or more sulphonic acid groups, these dyes are soluble in
water but need to be applied from a 5-8% H,SO4 with 10% sodium sulphate
to achieve level results.*

The dyeing of these dyes gives rather brighter shades than the mordant
dyes and there is better provision of the lighter hués. Light fastness. is
.comparable with that of the mordant dyes but there is however, a slight
inferiority in washing fastness. As the oﬁeration is completed in a single
| stage, sﬁades can be matched without difficulty. Typical of this class of

dyes are shown in structures (57) — (60).



H20 H20
"R Ho R o
vl Crt”
0 - 0" .
/\0 503 / Y56
0 NS 0 -
@ R -
(57) :
C 1. Acid Blue 158 | .| Acid Blue 159

L (59) o 1t G T
Cl Yellowss C.L Acid Crange 74

)] 1.:2 Cdmplek

Tﬁe main disédvﬁntage of the 11 c.om'plex was the requirement for a
| strongly acidic bath which often resulted in appreciable degradation of wool
fibre. This led to a demand for fast dyes suitable for milder application

conditions. Afier an extensive study it was discovered that a 1:1 complex
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vﬁll react in alkaline or weaidy acid medium with a second molecule of the
same dye to give a complex containing two molecules of dye and one atom
of chromium. Drew and Fairbaim® provided structures of some of these
complexes.

Early products were found to have insufficient solubility to be
commercially acceptable other than in a dispersed form. Some of the |
sblubilizing groups used indude methyl sulphonyl, suiphdnamide,
acétylaniino. Hdwever, sulphonic and carboxylic groups were found to be
exceptionally sensitive to natural vanations in the fibre, given rather unlevel
dyeings.**™

The 1:2 complexes which contain the same dye chromogen are
described as symmetrical, but if the 1:1 complex reacts with a molecule of a
different dye an unsymmetrical or mixed complex results. The range of
available shades can be extended by using such mixed structures. It 1s also
possible to use two dyes of which only one contains a sulphonic acid group
and in this way relatively cheap products having good solubility have been
obtained which give level dyeings on v?ool from npeutral baths with
negligible damage to the fibre.*®

Other octahedrally coordinating metals may be used in place of

chromium but of these only cobalt yields dyes of technical importance, The



baﬂlochroﬁlic effect of cobalt is less than that of chromium in éonespondmg
structures, the cobalt complexes often have somewhat higher light fastness.
The general enhancement of light fastness resulting from metallisation of an
azo dye may be attributed to stabilisation of the azo group towards
electrophilic attack by lone pair withdrawal and the effectiveness of cobalt IS

due to its high affinity for nitrogen donor ligands. Illucidati&n of the |
structural_ natures of the metal complex dye have been documented.’”

Examples of the 1:2 complex are shown with structures (6 l') and (62).

) @ﬁ‘% |
SO,CH; SONHCH, 0 .
. & . '. )
/
H* ~ :
[ O// 0 .
OzCH3 NHCOCH, — CO2NHCHs
(61} {62)
C.L Azid Violet 78 ' C.L Acid black 60

It has been found possible to combine a metal complex dyes with
reactive groups to give dyes with extremely good wet and light fastess®! e.g

(63).
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1.7 Other Metallized Chromogens

1.7.1 Phtbalocyanines

This was described as the only chromogen of major commercial
importance discovered in the nineteenth centry. It was discovered by
accident during the routine manufacture of phthalimide from phthalic

anhydride and ammonia, a blue contaminant was found.

: 0o | | . N
| @i?+w~{3-&©j:j;wmzc

Dandridge et al®*®* synthesized the pigment by passing ammonia into
moiten phthalic anhydride containing iron filings. After removal of alkali-

soluble components the product was purified either by vatting or by



fractienal precipitation from solution in coneentr_ated sulphuﬁc acid,.it gave
a blue shade on cottoﬁ vehen applied f.ro.m avai. A éimilar Ipreparaeien.in
which iron was replaced by cuprious chloride gave a blue pigment which
'clould. not be vatted and another non-vattable product Wae obtained by using
a nickel salt.>*® |

Linstead represented the copper derivative as (66) and assigned the

name phthalocyanine. His structure was soon confirmed by Robertson.®®

R o

N
Wy

R

(66

Linstead found that many metallic phthalocyanine derivatives can be
prepared conveniently by heating o-cyanobenzamide with the metal
: concemed, or its oxide, sulphlde or carbonate at a temperature of about
250°C BT 1 ater phthalonitrile was used, thls reacts w1th copper or its salts
at 190- 210°C. n

~ The productwn of the pigment from phthalonitrile requlred the.

presence of air or a little cupric chloride.”



Wyler found ’_Lhat copper phthalocyanine can be pfoduced by fusing
phthalamide or diammonium phthalate with ammonium salt of sulphan:uc
ac1ld in the presence of copper salts He later used phthalic anhydnde urea
and cﬁpric chloride.” To improve the yield he used boric acid.”™ Riley later
used the catalyst of amm.onium molybdate, a;mmonium phosphate or any |
element in the Group V or VII.” Peterson and co-workers gave the course
of the production of copper phthalocyanine from phthalic anhydride and urea

as shown below.”

@. HNCONH, _>ta00¢ 2N,
conncom-h

(6 :




Metal-free phthalocyanine is a bright greenish blue pigment formed
by heating phthalonitrile in a heated glass vessel at 350-360°C either alone™
or with an acid amide, phenol, naphthol or triethanolamine*™* It is also
~ obtained by eliminating metal from phthalocyanine complexes with labile
metals such as magnesium or calcium by reaction with a strong acid® or
even more easily by treatment of disodium phthalocyanine with cold
methanol **

~  Sulphonation of the copper. | pﬁthalocyanine for application to
cellulose, wool and nylon is.. reported elsewhere.®?  Similarly, temporarily
solubiﬁsed derivatives of copp.er. phthalocyanine has been produced to be
applied to cetlulose.*®

1.7.2 Formazan Dves

Only the copper complexes of the formazan dyes are considered in

this case e.g (82). It is a reactive dyes for cotton,***!

SOzH SOzH

O,
N/ N
o) - L}k?ﬁ - SéaH



1.7.3 Nitroso Dyes

The only important metal complex dyes in this series are the
sulphonated ferrous sulphate complexes of the 1-nitroso-3-naphthol and the
a-naphthol isomer. Pigment Green B is derived from the -B-naphthol. Its

other name is C.I. Acid Green 1. It gives yellowish green shades rather

lacking in brightness.”*** It is used in emulsion paints and aiso for coloring

paper.
- - 4—
_ _ =0
N o2
048
A (aa) 3 I4Na

Bello and Griffiths in their attempts .to synthesise near infra-red
absorbing dyes from the nitroso dyes confirmed that substitution in the
naphthol does not alter the absorption wavelength significantly, similarly the
extinction coefficient does not change.™
1.8 Diffusion and Rate of Dyeing

Diffusion is the process by which matter is transpofted from one part
of a system to anéther as a result of random molecular motion. This

eventually leads to an equalisation of chemical potential and concentration
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Throughout the system. Where there is more than one phase, the chemical
potential of the diffusant is constant throughout the system once true
dynamic equilibrium has been achieved, even though the concentrations in
each phase may differ considerably.
The diffusion o.f d.y'e molecule_s int6 a texﬁle fibre is believed to take
place in fhreé stages. | | | |
(i) Migration of dye through fhe bulk solution of dyebath.to the
surface of the fibre. | | |
(i) The adsorption of the dye molecules onto the surface of the fibre.
(iif) Diffusion of the dye molecule from th'e surface to the interior of
~ the fibre.
The third stage is the most important in dyeing process since it _is the
rate determining step. It is the part that is given more prominence lin rate

of dyeing.

| Fick’s Laws of Diffusion

Fick was the first person to appreciate the fundamental similarities
between mass transfer to heat transfer by conduction concepts.”® The theory
- was eal_‘li_er developed by Fourier” to cover quantitative diffusion in an

isotropic medium. Fick stated that the rate of transfer of a diffusant through
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a section of unit area is proportional to the concentration gradient measured

normal to the section.

de o
F=-D ~™ .. ()
dx
F is the rate of transfer per unit area of section. C is the concentration
of diffusing substance, X is the space co-ordinate measured normal to the
section and D is the diffusion coefficient. dé /dx is the concentration
gradient. |
Equation (1) otherwise called Fick’s first law describes the rate of
transfer in a steady stéte of flow across the section when the concentration

gradient is constant. It applies only to an isotropic medium in which the

diffusion properties at any point are the same relative to all directions. Inan N

c - c

“pixy.2) -

—é’dyl B -

Figure 1
anistropic medium, the diffusion properties depend on the direction in which

they are measured.



at p. Similarly, the rate of loss of diffusant through the plane A’B
given by: |
dFx

rate of loss =4dydz(Fx + —dx) ... (3)
dx |

equations (3) — (2) gives the rate of increase,

: S dFx
rate of increase = -8dxdydz — ............. 4)
- | - dx .
Similarly for the other two faces; |
dFy
-8dxdydz = ............ (®
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dFfz
-8dxdydz — ... (6)
dz

However, since the rate at which the diffusant accumulates in the

element is also given by:

dc

8dxdydz(—) ... (D
d |

It follows that for the three faces,

dFx dfFy dFz |
- 8dxdydz~— + -~ +—) =-8dxdydz e (8)
dx dy dz

it follows that

If the diffusion coefficient D is constant and independent of X, y and z
direction and Fx, Fy and Fz given in equation (1), then equation (9)

becomes:

de B, dc  d%
(_.
dt &< dyr 42
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Limiting (10) to only x-direction it becomes,

< ' dc

equation (1 1)is tﬁe expression of Fick’s second low of diffusion.

All of the above equations are based on the assumption that the
diffusion coefficient is constant. In many real systems however, the value of
D depends on the concentration of the diffusant in the fibre. Also when the
medium is not homogenous D may be a function of the co-ordinates x, y and
z. In such case, equation (10) becomes: | |

de d de d dc N d de

— =— (D—)+—O®9 )+ O3 ....(12
d¢ dx  dx dy dy dz dz

Considering the x-direction only equation (12) becomes

In Carthesian coordinates equation (12) becomes; |

dc D d de¢ d& rdc
— == (T () +— + =) ...(14)
dt r dr dr rd®® dF
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r is the radius © is the ancu.n angle whereas z is the length
coordinate. -

- To solve the differential equatioﬁs generated, in (14) and (12), it 1s
assumed that the independent variables are separable. In this case the

concentration is a function of two functions each of which 1s a function of

only one independent vanable.

C =X@TM  .......... (15)

X(x) and T(t) are functions only of x and t respectively.

de dT
(—kx = X— ... .....(16)
dt dt
de dX
(—)3t = T— ... (17
dy o dx

Substituting (16) and (17) into eqution (10)

dT _ d2xX (18)
*F = P
) .
1dT 2293(_ = 2
13 DL (19)

) | .
A" is a constant o 58



Integrating both sides of the equation;

Since the diffusion equation is a linear equation, the general solution
is the combination of the particular solution. The general solution of
equation (10) is therefore;

o0
C = Y(AuSinAgXn + BnCoSAnXn) — ™™ ... (22)
M=1

AuBnAn are constants depending on the boundry conditions. When D
is dependent only on the concentration, Matano® analysed and described by
Crank 510

1dx
D(c) = — [xdC ... (23)
2cde

When the results of experimental measurement correlating either the
distribution of dye concentration or the total dye uptake with time of dyeing,
the next problem is to evaluate the diffusion coefficient from the data.

An exact analytical solution of the diffusion equation is required in all

cases, the diffusion coefficient is assumed to be independent of ¢, t and x.

The solution is found by evaluating either of two data.
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(i) Thedye concentraﬁ&n (c) as a function of spéce co-ordinates

(n) The dye uptake (M) as a function of time. |
As a first approximation, the substrate is assumed to be cylindrical

with cylindrical co-ordinates. The dye penetrates from the periphery

towards the centre of the cylinder in radial direction. There are two
particular solutions obtainable from two particular situations.

- The dye bath is considered as being infinite in which case it is
assumed that the dye concentration in the bath stays constant at its initial
value during the entire dyeing time, irespective of the amount of dye
absorbed by the substrate.

- The dye bath is considered finite. This is the situation whereby the
concentration of the dye is changing. It is however assumed that the dye
extracted from the bath equals the amount taken-up by the substrate.

The two situations under which the data can be analysed are:

()  Steady state condition: here is a situation whereby initially the
substrate contains no diffusant, with time the diffusant accumulates
until it can take no more after which it is assumed that the amount of
dye leaving equals the amount of dye adsorbed.

(1) Non-steady state condition, here the amount of dye taken up by the

substrates keeps changing with time.



1.8.1 Diffusion in Infinite Bath

(1)  Steady Statg Condition |

- Consider diffusion through a plane sheet of thickness L whose surface
x = 0 and x = ¢ maintamed at cbnstant cdncentrations ¢; and ¢,
respectivély. Initially the sheet contains no diffusant, but accumulates
and after a time a steady state is reached. At this condition, provided -
the diffusion coefficient is constant, in equation (11)

d*c

On integrating twice with respect to x and introducing the boundary

concentration condition at x = 0 and x = L then;

C-C _x ... @5)
ez-¢ L

The concentration changes linearly through the sheet and the rate of
transfer across one plane in the sheet is the same as the rate of transfer across
any other plane, the rate of transfer F is:

F=-D _d_c_ = D( o ::2) e (26}

The use of this condition is explained in detail in the literatures, %1%

(1)  Non-steady state
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During the initial period before i, against t plot becomes linear, diffusant
accumulates in the film under a non-linear concentration gradient. If the
contribution to mass transfer through the ends of a filament or through the
edges of a film is considered negligible, the dye penetrates the empty
filament or film along a non-linear concentration gradient from both sides of
_ Lhe ﬁlmﬁ or from the surface of the filament. When the dye molecules reach
the centre of the material the overall coﬁcentration gradient begins to
decrease owing to accumulation from both sides until finally no measurable
gradient exists. The total amount of diffusant taken up in time t is
determined by integrating Fick’s second equation (11) over the pcriod_t =0

to t =t, for small times. One solution,'® for diffusion into a film is given by:

L
m g |

— - 4(%)”2 1., (2™ e
141%) n=0

m; = diffusant accumulated after t, m,o is the amount accumulated at
equilibrium..

Within the limits of experimental error, this graph is linear up to a
value of my/m. = ' or to ;qgggz#alues when the diffusion coefficient is a

function of concentration which increases with increasing concentration.
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Vickerstaff'® approximated bath in the early stages of diffusion which
relies on the fact that until the diffustant penetrates to the centre of the
substrate, the sheet is considered to be infinitely thick into which diffusion is

occuring from one face, he simplified that:

A plot of mt/m,, against vt should be linear. For moderate and large

time Crank'”" simplified the Fick’s second law thus:

o Dane 2 @9
ﬂ = 1— -§- Z 2 e L2
m@ ﬂ.z n=0 (2n+1)

At ti, or time of half dyeing, where m/m, = ', equation (29) is

simplified thus;
th 1 2 1Rt |
— = — Inj— ---(—-)] .......... (30)
L’ D 16 9 16
Which reduces to; .
-
D=004919L,4,  ........ €3}
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linear of the graph has been investigated by Frensdorff.™
Earlier expressions have been given by Mcbain'® and Hills

has been reduced by Vickerstatf'!" to be of the general form;

where B = Dyr* or Dtﬂz, ABCE. ére known constants.

Equation (21) was used by Peters''? to plot a data for a
Similarly numerical solutions of the equation for diffusion into a pl
immersed in a solution of constant concentration have been |

Newmann'” and Crank.'" Vickerstaff''> presented the data in

form.
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1.8.2 Diffusion in Finite Baths

If there is only a limited amount of solution, the solute; concentration
“in the )bath will decrease as solute diffuses into the substrate. The sole
condition for diffusion evaluations in this case is that the total amount of the
diffusant in the system remains constant. The practical implication makes it
easy to determine the rate of sorption of the solute by the substrate by
measuring the changes in concentration in the solution with time rather than
the rate of increase in solute concentration m the substrate. The only source
of error is contained by ensuring that loss of diffusant by adsorption on the
vessel surfaces or ldss by volatisation either bf the solute or solvent does not
occur. |

o A method for determining the diffusion coefficient from finite baths
under the restriction of the above condition has been given in the form of
mathematical solution to Fick’s second equatuion by Caman and Haul.''® If
D is constant it has been solved by Wilson'!” for plane sheet and Crak'*® for

cylindrical fibre respectively that:

m w 20(l+a) 4Dag
— =1-3 —z (34)
M o=l 1+a+ 4::|L2qn2
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m, 41+ ) ‘f_?_\_i’
—_ = ] -2 —m0 . ¢ 2
Mg _ 4 +do + 4t:c2qn2 |

where «a is related to the fractional equilibrium exhaustion E by

l1-E

q’s are the non zero roots of équation (37) aquto{qn) + 2J1(qs) = 0 ...
37) | |

where J(q,) and J1(qy) are the Bessel function of the first kind.'"

When the rate curves for different percentage exhaustions are plotted
using these equations it is found that as exhaustion decreases from 90% to
30%, t ' increases from about 2 to 60 minutes ie the rate of dyeing

increases with increasing exhaustion.'?

L1224t s best to compare dyeing rates under

According to Boulton,
conditions of the same percentage exhaustion. The overall dyeing rate is
dependent on a wide variety of factors under technical dyeing conditions e.g

affinity, liquor ratio, electrolyte concentration, agitation rate, pH,

temperature and substrate geometry). In general, rapidly diffusing dyes
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show good levelling and penetration and are easily applied, contrary
behaviour is shown by slowly diffusing dyes."*""**

All of the above systems apply to ideal situations. They all assume
that the diffusion coefficient is constant and independent of the
concentration of dye in the substrate. In actual dyeing processes there are a
number of factors which contribute to a variable diffusion coefficient in
addition to thbée of conéentration dependence and affinity of the dye for the
- substrate. A number of other parameters which may be vanable and
interrelated also influence the diffusion processes and rates of dyeing, these
are assessed as:'>
| (1) Variation in the nature and concentration oIIf ionisable groups

both in the dye and in the polymer substrate. |

(i) Interractiou Between all species present in.both phases.

(i) Changes in physidal structure of the substrate and release and

 formation of stresses together with changes in amorphous or

available regions.

(tv)  Changes in structure and molecular orientation of the solvent in
both main phases and in boundary layers.

A number of approaches have been documented to Solve this; difficult

matter with respect to different dye-substrate systems.'?**
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1.9 Thermodynamics of Dyeing of Nylon and Wool With Acid Dyes

1.9.1 Mechanism of Dyeing Nvion with Acid Dyes

Nylon contains carboxyl and amine end groups which can ionize to
produce -COO"and ~ * -NH;" ions. In general there is usually a greater
number of carboxyl end groups thﬁn amine end groups so that some of the
carboxyl endl groups remain in the unionized form. The fibre also contains
w{eakly b.asic. regularly spaced amide gro'ups along the polymer chain..
Though the zwitterion form shown below is a matter of great speculation.
Zollinger'®, from a comparative study of the properties of normal nylon 6.6
and of specially prepared polyamide fibres with double number of carboxyl
groups concluded that the zwitterion form for nylon is favoured.

RiHa—Ny —coo- | |

Marshall'*® on the absorption of simple acids by nylon indicated that
the pfoéess is equivalent to the back titration of carboxyl groups in the

polymer and nylon was regarded as existing in the zwitterion form. Similar

147

observation was made by Daruwalla.
The equilibrium sorption of acid dyes by nylon fibres as a function of

148

pH generally follows curves of the type shown in Figure 2°* which can be

regarded as the titration curves of nylon with anionic dyes.
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Dye sorbed

The titration of nylon with hydrochloric acid"*'* gives similar
sigmoid curve except that the more or less horizontal portion of the curve
co&esponding to the saturation of amine end groups occurs in a narrow
region around pH 3 and is not spread out over a wide range of pH. In most
cases, the curve can be divided into three portions. In the first, at high pH
values, the carboxyl group will be almost completely ionized and amine end
group would begin to lose their protons.

Adsorption of anioﬁc dyes woﬁld therefore be small. With decrease
in pH the amine end groups will get protonated and dissociation of the
carboxyl groups will be gradually supressed. The dye amions sorption
therefore gradually increases to a maximum value equivalent to the

stoichiometric amine end group content. At lower pH values there is a sharp
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increase in dye uptake that is generally attributed to dye adsorption on
protonated imido groups. This phenomenon is usually referred to as
overdyeing.

It is generélly assumed thét theré | IS a .stoichiometric relationship
.b.e.tween the amino end group content and the amount of dye
adsorbed.!*®1>"152 The dyeing mechanism that emerge from the results of all
thesé studies in the amine dyeing region is that hydrogen ions are adsorbed
by carboxyl groups when nylon fibres are immersed in a dyebath containing
an acid and an acid dye, while the dye ion attaches itself to positively

charged amino groups.

+ +
&43—“}'__(:00' + HY M43—“)"—'30(”'('*' A . TANH3-Ny-COOH

Myagkon and Pakshver’*"* have proposed that a simple ion-
exchange equilibrium of the type shown below exists for the polyamide-acid

dye system.

- — —_
HONH3-Ny-COOH () + Aagyme==2"" A-NiH3-Ny-COOH (5) + OFfaq

Ferrini and Zolliger'® have observed that adsorption of anionic
monoazo dyestuffs on polyamides follows a Langmuir isotherm with a

stoichiometric relationship between the dye adsorbed and amino group



éoncentration, the mechanism of adsorption being a simple ion-exchange
process.

However, several other workers have observed that the equilibrium'
sorption as a function of pH in the amine dyeing region deviates from the
stoichiometric relationship between amine end group content and
concentration of adsorbed dye.'”*"***217 1 some cases there is agreement
between these quantities only at particular pH values.”™®  This non-
stoichiometric relationship 1s attributed to the degree of sulphonation and the
affinity of the acid dye. |

From the aforementioned some researchers are of the opimon that
overdyeing need not occur always at low pH, but can occur to a greater.or
lower extent even at higher pH onée the saturation of amino groups has been
achieved, ' |

Though Remingfon’ % explained overdyeing at low pH as being due to
adsorption dn rew amine end groups formed by acid hydrolysis of amido
group, but O’ Brian and Peters'® showed that the uptake of dye in this
region of low pH is considerably in excess of the number of new amine end
groups. Bhat and Daruwalla'® though confirming hydrolysis at low pH,

observed that the amount of dye adsorption is considerably in excess of the



concentration of the new amine end groups formed at all stages of the dyeing

process.

l..9.2 Mechanism of Dyeing Woel witﬁ A;:ids Dves

| A wéol ﬁbre. consists of the ﬁ;btein keratin which is built up by the
.condensation of about 18 a-amino acids to give long polypeptide chains.
Some of the side chains terminate in amino groups and others in carboxyl
groups, these basic and acidic side chains being present in approximately

chemically equivalent quantities as shown below:

o o

When the amphoteric protein fibre is immersed in an équeous acid
solution, the weak carboxyl groﬁps are back—titmted to —~COOQH, resulting in
the absorption of H' ions. The capacity of a protein fibre for acids is
equivalent to the free amino group content. In the dyeing of wool with acid
dyes, the acid dye anions (D) is believed to be attached to the positively

charged amino groups.'®

1.9.3 Affinity Determination of Acid Dyes on Wool and Nvien
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Lok ™™~ 4 = 2t - = KHD ... 42)

[-cooH] Fﬁmn]

Kip = K x Kp ... (43)

If the total number of -COOH and ~COO" groups 1s ¢ at a
hydrogen 1on concentration a fraction 84 will be in the undissociat
(1-65) will be dissociated. Similarly if the total number of -NH;
N'H; group is B at any given anion cbncentfaﬁon the fraction of

sites occupied by anions can be written as 6p and the remainder is 14

-6 [D1-8]
. =K'Hp ... (44)

Oy Op

If the pH is adjusted such that Hp, 1s 50% ionised, so that 6p -6

73



that,

. - Bu Bp
- Au’mp = 2.303RT(log[D] - pH) - 2.303RTlog —.
_ (1-6y) (1-6¢

Equation (41) to (49). assumes that the acid dye is monobasi
the dye anion carries z negative charges equation (49) becomes,

0 z-6
- Apgpp = RTI[HP[D*"] + 2+1RTIn —— - RTln ~—.
1-6 1-6

Gilbert and Rideal assumes that C = B which means that 8y = ¢

Equation (49) becomes,

2
8

- A’ =2.303RT(log[Dj ~ pH) ~ 2.303RTlog} — | ...
: - 1-6

7h



This approach is used to estimate the affinity of acid dyes on wool.'**

(1) Displacement Method
Gilbert'® also devised a method of comparing the affinity of dye

anions with that of chloride or sulphate ions by finding how much dye is
displaced by given.concentration of sodium chloride or sodium sulphate. He
ﬁssumed the amount of sodium ions taken up by the fibre to be negligible in
comparison with that of the hydrogen ions and assumed further that the
number of basic and acidic sites in wool 1s the same, hence,
O =y9, +26p ... (52)

6, is the fraction of sites occupied by anions of the added salt each |
having y negative charges and occupying v sites.

The affinity of the dye anion is;

Op
Au’p =RTla ——— - RTIn[D}; +2¢F ... (53)
[-20p - yO,
whilst that of the salt anion is;
Oy

-Ap% = RTlIn ——— - RTI[Y}; +yWF ... (54)
1‘29]) - yey

By eliminating wF,
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' 6p )" /1-290 -y0y [Dii
-yAp’p +2Au° = RTIn ( - RTIn
1205 - y8,/ \_ 8y o

...:'(55)

assuming that 1-26p - y8, = 1 - 8y, therefore,

| o Y 16 (DI,
(AR - 2A1%,) =RTn { Ayl )-R’I’In —..(56)
| \ e 7\ Yy

Lemin and Vickerstaff'® pointed out that if a monovalent salt is
chosen for a monosulphonic acid dyes, a divalent salt for disulphonic dyes
etc i.e y = z, equation (56) becomes,

| &b  [Yk
(M- A) =RTIn —  — . (57)
0, [DI

if dyeing is carried out at low pH, 6 = 1, and equation (57) becomes,
b Y}

(A% - AR%) =RTIn — — o (58)
[-6p  [D]s

'7 applied the same analysis for nylon.

Mcgrew and Schneider
Allenton et al.’®® used a different approach to estimate affinities of acid dyes

in nylon.

They denived by using statistical thermodynamic argument that
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6o [DI S |
-(Ap’p-A)=RTIn — — -RThhzly = ...(59)
I-0p  [Y]; -
The acid dyes have the formular Na;D, whereas the desorbing salts
has a charge of y.

Earlier, Remington et al.'>” generalized the Gilbert-Rideal equations

and u.sed it for nyion as follows:
Hl. [P
C-{Hl, B-[Dl

- Au’yp = RTIn - RTInfH]i[D); ...... (60)
Where C = total carboxyl content, -<COOH + -COO"
B = amune group in the nylon |
[H], = concentration of carboxyl group in -COOH
[D], = concentration of the dye in solution.
They assume that because equal amount of dye anion and hydrogen
ion are absorbed.
C-[H =B-Dls ... (61)
-Au’sp = RTInk ..., (62)
(P1{C - B + [D],)

wherek = —m—mm™mmmm™8m8™ ... (63)
(B - (D)’ HI([D]:




if C - B = %, and rearranging equation (63)

l‘ =

PLDL+0\s
—_— =BVK - [D},¥K ... (64)

(HKDL,/ - . -

By plotting r against [D],, a stréight line.graph is obtained from where
the slope gives VK and the intercept given BVK from which the affinity and
maximum dye uptake is calculated.

A more direct method of finding the affinity of acid dyes on wool and
169

polyamides is the one of the formula.

[Dl:

Au = -RTIn o (65)

v[D]s

where v is the volume of internal phase of fibre.
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CHAPTER 2

2.0  Effects of Acetvlation on Color and Fading of Some Azo Dyes on

Wool and Nylen 6.6 Fabrics

2.1 Introduction

Light and weather fastness are important faetors in the determination
of the useful life span of textlles Light may produce two different changes
m dyed fibrous materials. On the one hand the color can fade, on the other
hand photochemical degradation of the fibrous material can take place.
Many works have been done in the understanding of photochemical |

mechanisms. ' 0174

Similarly the phot.o-chemistry of dyes both in so]utien
and on textile a_nd other substrates has been aetively smdied.l75'181 |

It is well known that certain- yellow and orange vat dyes sensitise the
photo degradation of cellulosic fibres such as -c.otton, while acid metal-

182-18
+18 Baumann'® concluded

complex dyes serve to protect nylon fibres.
from expertmental results obtained from amino acids that certain reactive
dyes linked to the side chain slow down the photo degradation of wool while
they promote reaction when attached to the principal polypeptlde cham

It has also been reported that acetylation of free amino groups of some

dyes lead to an improvement in the light fastness to such an extent as much



as 3-4 units on wool fabric'® and it has been proved that botl:.1 -NH; émd -.
OH groups are the source of furgitiveness of the dyes containing thém.”g‘m
It was therefore considered of interest to study the effects of acetylating only
the free amino group coni:ained in acid dyes derived from H-acid to study the
effects on fading behaviours of the resulting dyes on wool and nylon 6.6.

The —OH group is left intact.

2.2 RESULTS AND DISCUSSIONS

2.2.1 Synthesis of the Intermediates and Dyes

Commercial grade of the sodium salt of H-acid was used. Acetylation
of the H-acid was carried out with acetic anhydride as the acétylation agent. |
After the reaction was completed, soda ash was added to hydrolyse off any

acetyl group that may have substituted the hydrogen atom in the hydroxyl

group of the H-acid.
NHRo OH
NaOs O3Na
Figure 1
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Table 1: Substituents Ry, R; and R;

Dye No Substitutents Molecular
weight
Ry R, R»

] -H -H -COOH 511

2 -COCH; -H -COOH 553

3 -H -CN -NO; 537

4 -COCHj; -CN -NO; 579

5 -H -Cl -NO; 546

6 -COCH; -Cl -NO; 589

7 -H -Cl -SO,CH; 580

8 -COCH; -Cl -SO:CH; 622 '.
9 -H -NO; -Cl 547 i
10 -COCH;3 -NO; -Cl 589 |

The acetylated H-acid and the unacetylated one, in each case was
coupled to diazo salts of p-aminobenzoic acid, 2-chloro-4-nitro aniline, 2-
nitro-4-chloroaniline, 2-cyano-4-nitre aniline and 2-chloro-4-
methylsulphoneaniline. Dyes of the general formula 1 are produced. The
impure dyes were recrystalized from ethanol-water mixture and their purity
controlled by TLC.

2.2.2 UV-Visible Spectrometric Properties of the Dyes
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Visible spectra of the dyes were obtained with a Specord uv-vis-

| 'spéctrophotometer using water solutions at concentrations of 1 X 10% - 107

mol/l. The extinction coefficient was also determined in aqueous solution.

~ The result is shown in Table 2.

Table 2: Visible absorption Properties of the Dyes

~ DyeNo Amay (M) e x 10° AN Ag” x 107
| [ mol 'em™ imol'cm’?
1 539 2.39 29 0.54
2 510 1.85
3 569 1.55 70 0.29
4 499 1.26
5 557 1.72 42 -0.13
6 515 1.85
7 537 2.06 06 0.00
8 531 2.06
9 541 1.37 16 0.20

10 495 1.17

"AN = [ Amas Unacetylated - Amax acetylated], Ae = (g unacetylated - £ acetylated)

The dyes exhibit azo-hydrazone tautomerism because of the presence

257

of the azo linkage close to the hydroxyl molecule, this is explained in

Scheme 1, below:
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- Scheme 2.1: Azo-hydrazone tagtomer

It can be seen that the electron withdrawal tendency of an amido
group ﬁll increasé the” intramolecular hydrogen bonding between the
hydrogen atom attached to the nitrogen atom bearing the amido group and
the central oxygen atom. Consequently, the intra molecular associatjon _will
increase at the expense of the inter molecular interactions. With this in mind
it can be argued that the dominant form is the hydrazone form. That is the
acetylated dy¢ will have more ratio in favor of the hydrazone form. |

The visible absorption property of the dyes wés nieasured in water and
the molar absorptilon cdefﬁcient calculated in the same solvent. The results
obtaine.d are”summariscd in Table 2. The dyes are classified as donor-
acceptor chromogen in which the phenyl ring is serving as electron acceptor
half and the naphthalene ring is acting as the electron donating half bf the
chromogen. Dye (1) contains a carboxylic group as electron withdrawing
substituent jn the acceptor half as a result absorbs at 539 nm in water wli'th a
molar extinction coefficient of 239 x 10* Vmolem, however when the

electron donating amino group in it is substituted with an acetyl group as in
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dye (2) the resulting dye (2) absorbs .at 510 nm which is at a shortér |
wavelength of 29 nm and also 2 lower mr;kn:' absorption coefficient of 5.4 x
10° Imol'em™. These indicated hypsochro:ﬁic and hypochromic effects
respectively. |

In dye (3) the carboxylic group in the parent dye (1) has been
substituted with a nitro group and an additional electron withdrawing cyano
group which is ortho to the azo group, m this case the dye absorBs at
relatively longer wavelength which is 569 nm. This 1s expected since the
electron withdrawing strength of the acceptor has increased lowering the
ionization potential, and easing the electron transfer between the ground and
excited states. Quantitatively a bathochromic shift of 30 nm in relation to
dye (1) was recorded. However, a hypochromic effect of 8.4 x 10° Imol™cm™
was suffered. This could be attributed to the crowdness of the two groups in
the same moiety. The acetylation of the amino group in dye (3) to give dye
(4), suffers a hypsochromic shift of 70 nm and a hypochromic defect of 2.9 x |
10’ imot™ cm™. This is consistem with the result obtained when dye (1) is
acetylated to give dye (2). The acetyl group is in effect a weaker electron

| donating group substituted in the electron donor half of the chromogen.



 The results obtained with dyes (5) and (6) also fo.llow the éame trepd
a with respect of absorbance wavelength but in pontrast a hyperchlror.r-llic .s.hift
- - of 1.3 x 10° Imol'em™ was achieved. Dye (5).absorbs at 557 nm whéreas
| ~dye (6) in which the amino groué hés been écetylated absbrbs ét 515 nm,.
~ showing a hypsochromic shift of 4‘12 ﬁm. In dye (9) and (10), the relative
iaositions of chlorine aﬁd ﬁitro groups are iﬁterchanged from the positions -
| they occupied in dyes (5) and (6). Comparing the two pair reveals that nitro
'g':roup in the pafa position to the azo group gives dyes which are more -
| | bathochromic than the corresponding dyes with chloro group in this position. -
However, explanation for this is given from the péss__ible steric overcrowciiﬁg
which the nitro group in ortho position to the azo group could prbduée as is
the case with dyes (9) and (10) wﬁich absorb..af shorter w.avelength as |
coﬁpmed to théir counterparts, of-;;u.::;ehthe volume factor of a nitro group
is higher than that ..()f a chloro group.’™'"' When compared, dye (5) has a
‘bathochromic shift of 16 nm over dye (9), whereas dye (6) recorded about 20
nm over dye (10). This over crowding explanation is further accentuated __
when the extinction coefficients are compared. Dye (5) with nitro group at
para position to the azo group recorded an extinction coefficient of 1.72 x
10* mol™ Cm.-l_ whereas dye (9) wheré the nitro ngOUiJ ﬁt ortho ﬁositidn..

recorded only 1.37 x 10% Imol™ cm™ which is a hypochromic defect of 3.5 x

85



- 10’ tmo!l cm™ over dye (5). Similar hypochro:ﬁic c;-:ffect.;)f.' about 6.8 x 1:03
Imol™ cm™ was suffe.red. However, the Séme acetylation effect observed
previously still reflects. Dye (9) absorbs at 541 nm while dye (10) absorbs at
495 nm, a hypsochromic effect of 46 nm with a hypochromic effect of 2 x
10° lmol“cn;". |

..When dye (7) and (8) are compared the hypsochromic effect of 6 nm
iS tﬁe smallest. Interestingly, acetylation did not produce any extinction
.cbefﬁ;c-iént dii-’ferehce. When this parr .is compared to dye (5) and (6), it is
observed that —N(‘); group proved to be a bettef electron withdrawing specié
than the ~SO,CH; group with respect to dye (5) compared to dyel (7) wifﬁ a
hypsochromic effect of 20 nm. However, when dye (6) and dye (9) are
.compared a bathochromic effect of 16 nm is recorded, this 1s rather difficult
to explain. However, with respect to extinction coefficients, dyes (7) and (8)
produced hypcrchromic.: effect of 3.4 x 10° Imol"gm‘ll and 2.1 x I(_)_3 Imol
'em™ over dyes (5) and (6) respectively. -

The results summarised in Table 2 generally show that acetylation of’
amino group in the azo dyes under study leads to hypsochromic éffects when
the corresponding pairs of dyes are compared. However, the result on
extinction coefficient is not so straight, while three of the pairs produced

hypochromic effect, one recorded a hyperchromic effect whereas the
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- remaining one produced no difference. The observed bathochromic shifts
Qhen the ele_ctron withdrawing strength is the phenyl moiety was increased
cdnﬂrmed the. | donor-acceptor dispositiqn claimed for this type of
cﬁrombgen.
As a result, the hypsochromic effect obsérved for conesponding pairs
_ is explained as being due to the fact that the strength of the electron donating
- half of the chromogen has been reduced when an acetyl group repiéées a
hydrogen atom mn the amino group. When the relative strength of the
electron withdrawing groups incorporated in the acceptor half of the
chromogen is comi)ared, the nitro group para to the azo group influenced a
iJO\;verful electron withdrawing strength, when a c¢yano group is ortho to the
azo groiip thé most bathb'chromic dyes in the series is obtained.
It is also observed that dye (1) for which R, is a proton is tl-1e most
hyperchromic dye. Explanation for this may be due..‘.to. the spaﬁally

unrestricted resonance of the lone pair of electron on the ‘azo’ nitrogen.

2.2.3 Dyeing Fastness Properties

The results of the [SO 3 wash fastness test summarised in Tables 3 and 4
show that all the dyes give dyeing of excellent wet fastness on nylon 6.6

materials, however, the wet fastness ratings obtained with the dyeings of the
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dyes on wool are not as good. This is however the general trend for acid

dyes on nylon and wool as they have better affinities on nylon. This is

attributed to their greater affinity for hydrogen ion. The higher exhaustion

o
recorded by wool as against that of nylon isﬁtestimony of the free amine

Table 3: Fastness Properties of the Dyes on Nylon 6.6 fabrics

Dye No | Exhaus | Wash fastness Perspiration fastness Light
tion (E) fastness
(%) 1 Change | Degree Alkali Acid
in of
Change | Degree | Change | Degree
shade | staining
: in of in of
shade | staiming | shade | staining
1 52 3 5 4 4 4-5 4-5 2
2 71 4 5 3-4 3 4-5 4 2-3
3 88 2 5 2-3 5 4-5 3 3-4
4 39 4-5 5 4 4-5 3 4 2
5 71 2-3 5 2 4-5 2 4-4 4
6 61 3 5 3-4 5 5 5 2
7 76 3 4 3 4 3 4-5 3
8 68 4 4-5 4 4 2 3-4 233
9 67 2-3 5 2-3 3 2-3 4-5 2
10 67 4-5 5 2-3 5 2-3 5 ]
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contents of wool of about 800 — 900 mmolkg” as against ‘the 30 — 50
mmolkg™ in nylon."”*'”* It is also seen that for the same pairs, always the
acetylated dyes is about 1 higher than the unacetylated dyes. Explanation of
this can be deduced from two reasons; in the first reason, acetylation reduces
the solubility of the dyes in alkaline solutions, this was investigated by

Nichols in detail.'** The other explanation was due to Giles,"” and Fern."*

Table 4: Fastness Properties of the Dyes on Wool

Wash fastness
Dye No Ehaustion (E) Change in Degree of Light fastness
(%) shade staining
1 93 + 5 6
2 97 4-5 5 7
3 98 3 4-5 3
4 96 3-4 5 4
5 99 4 4.5 4
6 99 4-5 4-5 5-6
7 97 4-5 4-5 4
8 94 5 5 6
9 99 3-4 5 6
10 99 3-4 5 7
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Th;ey all found out that wash fastness of dyes with molecules of the same
degree of sulphonation increase with molecular or anionic weight or volume..
The results of the perspiration test also show that both the alkaliﬁe and
acid perspiration fastness are good on nylon 6.6 materials and if cbuldn’t be
determined whether t-he acetylation has any ef;fect on this fastness prdperty_
The results of light fastness tesi summarised in Table 4 for wool
fﬁbrics clearly show fhe effects of acetylation on light fastness. When all the
_ dyés al;e compared, it is seen that acetylated dyes have good resistant to light
than the unacetylated dyes. All the dyes that contain free amino group gave
reduced light fastness rating. This is much in agreement with earlier
works. ! Watson observed that fading of azo dyes is due to oxidaticn
of that part of the molecule contain.ing ~OH or -NH: groups. It has long
been .established th-at fading of acid dyes on wool is a reductive process.'”” It
can be ad\fanced that freé amino group in azo dves increases the surface
activity of the molecule and consequently reduces its photostability. The
decrease in the photostability of the dye molecule allows the dye molecule to
react with surrounding materials such as free oxygen in the air when some
form of light is absorbed. In this respect the dye mole;:ule decomposes and

looses color.??
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| When the light fastness properties of these dyes are compared with
* respect to wool and nylon, it is observed that they have better fastness 6[_1
wool. If it is assumed that mechanism of fading is the same for nylon as in |
wool, the presence of histidine residue is believed to provide hydrogen, thus

% Even if fading is oxidative, the presence of

retarding reductive fading.
many differenf amino acids in wool as agamst ﬁylon could provide particular
amno acid residue retarding photo oxidation. Another reason for increased
light fastness of the dyes on wool rather thau nylon can be seen from the
percentage exhaustion of dyes on both fabrics. The dyes are generally more
exhausted on wool than nylon 6.6 and therefore, the amount of dyes
contained by wool fabric in each case, are more, they are more likely to be in
a greater aggregated form as a result, light destruction will take place over a
very long period before it is noticed on wool because they are present in
larger amount than on nylon 6.6.°*

From the results of light fastness in Table 3, there is no improvement
on nylon 6.6 when the dyes are acetylated. This may suggest different
mechanism of fading in nylon than in wool. It 1s well known that resistance
of a dye or pigment to chemical or photochemical attack 1s related to the

chemical structure and physical characteristics of the fibre itself *»



CHAPTER 3

3.0 Svynthesis and Properties of Metal Complex Pigments Derived

From 2-Nitroso-1-Naphthol

The study of the nitrosation of phenols and its derivatives and their
heavy metal complexes started as long as the year 1902.2***  Their
naphthols counterparts started even earlier. " However, it seemed that, the
mosf important complexes studied were the sulphonated denvatives. The
main extension carried out in the area was in 1987 by Bello™ in his attempt
to prepare near infra-red absorbing dyes. He found out that the iroh | II
complexes of the dyes did not record any significant change in the
wavelength of maximum absorption inspite of substitution within the
naphthyl ring system. It was alsol observed that to a certain extent the
extinction coefficient didn’t change much.

However, it is not evident of any earlier work done in attempting to
use other metallic salts, apart from iron I1.

The present work attempted not only to study the preparation or
characteristics of the 2-nitroso-1-naphthol and its purified iron 1T complexes
but also other metallic complexes. We also identified two complexes as 1:1

and 1:2. We extended the work by diazotising and coupling aniline and 4-

amino benzoic acid to 2-nitroso-1-naphthol under alkaline conditions,

(ve)
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formed the two types of complexes using several metallic salts and
characterized them. It is obvious from the yield of the complexes that both
the complexes from the free nitroso and the ‘azo’ derivatives are more

232245

- reactive than the nitrosophenol described elsewhere. There was no

~need for pyridine catalysis to get quantitative yields.

3.2 Results and Discussions

3.2.1 Svynthesis of Pigments and Intermediates

' The main intermediate, 2-nitroso-1-naphthol was synthesised from 1-

naphthol by direct nitrosation with sodium nitrite at room temperanire.

OH OH
NO
———-
room Temp
& hrs

The yield, meiting point and other characterisation data are reported in
Chapter 4, Table 4.1

The two azo dyes deﬁvative of 2-nitroso-1-naphthol were syﬁtheéized
by dtazotising aniline and 4-amino benzoic acid and coupling to (65) under |

alkaline medium as shown below:



OH OH
NO J

T - O —LL

N
OH OH

NO o 0
U =G —LI

(67)
L

The yield, melting points and characterisation data are reported in
Table 41

(65), (66) and (67) were treated with nine different metallic salts to
produce two sets of complexes in each case as shown below:

M

OH O/Llo

NO
OO e

NO
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M is the metallic radical whereas A is the acidic radical.

UV-visible, melting point and the yield in grams of the pigments (11)
—(64) are reported in Tables 3.1 - 3.6
In contrast to the nitrophenols reported,”*** none of the either complexes of
the 2-nitroso-1-naphthol could dissolve in water. Neither also are the
metallic salts derivatives of the aniline and 4-amino benzoic acid azo
pigments. However, all the pigments studied are soluble without exception
in DMF and ethanol and majority in toluene. But only a few are actually
sparingly soluble in the least polar hexane. Some of the complexes that gave
any solubility distinguishing differences with respect to the solvents used
are: The 1:1 complex of the parent nitroso Co(NO;), complex is soluble in
toluene but its 1:2 complex is not. Similarly, the Pb(CH;COO); 1:1 complex
is not soluble in toluene but the 1:2 complex 1s. The 1:1 complex of ZnSOﬂ,
of the same pigment is sparingly soluble in hexane but 1:2 complex is not.
Similar observation is made with respect to the Co(NO;). complex in
hexane.

All of the diazotised aniline 1:1 and 1:2 complexes are soluble in
DMEF, ethanol and toluene. However, the Co(NO;),, ZnSO, and FeCl; 1:1
complexes are only sparingly soluble in hexane, whereas their 1:2

complexes are not.

-
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~ Table 3.1: Yield and Some Properties of 1:1 Complex From 2-Nitroso-1-

Naphthol
A
Y

No (M) Yield «; M.pt Solubility in: Romey (D) 110
’\gf (C) [H0 |DMF [EOH | Toluend Hexan | EIOH | DMF | Formic
| e & acid
11 | FeSO, | 334 | 184 - + ¥ T R 380 360 | 333
350 { 299
12 | CuCl, | 534 | 164 - + + + - 390 | 360 | 330
310 | 295
13 | MCL, | 362 | 139 - + + ¥ N 372 347 | 355
202 | 01
14 | CoNO, | 796 | 179 - + ¥ n +Sp | 360 | 202 | 368

» 370
15 | zaSO, | 370 | 137 R ¥ ¥ + +Sp | 3%0 302 | 343
290 | 292
16 | Po(CH; | 1241 | 151 - + + + - 370 357 | 355
COO0), 29 | 306
17 | MoCL; | 360 | 182 R ¥ + + R 367 356 | 360
| 305 | 355
18 | Cr{SOs | 582 | 138 - + + T - 330 350 | 338
» 291 304
19 | FeCl, | 308 | 180 - + + " +Sp | 370 357 | 330
| 308 | 2%

M= Compléxihg Salt, Sp= sziringly soluble
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Table 3.2: Yield and Some Properties of the 1:2 Complex from 2-nitroso-1-

naphthol

No M) Yield | Mpt Sotubility in: Amax {NM) in:
3) °C) H,0 |DMF [EtOH | Toluen | Hexang] FtOH | DMF | Formic
¢ e acid
20 | FeSO, | 1014 | 188 - + + + . 375 357 360

301
2l | CuCl, | 970 186 . + + + . 380 357 355
296 293
22 MCl, | 9.70 167 - + ¥ ¥ - 375 357 [ 395
301 293
23 [ Co(NO; | 9.96 169 - + + + - 373 377 350
» 316 295
24 | ZnSO, | 10.14 | 182 - + + ¥ - 388 367 350
301 290
25 Pb{CH; | 17.00 139 - + + + - 370 362 355
(o0, 301 308
26 | MnCL, | 9.30 | 174 - + + + - 380 357 353
301 308
27 | CeSO4 | 1110 T 181 - + + + - 380 357 348
» 301 290
28 | FeCl; | 890 172 - + + + N 380 357 353
300 305
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Table 3.3: Yield and Other Properties of Diazotised Aniline derivatives of

2-Nitroso-1-Naphthol 1:1 Premetallized Complex

o

&

O

No Yield | Mpt Solubility in: hena (N i1

(M) (® (°C) [H,0 |DMF |[EtOH | Toluen | Hexan | EtOH | DMF | Formic

e e acid

29 | FeSO, | 133 182 = + = + = 380 381 355

306 300

30 | CuCl | 1.06 89 . + ¥ ¥ - 382 347 375

291 355

31 MCl, | 247 164 - + + ¥ E 360 352 360
301

32 | CoNO, | 0.73 157 . - + + +Sp | 370 357 185

h 396 355

305

283

33 | ZnSO, | 1.07 167 = + + + +Sp 380 357 355

300 300

290

34 | Pb{CHy | 1.88 - + + + - - - -

CO0),

35 | MoCl, | 1.32 157 = F ¥ ¥ : 350 352 295
342

36 | Cr(SO. | 1.77 175 . + + + . 375 357 360

h 301 259

37 | FeCly | 1.33 181 2 T ¥ ¥ +Sp | 384 387 355

306 305

M = Complexing salts; Sp = sparingly soluble




Table 3.4; Yield and.other Properties of diazotised aniline derivative of 2-

‘nitroso-1-naphthol 1:2 premetallized complex

(M) Yield | Mpt Solubility in: e (IT) iR;
No (2 (C) [H0 |[DMF |EtOH [ Toluen|Hexan | EtOH | DMF | Formic
e e acid
38 | FeSO, | 188 118 - + ¥ e - 380 352 478
295 260
39 CuCl, 1.88 114 - + + + - 370 347 264
391
40 MCL, | 2.10 129 - + + ¥ i 370 347 439
296 363
41 [ coNO, | 182 124 - + ¥ + - 373 357 170
h 292 353
287
265
42 | 7280, ] 183 129 - + + + - 350 352 470
281 355
304
43 | PCHs | 242 143 - + + + . No No -
COO),
44 | MnCly | 2.07 98 - + + + - 380 357 470
281 345
300
45 | Cn(30, | 243 167 - + ¥ + - 380 357 358
) 396 295
46 | FeCl; | 190 | 175 - ¥ ¥ + . 386 357 368
306

M = Complexing salts

1C0




Table 3.5: Yield and other properties of diazotised 4-amino benzoic acid

derivative of 2-nitroso-1-naphthol 1:lpremetallized complex

of”<<|>

=N—©—cOOH

N

No (M) Yield | M.pt Solubtlity m; A (M) 1N
(2 (O H.O [DMF | EtOH [ Toluen | Hexan | EtOH | DMF | Formic
e e acid
|
a7 FeSO; | 1.28 | 190 . + + - E 32 366 25 }
306 1273 |
. !
*uCl; 27 : - + ; 297 [33:2 ] '
48 CuCly |12 188 - + E 3‘5" |
273 275 (
49 MCL, [ 124 136 . + '+ + . [ 297 352 33 |
! 203, |
| 293 |
I |
30 Co(NOy | 1.08 169 - + - - - 281 357 370[
» 306 369 |
|
51 ZnS0, | 0.97 137 = - + + ) £ 357 '
: | 350 |
| 286 X7 |
| |
52 PH(CH, | 1.63 - + + + |35 |- j |
i
33 MnCl: | 1.06 168 - - + - - [ 350 347 ;3;: |'
. 288
290 |28 |
|
54 Cry(SO, | 1.83 139 - - + - F 208 377 i;-;g |
B 300 [ 275
r
35 FeCly | 1.36 169 5 + + + + 309 |- | —=
! | |

M = Complexing salts
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Table 3.6: Yield and other Properties of Diazotised 4-amino benzoic acid

Derivatives of 2-Nitroso-1-Naphthol 1:2 premetallized complexes

No (M) Yield | M.pt Amax (nm) in:
(8 (°C) [H,0 [DMF |[EtOH [ Toluen | Hexan | EtOH [ DMF | Formic
@ e acid
56 | FeSO; | 1.83 155 : + + - = 310 352 360
298 290
57 | CuCl, | 181 168 . - + s = 292 357 375
347 274
58 MCL | 175 159 . - + - R 310 252 355
296 268
50 | CoNOs | 188 167 = - - + = 307 364 359
r 347 289
60 | ZnSO, | 1.89 177 - + + - - 303 362 355
357 | 290
61 | Po(CH; [ 2.08 180 - - ¥ ¥ - 310 357 358
COOk 257 | 289
62 | MnCl | 1.90 169 - - + = - 315 352 355
296 | 290
63 | Cr(S0s | 2.33 157 - - - - - 297 349 | 338
B 269 288
64 FeCl, 227 169 - + + - + 306 359 375
300 | 298

M = Complexing salts

1Cca




All O:f the diazotised 4-amino benzoic acid 1:1 and 1:2 éomplexeé ére
solublé in DMF éﬁd ethanoi. ‘Howéver, the .CuClz 1.:1 éomplex is soluble in
: tolﬁene .v;fh.ereas the 1:2 éomplex ié not. Similar observation is made with
_.résp-ect to %he NiClz, MnCl, and FeCly; complexes. Conversely is the case of
the Co(NQO;), complex in which the 1:2 complex is soluble in toluene
whereas the hE complex is not. Also the Cra(SO,): gave similar converse
results. The 1:2 complex is soluble in toluene whereas the 1:1 complex 1S
not. Of all the 4-amino benzoic acid pigments only the FeCl; clomplexes are
soluble in hexane. |
A comparati\-/e- analysis .of the absérbance maxima..be-tween the two
types of complexes in each pigment sysfém in each of the three solvents run
as follows. The pigments recorded at least two distinct absorbance bands in
" DMF and formic acid.
With respect to the 1:1 complex of the parent 2-nitroso-1-naphthol
- pigment, there is a hypsochromic shift of about 5 nm in ethanol, 3 nm in
DMTF and a bathochromic shift of 5 nm in formic acid compafed to the I:é
complex all of FeSO;. The more bathochroﬁﬁc peak chdsen where there ar.e. |

two peaks.



'. Whén the CuCl, complexes are compared, in ethanol, there is a
hypsochromic shift of 10 nm, 12 nm in DMF and a bathochromic shift“c.)f 5
‘nm in formic acid. | |

The same observation is séen in all cases w1th the exception of the
| _anSO4' complexes where 2 bathochromic shift of 8 nm was .récordéd

comparing 1:2 complex against the 1:1 coniplex. Similarly a bathochromic
shift of 25 nm was fecérded in DMF with a hypsochromic shift of 7 nm in
formic acid. Another notable exception is the Pb(CH;COQO), complexes
where there is no differences between the absorbance bands of the two types
of complexes.

With respect to the diazotised aniline derivatives of 2-nitroso-1-
naphthoi ¢omplexes, it is observed that compared to the 1:1 complexes, there
was nol difference in absorbance maxiina in ethanol for the FeSO,
complexes. Hypsochromic shift of 9 nm was recorded in DMF and a
bathochromic shift of 123 nm in formic acid. The CuCl, complexes suffered
a hypsochromic shift of 12 nm in ethanol, no difference in DMF and a
hypsochromic shift of about 211 nm in formic acid. |

With the NiCl, complexes, bathochromic shift of 10 nm was .recorcled
in ethanol etc. The same trend is observed with virtuall.y.all the remaining

complexes. The main observation that is prevalent even for the diazotised 4-
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amino benzoic acid derivative is that the absorbance ma.xirga differences is
not so conclusive. For all purposes and usage the pigment seem to have the
same hue with the only mam difference that the 1.1 complexes produce
brighter colors compared to the 1:2 complexes. The typical shape and nature
of the pigment uv-visible curves m ethanol using a different
spectrophotomer is.shown in Figure 3.1 and 3.2. Figure 3.1 is the 1:1 ‘FeClg
complex of the parent 2-nitroso-1-naphthol, whereas Figure 3.2 i.s the 1:2
complex. It can be observed that there can be observed a subdued
absorbance around 400 to 460 nm in both complexes, there .are absorbances
at 344, 328 and 284 nm but the 1:1 complex gave sharper peaks with the
exception of the peak at 284 nm where the 1:2 complex recorded shaper
peak. There is also a sharp_ absorption with respect to the 1:1 complex at
356 nm.

Figure 3.3 is also another typical curve, it is due to diazotised .anjh'ne
derivative 1:2 Co(NQO;3), complex. There are sharp absorbances at 356, 350
and 285 nm. The 1:1 complex of the same pigment absorbs also around 285
nm, 360 and 348 nm, the curve is shown in Figure 3.4. The point to note is
the sharpness of the peak in the case of the 1:1 complex compared to the 1:2

complex. It is also observed here that there is a subdued absorbance

1G5
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CHAPTER 4

4.0 Swnﬂncsis, UV-visible Specoscopy _and Dycing Propertics _of 2-

Nitroso-1-Naphthol, 1ts Azo Acid Dyes Derivatives and Their Post - -

Metallisation on Wool and Nylon 6.6.

4.1 Introduction

As already mentioned in Chapter 3, success of premetallizability of
the nitroso derivative dyes encouraged us to study post-metaliizability of the

nitroso dyes on wool and nylon 6.6. Another justification for the study is

206
k] S ¥

provided from Bcello review on the development of non-carcinogenic

2017-208

dycs. Freeman also studied mordant dyes with respect (o

environmental friendliness. lle concluded that iron I and iron 111

e
=
W

mordanting salls provided better aliernatives to  chromium fons. as
complexing agents even though at times the light fastness was not .as good
and the huc on the substrates did not quite match.

This chapter investigates the uv-visible, ir spc.clrophotomclric
propertics of the azd dyes derivcd from 2-nitroso-l-naphthol. This was
followed by the study of the dyeing properties of these dyes 01“1 wool and

%

nylon 6.6 substratcs.
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4.2 R;ESULTS AND DISCUSSIONS

4.2.1 Synthesis of the dves

| In addition to the 2-nitroso-1-naphthol and its aniline and 4-amino-
.benzoic acid azo dyes derivatives synthesized in Chapter 3, 4-amimophenol,
4-nitroaniline, sulphanilic acid, J-acid, H-acid, 2-cyano-4-nitroaniline were
also diazotised and coupled to 2-nitroso-1-naphthol. The dyes Qere purified
by dissolving in ethanol and then precipitated with water. The pure dyes
were analysed by ir, uv-visible spectroscopies | and melting point
determinations. The results are smnﬁlarised in Table 4.1 and Figures 4.0 -
49,

Table 4.1: Characterisation Data for 2-Nitroso-1-Naphthol and its Azo Dyes

Dernvatives.
Dye Structure of the Dyes Yield | M Pt | A in | ex 10" | Characteristics ir{ -
No | (%) H.0 peaks™® |
65 98 140%* 1472 | 64311 | 1329, 1303 - NO
o 3448 - -OH
NO 771~ C-H, OH
| 974 -N-OH
: ' 922 -C-H
1413 --C=N
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172*

485

3.5614

1328, 1303 - N=0
3472 --OH

770 C.H, -OH
973 -N-OH

920 C-H

1413 - -C=N

67

50

172%

475

1328, 1303 -N=O
3470 -OH
772 C-H, -OH
974 -N-OH
920 -C-H
850 -N=0-

1413 -C=N

68

56

142*

452

1.4504

1328, 1303 -N=C
3465 -CH
766 -CH,-OH
920 -C-H

822 ... N=0Q
1413 -C=N |

973 -N-OH

69

75

140*

512

0.5796

1328, 1304 -N=0

3452 -OH

769 C-H, -OH
973 -N-OH

921 -C-H

850 .......-N=0O-
1413 -C=N
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70 0 130 450 | 12295 | 1328, 1303 =0
S| 3477 —OH
o
NO 770 -C-H, -OH
973 N-OH
920 CH
MSS_OJ!
864 ........ Ne=
1413 =N
7 31 30 |478 | 1129 | 1328, 1303 -N=O
3466 _OH
1148 -SO.Na
7 C-H, OH
973 N-OH
920 CH
851 .. N=0-
1413 £=N
7 " 3 150+ [S31 | 08844 | 13281303 -N=0
| wc 3467 -OH
770 C-H, -OH
““‘@ﬁ 973 -N-OH
| ' 920 C-H
864 oo, N=0-
1413 -C=
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1324, 1303

73 79 130 [480 [0.8328 N=0
3464 -OH
I 770 C-H. -OH
974 -N-OH
o _< ?_)J 920 -C-H
N 850 .......... -N=0-
1413 =N
¥ Decempesed
4.2.2 UV-Visible Spectroscopy of the Dyes

UV-visible spectra of the dyes were obtained with a Pye-Unicam uv-

visible spectrophotomer SP 800 using 5% NaOH solution of the dyes at

concentration of 1 x 10 — 10 mole/dm®. The extinction coefficients were

determined in 5% NaOH solution.

The parent dye, 2-nitroso-1-naphthol (65) absorbs at 472 nm. The

origin of the colour in the molecule can be ascribed to a donor-acceptor

chromogen character as shown in structure 4.1. However, the molecule also

exhibits tautomerism with the form 4.3. This is an ortho quinonoid structure

which according to Armstrong theory is a chromophore.'”

H
(o
~ 2

Ty —

4.1

(4.2)

+0OH

5
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If molecule (4.1) can be regarded as playing a more prominent
contribution to the color of the dye, then, applying Dewar’s starring

technique to it, structure (4.4) is obtained.

(4.4)

According to Dewar’s™ rules attaching electron donating species to
positions 4,5 and 7 could lead to bathochromic shifts whereas electron
withdrawing groups in the same positions will lead to hypsochromic shifts.
Similarly, one of the rules said that attaching a neutral conjugating specie
(+M) i.e phenyl to any position will result in a bathochromic shift.

When the parent dye (65) was coupled to different diazo component,
the coupling position is ‘4’. Dyes (66) — (73) were produced. Since the
molecule can exist as in molecule (4.3). Therefore, the azo dyes can also

exist as tautomers (4.5) and (4.6).

OH |' H
1 ” ’N/o
-
/4 N//
(4.5) (4.6)
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The wavelength of maximum absorbances given i Tai)le 4.1 can only
be explained when this fact of tautomerism is taken into account. For ease
of analysis, the synthesized dyes can be grouped under four groups. In the
ﬁist group, the terminal group —X in structure (4.5) is replacéd by (-Y. =X)
td produce structure (4.7). This is because the dyes havé electron
withdrawing groups attached, in this form (-OH) grdup is the electron
donating specie whereas the remaining part of the chromogen forms the

_electron withdrawing moeity. When Dewar’s starring technique is applied
to it, the nitroso group (-N=0), which is electron withdrawing is seen to be

1n a starred position. This is believed to lead to hypsochromic shuft.

“.7

This is the case with dyes (67), (69), (70) and (73). Out of these dyes,
it is observed that dye (69) is the most bathochromic with about 512 nm

followed by dye (73). Dye (69) evidently is more bathochromic over dye
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(73), because a cyano group is attached to a starred position, being electron
withdrawing, it suffered a hypsochromic shift. Dye (73) is followed by dye
(67) with 475 nm and lastly dye (70) with 450 nm. It c%m be seen from this
that a carboxylic acid group is more elec_l:ron withdrawing than a sulphqnjc
acid group. It is infact the case. |

.Th.e second gro.up is typified by the presence of an electron donating
.specie as the (-X) group in (4.5), dye (68). Explanation of its color quality
from Dewar’s procedure can be denved from two approaches. The first
approach is to assume that it exists in the tautomeric form (4.6), stamng

procedure gives the structure (4.8).

(4.8)

From the structure (4.8), it can be seen that the dye suffered weak
absorption wavelength by having an electron withdrawing specie (-C=N) in

a starred position making the dye to be even weaker compared to dye (65)
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 over dye (65).

with structure (4.1) or (4.3). The second approach is 1o consider thag an _
Oll group can be clectron withdrawing by virtue of s (-1). By which
structure (4.7) and the corresponding analogy applics. In I_his case (0o, l_hc
- prcécncc of an electron wil‘hd.l.'m.,v;ng glﬁup c:uuld Jead lu. a hyp;ochro.mic
effect. in addition, the fa;:t thatan '.”—OI-I group has an e]CC.:l‘Ol‘l dcmaﬁng
tendency by mesomeri‘c effect, this will further reduce the absorption
wavelength. Perhaps this explains the relative hypsochromic effect of dye
(68) compared to dye (65).

The third group is typified bly- t.hc allachm;:nt of a;;]iazotis:c(‘l anilinc. to
dye (65). This is the éase with dye (66) l'n“th.is case the dyc .Cal.l be
- compared to the parent dye (65). Structure (4.4) can bé uscd Lo explain its
color quality. According to Dewar’s starring procedure, a neutral phenyl

_ group a;tacllc;d to a_slarrcd pos_iliou will fead to a bath_o_ch_l_u':omic s_hil'l. Iln_l‘act,
L ~dye (66) récofdcd 485 nm, which is a batli&hroinic slﬁft of about 1.3 nm
The fourth group is typified by the attachment of a naphthalene ring to

the parent dye. Since H- and J-acids were used as the diazo component.

' | Structures (4.9) and (4.10) resulted.
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It can be reasoned that with respect to Dewar’s rules, dye (71) in
contrast to the result obtained, should record mgher wavelength of
absorption relative to dye (72). This is because, there are two electrqn
withdrawing groups in an unstarred positions in dye (71) as again.st one in
dye (72). Possible explanation for this is given belbw. Howevér, the highe.r.
wavelength of absorptio.n tor dyé (71) over even dye (69) 1s explainable by
having an electron withdrawing group (SO;Na) in an unstarred position
which impoved its absorbance wavelength in addition to the increased length
of conjugation. To explain the rather lower recorded wavelength of
maximum absorption for dye (71), the dye molecule is assumed to exist as
shown in structure (4.11) below. In this form, the hydroxyl éroup is
believed to be the electron dqnating group, whereas, the rest of the

chromogen is the electron withdrawing part. However, even if structure
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(4.9) is the actual prominent form of the dye in the relative positioning of the
—OH group in relation to the azo group compared to dye (72) can influence

the dominant effect of the ~-OH group. In dye (72), the dominant effect may |
be mesomeric electron donating, whereas, m dye (71) it is inductomeric

electron withdrawing, hence the observed differences.

oH o
+  &H

4.17)

In the fqrm (4.11) too, there are two eleﬁﬁon withdrawing groups
attached to unstarred positions which 1s expected to lead to bathochromic
effect. This tendency has been dampened by the attachment of an electron
donating substituent in an unstarred position believed to lead to

hypsochromic shift.

120



0w =~~~ Fwse— g

20

Fig., 4. Ot ir-spectrograph gf1 the sglvent, DMF
DMF STD. Thu Sep 17 08:59:19:11 1998

e

4000

Paak Repon
Fie: c\first\data\galac/tmpd 16.ras
Title: DMF STD. Thu Sep 17 08:59:19:11 1998
Fiker: Three Point Cerder of Gravity

cm-1

%T

5821
3759
69.72
4286
4162
46.99

em-1

3332.46
857,32
1956.80
143880
109270
204476

%T
61.08
42.40

307835

202753
267,22

3000

et
3078.35
2503.27
167354
1387 .57
854.97

%T
59.66

18.10
2595
5495

121

1501 42 o

14380 e

1387 57

1256 47

1092.70

1000

858,56



Fig. %.1: ir-spectrograph for dye 65
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Fig. 4,2: irespectro for dye 66 ‘
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Fig. 4.3: ir-spectegraph for the dye 67
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Fige. 4;5: irespectrograph for dye 69
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Fig. 4.6% ir-spectrograph for dye 70

80~ _,.M

10-

Sulphanilic Acid Tue Jan 25 15:04:45:07 2000

e ———
e
e

3477.84

y ’n"w'\-vw’“:

R~

1388.68

125624

3

109503

4000

Peak Report
File: c:\first\data\galaxy\cfir1 929.ras
Title: Sulphanilic Acid Tue Jan 25 15:04:45.07 2000
Filter: Three Point Center of Gravity

em-1
660.32
864.95
1256.24
1497.09

%T

36.28
61.36
3687
39.18

3500

cm-1
T4
973.81
1388.68
1673.76

%T
80.52
56.39
14,10
285

em-1
920.81
1085.03
1439.40
2862.39

BT

60.33
19.84
31.93
38.43

2500

127

1500

1000




SaAIMmee—F ol R

Fig.%s? : ir-gpectrogearh for dye 71
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Fige 4#.8: ir-spectrograph for dye 72
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Fig., 4.,9: ir-spectrograph for dye 73
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4.2.3 Effect of pH on the Dveing of the Dyes on Nylon 6.6 and Wool

The dyes were applied to wool and nylon fabrics using 1% shade omf
at a tiquor to goods ratio of 50:1. 0.1% HCl solution was used to adjust the
pH. Dyeing was carried out at the boil for 30 minutes. No wetting agent
was used. The results obtained are shown in Tables 4.2 and 4.3 and

illustrated graphically in Figures 4.10 and 4.11.

Table 4.2: The Effect of pH on Dyeing of Wool Samples

Dye 65 Dve 66 Dve 67 Dyve 73 Dye 69 Dye 68 Dye 70 Dye 72 Dye Ti

pH |E |pH|E |pH|E |pH|E |pH|E |pH|E |pH|E |pH |E |[pH | E

% % %

[=3
&~

Yo % % % %

T3 (24 [69 |75 |73 46 |73 82137 (72|42 (68 [ 47 |78 163 172140

ek
L 3]

6.2 |25 157 (81 (58 [47 |39 (35 163 37 |o4 |42 |60 |35 68 65 (61|30

32126 130795 [30)49 149042 149 138 |30 43 |30 13 |55173 |1y |68

44027 139087 (41132 142144 P45 39 139148 137145 42178 4362

33029 |32 8 |31 32 13546 135140 132745 1324 133178 jl6]57

29 (29 (2983 (2931 |31 |48 (3.0 (37 (29044 29140 130 |74 |30]|34
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Schema 4.3

However, when th‘e pH is rather lbo low belq_w 4, 1t 15 observed that
most of the dye will be precipitated and is assumed to exist in the uh-ionized
form of Scheme 4.2 which 1s aisc; assumed td be in the quinonoid tauto:ﬁef |
shown in S-Ic!héme 4.1 , which does not have any tendency of ionizing and as
such can not form salt linkages.
The observation made with respect to nylon also extended to wool.
_Table 4*3J$urplnaries the pH for both wool and nylon wﬁen the exh;cuhls.tim;is
' maximumi

It can be observed from Table "45 that the dyes containing
sulphonic acid groups (70), (71) and (72) generstigwed that the pH for
maximum exhaustion was higher for wool than foonyIThis indicated the

role of sulphonic acid groups is providing alteensites for salt linkages. At

these relatively high pH for wool the more abundsates are still sufficiently
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Table 4.3: The Effect of pH on Dyeing of Nylon 6.6 Samples

Dye 65 Dye 66 I Dye 67 Dye 69 Dye 73 Dye 70 Dye 68 Dyve 72 Dye 71 ‘
|
pH|E |pH|E |pH |E |pH|E |pH |E

pH |[E |pH |[E |pH |E |pH |E |

% %

|
|
% % w | | % % % J

68 |31 [68 |40 |74(30 [76[20 |68 |34 |7929 (7239 |70 2] {7.1]35 |

50 |34 |62 |52 | 66|34 | 6130 |63 |39 |64 |41 |62 73 (l_”il:'.l 6.4 | 43 |

46 55 |56 (8 [543+ |50 [37 |[54]|72 [56][58 |48 |8 [55][30 |53 |54 |

36 [36 |42 |38 (77 |3.7[170 [3.0]95 3.2]72 3.2 | 60
|

18 |30 |40 {33 |77 [3.0]70 |27 |76 |2.

oo
~J
(5]
(]
o

51

As explained elsewhere in the literature, the @tta of acid dyes by
nylon is regarded as a back-titration of carboxghioups in the polymer with
the nylon assumed to be existing in the zwittefiwm.**’ It was also stated that
apart from ionized -COO" and -NHons, there are also weakly basic regularly
spaced amide groups along the polymer chain. i\af work carried out to
study the effect of pH on the adsorption of conesatl acid dyes produced a
curve already explainé® The shape is that of very weak absorption at high
pH's gradually increasing as the pH  increasdtefling at pH's around 3-5,
and rising almost without limit about the pH of &urprisingly, the application
of the acid nitroso dyes under study gave." rafifearent curves. While there
Is obvious evidence of increases as the pH dea@&ase about pH 6-4.5, the

exhaustion falls after pH 4. Inspite
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of the controversies with respect to overdyeing mechanism at low

Hs!90-52I57156.162.163 5 - different mechanism is hereby proposed for the

P
obvious non conformity with the rules with respect to these dyes. The

nitroso dye structure can be seen to exist in the tautomeric forms as shown in

o=

Scheme 4.1

Scheme 4.1.

At moderately low pH, the polymer existed with the -COO" back
titrated leaving a protonated amino group. Similarly, the nitroso dye exists

in a partially ionized form in equilibrium with a dispersion of unionized dye.

H

_\a/
=
O’

=

Z H*
N=N-R
N=NR N=N-
Sald uble
Tt pek oy Solution, Sluble
Scheme 4

It is assumed that the soluble ionized second féomms a salt link

with the protonated polymer in the usual manner.
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Fig 4.11: The effect of pH on dyeing Nylon
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Table 434 pH of Maximum Exhaustion for Nylon and Wool

Dye No Nylon 6.6 Wool
65 4.6 3.3
66 5.6 5.1
67 4.2 4.1
68 3.0 39
69 44 3.5
70 3.7 6.0
71 40 49
72 32 4.2

activated to get linked up compared to nylon 6.6.
observed that with the exception of dye (66) all the dyes recorded maximum
exhaustion below or at the pH 4. Another important observation of note is

that nylon 6.6 is more sensitive to pH change than wool.

4.2.3 Determination of Coefficient of Diffusion

Non-steady state condition, t'. method of the determination of
diffusion coefficient was used.'” It depends on the assumption that until the

diffusant penetrates to the centre of the substrate, the sheet is considered to
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be infinitely thick. The concentration of the dye in solution is designed in
such a way that the amount of dye adsorbed is infinitestimally small to alter
it. The results are as shown in Tables 4.4 — 4.12 and Figures 4.12 - 4.30.

Table 4.4: Diffusion Data of Dye (65) on Wool and Nylon 6.6 at 303 and 323°K.

Time 303K 323K

t(s) |t~ Wool Nylon 6.6 Wool Nylon 6.6

Ct Ct/Cx | Ct Ct/Cx | Ct Ct/Cx | Ct Ct/Cx

600 245 0.065 |0.23 0.089 | 041 0.068 |0.29 0.096 |0.44

900 30.0 0.065 |0.23 0.0998 | 0.46 0.072 | 0.31 0.114 |0.525

1200 | 34.6 0.066 | 0.23 0.114 | 0.53 0.078 | 0.34 0.115 | 0.53

1500 | 38.7 0.067 |0.235 |0.113 |0.52 0.079 | 0.34 0.136 | 0.625

1800 | 424 0.070 |0.25 0.121 | 0.56 0.085 | 0.36 0.145 | 0.67

2100 (458 0.070 |0.25 0.126 | 0.58 0.087 | 0375 [0.158 |0.73

2400 | 490 0.071 {0.25 0.126 | 0.58 0.104 [ 045 0.158 |0.73

2700 |{52.0 0.073 |0.257 |0.138 | 0.635 [0.094 | 0405 |0.169 |0.78

3000 |354.38 0.074 | 0.26 0.141 | 0.65 0.09 0.39 0.179 | 0.82

3600 | 60.0 0.076 |0.267 [0.152 |0.70 0.097 | 0.42 0.191 |0.88

© 0.284 0.217 0.232 0.217
Slope: 1.231x 10 8276 x 10° 3.92x 107 1.389x 107
D/r* (sec™): 29754x 10" | 1.3448x 107 3.0172x10° | 3.7882x 107
Activation energy: 94280 J/mol 42134 J/mol
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Table 4.5: Diffusion Data of Dye (66) on Wool and Nylon 6.6 at 303 and 323°K.

Time 303K 323K
t(s) (t2 | Wool Nylon 6.6 Wool Nylon 6.6

Ct Ct/Cx | Ct Ct/Cx | Ct Ct/Cx | Ct Ct/Cx
600 245 [0059 |039 |0054 |0.245 |0.085 |057 |0.07 |0.402
900 [30.0 [0062 [041 [0063 [0.285 [0.089 [059 [0.077 |0.445
1200 |346 |0.065 |043 [0076 |0.345 |0.092 [061 |0.080 |0.460
1500 [38.7 [0.065 [0.435 [0074 [0335 [0.098 [065 [0.087 [0.500
1800 | 424 [0069 |046 |0078 |0.355 |0.0998 067 |0.111 |0.638
2100 [458 [0070 [0465 [0087 |0395 [0.102 [0.68 |0.097 |0.560
2400 [49.0 [0.070 047 |0.078 |0355 [0.107 |0.715 |0.100 |0.575
2700 [52.0 [0072 [0.48 |[0.095 [0430 [0.107 [0.715 |0.104 [0.600
3000 |548 [0074 0495 [0099 [0450 [0.112 [0.748 [0.100 |0.575
3600 |60.0 [0077 051 [0.108 [049 [0.117 |0.778 |0.117 [0.675
x 0.150 0.22 0.15 0.174
Slope: 3.33x 107 6.8x 10™ 6.00x 10~ 75x 107
D/r* (sec™): 2.181x 10° 9.079x 10° 7.069 x 10° 1.1045 x 10”
Activation energy: 47855 J/mol 7978 J/mol
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Table 4.6: Diffusion Data of Dye (67) on Wool and Nylon 6.6 at 303 and 323°K.

Time 303K 323K
t(s) [t Wool Nylon 6.6 Wool Nylon 6.6

Ct Ct/Cx | Ct Ct/Cx | Ct Ct/C= | Ct Ct/Cx
600 |245 0046 |041 |0023 |018 |0076 [066 |0038 |0.32
900 [300 |0.048 [043 [0028 |021 |[0.073 [0635 [0040 |0.34
1200 [346 [0.051 [045 {0032 [024 |0.080 |0.69 |0.045 |038
1500 |[387 [0.052 [0465 [0.033 025 [0.082 [0.71 |0.050 |0.42
1800 [424 [0.054 [048 (0035 (027 0084 (073 [0053 |045
2100 [458 [0056 [050 [0038 [029 [0089 [0.775 [0.059 [0.50
2400 (490 [0.0s8 [052 [0039 [030 [0.092 [0800 [0.061 [0.515
2700 [520 0058 [0.520 [0.040 [0305 [0.097 [0.844 [0.064 [0.545
3000 [548 0060 [0.535 [0.043 [033 [0.0998 | 0.870 |0.068 |0.58
3600 |60.0 |0.062 [0.555 0045 | 0345 |0.105 [0915 |0.074 |0.63
® 0.112 0.131 0.115 0.118
Slope: 4.167x 107 44x10° 9211x10° | 95x10”
D/r" (sec™): 3.4094x10° | 3.8013x10° | 1.6659x10° | 1.772x10°
Activation energy: 64565 J/mol 62652 J/mol
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Table 4.7: Diffusion Data of Dye (68) on Wool and Nylon 6.6 at 303 and 323°K.

Time 303K 323K
t(s) [t Wool Nylon 6.6 Wool Nylon 6.6

Ct Ct/Cx | Ct Ct/Cx | Ct Ct/Co | Ct Ct/Cx
600 [245 [0067 [0.70 |0.09 |033 |0.039 |037 |0.108 |[0.49
900 [300 [0067 [0.71 [0096 [0355 [0.040 [038 [0.113 [0.535
1200 [346 |0.0679|0.72 [0.09 |033 |0.041 [039 [020 |0.63
1500 [38.7 [0.06890.725 [0.105 [0.39 [0.043 [0405 [0.192 [0.60
1800 [424 [0069 [0.73 [0.10 [037 [0.045 [042 [0204 [0.64
2100 [458 [0070 |0.74 [0.115 |0.425 [0.046 |[043 [0.210 |0.655
2400 [490 [0.071 [074 [0.118 |044 [0.047 |044 |0.228 [0.71
2700 [52.0 [0.071 [0.75 [0.122 [045 |0.047 |0445 |0.227 [0.71
3000 [548 [0074 [0.775 [0.127 [047 [0049 [046 [0234 [0.73
3600 |60.0 [0075 [0.785 |0.131 |0.485 [0.050 | 0475 [0248 |[0.775
:o 0.095 0.27 0.106 0.32
Slope: 1.569 x 10” 4343x10° 3.023x10° 8.00 x 10~
D/r* (sec™): 4834x 107 | 3.7035x10° | 1.7943x10° | 12566x 10~
Activation energy: 53376 J/mol 49722 J/mol
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Table 4.8: Diffusion Data of Dye (69) on Wool and Nylon 6.6 at 303 and 323°K.

Time 303K 323K
t(s) |t | Wool Nylon 6.6 Wool Nylon 6.6

Ct Ct/C | Ct Ct/Cx | Ct Ct/Ceo | Ct Ct/Cx
600 (245 [0080 [033 [0035 [018 [0.053 [052 [0.053 {0.23
900 [300 [0080 [033 [0040 [020 [0.059 [058 |0.060 |0.265
1200 |346 [0081 |034 [0041 [021 [0065 |064 [0071 |03l
1500 [387 [0083 [035 [0048 [024 |0.071 |0.70 |0.078 |0.34
1800 [424 [0083 [035 [0060 [030 [0.070 [0.69 [0.099 |0.43
2100 [458 [0090 [0375 (0052 [026 [0078 [0.775 [0.093 |[04I
2400 [49.0 [0092 [0380 [0055 [028 [0.081 [080 [0.100 |0.44
2700 [52.0 [0.092 |0.385 0057 029 |0.083 [0825 |0.108 |0.475
3000 |548 [009 |0.40 |0060 |0.305 |[0.087 [086 |0.114 [0.500
3600 |60.0 [0099 [0415 [0.064 [0325 [0.089 |[088 [0.124 [0.545
® 0.2396 0.198 0.101 0.228
Slope: 2.9268x 10”7 | 4.286x 107 1.241x 10* 7.00x 10°
D/r* (sec™): 1.68196x 10° | 3.607x 10° 3.0239x 10° | 9.621x10°
Activation energy: 117586 J/mol 39928 J/mol
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Table 4.9: Diffusion Data of Dye (70) on Wool and Nylon 6.6 at 303 and 323°K.

Time 303K 323K
t(s) |[t% | Wool Nylon 6.6 Wool Nylon 6.6

Ct Ct/Cc | Ct Ct/Cx | Ct Ct/Co | Ct Ct/Cx
600 [245 [0035 032 |0060 |023 |0048 |049 |0.101 |0.46
90 [30.0 [0040 |[036 [0.068 [026 [0052 [053 [0.116 |0.525
1200 [346 [0044 [040 {0087 [033 |0060 (061 [0.135 |06l
1500 |38.7 |0.046 [0415 [0.085 [0325 [0.061 |062 [0.139 |0.635
1800 [424 [0050 [045 (0089 [034 [0066 |067 |0.160 [0.73
2100 |458 [0052 047 [009 [037 ]0070 071 [0.161 [0.732
2400 (490 [0053 |048 |0.105 [040 [0070 [071 [0.171 [0.77
2700 [520 [0058 [0525 [0.107 [041 [0077 [0.785 [0.180 [0.82
3000 [548 [0058 [053 [0120 [046 [0079 [081 [0.170 [0.77
3600 [60.0 [0062 [0.565 [0.124 [0475 [0084 (085 [0.194 [0.79
» 0.11 0.76 0.098 0.22
Slope: 7.142x10° | 6.842x 10 1.135x 10™ 1.27 x 10
D/ (sec™): 1.002x10” | 9.1917x10° | 2.529x10” 3.1669 x 10°
Activation energy: 37680 J/mol 50350 J/mol
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Table 4.10: Diffusion Data of Dye (71) on Wool and Nylon 6.6 at 303 and 323°K.

Time 303K 323K
t(s) |t% Wool Nylon 6.6 Wool Nylon 6.6
Ct Ct/Cx | Ct Ct/Cx | Ct Ct/Cx | Ct Ct/Cx
600 |245 [0064 |056 [0068 [025 [0037 [032 [0.134 |036
900 |30.0 |0.066 |0.58 [0.074 |0275 |0.042 |036 |0.156 |0.425
1200 |346 [0077 [068 [0.081 |030 [0047 [041 [0.183 [0.50
1500 [387 [0072 [0635 [0.089 [033 [0049 [0425 [0202 {0.55
1800 (424 [0.092 {081 [0091 [034 [0050 (043 |0.238 |065
2100 [458 [0076 [067 [0095 [035 [0056 [048 [0.237 [0645
2400 |490 [0078 |063 |0.11 |04l [0060 |052 |0241 |0655
2700 520 [0079 [069 |0.104 |0385 [0061 [052 [0272 [0.74
3000 |548 0080 [070 [0.109 |0405 [0062 |053 |0286 [0.78
3600 |[60.0 [0084 [074 [0.115 [0425 [0070 [060 [0313 [085
x 0.114 0.27 0.116 0.368
Slope: 5.00x 107 5.128x 107 7.63x 107 1.382x 10*
D/r* (sec™): 4909x10° | 51633x10° | 1.143x 107 3.7501 x 10~
Activation energy: 34397 J/mol 80697 J/mol
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Table 4.11: Diffusion Data of Dye (72) on Wool and Nylon 6.6 at 303 and 323°K.

Time 303K 323K
t(s) |t%% Wool Nylon 6.6 Wool Nylon 6.6

Ct Ct/Cx | Ct Ct/Cx | Ct Ct/Cx | Ct Ct/Co
600 |245 10079 |036 |0043 |[022 [0.12 [027 (0074 |040
900 (300 1009 |0435 [0053 {0265 [0.14 [036 |0083 |045S
1200 [346 [0.100 {045 {0051 [026 [015 [033 [0109 [059
1500 [387 [0.101 [046 [0064 |032 [0.17 (038 |[0.104 [056
1800 (424 [0.104 [047 {0073 [0365 {0.18 (040 011 [0.59
2100 1458 {0.105 [0475 [0.075 [0375 {020 [044 [0.116 [0.525
2400 |490 |0.107 [047 |0080 {040 021 [046 [0.123 [066
2700 {520 [0.110 [0.50 [0.083 {0415 (022 [0495 [0.126 |0.68
3000 [548 {0110 [050 (008 [0445 1025 [050 [0.135 {073
3600 1600 10114 052 (0095 10475 1025 055 |0.143 [0.775
o 0.22 0.20 0.45 0.185
Slope: 273x 107 7.347 x 107 8.50x 10 1.063 x 107
D/r* (sec™): 1.4634x 10° | 1.0599x 10° 14186 x 107 | 2219x 107
Activation energy: 92447 J/mol 30072 }/mol
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Table 4.12: Diffusion Data of Dye (73) on Wool and Nylon 6.6 at 303 and 323°K.

Time 303K 323K
t(s) jt!2 | Woal Nylon 6.6 Wool Nylon 6.6

Ct Ct/Coo | Ct Ct/Ce | Ct Ct/Cxo | Ct Ct/Cxo
600 [24.5 10065 [033 ]0059 021 {0064 [032 [0.103 [0.41
900 300 {0070 {035 10074 |026 {0073 [0365 [0.113 [0.4S
1200 346 (0075 [038 {0087 |031 [0079 [040 [0.135 [0.54
1500 387 [0078 j039 [0092 [0325 [0.085 [0425 {0.135 [0.54
1800 [424 [0082 {041 [0103 [036 [0.085 |043 [0.138 [055
2100 [458 [0.085 [0425 [0.114 [040 0095 [0475 [0.154 [0.615
2400 [49.0 [0.087 {044 [0118 [042 0099 050 [0.163 [0.65
2700 {520 1009 |045 [0125 [044 0105 0525 |0.171 |0.685
3000 | S48 [0.094 [047 [0.135 [0475 [0.11 [0.548 [0.174 {0.70
3600 [ 600 [0098 [049 |043 [0505 [0.129 [0585 [0.186 [0.75
® 0.200 0.284 0.20 10.250
Slope: 46429x10° | 822x10° 7.5862x 107 | 1.00x 107
DIt (sec™): 42326x10° | 13267x 107 1.13x 107 1.9635x 107
Activation energy: 39966 J/mol 15955 J/mol
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Fig 4.12: Rate curve for dye (65)
on wool
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Fig. 4.14: Rate curves for dye (67) on wool
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Fig 4.15: Rate curves for dye (68) on wool
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Fig'4.16: Rate curves for dye (69) on wool
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Fig 4.17: Rate curves for dye (70) on wool
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Fig 4.18: Rate curves for dye (71) on wool
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- Fig 4.20: Rate curves for dye (72) on wool
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Fig 4.21: Rate curves for dye (73) on wool
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Fig 4.22: Rate curves for dye (65) onnylon 6.6
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Fig 4.23: Rate curves for dye (66) on Nylon 6.6
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Fig 4.24: Rate curves for dye (67) on nylon 6.6
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Fig 4.25: Rate curves for dye (68) on nylon 6.6
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F|g 4, 26 Rate curves for dye (69)
on nylon 6.6
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Fig 4.27: Rate curves for dye (70) on nylon 6.6 -
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Fig 4.28: Rate curves for dye (71) on nylon 6.6
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Fig 4.29: Rate curves for dye (72) on nylon 6.6
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Fig 4.30: Rate curves for dye (73) on nylon 6.6
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Tables 4.4 to 4.12 were used to plot Figures 4.12-4.30. Their slopes
were determined after which the apparent diffusion coefficients per square of
the radius of the fibres were determined according to the method used by
Peters et. al.'® The activation energies were ca]culated using Arrhenius
equation.

thfusmncoefﬁcxent 1S beheved to depend o.n several factors some. of
these are: the aﬂimty of the dye for the f' bre the size and structure of the
dye molecule, the hydrophobic character, dye aggregatlon in the solution and
| fibre phaaes, the influence of electrical factors due to charges on the fibre
surface and on the dye if both fibre and dye contain ionizable groups, the
crystallinity or otherwise of the fibre, the pH, presence or absence of

' ‘-_:‘ni,'-m- -
electrolytes, etc.

To make the companson meaningfuily, the pH was made constant at pH 4,

It could be seen qulte easily that for the type of wool and nylon 6.6
- samples under consideration that the diffusion coefficient of nylon 6.6 was
| in most cases higher than that of wool. Since the rate of aggregation of the
dye in solution, pH, temperature etc are the same for both substrates then
- logically, the cause of these dtfference 1S assoc1ated with the natures of the
different fibres. For dye (65), the speed factor by whtch the dye is faster in

nylon than in wool 1s 45 at 303K and 13 at 323k; for dye (66) it is 4 at 303k
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and 2 at 323k; it is 1.1 at 303k and 1.06 at 323k for dye (67); for dye (69) it
is 2 at 303k and 0.32 at 323k; 0.917 at 303k and 1.25 at 323k for dye (70);
~ 7.66 at 303k and 7 at 323k for dye (68); 3.13 at 303k and 1.74 at 323k for
dye (73); 1.05 at 303k and 3.28 at 323k for dye (71), and 7.24 at 303k and
1.564 at 323k for dye (72). It is also observed that fér majority of the dyes
- the spt_:e& factor decreases with incréﬁse m temperémre..' Two reaéohs can be
advancéd. to explaﬁl fhese differencéé. The first being the fact that wool .. .
fibres contaﬁx a membrane 6n fhé 6uter surface, called the epicuticle that
offe.rs. é great resistance to dye djﬂ:lmion.zog'zlo The second reason being that
the sites for adsorption are more in wool than in .nylon‘ This would mean
that the nylon substrate will become saturated much faster than wool. The
higher the temperature, the faster to appx_'oach saﬁxration levél for both fibres
- and the _éasie*_r to break the..resistance posed by the epicuticle. o -

| It is seen as wéll -tﬁat with increase m molecular weight of the dyes the
'speec.i difference also reduced. The effecf seemed to be caused by the
increase in the rate for wool and a reduction in the rate for nylon. It is seen
that for wool at 303k the coefficient of diffusion trend is dye (65) < dye (66)
< dye (67) < dye (70). Between dye (69) and dye (73), they have almost the
same structure, dye (73) has (higher molecular weightj and 1s séen to héve

- higher diffusion coefficient, it is also true with dye (71) and dye (72) where
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dye (71) recorded higher diffusion coefficient. The same observation can be
made at 323k as well.

In the case of nylon 6.6, the trend does not seem quite simple to
follow. While dye (65) has higher diffusion coefficient compared to dye
(66), dye (66) having lower molecular weight produced higher diffusion
coefficient than dye (67). While comparing dye (69) to dye (73), the higher
molecular weight , dye (73) recorded higher diffusion coefficient all at 303k.

Bird et al*'' found that dye diffusion coefficient in cellulose acetate
decreased with increasing molecular weight.  But in addition to the
molecular weight, the shape factor as shown by Vickerstaff is equally
important. This was confirmed in the dyeing of nylon 6.6 with
aminoazobenzene derivatives which gave a decreasing diffusion coefficient
with increasing molecular size whereas anthraquinone derivatives showed no
such correlation. Glenz et al*'* observed a general linear relationship
between a parameter related to the molecular volume of the dye and the
reciprocal of its diffusion coefficient. It was also observed that those dyes
with -OH, -NH, groups which have greater affinity by virtue of H bond
formations, have their coefficient of diffusion better explained by this factor

rather than the size factor.
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In general, it is observed that for wool the diffusion coéfﬁcient
decreased with increasing molecular weight, however, for nylon to agi'eater
extent the reverse is the case.

Activation energy of diffusion 1s an estimate of the total number of
dye molecules having an activation energy (E) in excess of the average
energy needed by the diffusing molecules to overcome the restraints to
diffusion and move inside the fibres. It can.also b.e deﬁned as the energy
required by a diffusing molecule to jump from one adsbrpﬁon site¢ to an
adjacent vacant site. The higher the activation energy the higher the
obstacles to diffusions. Technically, it is also a measure of the effect of
temperature on diffusion coeffictents. The higher the activation energy the
higher the diffusion coefficient increase for a given temperature gradient.
Activation energy depénds on a number of factors both related to the
polymeric fibre such as éryétallihity, surface characteri.stics etc to the nature
of the diffusing. molecule such as mdlecular weight, molecular volume,
presence of attraction sites etc.

For the dyes in consideration, it could be observed that for wool, dye
(65) has an activation energy of 94.3 KJ/mole (22.5 KC/mol) dye (66) gave
47.9 KJ/mol (11.4 KC/mol). It is not immediately clear why the higher

molecular weight dye (66) should give a dye of half the activation energy
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than that of the ﬁafent dye. ﬁut when dye (67) is considered with an
activation eﬁergy of 64.6 KJ/mol (15.4 KC/mol), this has a higher activation
energy than dye (66), it has a higher molecular weight, additionally, it has
double salt link sites, -COO™ and O". This would mean that more energy is
needed to push the ﬁdsorbing molecules between absorbing sites, or to jump
between sites. The same explanation_ is expected for dye (70), but it
 provided the leat aethvation enrgy for wool. Sy based on the
advahfége of weight aidne, dye (73) shéuld regisfer higher acﬁvatidn eﬁergy
than dye (69), but dye (69) gave the highest activation energy for wool of al
the dyes o . : o
Between dyes (71) and (72), contrary to expectation, on weight
ground alone, dye (72) gave the higher activation energy. All these are
- pointing to the fact that other intrinsic properties of the dye molecules such
©as shmness, molecular voluine; rather than weight, etc do play_tremendo_us. )
role 111 anaiysiné aﬂctivation energy results.® i -
o ” _. The obseﬁéﬁons ma.de. with resﬁect to wool are aiso ektehded to.
) ﬂylon. Dye (65) recorded 42.13 KJ/mole whereas dye (66)Ireéorded 8
KJ/mole. But dye (67) recorded 62.7KJ/mol. Dye (70) recorded |
50.4KJ/mole. In nylon too, dye (69) has higher activation energy

" (40KJ/mol) than dye (73) (16KJ/mol). Contrary to what was observed for
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species. The negative chemical potential gradient is directly propor
the temperature and inversely proportional to the concentration
molecules.

The resistance to the diffusional flow is provided by the
resistance. By equating the two opposing. forces, the diffusion coef
obtained to be inversely proportional to the radius which 1s itself
proportional to the molecular weight of the diffusing molecules. E
this consideration, it can be advanced that a molecule that has more
groups such as H-apid compared to J-acid everything being equal
expected to have a higher mobility in a given substrate. This ma
explain why the dye based on H-acid recorded lower activation ené1

J-acid in wool. The opposite is the case with nylon partly because
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the fibre is inversely proportional to the basicity of the dye. This is
butressiﬁg the point th.at molecules containing ionizable groups such -
and sulphonic acids should record slower diffusion coefficient as »
higher activation energies. This theory was obeyed only to few cases

dyes under consideration in both fibres.

4.2.4 Determination of the Thefmodxnamic Parameters of the D
Wool And Nvlen 6.6
.The.ﬁnal Siége of a dye adsorptio.n process 1s usually reached 1
state of equilibrium is attained in the system. This equilibrium proce
be descrnibed in terms of dye adsorption isotherms under a given

conditions. In the case of acid dye-nylon fibres or acid dye-woo
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systems, the equilibrium isotherms are generally expressed as functional
relationships between the extent of aje adsorption and the pH of Ithe 5ysterﬁ
at .a given ciye bath conceatratien er the eateat of dye adsorptiea as .a
function ef equiiibﬂuﬁx dyebath concentration at a fixed pH. Many different
apbmaehes have been developed to explain the complex equilibna
obtained.'”"'®®  The sole aim of the theones Is to enable the determinations
of the different thermodynamic parameters such as the free energies
(affinity), enthalpies and entropies of dyeing. Such data give valuable
_. mfonnatlon on the magmtude ef the drwmg force behmd the dyemg process
the mtelplay of forces between all the components in the system resultmo |
from molecular interactions in both the ﬁbre and dyebath and the extent of
orientation of the observed dve molecules. Studies on entroi)y changes are
also useful in relation to the extent of hydrophobic bonding that plays an
important part in some dye adsorption processes.

The direct method of measuring affinity was used in the case of

169

nyion Whereas in the case of wool the displacement method was
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adopted because of the dlfﬁculty n attammg true ethbnum The results

are shown mn Tables 413 and 4 4.
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Table 4.13: Thermodynamic Parameters of the dyes on wool substrate. Ttis

assumed that the saturation value of the substrate is 0.9m/kg™® | the

concentration of the sodium chloride desorbing solution ts 0.2M, affording a

[CI]of2.338 x 107 g/kg.

Dye 65 66 67 68 69

o .

Dl 3373 x 107 8.68 x 107 9.639 x 107 2.759x 10” 3229x 107
[CHe

339K 363K (339K [ 363K 339K (363K | 339K 363K [339K | 363K

4031 721 1.469 ]4.062 2485 [5094 |2.08 +4.03 2.39

3020 1(6.18 1396 {4990 {2310 [6910 [210 3.91 2.48 6.00]

4150 15383 1.520 | 4.4 3490 ;612 1.89 4.167 | 3.01 5.980

3390 | S04 1630 | 4.13 3290 [58% {217 4.04 2.94 6.02

4230 1517 1. 4058 13,125 6326 195 4.07 2.00 5.82

Lh
N

Average | 417 x| 6006 x | 1.513 x| 433 x| 298 x| 6068 x| 2038 x| 4043 x| 2339 x| 5.99.13

10° 10? 10 107 10° 10 10° 10%* 107 x10°

A |_,'° 14340 14254 26355 23047 18247 17393 15793 14842 15594 14129

Jimol
-AH® 13509 44831 30310 29226 36287
Jimol
-AS° 345 545 356 40 61.04
Jmol

173




Table 4.13 continued:

70 71 72 73
4458 x 10™ 3.032x 10 6.24 x 10 2.412x 10
339K | 363K | 339K [ 363K | 339K | 363K | 339K | 363K

313 [681 (365 [930 [130 [234 [614 [1.53
324|677 [359 (898 [122 [241 [705 |142
304 [706 (421 (914 [123 [329 613 [138
319 [592 [357 (942 [1.08 [312 [509 [1.12
335 [682 |48 [935 [120 [3.14 |58 [135
319 x[6.676 x|3.98 x|9238 x|1.205 x|2.86 x|6.112 x|136 x
10° 10° 10° 10° 10° 107 10° 10°
15882 | 14777 | 20663 | 19584 [ 19575 |18352 |18809 | 17726

31490 35904 36850 34106

46 45 51 45
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Table 4. 14: ”[hermodjmamic Parameters of the Dyes on Nylon 6.6

[D]£0.05g fabric; V =0.02

Dye No 65 66 67 68
329K 363K 329K 363K 329K 363K 329K 363K
72195 |3.797 5.60 2.80 3.091 5.534 3.1469
7.82 410 6.20 3.10 3.50 1273 6.020 3.02
6.89 3.50 4.80 2.78 2.99 2.030 4.99 2.89
7.3 3.70 5.30 3.05 3.42 1.49 6.13 3.12
8.4 3.80 5.80 1.96 3.07 1.18 5.85 2.910
Average | 753 x1{3.76 356 x2M 3.2 x{ L43L17 {35705 x {302
10 i0* 107 107 10° x 107 10° 10°
DIKg | 1.506 0.752 1.108 0.548 0.642 0.287 1.141 0.604
DI/ [0.0425 10,0462 | 0.0445 | 0.0473 | 0.0468 | 0.0496 | 0.0443 | 0.470
-apimel | 20,467 | 20233 19501 19207 17870 17109 19594 19.520
~aHWmol 22751 22346 25230 20310
-A8°Ymol 6.88 8.65 22.4 2.18
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Table 4.14: Continued

69 70 71 72 73
329K [ 363K | 329K | 363K | 329K | 363K | 329K [363K [329K [363K
2.0 8.00 4336 2258 439 2.1302 | 5601 |3501 |648+ [3.203
1.98 7.80 4800 [ 1.980 |[423 1.9100 [ 6200 |3.25 7.13 3.010
2.01 8.01 5300 |2.010 [+434 2000 5800 [3.30 6.80 2.980
1.99 7.90 4900 |2.12 4.53 2.080 |5.59 2.80 6.70 3.120
1.89 9.00 5000 | 1.89 3.99 1.980 [5580 [2.70 7.10 2.870
197 x|814 x|491 2.05 425 x|202 x[576 x|[3.11 684 x|304 x
10° 10° 10° 10° 10° 10° 10° 10° 10-5 10-5
0394 |0.1628 | 0982 | 041 0.850 |[0404 [1.152 [0.622 |[1368 |0608
0.048 [ 0.04919 [ 0.0451 | 0.0480 | 0.0458 |[0.0480 | 0.0442 [ 0.0469 |0.0432 [0.0470
16465 | 15424 | 19134 | 18286 | 18697 | 18242 | 19626 | 19615 | 20159 | 19540

26538 27340 23100 19732 26149

30.6 24.9 13.4 0.32 182
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As expected. the heat. of dye.ingﬂ in. all the dyes and in both substrates
”gavé negafive values, indicating, as is long established that dyeing is an
exothermic process. In both substrates as reported in respect to the work
carried out by McGrew et al"® there is no simple correlation between
affinity and dye structure as regard to molecular weight, the_ number of
sulphonic acid groups or the molecular structure. A tenable explanation
given by McGrew is that, afﬁmty determined from aqueous slolu.tion
represents the difference between the standard ﬁee energy of the dye on the
fibre émd in water, ” | o |

With respect to the sulphonated dyes such as dyes (70), (71) and (72)
on nylon, it can be seen that dye (71) is the least in affinity at both
temperatures followed by dye (70), with dye (72) being the highest in
affinity values. Explanation advanced 1s that adsorption is believed to be
caused by the intrinsic afﬁrﬁty of the dye anion. As adsorptioﬁ IC(.).mmences
there 1s a decrease in the free energy.and also smce the dye anion is.
negatively charged there is an increase in the surface free energy due to an
increase in the surface potential. Therefore a polysulphonated dye like the
H-acid has a larger negative charge than monosulphonated dyes such as J
and sulphanilic acids derivatives, the increase in surface potential due to

adsorption will be more even at low levels of adsorption. In contrast, the
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molecular siructures and also the same DasiCity. 1he only lkKEly €Xp
of this is that the salt link strength in a sulphonic acid group is grea
in a carboxylic acid group with the substrate. This can be ascertain
the dissociating constants of the two groups in which that of f
sulphonic acid bond dye is higher, suggesting that a greater exhaust
be obtained with respect to the sulphonic acid dye anion more t
carboxylic acid dye anion.

When non dissociatable dyes other than nitroso group d
compared i.e dyes (66), (69) and (73) on nylon, dye (73) (20,159 ]
329K, 19540 at 363K) is followed by dye (66) (19501 J/mol at 329K
Jimol at 363K) and lastly dye (69) (16465 J/mole at 329K, 15,424 ]

363K) is the trend. No available parameters at our disposal seem to
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to explam thzs obscrvatlcn The supencrrty of dye (73) seemed to be the

contrlbutron of hydrophcbrc bond formation wrth the alkyl groups in the

- nylon substrate 1t has larger surface area and the dye can lie flat because a

cyanc group 15 sterrcally advantaged In contrast the dye (69) with its spatial

disposition may not be as alligned as to lead to greater hydrophobically

. bonded as the unsubstituted aniline. This is however mere speculation,

Contribution of hydrophobic bonding between the hydrcphobic groups in
both the fibre and the dye have been investigated in details by Peters et al2?

The afﬁmty of the parent dye (65) is seen to be very ccmpetrtwe with
respect to the other dyes under 1nvest1gat10ns As already mentioned eartier
in the chapter, affinity is believed to be caused by electrostatic salt linkage
.betwce.n the ionized hydroxyl grcup attached to the nitrogen promoted by
- the electron withdrawing strength of the nitroso group and the protonated
amine groups in both nylon and wool substrates. The dye is seen to be the
least in all aspect of weight or volume parameters by virtue of which it can
be anticipated to be adsorbed in great quantity at least. ccmparatively befcre
equilibrium as a balance between the negative surface potential and the
decrease in the free energy due to adsorpticri could set in. | |

With respect to..the wool substrat‘e,'.cnly stight correlation exist as

. compared to nylon. The tris of dyes (66), (69) and (73) showed that dye (69)
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is still the least, dye (66) has._the highest affinity whereas dye (73) came in
between. Of course, the tenable explanation of this is that wool is a
hydrophilic fibre \«?‘ith a .regain .of about 30%. It may be that the contribution
due to hydrd;ﬁhobic attractions is less important as that between the more
adsorﬁﬁén 1.‘eqruired with respect to dye (66) over the more polar dye (73) to
strike a balance between the increase in the negative surface potential and
the decrease in the free energy due to adsorption. When dye (67) and dye
(70) are compared, dye (67) recorded higher affinittes at both temperatures
(18,247KJ/mol at 339K 17393KJ/m01 at 363K) as aoain;t ..15 8:87KJ-/;nol at
339K and 14,777KJ/mot at 363K) for dye (70). Th1s 1s also in contrast to
~ the observation made w1th respect to nylon However, sulphanilic acid 1s the
more poiar group and more ionized group, its adsorption may be
discouraged by the negative surface potential on the wool surface which
~ consideration will bring about an edge with respect to the 4-aminobenzoic
- acid derived dye (67). Even though these points seem to be clashing, many

similar explanation have been advan;:ed pertaining to similar cases. For
example, in their attempt to propose a unified interaction tﬁéory f;r alﬂi; dwe
. __ﬁbre system, Derbj'shire and Peters assupported primarily by calorimetric
investig;ﬁion postulated thét the fundamental contribution to the standard

affinity of dyeing arises from non polar van der Waals forces. They

B,
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Suggested fhat electrostat_ic inferactions between c_harged g:roups of fibres
~and dye ions, the diﬁolé mtefactions and hydrogen bonding are all of
.s-ééondalry impoﬂahce and that hydrbpﬁobic pafts .of tﬁe dye molebufé iﬁve
| adequéte afﬁnity for thé.h.ydrophobic pans of thé .ﬁl.)re. On this explanation,
the c.ase of dyé (67) having higher affinity than dye (70) rests. Another
éxplanatioﬁ proposed by Vickerstaff'® suggested that the polar group in
wool internal surface is hydrated which reduces the substantivity of the fibre
for negatively charged dye anions. This will then mean that the driving
force will be__ the hydrophobic interaction forces or the slowly diffusing
| contrqlled elimination of the hydrated water by pollar.. dye aniﬁns enabling
tﬁe dye moleéuié fo come sufﬁci.ently cloéc to the ﬁbfe so that the .d.is.persio.nl
forces can be effectively operafive and bind the dye to the surface. Su'ong
indication of the strength of these hydrophobic interaction was further
butressed when Peters et a}" 2"{c;und out that the heat of dyeing for CI Acid
orange 7 with wool at infinite dilution was equal to the heat of dimerization
of the acid dye. This suggested that the same type of force exists in the
adsorption of this dye by wool and also in dye aggregation. Zahnzzo
explained that in a swollen fibrous prbtein such .as wool, salt. linkages or
ionic pair. bonds as.well as hydrogeﬁ bonds are wéék as a reéﬂt of the.

hydration of the polar groups in the fibre. He further stated that hydrophobié
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interactioné have a stabilizing effect. Ferr.ini221 and .Zoll.ingm.‘m also
obtained results that showed that the deéréase in dye adsorption in a group of
dyes th.at‘ have the samé.glbasic structure differing only in the nature of side
chzﬁns, is consistent w1th hydrophobic bonding. Similar interpretations were
made by Sivaraja et al.”>* |

When the sulphonated dyes were observed with respect to wool, dye
(71) gave the highest affimty followed by dye (72) and.ﬁnally dye (70).
This result 1s much similar with what was obtained in tﬁe case of nylon, if
- not for the swapping of positions between dye (71) and (72). The lﬁain
reason for the swapping may be due td the aésumptions made in the
experiment that is the salt-linkage involves only the hydroxylate anton in the
dye. The same hydrophobic interaction explanation is maintained in this
case as well.

Contrary to the findings in nylon substrate, the parent dye (65)
produced the least afﬁnity values at all temperatures. Probably because the
dislodgements of the hjzdration watef on the polar groupé could not be
accomplished as completely which would mean that the hydrophobic force

that would strengthen the interactions will be weak.
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Some of these interpretations are not clear-cut evidence because of the
._ influence of aggregﬁtion equiiibi‘ia supe;rimpbsed bn the adsogtion eqtili‘bria
for these dyes 22"

| As a general observations, the dyes under investigation recorded
higher affinity values at the temperatures used in the determination for nylon
than wool. This is in conformity with the established facts. The main
reason for this 1s attributable to the hydration water that shields easy
accessibility to the interaction sites on the wool substrate which is about
30% water. Coﬁpled to this will be the allignment of the chams in nylon
fibres making them more amenable for hydrophobic and other non polar van
der Waal forces of attractions. A confirmation of the above inference can be
seen by comparing the heats of dyeing and entropy shown in Table 4.15

With the exception of the parent dye (65), the heat of dyeing in the
case of wool are generally higher than that of nylon. This infers that the
coulombic forqes are higher stressing that hydrophobic forcges are greater in
the casé of nylon. This is further strengthened by the more increase in the
entropy term for nylon than wool. As a rule, dye adsorption process is
regarded as one in which the dye undergoes a transition from a state of
random distribution of dye ions in solution to a state of restricted movement

and a more ordered arrangement of adsorbed dye on the fibre surface. To
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Table 4.15: The Heat and Entropy of Dyeing for the Dyes on wool and

Nylon 6.6
Dye No -AH® (J/mol) -AS° (J/mol)
Wool Nylon 6.6 Wool Nylon 6.6
(63) 15509 22731 3 A
(66) 14837 22316 55 9
(67) 30310 25230 36 22
(68) 29226 20310 10 2
(69) 36287 26538 61 31
(70) 31490 27340 46 25
(71 35904 23100 45 13
(72) 36850 19732 51 00
] (73) 34106 26149 45 18
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support their c]ai\ms for hydrophobic forces interplay in the dyeing of wool,

HY | .
Sivaraja et al  used the principle of minimum structural changes by

 substituting methyl, butyl and phenyl side chains into an acid dye. The

thermodynamic parameters indicated an increase in afﬁﬁity, de.crea.se in heat
~ of dyeing and én increése in the entfopy as side chain inbréases n size and
.molé.cular.wei ghts. "l;hey concluded that hydrophobic interaction resuited in
the more inﬂuenée | of increased entropy meaning either more positive
..entropy value or less negative value and less heat of dyeing since it is space-
related force. Similar observations are hereby also extended. when thé
thermodynamic parameters are compared w_ith.n)‘/lox_l relative.to wool of t.he
~ given dyes under investigation. | | |
The less entroﬁy observed for {hé dyes in Wool 1S attribute.d from the
chénges in the structﬁre bf Watér in the Systein. Water molecules in liquid
waéér aré highly aggregated and therefore the introduction of a hydrophobic

dye ion results in the disaggregation of water molecules.>™* .

4.2.5 The Effect of pH on the Fixation of the Nitroso Dves on Nvion 6.6 |

Test runs confirmed our anticipation that it would be possible to post
metallize nitroso dyeings by acid fixation mechanism on wool and nylon 6.6.

The dyes proved unable to dye cellulosic fibres and polyester even by
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mordanting techniques. Attemi)t s here.by made to study the effect of pH on
the fixation of the parent z-mtro-l;naphthol and the coﬁéléd azo dyes that
resuited after diazotising anilin.e and 4.-zlmﬁn.o. benzoic acid as examples.
Te.st. mnéwsh.owed that only FeSQ,, Co(NO;),, CuCl; and NICl, gave
distinctive hue differences as a result of mordanting. Therefore, these metals
.:ulf”e.re ﬁsed to Investigate this effect. Further test runs showed that to
manifest distinctive hue difference the dyes needed to be applied at shallow
shades, therefore, 0.5% shade was selected for applying the dyes using 0.2%
acetic acid at a hiquor to goods rétio of 50:1 at the boil for 30 minutes.
I"relimina@ invesﬁgations éhowed that thére was no incfeése .in the degree
) of ﬁxatién by using. Salt .coﬁcentrari;)n frbm 0.5% to 5%, infact, the effect
.Prd'ved._fo .b{e a.. deérease. As 'z.z result a 0.5% treatment of the salt
concehtration was used. Further more higher liquor ratio proved detrimental
to the fixation value. A liquor to goods ratio of 5:1 was used, treatment time
being 135 minutes at the boil. 1% HCI and 1% NaOH were used to co_ntrolﬁ

the pH. The drastic conditions used in this study made wool unsuitable. |
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Table 4 16: Effect of pH on the Fixation value of Dye (65) on Nylon 6.6

Mordanting with deferent Metallzc Salts

FeSO, Co(NOs), CuCly NiCL,
pH | %F | PH | %F | pH | %F | pH | %F
15 23 14 30 4 25 15 25
17 23 16 41 16 33 3.5 29
2.0 25 19 a4 18 34 52 20
3.5 33 54 52 36 20 73 75
7.0 60 7.0 82 7.2 65 | 84 79
9.0 65 9.2 g6 9.0 70 9.0 T
9.4 70 9.7 8 | 101 | 74 | 100 | 85
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Table 4.17: Effect of pH on the Fixation value of Dye (66) on Nylon 6.6

Mordanting with different Metallic Salts.

FeSO; Co(NOs), CuCl NiCl,

pH | %F | PH | %F | pH | %F | pH | %F
17 22 1.6 23 16 8 11 13

2.0 32 19 27 18 13 15 15

35 42 35 32 3.7 I 5.2 56

53 55 5.4 45 5.4 52 6.3 73

7.0 68 7.0 75 72 69 70 80

9.0 70 92 86 9.0 72 8.4 87

9.4 72 9.7 83 10.1 84 9.0 81
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~ Table 4.18: Effect of pH on the Fixation value of Dj/e (67) on. Nylon 6.6

Mordanting with different Metallic Salts.

Fe 504

Co(NOs), CuCl, NiCl,
pH % F PH %F pH % F pH %E
1.5 16 14 27 1.6 14 1.7 10
1.7 12 1.6 29 1.8 14 2.3 14
20 23 3.7 37 3.6 24 3.7 23
35 27 5.4 54 53 53 .5.7 45
7.0 64 7.0 69 7.3 68 7.2 65
9.0 71 9.2 76 9.0 73 8.4 67
9.4 77 9.7 78 10.1 77 5.0 79
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Fig 4.31: Effect of pH on the post-metallization of dye (65) on Nylon

100

—i ],

90 -

80

70 -

60 -

6.6

pH

—8—FeS04 |
'——Co(NO3)2
| = CuCI2

—-NiCl2 |



% Fixation

Fig 4.32: Effect of pH on the post-metallization of dye (€6) on Nylon 6.6
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Fig 4.33: Effect of pH on the post-
metallization of dye (67) on nylon 6.6
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Generally, as shown in Figuréé 431-432 a marked increase in
ﬁxatioﬁ was noted as the pH increased. The marginal increase over the
neuﬁal pH made higher pH unrealistic. The unfixed dye is thought to be
mostly the 1:1 complex. This perhaps explains why higher metal
concentration and long liquor to goods ratio in the test run gave poor fixation
values. Comparatively all the three dyes showed almoét the.samé extent of
difference as the pH is changed. o

Proof for the formation of 1:2 cbmplex has been provided very
recently by Freeniém et a2’ |
4.2.6 Wash and Perspiration Fastness Properties of the 2-nitroso-1-Naphthol

and Its Azo Dyes Derivatives and Their Post-Metallized Products on

Wool and Nylon 6.6

Wool and nylon 6.6 samples are dyed to 0.5% shade wi'th the
assistance of 0.1% Lissapol C, 0.2% acetic acid, 50:1 1i(iuor ratio af the boil
for .1 héur. The low shade was chosen to avoid deeper shades whose post-

metallization hue is not apparent.
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Table 4.19: Wash Fastness Ratings of the Nitroso Dyes on Wool using

[SONo. 3
Dye No Complexing Salts

None FeSQ, Ca{NOs) CuCl, Zn80, NiCl» MnCl Cr(SOn
C|ST|C{ S (C|ST{C!ST{C{ST{CI{ST{C|ST|C/|ST

65 A S (5 5 (a5 a5 =[5 |35 14| 5 [ 3153
6 4 1 5 [ a5 [ a5 33 5 34| 5 345 &5 5 153
o7 a1 s [ 5 [33] 5 [&] s 3] 5 [ 5|5 (23] 5 |3 3
58 T 5 {34 5 (45| 35 [a | 4 15| 5 |45 35 |35 |43
9 324 5 | 4] 5 | 4] 5 (a5 |34 5 s[5 13|53 |4
70 391 5 (335 |4 5 | 4| 5 T3] 5 (3415 (3] 5 43
7 AT T i s (&3 45| 5 3 5 [ 4[5 (23] 5 13 |5
7 2] 5§ (23| 5 (3] 3 [ 41 5 (12 5 1235 =05 [33]3
73 ] 5 15| 35 T3 75 a5 3] 5 55 123 513573

C = Change in Shade; ST = Staining of Adjacent White
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Table 4.20: Wash Fastness Ratings of the Nitroso Dyes on Nylon 6.6 using

ISO No. 3
Dye No Complexing Salts

None | FeSO; | CoNOs» | CuCl, | NiCl, | ZnSO; | MnCl, | CA80%
C[ST|C|St|C|ST|C|ST|C|ST|C]|ST|C][ST|C/[ST

65 |35 5] 5|+ 5453512 [5[2]513]s

6 121351535 4[5 a5 (2 {5 3135 (235135
67 | 415 | 5|5 |45 4|5 |45 1453|535
68 | 31455 | 5 |45 |45 3151315 1435 23]
6 | 3|5 1315|315 3151315 43513353153
0 | 3|5 |51 51351351515 |43 (2|5 |+]35]3]|5
N S35 5153515513535 15155135355
72 |45 3 5] 51555151513 (s[s5s({535]5]s5
73 12151 -]-1-1-]-1-1-1-1-1-T-1-1-T1T-

C = Change in Shade; ST = Staining of Adjacent White
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Table 4.21: Acid and Alkali Perspiration Ratings for the 2-Nitroso-1-

Naphthol and azo Derivatives Dyes on Wool

Complexing salts 65 66 &7 68 69
Acd | Alkali Acid | Alkali | Acid | Alkah Acid | Alkali | Acid | Alkali
C ST (C ST ST|C ST |C SUL|€ ST C ST|€ ST1C SL| € 8T
None 34 1453|4353 4 514554 5|14 5|2 5 5 5 3 5
FesSO, 5 505 5[5 5[5 5|5 5[5 5[5 5|5 5[5 5|5 5
Co(NOy ), 5 5|35 3 5 3 5 5 5 3 5 5 5 5 5 3 5 5135 5
CuCly 5 5 5 35 5 5 5§ 35 g 35 5 5 5 5 5 5 35 5 5 5
NiCl, 5 5|4 5|5 5|45 5|5 5|5 535 5|5 5|5 5|5 5
ZnS0, 5 514 5 5 5 5 3§ 5 3 5 5 5 5 ¥ 5 5 3 5 5
MnCl, 5 5143 53|35 5 5 5 5 5 5 5 5 5 3 5 5 3 5 35
Cry(SOs)s 5 5|45 5|5 55 5|3 5[5 5|5 5[5 5|3 5[5 5
KEY: C = Change in shade; ST = Staining of Adjacent White
Complexing Salts 70 71 72 73
Acid Alkali Acid Alkali Acid Alkalt Acid Alkali
C §ST|C 8ST|C ST{C ST|C ST|C ST | C ST | C ST
None 4 3 4 5 43 5 4 3 4 3 4 3 5 5 5 3
FeSO, 5 3 553 3 5 5 5 5 3 5 3 55 5 3
Co(NOs), 5 3 5 3 s 5 5 3 5 3 5 3 5 3 5 3
CuCly 5 5 3 3 5 5 5 3 5 3 5 4 5 35 4 3
NiCl, 5 5 4 3 5 5 4 5 5 3 5 3 5 3 5 5
Zn80, 5 '§ 5 3 5 '5 4-5 5 5 3 5 34 5 3 5 5
MnCl, 55 |5 5 | 55|55 |33 35355355
Cry(S0O4)4 5 9 5 5 5 5 > B 5 3 3 4 5 5 5 3

C = Change in Shade; ST = Staining of adjacent White
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Table 4.22: Acid and Alkali Perspiration Ratings for the 2-Nitroso-1-

Naphthol and azo Derivatives Dyes on Nylon 6.6

Complexing salts 65 66 a7 68 69
Acid | Alkah | Acid | Alkali | Acid | Alkali | Acid | Alkali | Aecid | Alkali
C ST|{C STIC ST|C ST|C ST{C ST|C 3T|C ST,C sST|C ST
None 4 514 3 5 5315 513 5 503 5|5 515 5
Fe80, I 3405 345 345 315 315 5 35 5|15 51415 3
Co(NO3), 5 305 5135 3{35 3|5 5|5 5 5315 55 5135 5
CaCl; 5 5035 5315 513 3|3 5415 33303 3,3 31585
NiCl, 3 0314 35135 34145 515 5|3 3 03] 4 51035 515 3
Zn30, 5 314 51535 515 3|35 3135 5 5313 5195 515% 3
MnCl; 5 514 315 3 315 5453 3 34,3 513 313 3
Crz(804)4 4 534143 33 505 355 5715 53 315 503 5013 3

KEY: C = Change in shade; ST = Staining of Adjacent White

Complexing Salts 70 ] 71 T2 73
Acid Alkali Acid Alkaii Acid Alkali Acid Alkali
¢ ST|{C ST|¢C ST]C ST |C ST|{C ST C ST|[C 8T
None 5 3 3 3 5 5 5 5 5 5 4 3 5 5 503
FeS80, i3 33 55 335 i3 5 3 - - . -
Co(NOy), 5 05 5 3 5 3 s 3 5 5 5 3 - - . -
CuCly i 3 35 3 3 535 5 5 5 3 - - - -
NiCl; 5 5 3 4 5 3 5 5 5 5 i 5 - - - -
ZnS0, 5 5 5 5 5 5 5 35 3 3 5 3 - - - -
MnCi, 5 3 $ 3 5 5 505 5 5 5 5 - - - .
Cry(SOs), 5 3 5 5 5 5 5 5 5 35 5 5 - - - -

C = Change in Shade; ST = Staimng of Adjacent White
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The was.h fastness rating of the .nitros.o deﬁvative d'yé.s on wool
showed that ihe dyr:e derived from J-acid (dyé 72) gave the least rating as far
as the change in shade is concerned. This is closely followed by H-acid
derivative dyes (dye 71), sulphanilic (dye 70) and 4-amino benzoic (dye 67)
derived dyes. This observation to a larger extent is the trend irrespective of
the complexing salt. The only exception is when CuCl; is th;: complexing
salt, it gave a consistent rating of very good (4). %en affinity of the three.
dyes are compared, dye (71) gave the highest, .followed by dye (72) and
finally dyé (70) at the temperature consider;d. In éontraét, dye (70) gave the |
highest diffusion coeﬁicicnt followed by dye (71) and finally dye (72).
Aﬁparently there doesn’t seem to be a direct correlation between affinity,
dyeing properties as given by diffusion coefficient and wash fastness. This
was also observed by Lemin et al””® when they evaluated the affinity Qf SIX
different dyes, they noted that there was no obvious correlaﬁéﬁ between
affinity, dyeing properties and wash fastness with t.he chemical constitution

of the dyes. Everything being equal, .Slpeakman et al**"*** have observed
that the levelling proﬁerties is related to the capacity of dyes to form
colloidal solution and consequently the ability of the dyes to form aggregates

in the fibre. He found that the less the tendency to aggregate the greater the
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levelling power; the tendency of a dye to become colloidal in the acid
dyebath increases with the molecular weight and decreases with degree of
sulphonation. Improved fastness to washing so far as this is cbncemed with -
the mechanical imprisonment of the dye within thé fibre pores might
.co-ncei.vabl)} result from Ian incréase in the particle size of the dye by
aggregation. from the fofégoing, dye (71) is expected to have a poor
fés‘mess rating than dye (72). But surprisingly the correlation between
affinity and wash fastness properties was observed. Dye (71) derived dye
recorded the higher affinity than dye (7&) When dye (72) and dye (70) are
compared, of course, dye (72) has the higher molecular weight but has more
ionic groups which mz_;kes_ it less prone to fbnn colloidal solution .than
sulphanilic acid as such x:v.hich. of the_f.\./vo. givés the hIgher ;Nash fastness
rating ils. a bzﬂaﬁcé between the molecular weight factor and solubilizing
| grbups nur_nbéré a§ they affect the degree of aggregatability of the dyes. The
factl th-at dye (70) gave the higher wash fastness rating is a direct
cbﬁsequence to the less number of solubilizing groups it possesses.
However, this can not be explained from the affinity values computed in
section 4.6 as J-acid deriyative dye (72) gave the hi_gher affinity \;alue.l 4-
Amino_benzqic aci_d derived dye (67) gave a rating hliglhe.r. than éﬁiphanilic

acid derived dye (70), this is also a conséquence.of the ability to form
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aggregates which factor is stronger in 4-amino benzoic acid dertved dye (67)
't.han dye (70). However, the direct correlation between affinity and wash |
fastness is observed between the two dyes. Dye (67) has the higher afﬁnity._. |
values at both temperatures considered than dye (70). Similar explanation
will be difficult to advance when other dyés. under study are considered. For
example, when 4I-amino phenol derived dye (68) is compared to dye (70),
dye (70) gave the ﬁigher rating. This is an inverse relationship to the degree
of ionizability in acid bath. The two dyes have almost the same afﬁ;lities.
The same analogy is equally applicable to the dyes of 4-amino phenol and 4-
amino benzoic acid derived dyes (67) and (68). Dye (68) is expected to
produce a dyeing of higher fastness rating as a consequence of ionizability in
acid bath of the latter. But the reverse is the case, but this time the higher
rating of the affinity of the 4-amino benzoic acid dye (67) §an be sighted to
explain the observation. | |

The wash fastness rating of the pareﬁf dye, dye (65) gave an average
good rating, higher than the J-acid derived dye (72). This is despite its least
affinity values at the temperature considered and least molecular weight.
Explanation for this does not seem to be apparent from the coefficient of

diffusion relatively of the dyes. However, dye (66) having high rating than



the parent dye (65) can be explained both from the advantage of molecular
weight and affinity for which dye (66) is better in both factors. |

When aniline is compared to 4-nitro aniline derivative dyes (6) and
(69) respectively, dye (66) recofded the higher fastness ratmg inspite of the
molecular weight advantage of the latter;. but in accordance .with affinity
consideration aniline déri?ative dye (66) as is the case recorded higher
fastx.less. rating. d

A comparison of the sulphonated dyes indicated that both J and H-
acid derivative dyes (72) and (71) respectively recorded higher wash fastness
rating than sulphanilic acid dye (70). The trend is not according to the
affinities of the dyes. It had been investigated that replaéement of a benzene
by naphthalene residue should result in increase in wash fastness rating in a

2% This should explain the superior

group of acid dyes on nylon substrates.
fastness rating of both J and H-acid dyes (71) and (72) over the sulphanilic
acid derived dye (70). 4-Amino benzoic acid derived dye (67) recorded
higher fastness rating compared to the sulphanilic acid derived dye (70).
This is in contrast to the trend in affinities of the two dyes where dye (70)
gave the higher value. Here too, the degree of ionizability of sulphanilic

acid is expected to be higher with the result that 4-amino benzoic acid

~denved dye (67) is expected to produce more colloidal solution in acid bath
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as was actually observed. From earlier correlation, it i1s expected to

have higher aggregatability in _?he polymer and will as a consequence give
higher fastness rating as observed. When 4-.amino benzoic acid derived dye
(67) is compared with 4-amino phenol dfe (68), both ionizahility/aggregata-
bility and affinity faétoré pointe.d. to the opposite. However, the lower
acﬁvation eneféy of the 4-amino phenol derivative dye (68) (49,722 J/mol)
could be advanced to explain the ease with each it shdes i and out of the
polymer as compared to the activation energy of 62652 J/mol of 4-ammo
benzoic acid derived dye (67).

Another dye system that. deﬁed explanatién” from moleculér weight
factor and 1omzab1hty conmderatlons are 4-mtroamlme and 7-cyano-4-
mtroz‘mﬂme demed dyes (69) and (73) In both counts, dve (73) is expected
to have a hlgher wash fastness rating but it gave almost the least rating on .
nylon substrate. A look at the activation energies however indicated that it
has the least, 15955 J/mol as against 37928 J/mol for 4-nitroaniline derived
dye (69) on nylon. In contrast to the observation with regards to wool
between aniline and 4-nitroaniline de_ﬁyed dye, 4-m’troanﬂin¢ dye (69) gave
the higher rating. However_, n tms cése, the explanation. ié ﬁot far fetched.
Molegular_weight coﬁsideration sele.med to Be tﬁe reaso;l. C;)upled to this is
._ tﬁé very low .a.ctivﬁﬁon energy of diffusion of aniline denved dye (66) (7978
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J/mol) compared to _the value for 4-nitro aniline derived dyf: (69) quotéd
above. The parent. dye (65) also gave a higher rating comparéd to the aniline
derived d)”/e (66). But then, it has ﬂle advantage of both affinity (-20407

J/mol, at 329K) and activation energy 94280 J/mol compared to the affinity
of 4-nitroaniline derived dye (69) (-19501 J/mol at 329k) and its activation
enefgy given above.

With respect to nylon fibre and all the dyes, a general increase in wash
fastness rating was observed as a result of post-metallization. The. main
reason is attributed to two distinct factors. The first is that a complex is
formed between the dye and the metal which increases the molecular size of
the dye. Secondly, a chemical combination is thought to be formed between
the fibre, dye and the metal. The effect of post metallization 1s however not
very apparent in the case of wool. No work has been done to ascertain the
nature or likelthood of chemical association between the metals complexed
to these types of dyes, However, the work carried out by Geogzz4 with
respect to phenols, indicated that. the acid anions are retamned by the metal
even after forming a 1:2 metal complex.dyes. This is indicative that a union
between ﬁe fibre and the dye complex 1s not very likely compared to known
metal complex systems. This being the case, then, the intrinsic affinities of

the dyes on the substrates will only be improved by virtue of complexing. It
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was observed that generally the free dyes had higher affinities on nylon than
on wool. Aggregating the dyes on the substrate only consolidated the
affinity of the dyes on the substrate. It can be seen that 2-cyano-4-nitro
aniline dye (73) did not form any complex with respect to the nylon
substrate. This may highlight yet another fundamental difference between
the states of the complex, when the two substrates are compared. The same
observation is made with respect to aniline and 4-nitroaniline derived dyes
(66) and (69), even though thev formed the complex with distinct hue
differences, their wash fastness on nylon are only averagely good and are not
as good as in wool. In between the complexing saits used, FeSO,, Co(NO;),
and CuCl, produced increasing better performance with respect to nylon
substrate, whereas in the case of wool the trend changed. CuCly, Co(NOs),,
FeSO, seemed to be the trend.

The perspiration test results indicated that for wool substrate, there is
a general improved fastness rating as a result of post metallization. It is only
J-acid derived dye (72) that gave comparatively poor results with respect to
staining for both acid and alkali tests. In a subdued manner alkali tests with

respect to the free dyes proved poor in rating as expected with respect to wool.

The perspiration alkali and acid tests results on nylon gave an all-

round excellent ratings.
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4.1.4 Light Fastness Properties of the 2-Nitrosoﬂ1-Naphthol and its Azo

And Nylon 6.6

Dyes Derivatives and Their Postmetallization Products on Wool

The wdol and nylon 6.6 subsrfates wefé dyed with the dves and post

metallized using the same condition as in section 3.8 The results obtained

| Iafe shown in Table 4.23. |

Table 4.23: Light fastness Rating of the Dyes on Weol and Nylon 6.6

Soa
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Dye No Complexing Salts
None FeSO: | CoNO:sh | CuCl: | ZnSOs | NiCl, | MnCl | Cr:80ss
WINY | W {NY|WINY|W|NY|W/|NY W INY|W|NY|W NY
] |
H |
&5 1-2 1 2-3 23 4 34 3 23 1-2 1-2 1-2 i3-l L 1.2 i 1~2i i
]
! :
66 i-2 | 4-5 1-2 [ 34| 12 1 23 1.2 1-2 1-2 :i 34 -2 2 1-2 2 f [-2
| |
67 i-2 1 23 3 23 23 340023 | 23 1-2 1 3-3 2 12 I-2 1-2 I
; ;
68 1-2 ! 34 -2 23 1-2 | 2-3 -2 | 23 2-3 [ 3 ! i-2 H t-2 | 1.2
I 1
i i
69 I [ 36 23 4-3 [ 23 I-2 1-2 .32 {-2 j L2 -2 12001
]
T0 1-2 1 34| 12 | 23 -2 | 23 1 23 -2 ¢ 23 1.2 1.2 [ 1.2 12
|
" 1-2 1 4-3 -2 34 1 23 1.2 1122 1 23 1 1 I I 1l
T2 -3 1-2 | 45 i $3 34 0 347 34} 223 1-2 +35 -2 23 -2 2-3 | 12
73 -2 1 56 1 1.2 [ 3 1.2 |23 1 1-2 1 éz-z» 1 1-2 1 1-2 ]' 1-2
r i
KEY; W =wool, NY = Nylon 6.6
: =




Clearly light fastness ratings of the dyes on the two substrates are
gene.r_ally nof encouraging. Tﬁe free dyes gavé pdor ratings on both
substrates. | As noted also in Chapter 2, wool substrate gave a unit higher
rating than nylon 6.6. The same explanation about the presence of histidine
'- aﬁd other amino acid believed to retard reductive and oxidative fading is also
tenable here?®  Generally it is observed that postmetallization only

- marginally improved the rating of the dyes with respect to nylon -6.6. But in
the case of wool in certain cases a maﬂced. improvémént. ha§ beén obtained.
For. exainple fhe rating of the free dye. (69) .d.en.'véd. from 4;nitr0 dnﬂine mn

. Wdoi was ﬁnly l; but ﬁthe IFeS.O4 post-metallized dye recorded 5-6, Co(NOs),,
45, CuCly, 2-3 etc. Similarly, 2-cyano-d-nitroaniline dye (73) had a rating
of 1-2 for the free dye but got improved to 5-6 by FeSO, post metallization,
. 4-5, by Co(NO;), 2-3 by CuCly, 2-3 NiCl, etc. Similar results were

 recorded by dyes (66), (71), (72) and (70).

- Improvement m the fadmg rate was 6{113; moderate 1 111 the parent dye
(65) and 4- ammobenzoxc acid derived dye (67) even or wool | Sﬂm}ar
observatlon 1S made w1th respect to 4-amino phenol denved dye (68) The
dyes that recorded the highest unprovement as a result of the post

metallization are 2-cyano-4-nitroaniline dye (73), 4-nitroaniline dye (69) and



CHAPTER 5

5.0 Synthesis and Properties of Monoaze Acid Dyes Derived from p-

Amine-toluenesulphon-N-ethvlanilide as Diazo Component

5.1 -Intl.'oduction

Acid dyes are the main group of dyes used for dyeing wool, silk and
polyamide fibres, they have laso found use in leather dyeing.**"  The
requirements of acid dyes vary depending on their end-use, but they are now
mostly expected to show a high degree of exhaustion from the dyebéth at a
low or very low concentration of electrolytes and at a relatively high pH (5-
6).

This study concerns the synthesis of some monoazo acid dyes in
which p-aminotoluenesulphon-N-ethylanilide (a) was used as a diazo
component. This amine was obtained from Wenzhou Rosi Dyestuff
Company Ltd, China in 99% purity as shown by the HPLC spectrograph
(Figure 5.1). It was used without ﬁlrthér purification. Thé amine was
diazotised and coupled to gamma acid also obtained from Wenzhou Rosi
Dyestuff Company Ltd, J and H-acids donated from University of Leeds,
Color Chemistry Department, chromatropic acid, a BDH laboratory reagents
grade and 4-sulphophenyl-3-methyl-5-pyrazolone, also obtained from China.

All the coupling components were coupled without further purification.
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5.2 Results and Discussion

5.2.1 Synthesis, Ql_laracterisatioc and Spectroscopic Properties
Dees |
p-Amino toluene-sulphon-N-ethylanilide (a) was diazotise
direct method in the medium of acetic acid. The diazo salt was ¢
five different coupling components which are: H-acid, chromotrop:
acid, gamma acid and 4-sulphonphenyl-3-methyl;S-pyfazolone to

of dyes (74) — (78) having the general formula (b). =



Genesis series FTIR ir-spectrophotometer. The results are shown
5.1 and Figures 5.2-5.7.

The yield of the dyes as shown in Table 5.1 1s good. It is too
acid dyes most of which due to their high solubility are wasted aw:
manufacture.

The maximum absorption Wavelength of the dye derived fror
acid, dye (74) is 465 nm whereas dj/e (75) derived from J-actd has
- This means that dye (75) is more bathochromic by about 5 nm than
It 1s observed that the coupling position of acid coupled gamma aci
posttion, the 8-position is occupied by a hydroxy. gréup. The
pésition of the J-acid under the same condition is the 4-position,

group maintained its position.



Table 5.1: Yield, melting point and spectroscopic properties of the dyes

Hy N=N—R
(C2Hs)
Lo,
®
Dye R Yield | MPt | uv spectra Characteristics i.f. Peaks >~ |
No Coupling Component (%) ‘C) Homac e X
104
4 91 | 240°C | 465 | 18%76 | 3475 -OH...., -NH,
Deg. 1036 -SO;Na
oH 1409 -N=N-
NH;
Oe 1218 -NH,
0 1497 ©=C 1349 _s0,
780 -C-H
700 C==C ; 1168 -SO,Na
75 97 | 210 | 470 | 1.823 | 3445 -OH, -NH, 834, 862, -C-H

LA

NaO5S

1040 -SO;Na
1493 C=C
1414 N=N-
1152 -S0:Na
752 -CH-NH;
806  -C-H

210



76

83

>320

340

+.449

3448 -OH, -NH,
1492 C=C
1415  -N=N-
1041 -SO;Na
1166 -SO:Na
1338 -SO»

1440 C=C

77

260

315

6.485

3479 -OH, -NH;
1497 C=C
1408 -N=N-
1102, 1088 -SOsNa

826 -C-H

78

75

214-

219

3449 -OH, -NH;
1498 Gt
1013 -N=N-

1063, 1169 -SO;Na
914,921, 780. 850, 824, -C-H
1341 -SO-

1551 C©=N
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Fig. S.13 HFPIC Spectrograph
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Fig. 5.2: ir-spectrum of dye 74
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Fige 5.3: irespectrum of dye 75
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Fig, 5.4%: ir=spectrum of dye 76 .
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Fige 5.5: ir-spectrum of dye 77
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The derivative of H-acid, dye (76) has a wavelength of maximum

absomtion of 540 nm Whereas that of chromotmpic acid dye (77) 1s 515 nm.

o %o- g%

NasO, Naso,

Scherme 5.1

The two baim (74) and (75) in one group and (76) and (77) in the
other, all mdlcated that it is the dye w1th the least absorption wavelenth
maxima that 18 1east absorbmg as seen from the extinction coefficients.

Whereas, the higher wavelength of absorption shown by dye (76) over
dye (77) can be attributed to the higher electron donating strength of the
amino group over the hydroxy group, the same explanation cannot be made
with respect to dye (74) and (75). However, what seemed to be the main
similarity between dye (77) and (74) is the increased intramolecular
interactions favoured in dye (77) by the azo-hydrazone tautomensrrf;‘ o
illustrated 1 m Scheme 5.1, and intra molecular hydrogen bonding shown in
structu;e (111) fm.r dye (74). These factors can be imagined to discourage free

flow of elecn'ons which would consequently increase the ionization

| ;potential.' '
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Bbth dyes (76) and (75) are not as disposed to exhibit the effects as
such, they absorb at higher wavelengths on a comparative scale.

The dye denved from 4-suilphophenyl-3-methyl-5-pyrazoione, dye
(78) as expected produced a yellow dye, however, it is only distllrbing that
the yield is poor and the extinction coefficient is the smallest, however, it

can also exhbit azo-hydrazone tautomerism as shown in Scheme 5.2.
| | .
e YRR N Oa HC N/ @s@wa
| e N—(/ |
{CHy) —N ——— {CoHs) N
L, b ‘ L, s ' -
: 4
@ ™ Scheme 5.2 @ |

However, the extinction coefficient of all the dyes are very low

inexpectedly. This can be attributed to aggregation.
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- dyc aggregation in fibre and aqucous. phasecs. This could be promotcs
prcscncc of clectrolytes. To reduce the influcnce of these two, the dy

applicd at a uniform pH of 4 in the abscnce of clectrolytes.
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Table 5.2: Diffusion Coefficient and Activation Energy of Dye (74) on

Wool at 333K and 353K
Time 333K 353K
T (s) WVt Mt Mt/Mo Mt Mt/Mx
600 243 0.075 0.14 0.172 0.34
900 30.0 0.0718 0.17 0.205 041
1200 34.6 0.109 0.20 0.28 0.56
1500 38.7 0.124 0.23 0.27 0.54
1800 424 0.143 0.26 0.324 0.63
2100 45.0 0.157 0.29 0.324 0.63
2400 48.99 0.161 0.30 0.338 0.68
2700 52.00 0.178 0.33 0.375 0.75
3000 54.77 0.190 0.35 0.400 0.80
3600 60.00 0.211 0.39 0.45 0.90
24 hrs 0 0.54 0.30
Slope 7.179x 107 1.53x 10~
D/r sec” 1.01194 x 10 4.5963 x 107
Activation energy (E) J/mol 73978
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Table 5.3: Diffusion Coefficient and Activation Energy of Dye (75) on

Wool at 333K and 353K
Time 333K 353K
t(s) “t Mt Mt/Moo Mt Mt/Moo
600 245 0.086 0.12 0.206 0.30
900 30.0 0.11 0.15 0.264 0.38
1200 34.6 0.129 0.18 0.306 0.44
1500 38.7 0.15 0.21 0.334 0.48
1800 42,4 0.164 0.23 0342 0.49
2100 45.0 0.19 0.265 0.404 0.58
2400 48.99 0.195 0.28 0.40 0,57
2700 52.00 0.21 0.30 0.48 0.69
3000 54.77 0.222 0.32 0.528 0.76
3600 60.00 0.25 0.36 0.536 0,77
24 hrs ® 0.70 0.696
Slope 7.00x 107 1.36 x 10~
D/r sec’ 9.6211 x 10° 3.6317x 107
Activation energy (E) J/mol 64932
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Table 5.4: Diffusion Coefficient and Activation Energy of Dye (76) on

Wool at 333K and 353K
Time 333K 353K
t(s) Wt Mt Mt/Me Mt Mt/Meo
600 24.5 0.13 0.0997 0.30 0.21
900 30.0 0.16 0.125 0.39 0.27
1200 346 0.18 0.138 0.44 0.30
1500 387 0.23 0.178 0.52 0.357
1800 424 0.26 0.1994 0.70 0.48
2100 45.0 0.28 0.215 0.62 0.43
2400 18.99 0.30 0.2301 0.788 0.54
2700 52.00 0.34 0.258 0.70 0.48
3000 54.77 0.356 0.273 0.76 0.52
3600 60.00 0.383 0.295 0.84 0.58
24 hrs x 1.304 1.452
Slope 56x 107 1.00 x 107
D/r sec” 6.1575 x 10° 1.9635 x 10”
Activation energy (E) J/mol 56687
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Table 5.5: Diffusion Coefficient and Activation Energy of Dye (77) on

Wool at 333K and 353K
Time 333K 353K
t(s) Wt Mt Mt/Mewo Mt Mt/Mwxe
600 24.5 0.17 0.15 0.406 0.28
900 30.0 0.21 0.19 0.53 0.37
1200 34.6 0.278 0.25 0.644 0.45
1500 38.7 0.30 0.265 0.68 0.47
1800 2.4 0.326 0.29 0.760 0.53
2100 45.0 0.38 0.335 0.81 0.56
2400 48.99 0.37 0.33 0.88 061
2700 52.00 0.42 0.375 0.91 0.63
3000 54.77 0.46 0.41 0.916 0.64
3600 60.00 0.51 045 1.04 0.72
24 hrs © 1.128 144
Slope 8.67x 107 1.19x 107
D/r sec” 1.4759x 107 2781 x 107
Activation energy (E) J/mol 30969
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Table 5.6: Diffusion Coefficient and Activation Energy of Dye (78) on

Wool at 333K and 353K
Time 333K 353K
t(s) Wt Mt Mt/Mco Mt Mt/Mcw
600 245 0.13 0.12 0.368 0.30
900 30.0 0.18 0.16 0.46 0.37
1200 346 0.238 0.21 0.56 0.45
1500 38.7 0.27 0.24 0.622 0.50
1800 42.4 0.278 0.25 0.792 0.64
2100 45.0 0314 0.28 0.750 0.60
2400 48.99 0.26 0.23 0.800 0.64
2700 52.00 0.381 0.34 0.858 0.69
3000 54.77 0.40 0.36 0.920 0.74
3600 60.00 0.46 0.41 1.00 0.81
24 hrs @ 1.12 1244
Slope 8.00x 107 147 x 107
D/r sect 1.2566 x 10° 42429x 107
Activation energy (E) J/mol 59482
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Table 5.7: Diffusion Coefficient and Activation Energy of Dye (74) on

Nylon 6.6 at 333K and 353K
Time 333K 353K
t(s) Wt Mt Mt/Meo Mt Mt/Mw
600 24.5 0.144 0.44 0.18 0.49
900 30.0 0.157 0.475 0.20 0.54
1200 346 0.149 0.43 0.22 0.59
1500 38.7 0.168 0.51 0.23 0.61
1800 424 0.165 0.50 0.24 0.65
2100 45.0 0.182 0.55 0.247 0.665
2400 48.99 0.19 0.58 0.241 0.65
2700 52.00 0.198 0.60 0.273 0.735
3000 54.77 0.20 0.61 0275 0.74
3600 60.00 0.208 0.63 0.297 0.80
24 hrs x 0.33 0.371
Slope 567x 107 24x 107
D/r sec” 63124 x 10° 1.3854x 10”
Activation energy {E) J/mol 38425
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Table 5.8: Diffusion Coefficient and Activation Energy of Dye (75) on

Nylon 6.6 at 333K and 353K
Time 333K 355K
t(s) “t Mt Mt/Mio Mt Mt/Mec
600 24.5 0.12 0.35 0.14 041
900 30.0 0.14 0.40 0.16 0.46
1200 346 0.153 0.44 0.21 0.62
1500 38.7 0.16 0.46 0.19 0.53
1800 424 0.161 047 0.20 0.59
2100 43.0 0.18 0.53 0.21 0.61
2400 48,99 0.205 0.59 0.223 0.66
2700 52.00 0.20 0.565 0.24 0.69
3000 5477 0.205 0.59 0.24 0.71
3600 60.00 0.22 0.64 0.26 0.75
24 hrs o 0.345 0.34
Slope 8.1x 107 1.00 x 10™
D/r sec” 1.2882 x 107 1.9635 x 107
Activation energy (E) Jmol 20596
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Table 5.9: Diffusion Coefficient and Activation Energy of Dye (76) on

Nylon 6.6 at 333K and 353K
Time 333K 353K
t(s) Vt Mt Mt/Mow Mt Mt/Me
600 245 0.060 0.29 0.104 0.36
900 30.0 0.060 0.28 0.13 0.44
1200 34.6 0.061 0.29 0.14 0.48
1500 38.7 0.061 0.29 0.15 0.53
1800 42.4 0.065 0.31 0.17 0.59
2100 45.0 0.065 0.31 0.18 0.63
2400 18.99 0.067 0.32 0.210 0.72
2700 52.00 0.067 0.32 0.19 0.67
3000 54.77 0.067 0.32 0.206 0.71
3600 60.00 0.071 0.34 0.233 0.80
24 hrs © 0.209 0.291
Slope 2.143x 107 1.19x 10~
D/r sec” 9.0173 x 107 2.781x 107
Activation energy (E) J/mol 167611
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Table 5.10: Diffusion Coefficient and Activation Energy of Dye (77) on

Nylon 6.6 at 333K and 353K
Time 333K 353K
t(s) Wt Mt Mt/Moo Mt Mt/Meo
600 24.5 0.17 0.50 0.195 0.54
900 30.0 0.18 0.534 0.23 0.64
1200 34.6 0.174 0.51 0274 0.76
1500 38.7 0.19 0.57 0.260 0.73
1800 124 0.202 0.60 0.308 0.86
2100 450 0.210 0.62 0.29 0.805
2400 48.99 0.23 0.68 0.305 0.85
2700 52.00 022 0.64 0.321 0.89
3000 54.77 0.225 0.66 0.350 0.89
3600 60.00 0.24 0.70 0.350 0.97
24 hrs % 0.339 0.360
Slope 5.33x 107 1.13x 107
D/r sec” 55781 x 107 25072 x 107
Activation energy (E) J/mol 73466
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Table 5.11: Diffusion Coefficient and Activation Energy of Dye (78) on

Nylon 6.6 at 333K and 353K
Time 333K 353K
t(s) vt Mt Mt/Mw Mt Mt/Mee
600 245 0.113 0.51 0.12 0.46
900 30.0 0.122 0.55 0.164 0.63
1200 34.6 0.129 0.58 0.179 0.69
1500 38.7 0.131 0.595 0.183 0.705
1800 424 0.13 0.59 0.193 0.74
2100 45.0 0.144 0.65 0.207 0.795
2400 48.99 0.14 0.63 0.199 0.77
2700 52.00 0.157 0.71 0.217 0.833
3000 54.77 0.16 0.72 023 0.88
3600 60.00 0.166 0.75 0.241 0.925
24 hrs © 0.221 0.260
Slope 6.67x 107 9.78 x 107
D/r sec’ 8.7354x 10° 1.8781 x 107
Activation energy (E) J/mol 37418
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Fig 5.8: Rate curves for dye (74) on wool




mt/m

Fig 5.9: Rate curves for dye (75) on wool
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Fig 5.10: Rate curves for dye (76) on wool
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Fig 5.11: Rate curves for dye (77) on wool
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Fig 5.12: Rate curves for dye (78) on wool
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Fig 5.13: Rate curves for dye (74) on nylon 6.6
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Fig 5.14: Rate curves for dye (75) on nylon 6.6
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Fig 5.15: Rate curves for dye (76) on n'ylon 6.6
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Fig 5.16: Rate curves for dye (77) on nylon 6.6
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Fig 5.17: Rate curves for dye (78) on nylon 6.6
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It can be observed from Tables 5.2 — 5.6 that at all temperatures, the
diffusion coefficients of the chromotropic deﬁved dye (77) in wool substrate
is higher than the H-aci.d derivéd dye (76). For dye (76) the diffusion
coefficient is 6.157 x 10° sec” at 333K and 1.9635 x 107 sec™ at 353K
whereas it is 1.4759 x 107 sec! and 2.781 x 107 sec for dye (77) at the
respective temperatures. The activation energy of diffusion for the H-acid
derived dye (76) is much higher being 56687 J/mol as compared to 30969
| J/mol for the chromotropic acid derived dye (77). Both dyes have virtually
the same molecular weights, same ionic charge etc. Their main difference is
just that the I-position of the chromotropic acid coupling component is
occupied by an —OH group whereas it is occupied by an -NH; group in the
H-acid coupling component. The difference in the activation energy
indicated that it is easier to push a molecule of dye (77) than dye (76). Itis
indicative of smaller molecular volume for the dye (77) compared to dye
(76). Another factor that can influence this difference is the degree of
aggregatability.

The atomic radius of a nifrogen atom has been assigned 71 pm
whereas that of oxygen as 60 pm. Similarly, the van der Waals radii of the
clements are 150 pm and 140 pm respectively.”® These ind}'cate that the

molecular volume of the H-acid derivative dye (76) s bigger than dye (77)
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derived from chromotropic acid. This parameter alone can bring about dye
(76) to have lower diffusion coeficient and higher activation energy
compared to dye (77). The bigger volume associated with -NHz Zroup can |
also indicate higher polarisability and higher aggregating power which again
can bring about higher activation energy and lower diffusion coefficients.
When the dyes derived from J- and gamma-acids, dyes (75) and (74)
respectively are compared, it is seen that at all temperatures, dye (74)
derived from gamma acid recorded higher diffusion coefficients. It is
1.0119 x 107 sec™ at 333K and 4.5963 x 107 sec’' for gamma acid dye (74)
and 9.6211 x 10° sec” and 3.6317 x 107 sec™ for J-acid dye (75) at the two
respective temperatures. But dye (74) recorded a higher activation energy
being 73978 J/mol compared to 63932 J/mol for dye (75). However, for all
practical purposes, this difference m the activation energy 1s not very
critical.

The dye derived from the pyrazolone intermediate dye (78) gave
average values for both the diffusion coefficient and activation energy.
Being 1.2566 x 107 sec” at 333K and 4.2429 x 107 sec” at 353K. The
activation energy being 59482 J/mol. It has only one solubilizing group, it

aggregates to a higher extent which can explain why it has higher value than
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the dye derived from chromotropic acid dye (77) but being lower than dye
(74) and (75) by being slimmer and more flexible.

With respect to nylon 6.6 substrate, the only notable difference is that
the dyes derived from J-acid dye (75) and gamma acid, dye (74) are faster at
almost all the temperatures  over the H-acid derived dye (76) and
chromotropic derived dye (77). They therefore show lower activation
energies than the latter dyes. For dye (76) the diffusion coefficient are
9.0173 x 107 sec” at 333K and 2.781 x 10° sec” at 353K with an activation
energy of 167,611 J/mol. That of the chromotropic acid derived dye (77) are
5.5781 x 10% sec! at 333K and 2.5072 x 107 sec” at 353K for diffusion
coefficient with an activation energy of 73466 J/mol. The equivalent values
for dye (75) are 1.2882 x 107 sec™, 1.9635 x 107 sec” and 20596 J/mol, B
dye (74). {they are 6.3124 x 10° sec™, 1.3854 x 10” sec and 38425 J/mol.
In nylon substrate too it can be seen that dye (76) derived from H-acid
recorded higher activation energy than dye (77) derived from chromotropic
acid. Similarly, the dye derived from gamma acid dye (74) also recorded
higher activation energy than the J-acid derived dye (75). It would be
anticipated that the intra-molecular hydrogen bonding as would result as
shown in structure (1ii) should very much reduce the degree of aggregation

of the gamma acid dye and also the chromotropic acid dye shown in Figure

253



{ii) of Scheme 5.1. A closer look at the two structures will reveal that both
strut.:tulr.es (i1) and (iii) will suffer from loss of flexibility which will seriously
impair mobility. This as anticipated should slow down tﬁe speed of the
dyes, whereas, the loss of association by intrar moiecular association should
discourage aggregation which effect 1s expected to speed up the mobility of
the dygs through the pores of the fibres. Which of these factors controls the
pheno.llnena of diffusion in relative term would therefore have to be a balance
of these two effects resulting from the same consequence. It appeared that
with respect to the difference between dye (7;1) and (75) with respect to
activation energy, it is the loss of flexibility that is the stronger inﬂuence.
because dye (74) recorded higher activation energies in both substrates.
However, with respect to H-acid deﬁved dye (76) and chromotropic
acid derived dye (77) where in both substrates dye (76) is the slower dye and
the highest in éctivation energy. In addition to what was used to explamn
what could bring about this, the intrar molecular association through the
hydrazone form in chromotropic acid dye (77) can bring about less
aggregation which can speed up the mobility and reduce the activation

energy compared to dye (76) derived from H-acid.

244



© 5.2.2 Thermodynamic Parameters of the Dves on Wool and Nylon 6.6

Direct method of dermination was used. The pH of the dye bath was
maintained at 4 for both wool and nylon 6.6 substrates: It involved dyeing
0.05g samples in a dye solution at a quﬁor to goods ratio of 200:1 using 6%
shade at 60°C and 80°C fdr 24 hours for nylon 6.6 and 96 hours for wool
until equilibrium was e.lttained‘ The dye adsorbed was estimated
| spectrophc.sto.metrically by dissolving the dyed wool sample in 5% NaOH at
the boil and stripping the dye from nylon 6.6 with 20% pyridine solution at
the boil. The dye remaining in solution was also determined. Five different

determinations were made. The results are shown in Tables 5.12 to 5.13.
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Table 5.12: Thermodynamic Parameters of the Dyes on Wool

Dye (74) 2/0.03g | Dye (75) 2/0.05g | Dye (76) g/0.05g | Dve (77) 2/0.05g | Dye (78) g/0.05g
369K [ 353K | 369K | 353K | 369K | 353K | 369K | 353K | 369K [ 333K
x10% | x107 | x10° | x10° | x10® | x10% | x10° | x10® | x10° | x10?
16 26 63 8.3 1.8 22 3.1 13 6.4 )
1.9 2.7 6.3 3.7 1.9 2.3 32 78 6.9 0.97
L7 2.8 6.4 8.8 13 23 35 19 70 0.99
20 30 6.5 3.4 17 24 33 76 6.8 1.10
13 26 6.7 91 20 25 36 8.0 6.7 0.98
Average | 1.7 27 6.4 8.7 138 2.3 3.3 7.7 6.8 1.00
Difkg | 340 540 130 170 360 460 66 150 140 200
DL | 13 030 | 036 | 0.13 32 27 37 3.2 2.9 26
~Ap°) | 20486 | 25261 | 21477 | 24323 | 17897 | 18340 | 12245 | 14331 | 15301 | 1605
/mol
-AF° 130609 87113 28114 65427 31537
J/mol
-AS° 298 178 28 144 4
Ymol
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Table 5.13: Thermodynamic Parameters of the Dyes on Nylon 6.6

Dye (74) g/0.05g | Dye (75) g/0.05g | Dye (76) g/0.05g | Dye (77) g/0.05g | Dye (78) g/0.05g
370K [ 353K | 370K | 353K | 370K | 353K | 370K | 353K | 370K | 353K
x10% | x107 | x10? | x10? | x10? | x10® | x10* | x107 | x10® | x107
128 | 150 | 105 | 125 1.4 1.52 47 6.7 140 | 155
132 | 136 | 125 | 132 | 146 | 154 5.1 6.9 148 | 164
129 | 143 | L13 | 131 147 | 153 4.9 6.5 192 | 139
130 | 150 | 109 | 133 1.50 | 1.49 18 7.0 145 | 162
133 | 139 | 117 | 129 | 148 | 153 17 6.8 145 | 160

Average | 133 | 139 | L1+ | 130 | 146 | 152 438 6.8 145 | 1.60
(Difkg | 260 | 288 | 228 | 260 | 292 | 304 96 136 | 288 | 320
DIsL | 112 | 081 [ 038 | 0170 | 235 | 135 [ 195 183 | 166 | 124
AAp® | 21716 | 21970 | 24590 | 26233 | 19792 | 20629 | 16943 | 17374 | 20820 | 21029
J/mol

-AH® 27244 60785 38009 26324 25369

J/mol
-AS° 15 99 19 25 12
J/mol
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The thermodynamics of dyeing give valuable information on the
magnitude of the driving force behind the process, the inter play of forces
between all the components in the system resulting from molecular
interactions in both the fibre and dyebath and the extent of orientations of
the adsorbed dye molecules. Studies on entropy changes also throw light on
the extent of hydrophobic bonding that plays an important part in some dye
adsorption processes.

The affinity consists of two parts, the heat of dyeing (AH®) and the
entropy of dyeing (AS°®) related by the equation:

Ay’ = AH® - TAS®

The heat of dyeing (AH") is the difference in heat coﬁtent between that
needed to free one mole of dye from the solvent and that required to free the
same quantity from the surface or interior of the substrate by thermal

4 1t is thus the heat of sorption or the increase in heat content of

agttation.
the system when dye is sorbed. Large negative values of AH® correspond to
the idea of high potential affinity. The heat of dyeing has been related to the
combination of hydrogen bond, salt-linkages and other polar van der Waals

forces of attractions. Such that if it is possible to quantify all these forces of

binding they will sum up to the heat of d)ncing.2 9
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The entropy of dyeing on the other hand is described as'the degree of
~ disorder of the system when the dye is sorbed. It was also described as a
measure of that part of the affinity which is due to probability i.e. when the
molecular motions are sufﬁciéntly random. The less the negative is the
entropy tﬁe higher the entropy gain and the higher will be the contribution of
the entrbpy to tﬁe overall affinity. However, if the entropy is positive, as is
the case with some dyemg systems, then the higher it 1s, the greater is the
contributions of the entropy gain to the total affinity. Entropy gain due to
dye adsorption is related to the increase in entropy due to release of water
molecules when salt linkage is formed. Otherwise the entropy term should
be negative or loss in entropy as the free moving dye molecules get confined
in a fibre. Higher contribution of entropy to affinity has been related to
higher hydrophobic and other non polar van der Waals forces of
interactions 212234

The dyeing process which 1s the adsorption of a negatively charged
dye anions to a surface with a negative surface potential is believed to be
driven by the intrinsic affinity of tﬁe dye anion. Initially, when the
negatively cha:ged dye anions are adsorbed, the increase in the surface
potential due to the adsorbed dyé would lead to electrostatic repulsion of

further anions. But this will lead to a saturation or thermodynamic



" equilibrium when the decrease in free energy due to adsorption and the

increase in the surface free energy due to the increase in the surface

“»
-

potentiai.f SN e

A survey of thé affinities of these dyes under study on both fibres
| indicate that the dyes derived from H- and chromotropic acids, dyes (76) and
(77) being disulphonated gave lower values than J- and gamma acid dyes,
(75) and (74) that are monosulphonated, 1.e. for wool, at .369K’ dye (76) has
—17897 J/mol; dye (77), -12245 J/mol; dye (75) has —21477 J/mbl; c.ilye (74) |
has —20,486 J/mol. For nylon 6.6 at 3I69K, dye (76) has —-19792 J/mol, dye
(77) has -16943 J/mol; dye (75) has -24,590 J/mol; dye (74) has -21,716
J/mol. These results had followed the anticipated trend. Usually,
polysulphonated dyes have larger negative charge than the monosulphonated
ones, as such, the increase in surface potential due to adsorption will be
more even at lower levels of adsorption su(;h that equilibrjum will Ibe
attained on a relative term by lower level of exhaustioﬁ .for the mére
sulphonated dyes than the mono sulphonated dyes.2'**"

The dye denived from 4-su1pho-phenyl-3-methyl-5-pyrazolone dye
(78) gave values higher than chromotropic acid derivative dye (77) but lower

than the H-acid derived dye (76). In wool, at 369K, it recorded —15301

J/mol whereas it gave a value higher than both the disulphonated dyes on
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nylon 6.6 but lower than J and gamma acid derivative dyes (75) and (74)
being —20820 J/mol at 369K. Though, it is also monosulphonated. A
closey 100k at the structure of the dye showed that it has the least molecular
weight, as such, expectedly should have the least affinity, everything being
equal.

It can further be seen that with both fibres, H-acid derived dye (76)
recorded higher affinity value than the chromotropic acid derived dye (77)..
Similarly, J-acid derived dye (75) recorded higher affinity value than thé
gamma acid derived dye (74). The main similarity between chromotropic
acid and gamma acid is the ability to display higher intra— molecular
association which among other things will reduce the aggregation as seen in
section 5.12 and as a consequence reduce the affinity.

When the performance of the dyes are compared on the two
substrates, it is seen that at the lower temperatures with the exception of
gamma acid dye (74), the dyes have higher affinities on nylon 6.6 than on
wool. At the higher temperatures, (369K), without exception, the dyes
recorded higher affinities on nylon than on wool. One explanation for this is
that the wool substrate contains about 30% water which hydrates the charged

| ;;,ite of adsorption, this is quite large compared to just about 3% in a nylon

6.6 substrate. This hydrated sites will reduce the coulumbic driving force of
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union with the negatively charged aye anion far more in wool than in nylon
6.6. |

With respect to the heat of dyeing, it is observed that with the
exception of H-acid derived dye (76), the dyes recorded higher values on
* wool than on nylon 6.6. For wool, dye (76) recorded -28114 J/mol, dye
(77), -65427 J/mol, dye (75) 87,113 J/mol, dye (74) -130609 J/mol, the
pyrazolone dye (78) recorded -31537 J/mol. For nylon 6.6, dye (76)
recorded <3809 J/mol, dye (77) ~26324 J/mol, dye (75) 60,785 J/mot, dye
(74) -27244 J/mol and dye (78) -25369 J/mol. This accounted for the
higher polar forces of attraction on wool for the dyes. In other words,
hydrogen bonding, polar van der Waals forces of attraction are greater with
the wool substrates than with nylon 6.6 substrate which is far more
crystélline. It is the formation of these polar bonds that further aid the
adsozptioﬁ process by eliminating hydrated water around polar groups on the
dye and the substrate. This w_ould enable the dye molecule to come
sufficiently close to the fibre so that the dispersion forces can be effectively
operative and bind the dye to the surface.

In contrast, the entropy gain is higher in the éase of the nylon
substrate over the wool substrate with the exception of the H-acid derived

dye (76). For wool, the entropy is: dye (76) —28 J/mol, dye (77) -144 J/mol,
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dye (75) -178 J/mol, dye (74) -298 J/mol, for the pyrazolone dye (78) it is -
44 J/mol. For nylon substrate, dye (76) recorded -49 J/mol, dye (77) -25
J/mél, dye (75) -99 J/mol, dye (74) ~15 J/mol and the pyrazolone dye (738)
recorded —12 J/mol. This result can be explained from two ponts. The
release of the more highly ordered hydrated water molecules from the polar
sites on wool will rather bring more disorderliness in the system. Since
there are more hydrated water molecules on wool than nylon the higher
entropy gain for nylon than wool is understandable. Similarly, the higher
degree of crystallinity mn nylon will make for more prepondence of
hydrophobic and other non-polar forces of attraction on it, rather than in
wool. Both factors made nylon recorded higher entropy gain over wool. In
summary, heat of dyeing contributed more to the observed affinity terms
with the wool substrate, whereas it is the entropy component that contributed

for the higher affinity observed with respect to the nylon substrate.

5.2.3 Wash and Perspiration Fastness Properties of the Dyes on Wool

and Nvlon 6.6

Wash fastness properties of the dyes were assessed using ISO 3, 4 and

5. Alkaline and acid perspiration tests were assessed according to standard
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methods. The results are shown in Tables 5.14 to 5.16 respectively for wool

and nylon 6.6.

Table 5.14: Wash fastness Rating of the dyes on Wool

Dye No ISO3 ISO 4 ISO 5
Color | Staining | Color | Staining | Color | Staining
change | of White | Change | of White | Change | of White
74 2-3 2 3-4 1-2 4 2
75 3 2 3-4 2 4 2
76 2-3 2 2-3 1-2 1 l
77 1 3 1 3 1 3
78 2 1-2 2 1-2 3-4 1
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Table 5.15: Wash fastness Rating of the dyes on Nylon 6.6

Dye No ISO3 ISO 4 ISO 5
Color | Staining | Color | Staining | Color | Staining
change | of White | Change | of White | Change | of White
74 4-5 4-5 4 5 3-4 3
75 4-5 5 4-5 4 34 2
76 5 5 5 5 34 2-3
77 4 5 2-3 5 2-3 5
78 5 5 5 5 3 2-3
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Table 5.16: Acid and Alkaline Perspiration Ratings for the Dyes

Dye Alkaline Acid
No Wool Nylon 6.6 Wool Nylon 6.6
Change | Staning | Change | Staining | Change | Staining | Change | Staining
in Shade | of White | in Shade | of White | in Shade | of White | in Shade | of White
74 4-5 1-2 4-5 2-3 5 2 5 3
75 4-5 1-2 4-5 5 5 2 5 5
76 4 1-2 5 5 4-5 2 5 5
77 3-4 1 4-5 4-5 3-4 1 5 5
78 4-5 2 4-5 2-3 4-5 2 5 5
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A close observation of the wash fastness ratings in terms of the
change in shade reveals that to a certain extent the ratings followed the
affinity ratings of the dyes especially on wool substrate. The order of
decreasing affinity of the dyes on wool at temperature of 369K is J-acid-dye
(75) > gamma acid-dye (74) > H-acid-dye (76) > pyrazolone-dye (78) >
chromotropic acid-dye (77). The trend in the washing fastness is J-acid-dye
(75) > gamma-acid-dye (74) > H-acid-dye (76) > pyrazolone-dye (78) >
chromotropic acid-dye (78), especially when ISO 3 and ISO 4 ratings are
compared. This is quite in line with the observation that affinity of dye for
fibre molecules tends to reduce the rate of transport of dye into or out of the
fibre. The strength of the dye-fibre molecules aim to cause the dye
molecules to remain attached to fibre molecules rather than to diffuse along
the pores of the fibre.”* It was also found out by Nicholls™® that with acid
dyes of the same basicity, the desorption rate from wool into alkaline buffer
solution falls with rise in dye-fibre affinity. He also found that the rate falls
with reduction in basicity. Which implies that the fewer sulphonate groups
there are in the dye molecule the more slowly it desorbs into alkaline
solution and the more of such groups are present, the more rapid is the
desorption. This is quite in agreement with the general assessment.

To a certain extent too, the observed trend is inversely related to the
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recorded diffusion coefficients of the dyes especially at 33‘3K. At H-acid-
dye (76) has 6.16 x 10° sec”!, chromotropic acid-dye (77) 1.48 x 107 sec™, J-
acid-dye '(75) 9.6 x 10% sec!, gamma acid-dye (74) 1.0 x 107 sec’,
pyrazolone-dye (78} 1.3 x 10”° sec”’. It is noticed that the H-acid derived dye
(76) 1s the slower dye than the chromotropic acid dye (77) and H-acid
derived dye (76) recorded the better change in shade.

Similarly, at temperature 353K, J-acid-dye (76) has a diffusion
coefficient of 3.6 x 10-5 sec-1, whereas gamma acid-dye (74) has 4.6 x 10-5
.sec-l. The change in shade rating of J-acid-dye (75) is higher than that of
gamma acid derived dye (74) with [SO 3 whereas they have the same rating
with ISO 4 and §.

A general correlation between diffusion coefficient and wash fastness
with dyes of same basic structure and basicity as H- and chromotropic acid
dyes (76) and (77) and between J- and gamma acid (75) and (74), is that, the
wash fastness should be inversely proportional to the diffusion coefficient.

Similar observation made for wool apply to nylon 6.6 as well, with the
only exception of the rating for H-acid-dye (76) which is higher than gamma
acid-dye (74) and J-acid-dye (75). This is not in consonant with the
affimties of the dyes on nylon 6.6. J-acid-dye (75) recorded the highest

affinity at the two temperatures considered but is only second best, closely
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- following the H-acid-dye (76). This may be explained from the lack of

sufficient time employed in the wash fastness procedure for true equilibrium
to be established. The higher rating in both dyes on nylon 6.6 than on wool
is hardly surprising as the higher affinity of the dyes on nylon 6.6 th%m on
wool was recorded.

The results of the perspiration tests both in alkaline and actdic media
have followed the general trend observed with the wash fastness assessment.
The only additional observation is that the acidic perspiration rating was

2% explained

better than the alkaline rating. For this observation, Nicholis
that as the result of repulsion between the anionic sulphonate groups and
anionic charged sites in the fibre, 1.e negative affinity is produc;ed, in
alkaline medium as opposed to the acidic medium condition where there is
positive affinity of sulphonate groups for cationic sites in the fibre which

will by analogy produce superior fastness properties than the alkaline

medium condition.

5.2.4 Light Fasiness Rating of the Dyes on Nylon 6.6 and Wool

Light fastness ratings of the dyed wool and nylon 6.6 substrates were

assessed using a xenon arc artificial fadeometer. The faded substrates were
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compared with faded blue printed card obtained from University of Leeds.

The resﬁlts are .shown in Table 5.17.

Table 5.17: Light Fastness Rating of the Dyes on Wool and Nylon 6.6

Dye No - Wool Nylon 6.6
74 6-7 3
75 4 1-2
76 - 34 1-2
77 - 6 I
78 8 7-8

The light fastness ratings of the dyes on wool indicated that for the
disulphonated dyes, chromotropic acid derived dye (77) gave the higher
rating, whereas with respect to the niono sulphonated dyes other than the
pyrazolone derivative, gaﬁlma acit.i (74) gave the higher rating of 6-7 as
- compared to 4 shown by J-acid derived dye (75). Here like n the other
places, the influence of the intra amolecular hydrogen bonding can be

inferred. Both chromotropic acid (77} and gamma acid-dye (74) exclusively
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among their respective pairs exhibit this effect, it 15 very liicely that this
transtionnation gives certain photostability to the chromogen.

Sekido et al® similarly when investigating the effect of para
substitution in the diazo component with respect to para substituted aniline
as diazo component coupled to gamma acid clearly maﬁifested the
superiority of the alkaline coupled aniline to the acid coupled dyes. Alkaline
coupling only will favéurébly dispose &e dye structure towards exhibiting
enhanced stability by intracmolecular hydrogen bonding. Another possible
evidence of the effect of hydrazone form in photostability is the fact that -
naphthol gives far higher light fastness on wool than a-naphthol”®,
However, the influence of amino group substitution in amino naphthols in
terms of light fastness is not so straight forward. It can also be seen that
gamma acid derived dye (74) recorded higher light fastness rating over
chromotropic acid (77). Similarly the J-acid derived dye (75) recorded.
higher fastness rating over the H-acid derived dye (76). It is as if the lower
the sulphonic acid. groups the better the photostability. This had been

investigated in details by Giles et al, >

who explained the effect of the
number of sulphonic acid from the point of view of surface activity in
relation to aggregation states. They indicated that the physical state of a dye

in a fibre affected the light fastness of the dyeing. This is because

2R



aggregated dye particles generally faded less rapidly _tﬁan ihe dye in a
monomolecular dispersed state. Generally everything being equal the loﬁer
the number of sulphonic acid groups, the lower the surface activitsr and
consequently, the higher the aggregatability and viée versa. This 'eﬁﬁlains
why gamma acid-dye (74..) and chro.motroi)lic acid dye (77) were better in
photostability when cbmpared with their respective partners.
With respect to nylon 6.6 substrate, it is observed that gamma acid-
dye (74) and chromotropic acid-dye (77) recorded the same rating of 3,
whereas dye (75) and dye (76) recorded the same rating of 1-2.. The sighted
higher photostability deducted to be due to intrarmolecular hydrﬁgen
bonding interaction can be seen here as well. However, the influence of the
number of sulphonic acid groups is not hjghlighted. Generally, however, the
light fastness on nylon 6.6 is. far inferior to the ratings on wool substrates.
This may be due to. among other factors, the degree of e¢xhaustion, the
relative aggregate states of the dyes in the two substrates etc.
~_ The dye based on substituted pyrazolone (78) gave the best all round

lightfastness rating on both substrates. Stead””’

found out that gamma acid,
2-naphthylaminesulphonic acid and 5-pyrazolone are able to impart
photostability to azo dyes. However, photochemical explanation for this

observation has not been given.
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CHAPTER 6

LR
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. EXPERIMENTAL

,,‘

6.1 General Information

6.1.1 Melting Points

Melting points were determined using a Gallenkamp block melting
point apparatus and arc un’corrcctcd.
6.1.2 Spectra .
. Infrared sp;:clra were recorded on a ATl Mattson Genesis scries;‘FTIR '
nr .spcctropho.tbmctcr. The solvm}t l.lSCd was DMF using a sédium chloride
disc. The visible and ultra violet spectra were recorded on a Unicam SP 800
uv-vis  spectrophotometer, a  times  on  a  umicam  uv-visible
spcctmphotometcr, vision software V 3.32. The absorbance readings were

obtained using a comin colorimeler 253.

6.1.3 Calibration Curves
Calibration curves were obtained for dyes 65 to 73 by dissolving an
amount of the dye in 10 cm® of 10% NaOll made up to 50 cm’® with water to

give concentration ranging from 1.0 - 9.0 x 10%gm. Using the cornin

colorimeter 253 set at the wavclength of maximum absorption of the various

dycs shown in Table 4.1. A predetermined dilution was donc and the
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absorbances at the known concentration were .l'Cﬂd from the \-instrun;:cmt;
Figures 6.10 - 6.14 were obtained. 10% NaOH solution was used for
calibration because it can strip the dyes from nylon 6.6 fabrics.

Sim.ilz.lrly, the dyés were dissolved in 10cmt’ ol.' 5% NaOIl, alter which
an oven drncd, scvcrall); matiaincd O;OSg. \ﬂrool samplcs wci‘c dissolved in
the mixture at 100°C. The calibration cufve was obtained by. gz:tting t.he
absorbances of predetermined concentrations of the dyes in the mixture
uéing a sohition of 0.05g wool in 10 em’, 5% NaOH ratio for dilution and as
the blank. Tilc. célibration curves arc as shown in Figures 6.20 — 6.25.
These curves are uséd to extt'apollate the amoﬁnt of dyes adsorbed by 0_‘.05 g
wool substrate after dissolving the fabric in 10 em’, 5% NaOll sblution at
the boil. In both cases, the dyes obeyed Beers-Lamberts law most especially
at the 10\& concentration of the dyes in the various solvents. |

Similarly, for tl;.e same dyes (65) — (73), 2 o’ of 0.2M NaCl with pH
adjusted 1o 4.00 with amount of dyés such that 1.0 — 9.0 x 10° gmis in
solution is used to obtam calibration curves shown m Figurcé 6.30 — 63;35.

Calibration curves for dyes (74) — (78) were prepated in 20%
p;).zrid.ine sdlution and 5%_ NaOH solution. Necessary amount of the dyes to
ﬁlake l ~ 5x 107 gm iﬁ lO cm’ of 20% pyridine me_;de up to 50cm’® with

-~ distilted water was used to make the calibration curves in Figures 6.40 —
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© 6.44. 10cm3 of 20% pyridine solution was used to strip these dyes ﬁ"dhl i
nylon 6.6 fabric after which the solution was diluted to 50cm’ with distilled
water.

For stnppmg from wool 10% of 5% NaOH solution at the boil was

o used to djssohe the whole dyed wool fabrlc of about 0. 05 g The cahbratlon

Lo ’ a‘.F

emve was therefore made by dlssolvmg enough quantity of dye to make
.' from 1 - 3 x 10° g of dye in 10cm’® of 5% NaOH made up to SOCm Wlth
 distilled water. Curves 6.50 — 6.54 were plotted. | R |

: 614 | Detenﬁination of .the Diffusion Coefficients

| Determmatlon of the d1ffu51on coeffictent 01; the dyes in wool and
.nylon 6.6 fabncs for dyes (65) to (78) was camed out aﬁer adjustmg the pH
| to 4 00 no dye. e;s1stant was used The wool and the nylon 6 6 samples were
.cut to 0.025gm. The dyeing was carned out usmg a shade of 20% on we1ght
of the fabric and a liquor ratio of 400:1, which was 10 e of the ﬁquo}_
Enough time was allowed for temperature to stabilize before dyeiné
eommenced. Dyeing temperatures were set af 60 and 80°C for dyeing times
of 5- 50 mmutes at 5 mmutes intervals. Another sample was allowed to be

_ dyed for 24 hours At the end of these perlods 10 em’ of 20% pyridine was

| used to stnp the dye from the nylon 6.6 fabnc at the b011 whereas 10 cm of

Ll . ‘.’ o
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5% NaOH was used to dissolve the dyed wool. For the two systems, the
sohution were diluted to the 50cm® mark with distill water. Absorbances of
these dyes were read up with a comin colorimeter 253 at the various
wavelength of maximum absorbance of the dyes. These ”alfsor.'bance
represents (Mt). The absorbances of the dyes aﬁer 24 hrs of dyeing was
Mco. These; enables Mt/Mw against t 2 table.to be made -from wheré the
curves plotted. The method was used éécording to thé approxiniation of
Vickerstaff assuming a. nbn-steady siaté condition from an infinite solution.
The solution of Fick’s second equation reduces to:
MtMeo = 2VDt/x ... (H

The slope of the curves is obtained by rearranging equation (1) to be;

Mt Meo/At = V4D/xr = Slope ... 2)

The diffusion coefficient is given by equation (3) from the slopes of
the various curves. |

(Slope)® x

D = sec-1 ... (3)
4

When the diffusion coefficient of the two temperatures were
computed, the activation energy was calculated using the Arrhenius
equation, which for two diffusion coefficients at two temperatures reduced

to equation (4).




Where D, and D; are the diffusion coefficients at absolute
temperatures T, and T) respectively. R 1s the gas constant whereas E 15 the |

acttvation energy in Joules/mole.

6.1.5 Determmahon of Afﬁmg ’_
The direct method of ﬁndmg afﬁmty was used for dyes (65) (78) on

nylon 6.6. Displacement method was used for dyes (65) - (73) on wool
substrate because of the apparent lengthy time needed to attain true
equilibnum. Whereas, the direct method was used for wool with dyes (74) -
(78). |
Fer_the direct methed of determination, 2% and 8% shades were used
 for Iiylon 6.6 and wool fabrics respectively, with a liquor to goods ratio of :
10:1 ahd 200:1 .rtespect.ively at the pH of 4 adjus_ted with 2% acetic acid. The .
samples weighing 0.05 g. was placed in the. dyeing liquor when adequate time
was given to atfain the predetermmed temperatures The dyemg test tubes
- were secured tightly to dlscourage evaporatlon and dyeing was camed out at
80°C and 96°C for 48hours and 24hours respectively on nylon 6.6 and 96
and 48 heurs respectively on wool substrates. e : -_ IS
| The ebsorbance of the dyemg liquor before dyeing and after dyeing

was determined. After dyeing, the dyed samples were cleaned thoroughly
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| with distilled water until no residual dye could be seen iﬁ the washing li;iuor. |
The dyes were then stripped by using 10 ¢m® of 10% NaOH at the Boil for
dyes (65) — (73) on nylon 6.6 and 10 cm’ of 20% pyridine for dyes (74) -
(78) on nylon 6.6. Wheré neéessatjf a éecond stripping treatment was
repeated to ensure that more than 99% of the dye had been stripped from the
substrate. In each case the residual stripped dye was dilluted to 50cm’ with
distilled water after which the absorbances of the various dyes obtained from
the colorimeter and the amount of dye on the fabric read off by extrapolation
using the appropriate calibrat_ion curves. Five different determinétioné ;;vere
carried out. Similar stripping procgdure was done for the dyed wool sampies
but in this case, 10cm’ of 5% NaOH solution was used to dissolve the whole |

sample. For the direct method of treatment, equation (5) was used:'®

- (Dlr
-A’ = RThn ———— ... (5)
VID]s
Where {D]r is the amount of dye in gm in 1000g or 1 kg fabric; [D]s is
the amount of dye in gm in 1 litre or 1000 cm® solution. V is the internal
volume of the substrate assumed to be 0.33 Vkg for wool and 0.02 kg for
nylon 6.6 fabrics.
The displacement method of determination of affinity carried out with

respect to dye {65) ~ (73) on wool involved applying the dyes about 2%
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shade to the wool sample using 1% of acetic acid to adjust the pH and
dyeing at a liquor to goods ratio of 50:1 at 96°C for 1 hour. At the end of the
dyeing, a thorough washing was given to the fabric. Aﬁer the fabric was
dried at 60°C for 24 hrs, 0.05g samples were cut. 2cm’ of 0.2M NaCl
solution at pH 4 was used to strip the dye at 60°C for a period of 2 hours
even though shorter time was enou.gh to obtain equilibrium. The amount of
dye displaced was determined spectrophotometrically and by extrapolation

after necessary dillution. The following equation is used to determine the

afﬁnity.m
[Dlr [C]
- (AuD® - AUCL) = RTIn—. —— ....... (6)
([Cllr D]
Cle =[S¢] - [Dlr ..ol (7

{D]r 1s the concentration of the dye in the fibre
[Cl]r is the concentration of the chloride ions in the fibre
[S}r is the saturation level of the wbol substrate assumed to be
0.9M/Kg
| [C1] is the concentration of the chloride ion in the solution

(D] is the concentration of the dye displaced.
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After determining the affinities at the two temperatures stated, the heat
of dyeing (AH") and entropy of dyeings (AS®) were calculated from equation

(8)and (9).

AS® = ———— e

6.1.6 Determination of the Wash Fastness |

For dyes (1) - (10) and (65) to (73) ISO 3 was used whereas for dyes
(74) to (78) ISO 3, 4 and 5 were used. Two adjacent white fabrics each
| measuring 10cm x 4 ¢m obtain_ed such that in the case of nylon 6.6, one
piéce is nylon 6.6, ﬁhereas the second one is cotton. In the case of wool, the
first piece is wool, whereas the secoﬁd one 1s cotton. A piece of the dyed
fabric also measuring 10cm x 4cm whose wash fastness is to be determined
1s cut and placed between the two adjacent fabric above and sides sewn
along the four sides to form a composite specimen to be used for the

determination.
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6.1.6.1 IS0 3 (CO3) | -
| A soap solution 1s prepared consisting Sg/I of soe;p and 2g/1 of
anhydrous sodium carbonate in distilled water. The cozﬁposite Specimen is
~ placed into a container of a linitest wash fastness testing machiﬁé containing
ihe pre-requisite amount of the solution to give 50:1 liquor ratio previously
héatéd to 60 2°.C. The specimen is treated at this temperature for 30
minﬁtes.

6.1.62 ISO 4(CO4)

As above, but the treatment temperature is 95 + 2°C for 30 minutes.

6.1.6.3 ISO 5 (COS)

As in 6.1.6.1, but additionally, ten non-corridible stainless steel balls
are added, the treatment temperature is 95 + 2°C and treatment period being
for 4 hours.

~ The treated composite specimen is rinsed twice in cold distilled water
and squeezed. The composité specimgn is opened out and dried in air.

The change in colour of the specimen and the staining of the adjacent

fabric is assessed with the grey scales.

6.1.7 Determination of the Fastness to Perspiration
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Acid and alkaline perspiration fastness testing were‘do.ne according to
EO4:1978 standarf 6-_ |

Two adjacent fabrics measuring 10cm x 4 cm such that for nylon 6;6
fabri.c, the ﬁrst fabric is nylon 6.6 and the second one is wool when the
sémp]é is wool, the first fabric is woo! whereas the second one is cotton. A
cbmpdsité ts formed as in 6.1.6._ -The composite specimens are wetted in the
test solution prepa.red.below at a liquér ratio of 50:1 and allowed to remain
in the solution at ro.om temperatufe .for 3-0 min. They are pressed
occassionally to ensure good and uniform penéftratién of thé liquor. The
solution are poured away and wiped free of the exceés ﬁquor. between .two
glass rods. The composite specimens are then placed between two glass
plate measuring 12cm x 6cm with 5SKg weight put on the plate. The
aﬁaﬁgement is placed in the oven at 37 + 2°C for 4 hrs.

The compositré is then opelr.l.ed and allowed to dry in the air. The

- change in color and degree of staining are assessed with the grey scales.

6.1.7.1 Alkaline Solution

0.5g/1 1-histidine monohydrochloride mono-hydrate
5g/1 sodium chiloride

2.5g/1 disodium hydrogen orthophosphate
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The solution is brought to pH 8 with 0.1IN sodium hy&oﬁde solution.

6.1.7.2 Acid Solution
0.5g/1 1-histidine mono hydrochloride mono hydrate
5g/1 sodium chloride
2.2g/1 sodium dihydrogen orthophosphate

The solution is brought to pH 5.5 with 0.1N acetic acid solution,

6.1.8 Determination of Color Fastness to Light

The light fastness of the dyed fabrics was assessed according to
B02:1978. Xenon arc lamp was used. The specimen and the standard blue
printed cards were mounted on holders and then clamped unto the light
fastness test equipment, the eﬂ'ec.tive humidity was that provided by
saturated solution of NéCl. A cover is placed bver the test specimen and the
standard blue cards. The assembly is exposed to the xenom arc light.
Preodically, the card ts lifted to inspect the effect of the light on the
standards. When the standard 3 has faded to the same coanstrast as the grey
scale grade 4-3, the specimens were then inspected and rated by comparing
them with the change that occurred in standards 1, 2 and 3. The card is then

replaced and exposure is continued until a change in standard 4 can just be
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perceived equal to grey scale 4-5 at this point an additional cc;ver is placed
overlaﬁping the first cover and to about half of the specimens and standards.
Exﬁosﬁre is then continued until a change in standard 6 can just be perceived
to be équal to grey scale grade 4-5, then a final cover is placed which should
cover about three quarters of the whole assembly.

Exposure is then continued until star_ldard 7 .had faded equal to grey
scale grade 4.

The _whole assembly is then dismounted from the instrument and the
covers removed. The chaﬁges of the specimens were compared with the
felevdﬁt changes of the standards under the same condition. The light
fastness of the specimen is the number of the standard which shows similar

changes in color.

6.1.9 Dveing Properties
This is applicable only to dyes (1) — (12).

6.1.9.1 Dyeing Procedure

Wool and nylon 6.6 fabric samples each weighing (1g) were dyed in a
dyemaster laboratory dyeing machine. The liquor ratio was 50:1 at a pH of

3 using 2% acetic acid. The samples were entered at 45°C raised to 100°C
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over 15 minutes and maintained at this temperature for 45 minutes. At the
end of this time the temperature was lowered and the samples rinsed
thoroughly with water and then dried.

6.1.9.2 Measurement of Exhaustion

This was determined by measuring the optical densities of the dye
solutions before and after dyeing, after making the necessary difution with
distilled water. Coming colorimeter 253 was used. The instrument was set
at the wavelength of maximum absorption of the dyes. HO\-vever, before
taking the absorbance after dyeing, the dye solution was cooled to room
temperature. Equation (10) was used to calculate the exhaustion percent.

OD; - ODs

% Exhaustion = ——————— . .. .. (10)
- OD,

OD, and OD; being the optical densities of the dye solution before
and after dyeing respectively.
Duplicate measurements were taken and the average computed for all

the readings.

6.2  Synthesis of the Intermediates and Dves (1-12)

Dyes (1 - 12), involved the use of acetylated H-acid. Acetylation was

achieved by using the commercial grade of the sodium salt of H-acid by
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reacting it with acetic anhydride as the acetylating agent. l;g (0.0033 moles)
of tﬁe H-acid was dissolved at 50°C in 7.00cm’ of water containing 0.2g
(0.0019 moles) of soda ash in a three necked round bottom flask fitted with a

mechanicél sturer, reflux condenser and thermometer. With vigorous
stirring, 0.058g (0.006 moles) of acetic anhydride was added into the flask
over a pertod of 15 minutés. Stirring was continued for at least one hour to
ensure complete acetylation of the H-acid. After this, 1.66g (0.02 moles) of
_soda ash was added to the reaction mixture to hydrolyse off any acetyl group
that may have substituted the hydrogen atom in the hydroxyl group of the H-
acid. Tﬁe alkaline solution of acetyl H-acid was used directly m the

coupling reaction.

6.2.2 General Methods for Diazotisation of the Amines for Dves (1-12)

For dyes (1 — 12), five different aromatic amines were used. These
are: 4-chloro-2-nitro-aniline, 2-chloro-4-nitroanihne, 2-chloro-4-
methylsulphone aniline, p-aminobenzoic acid and 4-nitro-2-cyanoaniline.
The general diazotisation involved dispersing 0.01 moles of the amine in 10
| mlg of water contained in a beaker equipped with a mechanical stirrer and
standing m an ice bath. To this was added the equivalent of 0.025 moles of

concentrated hydrochloric acid. The temperature of the amine dispersion
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~ was maintained at 0-5°C using an ice-salt mixture. A solutionof 0.01 mole
: of NaNO, in 5 mis water was then dfopi)ed in over a period. of 30 minutes. |

The solution was kept stirred at 0-5°C for a period of 45 minutes to achieve

complete diazotisﬁﬁoﬁ. ”Excess nifrdus acid was destroyed by adding 0.5g of

urea into the mixture and stirred for a further 15 minutes.

6.2.3 General Method of Coupling Dves (1} - (12)

The coupling reaction was carried out by transferring the solution of
the coupling component into a beaker standing in an ice béth and equibped
with a mechanical stirrer. The temperature of the solution was cooled down
té 0-5°C using the ice-salt miﬁcture. The ice cold diazo solution was then
added with vigorous stirring over a period of 15 minutes. Sturing was
continued for another 45 minutes. Dyes containing sulphonic acid groups
are salted out by adding 20% NaCl solution and in certain times heated up at
up to 80°C, if the precipitates are not much, cool;‘d down, filtered and

washed with 20% NaCl and then dried at 60°C in the oven over night.

6.3  Synthesis of the Nitroso Dyes (65) — {73)

6.3.1 Procedure for Nitrosation of 1-Naphthol




1-Naphthol, 0.1mol (14.42g) was dissolved in 15.Ocm'3 of distiiled
water containing 4g of NaOH. While vigorously sﬁm’ng the solutioﬁ with a
magnetic stirrer, 40cm’ of acetic acid was added droﬁ@isely. To the fine
suspension produced, 6.9g of NaNO, dissolved in 20cm’ of distilled water
waé added over one hour. The reaction was carried out at room temperature.
A greenish yellow precipitate was obtained. This was filtered using a
suction apparatus and washed severally with distilled water until a clear
filtrate was obtained. The residue was dissolved in enough quantity of

ethanol and precipitated with distilled water to obtain golden yellow crystals.

6.3.2 Diazotisation of the Amines

Eight different aromatic amines were used for this study. These were
aniline, 4-amino benzoic acid, 4-amino phenol, 4-nitroaniline, sulphanilic
acid, J-acid, H-acid, 2-cyano-4-nitroaniline, Three methods of diazotisation

were used.

6.3.2.1 Diazotisation of Aniline and 4-Amino benzoi¢ Acid

The direct method of diazotisation as described in section 6.2.2 was

used.
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6.3.2.2 Diazotisation of 2-Cvano-4-nitroaniline and 4-ﬁitroaniline

F or these amines, 0.01 mole was dissolved In 0.0251111. of hot
concentrated HCI, while ;tanding in an ice bath 0.01 mole NaNO, was added
over 30 minutes. The solution was then kept stirred for a further 45 minutes.

This method is called the suspension method.

- 6.3.2.3 Diazotisation of J-, H-, Sulphanilic acids and 4-Aminophenol

0.01moles of the amines were dissolved in 0..6mls of 30% NaOH |
~solution. 0.01 mole of NaNQ, dissolved in 50cm® water was added over 15
minutes while standing in an ice bath. 0.025mole HCI was then added over

30 minutes. The reaction was allowed to continue for a further 30 minutes.

6.3.3 General Procedure for Coupling

0.01moles of the 2-nitroso-1-naphthol prepéred in.section 6.3.1 were
dissolved in 50 mls of distilled water containing 0.4g of NaOH. 50gms of
crushed ice were added into the beaker standing in an ice-salt mixture. Tﬁe
diazonium salts, 0.01moles was then added gradually to this well stirred

solution over 30 minutes. The reaction was allowed to proceed for 1 hour.

6.4 General Procedure for Premetallization




- 2-Nitroso-1-naphthol, aniline and 4—amiﬁob¢nzoic acid azo dyes of 2-
nitroso-1-naphthol were used for this study. Two tjpes of complexes of
each dye with the various heavy metals were produced. The metallic salts
used were FeSOs, CuCl, NiCh, Co(NOy)s, ZnSOs, Ph(CH;COO),, MnCh,

CI'z(SO4)3 and FeCl;.

6.4.1 The 1:1 Complex

0.02 moles of the nitroso compound was dissolved in 100cm’ of
distilled water containing 0.8g NaOH. 0.02 mole of the metallic salt was.
dissolved in 30 cm’ distilled watér and added drbpwisely to the solution of
the nitroso compound stirred vigorously bver one hour. The reaction was
continued for a further three .hours at room temperature. The crude
complexes wére purified by dissolving a small quantity in ethanol and then
precipitating by the addition of ice water. In some cases, the ethanoi
solution had to be dropped in ice block where the complex precipitated

immediately.

6.5 Synthesis of Dyes (74) — (78)

These dyes were synthesised by diazotising p-amino-toluene sulphon-

N-ethylanilide and coupling to five different coupling components. These
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are: H-, J-, gamma- and chromotropic acids and 4-sulphonphenyl-3-methyl-

5-pyrazolone.

6.5.1 Diazotisation of p-Aminotoluene-N-ethylanilide

2g (6.90 x 107 mole) of the amine was dissolved in 3cm’ of glacial
acetic acid with vigorous stirring for 20 minutes. 1.72 x 107 mole of 36%
HCl was added to obtain a cleatf_solution. This solution was immediately
cooled to 0-5°C to form a tlﬁck solution. 0.457g (6.90 x 10 mole) NaNO,
dissolved in 3cm’ distilled water was then added to the s:_.lspelnsi__on over 30
minutes in a well stired condition. To the mixture, 0.5g urea was added

over 10 minutes to destroy any nitrous acid still remaining.

~ 6.5.2 Coupling

6.90 x 10~ mole of J-, H-, and gamma acids was added to 20g of B
3 cfﬁshed ice and we;ll stirred for 30 minutes the temperature being 0-5°C. To |
 this solution was | added 6cm5 of.S% NaOH, the pH being 8 and kept stirred
for a further 30 minutes. This was fo..llowed by’ the addition of lem® glacial *
." acetic acid, the pH being 3. Stirring was continued for a..f-uﬁher 30 minutes. I.
- For chromotropic acid and 4-51ﬂph0n—phenyl-3-methyl-.S-pyrazolone,

o addition of the 5% NaOH to make the pH 8 was not preceeded by acidifying
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with acetic acid. To the coup.ling component solutions, the .diazo solution
prepared in section 6.5.1 was added' gradue;lly over 30 mimutes, and the
mixture kept st:irréd for a Mer 30 minutes. For chromotropic acid and the
pyrazolone the reﬁctiou was continued for 2 hours.

For gamma, J- and Heacids, 20 gm of 10% NayCOs solution was
added over one hour to make pH 4 and stirred for another one hour. This
was followed by the addition of 20gm, 20% Na,CO; over one hr to make é
pH 7 and the mixture stirred for a further 30 minutes. For both dyes, the.
cmde dyes were heated to about 90°C, cooled down to 40°C and then

filtered.
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Fig 6.10: Calibration curve for the NaOH solution of
dyes (65)-(67)
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Fig 6.11: Calibration curves for the NaOH solution of
dyes (68) - (70)
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Fig 6 .12: Calibration curve for the NaOH solution of
- Dye (71)
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Fig 6.13: Calibration curve for NaOH solution of dye
(72)
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Fig 6.14: Calibration curve for NaOH solution of Dye
(73)
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‘Fig 6.20: Calibration curve for wool/NaOH solution of
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Fig 6.21: Calibration curve for wool/NaOH solution of
Dye (66) & (72)
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Fig 6.22: Calibration curve for wool/NaOH solution of
the dyes (67) & (70)
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Fig 6.23: Calibration curve for wool/NaOH solution of
| - Dye (68) e
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Fig 6.24. Calibfation curve for NaOHN/ooI sblution of
T Dye (71) _
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Fig 6.25: Calibration curve for NaOH/wool solution for
Dye (73)
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Fig 6.30: Calibration curve for solution of dye (65) &
(66) in 2cm3, 0.2M NaCl
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Fig 6.31: Calibration curves for solution of dyes (68) -
(70) in 2cm3, 0.2M NaCl
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- Fig 6.32: Calubration curve for solution of Dye (67)
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Fig 6.33: Calibration curve for solution of Dye (71) in
2cm3, 0.2M NaCl -
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Fig 6.34: Calibration curve for solution of dye (72) in
2cm3, 0.2M NaCl
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Fig 6.35: Calibration curve for solution of Dye (73) in
2cm3, 0.2M NaCl
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Fig 6.40: Calibration curve for Dye (74) in 20%
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Fig 6.41: Calibration curve for dye (75) in 20%

pyridine solution
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Fig 6.42: Calibration curve for Dye (76) in 20%
pyridine solution
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Fig 6.43: Calibration curve for Dye (77) in 20%
pyridine solution
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Fig 6.44: Calibration curve for Dye (78) in 20%
pyridine solution
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Fig 6.50: Calibration c
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Fig 6.52: Calibration curve for Dye (76) in NaOH/wool
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Fig 6.53: Calibration curve for Dye (77) in NaOH/wool
solution
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Fug 6 54 Callbratlon curve for Dye (78) in NaOH/wooI
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CHAPTER 7

e CONCLUSION R
j;:.cetyléf.i;:;n\of -.am'.ino group in H-acid dyes lead to hypsochromism
and in mostslé..ésé.s hypochromism over the unacetylated dyes. Generally, wet
fastness properties were greatly improved however; the light fastness was
enhanced only on wool but not on nylon 6.6 substrates. |
The results on the metal complex pigmems ffom 2-nitfoso-l-na§hthol
has shown that 2-r1itr0$q~l-naphthol is a very st.rong ligand. Formation of

azo dyes by diazotisation and coupling of primary aromatic amines to the 2-

Wy

nitroéo-l;na};}hthol do | not deactivﬁté the Iplare.nt system from complex
| .:-Ifl'oriﬁ;ﬁon. It is also shown that to a larger extent the two different
.complexes' cannot be differentiated by solubility as was observed in the
nitrosophenols reported. It was further shown that apart _from the shape of
~ the uv-visible spectra of the pigment, there is no méjor .shiﬁ in the
“absorbance maxima between the 1:1 and 1:2 complexes. The near'xlless. of the
I_ absprl?ance maﬁima for formic acid cémpaﬁed to thé othef solvents uﬁder
' stud; .indicated:;hat the ligand .ils s0 stréng that it doesn’t break by acidifying
és was observed for the nitrosophenols. o

. o These findings are indicative of the facts that these pigments can be

used in the paints, vanishes and other such outlets. The quantitative yield
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recorded by the pigment has also indicated that the 2-nitroso-1-naphthol can
be used in the identification and purification of waste waters polluted for
human consumption by the presence of hazardous dosages of heavy metals.

The characterization of the dyes when 2-nitroso-l-naphthol was us_ed
as coupling component has shown thét 2-nitroso—1.-na£3hthol .can couple with
diazo component undef alkalin; ﬁledium in .a position para to the hydroxyl .
group. However, lthe absorﬁtion of the dlerive.d dyes did 1"10t seelr'n”.to alter
vefy mu.ch c."ompar.ed to the unsubstituted nitroso dye. The color quality

could be explained by the use of Dewar’s postulates and qualitative
- prediction techniques.

The effect of pH on the adsorption of the dyes by wool and nyloﬁ 6.6
substrates confirmed that, acid-dyeing mechanism can be used to explain the
ex.haustion of the dyes. However, the taﬁtomerism in the dj‘e n&olecules
véry much affected the complgfe conﬁpli'ﬁ;nc.é of tﬁe djreing mechaﬁism with
re‘sila.ect to dyeing polyamide fibre. A dyeing mechanism had been propbsed
for these tSfpes of dyes. |

Thermodynamic and kinetic studies didn’t however, outline a general
trend vis.a.vis the effect of molecular size, molecular volume, the effect of

lonizable groups and other such factors to a satisfactory level. Only in

~ certain few cases a minimum cotrelation was established in both substrates.

¥
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The fact that the dyed fabrics could be mordanted by some heavy
metals to give distinct shade difference confirmed that the nitroso and the
hydroxyl groups are still intact in their relative positions. It also showed that
the complex could .be formed on the substrate in situ. Tﬂhis has added
| | cnothcr post metallizable dye molecules to the alfeady .ex.isting oﬁcs. Its
characteristics is however, very similar to the dyec with salicylic acid
restdue. The dyeings showed moderate washing fastness on wool whereas,
it gave ratings of between good to excellent in both change in color and
degree of staining on nylon substrate. The acid and alkali fastness to .
perspiration is very good on wool whereas it is excellent on nylon 6.6. The
only area of concern is the result on light fastness. The rating is not
encouraging even after mordantihg. This was explained by the exposure of
the aio linkage even after coupling.

From the kinetic and thermodynamics of dyeing with p-aminotoluene
sulphon-N-ethylanilide as diazo component, it is observed that as the
number of sulphonic acid groups are increased, the activation energy of
diffusion decreased on the wool substrate, whereas, with nylon 6.6 substrate, |
the activation energy of diffusion decrease with the increase in the number
of sulphonic acid groups. For all the substrates, it is observcd tha.t the

gamma acid derived dye (74) has higher activation energy than the J-acid
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derived dye (75). Similarly, in all cases the H-acid derived dye (76) has

- hrgher act1vatron energy than the chromotroolc dcrd derwed dye (77) The

hlgher activation energy of the dye (76) over dye (77) was attrlbuted to the.
hrgher molecular volume of dye (76) and the reductlon in the degree of
.assomatlon due to the hydrazone form of the dye (77). The higher activation |
ehergy of dye (74) can also be explained from the intra-molecular hydrogen
bonding state of the dye which makes it less flexible. Affinity study shows
that the mono sulphonated dyes (74) and (75) have higher values than the
disulphonated dyes (76) and (77). They equally have higher heats and

entropies _of dyeing on wool substrote. In most ceses, the same observation |
can. he 1had_e yvith respect to the. nylon 6.6 substrate. ..E..iplanatioh.of this] is
attri.’huted to the more increase :r'n the rtegative surfeze potentiel orl- the.
-substra:te 'by the adsorption of the disulphonated dyes leadingto less
exhaustion due to repulsion with the result that the mono sulphonated dves
are exhausted to a higher extent leading to higher affinity, enthalpy and
entropy. It is noticed also that between the H-acid derived dye (76) and the
chromotroplc acrd dye (77) for both substrates dye (76) recorded hlgher
values in afﬁmty Explanatton that can explam this is the reduction in the
degree of aggregatron in dye. (77) due.to hydrazone tautomerrc form

However, J-acid dye (75) recorded higher afflnity values in both substrates



attributable to aggregation factor higher in dye (75) clu¢ to intra-molecular
hydrogen bonding form of dye (74). The pyrazolone dye (78) gave
inténﬁédiaté \}alues of all the attributes in b-oth ﬁbres. Generally, the dyes
have higher affinity valueé in nylon 6.6 than iﬁ wool, this is very much iﬁ
a.greeme”nt. with known cases. | -

The wash and perépiration tests of the dyed substrates indicate that the
monosulphonated dyes (74) and (75) give higher values than the |
disulphonated ones. It is equally noticed that the rating is in the same trend
with the affinity of the dyes_in the substrates. Generally, it i_s seen that the_ :
dyes aré faster on nylon 6.6 than on wool. The i;lﬂuence of the hydrazone
tautomeric form effect 3156 highlight with réspect to the light fastness test
results. Dye (77) that exhibits this form recorded higher light fﬁstness value.
It can be.explained from the higher shielding of the nitrogen bond through
intra-molecular hydrogen bonding. The pyrazolone dye gave the best
dyeings with respect to the wet treatment and light fastness assessment
ratings on both substrates.

From the results of _the uv-visible spectroscoﬁy,_ the hydrazone
- .tautomeric form iﬁﬂuence lead to the lower wavélength of maximum
absorptidn but higher e*tinction cocfficient to the dyes that éxhibit it Io‘x-a

comparative basis.
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