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The aggregation of disperse dyes in aqueous solution along with surfactants has been studied
spectrophotometrically by Klotz's method and polarographically employing likovic's equation by
diffusion coefficient method. The extent of compiex formation between dye and surfactants have been
studied and compared with the determination of aggregation numbers from polarographic

measurements.

INTRODUCTION

Polyester is difficult to process because of its high fibre
crystallinity, marked hydrophobic character and absence
of chemically reactive groups in the polymer chain [1-4].
The value of a disperse dye for producing a dyeing of a
certain shade with the desired fastness properties on
polyester is a function of its price and the amount of dye
needed. The latter depends on exhaustion or fixation of
dye and the optical effect, mainly absorption and
scattering of light, of the dye in the fibre.

Investigations have shown that complex formation can
occur between various dyes and anionic surfactants [5-9].
Polarographic methods have been widely used for
measuring the aggregation of dyes in aqueous dyebaths
[10-16]. In the present work disperse dyes were added to
aqueous dyebaths in the presence of surfactants (an
anionic dispersing agent and a carrier). Dye aggregation
was determined by a spectrophotometric method, using
the equation proposed by Klotz [17]. The results of
spectrophotometry have been correlated with others
obtained by a polarographic method employing Ilkovic’s
equation, using a diffusion coefficient method [18].
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MATERIALS AND METHODS

Materials
Three structurally different commercial disperse dyes
were selected and purified by repeated recrystallisation.
The details are shown in Figure 1.

The ethanol and acetic acid used were of laboratory-
reagent grade. The anionic dispersing agent (Setamol WS,
ICI) and carrier (Delatin TCI, S) were commercial reagents.

Spectrophotometry

The absorption of light by the dye solutions was
determined with a Systronics spectrophotometer model
106 at approximately 25°C. The molar extinction
coefficients were calculated from Eqn 1:
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where Iy and I are the intensities of light passing through
the solvent and solution, ¢ the molar concentration of
solute and d the thickness of the absorption cell in cm. To
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Figure 1 Disperse dyes used in the present study

determine the binding of dye, the absorption of the

following sets of mixtures {total volume made to 10 ml by

adding doubly distilled water) was measured at room

temperature and pH 5.5:

(a) 5 ml of 0.001 mol/l surfactant solution {Setamol WS
and Delatin TCT) + 0.1 ml of 0.01 molA dyebath

(b) 1 mlof 0.01 mol/1 dyebath + varying amounts (1.04.5
ml} of 0.001 mol/l surfactant solution

(c) Dyebath samples containing varying concentrations
of dyes only (0.2-1.0 ml of 0.01 mol/}.

A period of about 30 min was allowed in each case to
attain equilibrium. Sets (a), (b) and (c) were used to
determine g, {molar extinction coefficient of bound dye), ¢,
(apparent molar extinction coefficient) and & (molar
extinction coefficient of free dye) respectively in Klotz's
equation [17] (Eqn 2):
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where o is the fraction of the bound dye. Knowing ¢ and
total concentration of dye, the concentrations of bound
and unbound dye and binding ratio were calculated.

Polarography

Doubly distilled water used for all measurements, the
specific conductance (k) of water being approximately
1.3 x 10® ! em™! at 25°C. A Systronics model 1632

Cl Disperse Red 118 (A max = 880 nm)

Cl Disperse Violet 26 (A max = 425 nm)

polarograph and recorder 1501 were used for taking
measurements. A saturated calomel reference electrode
(SCE) was used and different sets of mixtures were
prepared by using varying amounts of surfactants (1.0-4.5
ml of 0.001 mol]) and dye solutions (0.2-1.0 ml of 0.001
mol/l), making the total volume to 40 ml by adding doubly
distilled water. The dropping mercury electrode (DME)
had the following characteristics: m = 1.224 mg/s (in pure
water at zero applied potential vs SCE) and t = 2 s in
doubly distilled water at 0.75 V vs SCE). The height of the
mercury head was 78 cm. The diffusion current iy was
measured from the polarogram of the above solutions
after ensuring dummy operation at pH 5.5 and 25°C. An
inert atmosphere was created by passing nitrogen
through the system. A period of about 30 min was allowed
to attain equilibrium in each case. The value of iy was
determined using Sivaraja Iyer’s method in combination
with Ilkovic’s equation [18]. The apparent molecular mass
of an aggregate was determined from the empirical
relationship suggested by Hilson and McKay [19], as log
M’ = -11.64 - 2.65 log D, where M is the apparent mol-
ecular mass of an aggregate and D is the diffusion
coefficient. The dye aggregation number was calculated
by dividing M’ by the actual rm.m. of the dye (M).

RESULTS AND DISCUSSION

The binding ratios found at various surfactant
concentrations for the three disperse dyes are shown in
Figure 2. The free dye in solution decreased while bound

Cl Disperse Yellow 42 (A max = 590 nm)
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Figure 2 Effect of disperse dye concentration on binding ratic at different surfactant concentrations at 25°C
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Figure 3 Effect of disperse dye concentration on aggregation number at different surfactant/dye ratios at 25°C

dye increased with increasing surfactant concentration for
the azo and anthraquinone types (CI Disperse Red 118
and CI Disperse Violet 26), whereas for CI Disperse Yellow
42 reverse effects were observed. It was also found that
binding ratio increased with the increasing dye
concentration, suggesting the possibility of dye—surfactant
aggregate formation with azo disperse dyes of higher
‘rm.m.

With CI Disperse Red 118 (azo dye) the binding ratio
increased with dye concentration up to (.8 x 102 mol/l and
thereafter decreased, suggesting aggregate formation
which ultimately will give less uptake of the dye on fibre.
However, CI Disperse Violet 26 and CI Disperse Yellow 42
{with lower rm.m.) the binding ratio decreased with
increase in dye concentration. It may be thus inferred that
the stability of dye-surfactant aggregates formed is
influenced by both the dye structure and the
concentration of dye in the dyebath. Experimental results
indicate that with a dye of higher rm.m. there is a trend
for the binding ratio to increase with increasing dye
concentration. The polarographic observation of this
behaviour of disperse dyes in the dyebath is relatively
rapid, so that the degree of aggregation over a wide range
of dye concentration can be determined.

From Figure 3 it can be seen that the diffusion current iy
generally increased with increasing dye concentration.
Below a critical concentration the dye was in monomeric
form. The sharp change within a narrow range of dye
concentration and the levelling-off of aggregation number
values as concentration was increased shows that
aggregation proceeded only up to the dimerisation stage.
Aggregation number increased with increasing rm.m. up
to a particular concentration, depending on the dye
structure, and then decreased gradually to a more or less
constant value at high surfactant concentration. At low
dye concentration the reproducibility of the polarographic

data was better, the monomeric form of dye giving better
interaction in the presence of surfactant, which may be
due to micelle formation, Lower aggregation numbers at
higher dye concentrations may be due to the fact that the
diffusing species were not the dye ions.

These results suggest that the stability of the dye-
surfactant complex is based on both hydrophobic bonding
and micelle formation. Since the surfactants contain
different functional groups and the disperse dyes are
nonionic, nonpolar or very weekly polar in nature, it is
likely that other types of bonding are also involved.

Thus the present experimental studies show that the
rate of aggregation may be due to dye-surfactant
interactions, which are dependent on the concentration
and the behaviour of both dye and surfactant. These
interactions ultimately affects the final rate of dyeing.
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Aggregation of disperse dyes

From Terry Baldwinson

I refer to the paper entitled ‘Studies in the aggregation of
disperse dyes’ by A K Mairal and S B Guha, published in
the March issue of the Journal [1]. Quite apart from a
greater than usual number of editorial blemishes, the
content of the paper cannot be allowed to pass without
comment.

The accuracy of the authors’ results is not questioned,
but some of their comments in the Results and Discussion
section most definitely are. In particular, the first two
paragraphs of this section seem vague and even in some
respects contradictory.

The authors use the term ‘binding ratios” but do not
clarify what they mean by this. Part of the time they refer
to ‘dye-surfactant aggregate formation’ but they later
make a distinction between dye in monomeric and
dimeric forms. The distinction between ‘binding ratio’
(Figure 2) and “aggregation number’ (Figure 3) was surely
worth some explanation. It is stated that, ‘The free dye in
solution decreased while bound dye increased with
increasing surfactant concentration for the azo and
anthraquinone types, whereas for CI Disperse Yellow 42
reverse effects were observed’. This is not the impression 1
get from the three graphs in Figure 2, which seem to imply
that reverse effects occurred with the two higher
concentrations of surfactant with the azo dye and with the
two lower concentrations of surfactant with the
diphenylamine dye (CI Disperse Yellow 42). In the first
paragraph it is stated that ‘binding ratio increased with the
increasing dye concentration’. Yet the second paragraph is
contradictory in stating that with the azo dye the binding
ratio increased up to a certain concentration of dye and
then decreased, whereas with the anthraquinone and
nitrodiphenylamine dyes binding ratio decreased with
increase in dye concentration. The graphs show that with
all three dyes the binding ratio increased up to a certain
concentration of dye, and then decreased.

At the end of the first paragraph, the authors state that
because binding ratio increases with increasing dye
concentration, this suggests ‘the possibility of dye-
surfactant aggregate formation with azo disperse dyes
(note the plural) of higher rm.m.". Tt is just not possible to
draw this conclusion when:

(a) Only one azo dye was examined

(b) The observed effects could just as easily be due to the
very different structural and stereochemical natures of
the three dyes examined.

Paragraph 2 states ‘... suggesting aggregate formation
which ultimately will give less uptake of the dye on fibre'.
How can this conclusion be drawn when the experimental
work was carried out at 25°C, a temperature which is
nowhere near realistic even for atmospheric carrier
dyeing? Later in the same paragraph it is stated, ‘It may be
thus inferred that the stability of dye-surfactant
aggregates formed is influenced by both the dye structure
and the concentration of dye in the dyebath’. In fact, the
nature of the surfactants, the active component of the
carrier and the state of its emulsion, as well as the physical
form of the dye and its dispersion, could all be equally if
not more influential, yet none of these is mentioned. Nor
is temperature; normal dyeing temperatures could
completely change the situations reported by the authors
as occurring at 25°C.

Figure 3 relates dye concentration to aggregation
number and surfactant/dye ratio, yet the text in paragraph
3 mentions diffusion current rather than aggregation
number, without there being a clear exposition of the
relationship between the two. At the end of the third
paragraph dye ions are mentioned, yet the authors are
talking about disperse dyes which, they admit in the very
next paragraph, ‘are nonionic, nonpolar or very weekly
(sic) polar in nature’.

In the final paragraph, rate of aggregation is mentioned,
yet nowhere in this paper are rate effects investigated;
indeed, all systems were allowed 30 min in which to reach
equilibrium. Clearly, degree of aggregation should have
been stated.

The conclusion expressed in the final paragraph again
conveniently avoids any mention of temperature, which
would most likely have an overwhelming influence on the
results.

The usefulness of publishing this type of paper is open
to debate and there will clearly be different opinions.
Nevertheless, authors should state the limitations of their
work in relation to commercial processing and should
avoid drawing general conclusions from limited,
specialised results.

T M BALDWINSON
Yorkshire Chemicals ple, Leeds, UK
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