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the chain length and AH® and AS® have been found.

The dyeing equilibria of a set of monoazo dyes derived from 4-alkylamidosalicylic acids on nylon 6.6 have been
studied. A Nemnst distribution has been obtained indicating the prevailing mechanism of solution of the dye in the
fibre. Equilibrium depends on the length of the alkyl chain of the dye and on the concentration of dispersant. The
latter affects the equilibrium differently according to the hydrophobicity of the dye. Linear relationships between

INTRODUCTION

A series of 65 azo dyes derived from 4-alkylamidosalicylic
acids have previously been described[1). These dyes
have the general structure shown in Figure 1, in which X;,
Xz and X3 are usual substituents and R is a C;—Cj5, linear
alkyl chain. The dyes have been used for the dyeing of
nylon 6.6 fabrics, and their technical properties (fastness
to light, alkali, perspiration and washing) were tested and
quantitatively correlated to the structure using the SIMCA-
PLS method [2].
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Figure 1 — Dyes used in previous study

In this paper we report the preliminary results of an
extensive investigation based on the quantitative evalu-
ation of the dyeing behaviour of dyes having the general
structure shown in Figure 2. The substitution in the B ring
was limited to one cyano group (chosen on the basis of

properties previously observed[1], as the major aim of
our work was the study of the effect of the chain length.
The compounds, with their highly hydrophobic nature,
were used as disperse dyes for the dyeing of nylon 6.6
fibres.
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Figure 2 — Dyes used in the present study

The structure of the dyes poses a problem about the
nature of the mechanism of dye—substrate interaction. [f
dyes behave as dispersions, a Nemst linear isotherm
should be observed as a consequence of the solution of
the dyes into the fibre and of the low-energy chemical
bonding, dispersion and dipole—dipole forces [3]. If the
carboxyl group plays a relevant part in the dyeing
mechanism, the dyes behave as acid dyes and the dyeing
should be governed by a Langmuir isotherm, mainly
connected with ionic interactions between dye anions and
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positive sites of the fibre [3]. Finally, according to Giles [4],
linear isotherms may be considered as special cases of the
general Langmuir relationship, and so must be taken into
account,

EXPERIMENTAL

Dyes shown in Figure 2 were prepared as indicated
previously [2]. Nylon 6.6 fabrics were pre-washed with a
soap solution, well rinsed, dried and stored at constant
temperature and humidity before weighing.

The dyebaths were prepared by dissolving the weighed
amounts of dye and dispersant (Ethofor RO 40, mol. wt
5700, ICAI, Turin) in acetone (10 ml). The solvent was
removed by gentle heating to obtain a dense syrup to
which a buffer solution and water to a final volume of 250
ml were added.

The sorption rate curves were obtained by measuring
the absorbance of the bath continuously at 420 nm, using
the apparatus schematically shown in Figure 3. For each
dye the validity of the Beer—Lambert law was verified, in
the presence of the dispersant, either at room temperature
or at the dyeing temperatures. As far as room temperature
measurements are concemed the dye concentration
range 0.25-25x10-% mol/l was examined using a
spectrophotometer (Unicam SP 8-100) with cells 1.0 ¢m
thick (0.25-1.0%x10-% mol/l) and 0.1 cm thick (1.0-
2 5x10-* mol//1) respectively. Analogous measurements
at the dyeing temperatures were performed using a
colorimeter (Corning 253).

The tensiometric measurements were performed with a
Kruss tensiometer in buffered solutions at pH 7.

1 — Thermostatically controlled bath
2 - Thermometer

3 -- Dyeing flask

4 — Stirrer

65— Pump

6 — Colorimeter

Figure 3 — Dyeing apparatus

RESULTS AND DISCUSSION

A preliminary set of measurements was made in order to
assess the micellar conditions of the dispersant. Figure ¢ is
a plot of surface tension (y) against concentration of
Ethofor RO 40 at three temperatures.

The c.m.c. values lie in the range 1.2-1.8x107% mol/I
and in the experiments the concentration of the dispersant
was maintained at least a hundred times higher, In these
conditions the electronic absorption spectra in the visible
region of the dyes shown in Figure 2 followed the
Beer—Lambert law.

126 JSDC Volume 104 March 1988

[+)]
o
|

B
(=)
¥

Surface tension, N/mx10-2
wn
(=]
T

W
(=]
T

1 | 1 L L
1.5 15 180

Dispersant concn, mol/lx10-7

® 20°C
* 50°C
A 80°C

Figure 4 — Plot of surface tension against dispersant concentra-
tion at different temperatures
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Figure 5 — Rate of dyeing curves for dye shown in Figure 2,
R=Cj3, at 100°C; dispersant concentration=1.65x104 mol/l,
on 1 g fibre

Some sample dyeing rate curves are reported in Figure
5. The curves were drawn by measuring the concentration
of the dye in the bath and calculating the corresponding
concentration in the fibre. The measurements were
continued until concentrations attained constant values
for at least 2 h.

In order to obtain reliable equilibrium concentration
values (c-) the experimental points were treated accord-
ing to the linear form of the hyperbolic equation of
Vickerstaff (Eqn 1} [5,6]:
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where t=time, min
crp=concentration of dye in the fibre at time t,
mol/kg fibre
¢, = concentration of dye in the fibre at equilibrium,
mol/kg fibre
k=constant.

The statistical parameters of the linear relationship (t/cy,
vs ) resulted in very good agreement, indicating that the
¢, values were reliable. For a given concentration of
dispersing agent the plots of ¢;.. vs the corresponding
equilibrium concentration of dye in solution, Cs.=, are
linear (Figure 6) over the range of concentrations
investigated. Indeed, a saturation value cannot be
reported owing to the precipitation of the dyes at higher
concentrations.
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Figure 6 — Adsorption isotherm of dye shown in Figure 2, R=C;,
at 106°C; dispersant concentration=1.65x 10~ mol/l

Although an ionic interaction attributable to the
carboxyl group cannot be excluded, the solution of the
dye in the fibre does appear to play a fundamental role.
The data related to isotherms, analysed according to the
least squares method, are supported by satisfactory
correlation coefficients {r). A similar treatment of the same
data according to the linear form of the Langmuir
equation leads to a marked worsening of r values. As a
consequence, the linear isotherms K=c;../c, . are pre-
ferred for describing the equilibrium in terms of constants
depending on temperature and concentration of dis-
persant.

Figures 7-9 show the dependence of K on the
concentration of the dispersant at three different temper-
atures for the five dyes shown in Figure 2. Two distinct
forms of behaviour are evident, according to the length of
the alkyl chain: short-chain dyes (C,-Cs) are only slightly
affected by the dispersant, while their long-chain counter-
parts {Cy-Cys) exhibit a noticeable change of slope,
corresponding to a concentration of the dispersing agent

* 600

distinetly higher than its ¢.m.c. The general shape of the
curves is retained on changing the temperature but their
relative positions are shifted. These effects are not easily
explainable and are likely to be connected with complex
equilibria between dye in the micelles of the dispersant,
dye in solution and dye in the fibre.
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Figure 7 - Effect of dispersant concentration on K values of dyes
shown in Figure 2 at 64°C
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Figure 8 - Effect of dispersant concentration on K values of dyes
shown in Figure 2 at 84°C (for key see Figure 7)
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Figure 9 — Effect of dispersant concentration on K values of dyes
shown in Figure 2 at 100°C (for key see Figure 7)

Extrapolating the K values at dispersant concentrations
of zero and 2% 10-2 mol/l, a set of K values describing the
dyeing process both in the absence and in the presence of
a high concentration of the dispersant is obtained.
Treating K as an equilibrium constant, the standard
affinity, —Ap°, the standard enthalpy, AH°, and the
standard entropy, A S°, of dyeing are obtained according
to Eqns 2 and 3:

—Au®=RTInK (2)

Ape=AH-TAS® 3)

The least squares method gives the AH® and AS® values
as the intercept and the slope of the regression curves

respectively. The latter have correlation coefficients in the
range 0.90-0.99. Furthermore the differences between

TABLE 1

the Au® values used in Eqn 3 and the corresponding
values recalculated from AH® and AS® are, in the worst
case, of the same order of magnitude as the errors in the
determination of Ap°.

Table 1 reports the K and —Ap° values for the five dyes
at the various temperatures both in the absence and in the
presence of a high concentration of dispersant. It can be
noted that in absence of dispersant the K values increase
with chain length up to C7—Cii, then decrease, at
constant temperature, while the K values decrease with
the increasing temperature for dyes with R=C1-C; and
increase for dyes with R=C;1—Cis.

In the presence of a high concentration of dispersant a
similar but less pronounced trend can be noted for the
chain length effect, while a constant decrease of K with
increasing the temperature, more evident with the
short-chain compounds, is apparent. The highest K value
and hence the maximum bath exhaustion, under the
conditions investigated is shown by the dye with R=C; at
a temperature of 100°C in the absence of dispersant.

Table 2 lists AH® and AS° values of the dyes. It is
noteworthy that in the absence of dispersant the AH?
values are negative for short-chain dyes {up to C7) and
positive for long-chain ones. The chain effect on the
enthalpy term may be explained by a polar dye—fibre
interaction weakening as the chain length increases.

Figure 10 provides evidence of the existence of a linear
relationship between AH® values and the number of
carbon atoms in the alkyl chain, both in the absence and
in the presence of a large amount of dispersant.The
statistical tests for Eqns 4 (no dispersant} and 5 {dispersant
concentration=2x 103 mol/l) show the accuracy of fit
(nc=no. of carbon atoms in alkyl chain):

AH°=-53.24+5.2nc 4

with r=0.991 F=163 (p<0.001)

AHP=-40.3+2.0nc (5)

with r=0.999 F=22047 (p<0.001)

Equilibrium constants (K) and affinity values (—Ap°, kd/mol) for dyes shown in Figure 2 at different
temperatures in the absence and in the presence of dispersant

At 64°C At 84°C A1 100°C
No Dispersant Dispersant No Dispersant
R dispersant present® dispersant present® dispersant present @
Cy K 205 205 92 95 35 55
—Au® 149 149 13.4 135 11.0 12.4
C; K 290 290 200 200 90 90
—Ap® 159 159 15.7 157 14.0 140
C; K 1087 392 759 260 576 160
—Ap® 19.6 167 197 16.5 19.7 15.7
Cy K 860 178 975 124 1200 93
—Ap® 189 14.5 20.4 143 22.0 14.1
Cis K 430 150 500 120 930 105
—Au® 17.0 140 18.5 142 212 144

{a} Dispersant concentration=2x10 # mol/1
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TABLE 2

Thermodynamic parameters of dyes shown in
Figure 2 in the absence and in the presence of
dispersant

AH® AS°
R Dispersant (kd/mol) {d/imol K))
C, Absent -51.1 -106.9
Present® —-383 ~-69.5
Cy Absent -344 -539
Presentfe —-344 -539
Cs Absent -186 29
Present®@ -26.0 -27.0
C]] Absent 10.0 856
Presentta -18.2 -11.1
C15 Absent 219 1140
Presentta) -10.2 111
{a) Dispersant concentration=2x10-3 mol/|
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Figure 10 — Plot of standard enthalpy of dyeing against number
of carbon atoms in alkyl chain of dyes shown in Figure 2

The different slopes of the lines indicate a greater
susceptibility of the standard enthalpy to chain lengthen-
ing when the dispersing agent is absent.

The spontaneity of the whole process (negative Au®
values) is always assured by the compensatory effect of
the entropy factor. Figure 11 depicts the linear correlation
between AS® and the number of carbon atoms in the alkyl
chain. As for the AH® values, Eqns 6 (no dispersant) and 7
(dispersant concentration=2x10-3 mol/l) confirm close
correlations:

AS5°=-109.3+159nc¢ {6)

with r=0.988 F=117 (p<0.001)

AS*=-71.7+5.6nc {7)
with r=0.995 F=275 {p<0.001)

In the absence of dispersant the susceptibility to chain
lengthening is higher, and above R=C; the entropy terms
become positive. This behaviour suggests a hydrophobic
effect due to the orientation of water molecules around
the alkyl chain. When the dye molecules move from the
bath to the fibre, water molecules lose their orientation
thus increasing the disorder; the fixation of the dye on the
substrate only partially counterbalances this effect. The
dispersant promotes a solvation between dye and
dispersant lowering the chain-water interaction and
consequently reducing the hydrophobic effect.
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Figure 11 - Plot of standard entropy of dyeing against number of
carbon gtoms in alkyl chain of dyes shown in Figure 2 {for key
see Figure 10)

CONCLUSIONS

The dyeing properties of dyes with different degrees of
hydrophobicity have been investigated in terms of
equilibrium parameters. The dispersant used affects dyes
with short and long alkyl chains in different ways. The
optimum dyeing conditions from the point of view of K
values and hence of bath exhaustion appear to be the
following: high temperature (100°C), an alky!l chain of
eleven carbon atoms (Cy;), and a low concentration of
dispersant.
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