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Pretreatment of cotton fibres with solutions of alanine, valine, B-phenylalanine or histidine in aqueous
acetic acid increases the rate of dyeing with CI Direct Red 79 and improves the wet-fastness

properties of the dyed cotton.

INTRODUCTION

Cellulose is a polymer consisting of pb-glucose units, each
containing three hydroxy groups that contribute to the
attachment of direct dyes to celiulosic fibres. Studies on
scale models have shown that the structures of dyes that
are substantive to cellulose and the celluose surface itself
are similar to each other. Furthermore, the distance
between azo groups in many substantive polyazo dyes
was demonstrated to be 1.08 nm, which is not unlike the
distance between corresponding atoms in the cellulose
polymer (1.03 nm) [1]. Since acetylation of cellulose results
in a loss of substantivity for direct dyes, it is probable that
cellulosic hydroxy groups are involved in the attachment
of such dyes. Hydrogen bonds should form between these
hydroxy groups and azo, amino, hydroxy or amide
groups in the dye molecules [2]. It is believed that direct
dye molecules enter cavities in the cellulose structure and
become attached by two or more hydrogen bonds. The
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number of solubilising groups in direct dyes should be
the minimum necessary for adequate solubility; it is
advantageous if they lie on one side of the dye molecule
and hydrogen bonding groups are on the other [3]. For
maximum substantivity, not only should direct dye
molecules be linear, but their benzene nuclei must also be
capable of lying in the same plane [4].

The bonding of direct dyes to cellulosic fibres is much
weaker than that of milling dyes to wool. Application of
direct dye is reversible process, and virtually all the
adsorbed dye can be removed by prolonged washing with
water. Despite much research, the direct dyeing of
cellulosic fibres is incompletely understood [5].

The presence of small amounts of organophosphonate
sequestrants, e.g. ethylenediamine tetramethylenephos-
phonic acid (ENTMP), in the dyeing of cotton with direct
dyes brings about more rapid dyeing and is accompanied
by better fixation of the dye to the cotton fibres [6]. Riad et
al. reported that ENTMP could be used as a carrier for CI
Disperse Violet 8 in the dyeing of polyester [7]. The same
phosphonate was found to enhance the dyeing of wool
fibres with CI Acid Blue 203 [8]. Phosphonates inhibit
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crystallisation and are used to control scale formation in
boiler and cooling tower waters [9-13]. They are
preferentially adsorbed at the most active growth sites
upon the crystal surface (kink sites) since a surface
coverage of about 5% has proved to be sufficient for
growth blockage.

Certain amino acids, found as urinary constituents, are
capable of preventing formation of calculi in biclogical
systems. Histidine, tryptophan and other small amino
acids of low relative molecular mass were found to
suppress growth and formation of calcium oxalate
hydrates in a manner similar to that of phosphonates [14].
These facts justified study of the influence of amino acids
on the direct dyeing of cotton.

A series of dyeing experiments were carried out in
which Solamine Fast Red 4BL (FW, CI Direct Red 79) was
applied to unmercerised cotton fibres, either alone or in
the presence of traces of alanine, valine, p-phenylalanine
or histidine. The exhaustion of the dyebath in each case
was determined spectrophotometrically.

EXPERIMENTAL

Dyeing of cotton

Solamine Fast Red 4BL (0.02 g), sedium chloride (1 g) and
six drops of glacial acetic acid were added to 100 ml
distilled water. A portion of the dyebath (1 ml) was
withdrawn and introduced into a 25 ml measuring flask,
which was filled to the mark with distilled water. The
absorption of the solution over the range 450-550 nm was
recorded. The dyebath was boiled under reflux and 1 g
unmercerised cotton was introduced into it, the time of
addition representing the zero time of dyeing. After
suitable time intervals about 1.5 ml of the dyebath was
withdrawn, left to cool at room temperature, then exactly
1 ml was introduced into a 25 ml measuring flask, which
was filled to the mark with distilled water The
concentration of the dye in solution was determined
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Figure 1 Structure of Solamine Fast Red 4BL
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spectrophotometrically. Continuous boiling of the
dyebath ensured uniform circulation of the dye liquor
around the fibres.

For the dyeings with the amino acids, cotton (1 g) was
first immersed for 24 h at room temperature in a solution
containing the amino acid (1.2, 1.6, 2.0, 2.4, 2.8 or 3.0 mg) in
100 ml distilled water acidified with six drops of glacial
acetic acid (pH of solution approx. 3.85) to attain
equilibrium adsorption. Cotton was removed from the
amino acid solution, well pressed then dyed with the
direct dye as described above.

Desorption tests on dyed cotton
Two samples of cotton fibres (1 g each) were dyed with 2%
CI Direct Red 79, one in the absence and the other in the
presence of alanine (20 mg). Before carrying out the
desorption tests, both samples were boiled under reflux in
the dyebath for exactly 1 h, removed immediately from
the dyebath, pressed well and rinsed with 100 ml distilled
water for 1 min, pressed again and finally boiled under
reflux in 100 ml distilled water. After suitable time intervals
1 ml samples of the washing solution were withdrawn
and their dye content determined spectrophotometrically.
The above technique was repeated. After rinsing in
distilled water, each dyed sample was immersed in 100 ml
distilled water for 1 min, each was placed in a beaker
containing 100 ml 2% sodium carbonate solution, which
was continuously stirred. The concentration of the dye
stripped out in the washing solution was determined as
described above.

RESULTS AND DISCUSSION

The exhaustion rates of CI Direct Red 79 (Figure 1) {4,
506 nm) on cotton with and without alanine, valine, p-
phenylalanine or histidine (Figure 2) were determined.
Exhaustion rates in the presence of the amino acids were
found to be greater than the corresponding rate in their
absence (Table 1).
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Figure 2 Structures of amino acids used in
present study



Table 1 Exhaustion of Ci Direct Red 79 dyebaths containing 1 g
cotton at reflux temperature

Exhaustion {%) at different amounts of amine acids

Time

(min} © 12mg 16mg 20mg 24mg 28mg 3.0mg

Alanine

5 40 145 17.6 206 18.0 16.1
10 65 197 23.4 25.5 20.5 24.4
15 9.0 26.0 298 33.6 30.2 27.4
30 16.0 290 322 36.0 34.9 30.7
45 230 34.2 375 39.8 38.0 31.8
60 272 369 398 425 354 34.8
90 350 416 435 45.3 377 35.0

Valine

5 40 156 19.1 20.0 18.1 16.2
10 65 201 238 251 24.2 229
15 9.0 242 27.0 31.0 26.2 259
30 18.0 274 30.5 33.6 315 30.6
45 230 310 335 35.2 329 32.3
60 272 327 343 36.6 336 33.2

B-Phenylalanine

5 40 131 15.1 18.3 206 111
10 85 163 19.1 21.8 245 19.0
15 9.0 197 229 255 284 203
30 16.0 265 296 322 351 324
45 23.0 297 315 334 36.1 32.9
60 272 329 348  36.1 382 350
90 35.0 39 405 416 428 419

Histidine

15 9.0 171 19.5 23.9 25.4 22.2
30 16.0 22.0 236 27.5 28.9 26.7
45 230 289 30.7 34.0 355 29.4
60 272 332 34.9 38.4 39.5 30.6
75 350 35.2 36.9 40.5 42.0 28.9
90 37.0 380 40.0 42.0 42.8 31.7

The increased uptake of the direct dye may be
attributable to protonation of the amino acid, which can
be readily attached by hydrogen bonding to the hydroxy
groups in cellulose. During the dyeing process the dye
anions, each possessing four negatively charged
sulphonate groups, were attracted by the positive charge
of the protonated amino acid, which was already
adsorbed on the surface of cotton. The results in Table 1 at
an amino acid concentration of 2.0 mg yield the following
order of decreasing effect on dye exhaustion: alanine >
valine > p-phenylalanine > histidine. At smaller or higher
concentrations, this order of activity changes. The relative
effectiveness of the amino acids at the 2.0 mg
concentration level corresponded to their pK; values
(Scheme 1 and Eqn 1) [15].
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Table 2 Order of exhaustion values for different amino
acids studied

Amino

acid {mg)} Order of exhaustion values

16 Alanine > histidine > B-phenylalanine > valine
2.0 Alanine > valine > fi-phenylalanine > histidine
24 Histidine > B-phenylalanine > alanine > valine

Values of pK; (acidic form) are almost the same for pK,
(classical form) [15]. A large pK; value indicates a shift in
the above equilibrium to the left-hand side of Scheme 1,
meaning more attraction between the negatively charged
dye anions and the protonated amino acid. If the
equilibrium shifted to the right-hand side, repulsion
would take place between the dye anions and the
zwitterionic amino acid. The larger the value of pK,, the
more effective the amino acid in improving the dyeing.

At higher concentrations (more than 2.0 mg alanine or
valine, 2.4 mg B-phenylalanine or 2.8 mg histidine), the
equilibrium shifted to the right owing to zwitterionic
association. Hence less of the protonated amino acid was
adsorbed by the cotton, causing a decrease in dye uptake,
as shown in Table 1. Since the degree of this association
changed from one amino acid to another, their relative
order of activity, when wusing smaller or larger
concentrations of these acids, differed from that recorded
(Table 2). This changing order of activity was due to the
different degrees of zwitterionic association, depending
on amino acid structure. The pK, (9.18) and pK; (6.10)
values of histidine were found to be quite different from
each other, unlike those of the other amino acids in this
study.

The exhaustion data in Table 1 can be interpreted in
terms of a Langmuir isotherm (Eqn 2) [16]:

Ro  _

_Re _ 1 2)
(Ro -Rt) KC

where R, = 100 - exhaustion in presence of a known
weight of the amino acid after a certain

period of time, %

R, = 100 - exhaustion in absence of the amino
acid, %

K = adsorption coefficient

C = concentration of amino acid

Table 3 presents values of 1/C and Ry/(R, - R;} at different
times using different concentrations of amino acid. Figures
3-6 represent adsorption plots according to Eqn 1. These
results confirm that dye adsorption took place on specific
sites. Apparently the protonated amino acid formed a
monornolecular layer on the surface of the cellulose; some
amino acid remained in the dyebath, forming a complex
with dye anions and decreasing the dyeing rate.
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Table 3 Adsorption of dye and amino acid by cotton fibres according
to Eqn 1

RJ/R, — R, after

Amino 5 15 30 45 60 75 90
acid 1/C min min  min min min min  min
Alanine

833 9.1 54 6.5 6.9 7.5 9.8

625 7.1 44 5.2 5.3 5.8 7.6

500 5.8 3.7 4.2 4.6 4.8 6.3
Valine

833 83 60 74 9.6 13.2
625 64 50 58 7.3 10.2
500 6.0 4.t 4.8 6.3 7.7

B-Phenylalanine
833 106 85 8.0 115 12.8 15.8
625 86 66 6.2 9.1 9.6 11.8
500 67 55 52 74 8.2 9.9
416 5.8 47 44 5.9 6.6 8.3
Histidine
833 112 140 131 122 63
625 87 111 100 95 342 21
416 6.1 7.3 7.0 65 11.8 128
357 55 65 8.2 5.9 9.2 109
10 * After Smin A After 45 min
B After 10 min O After 60 min

Yy After 15 min
- a After 30 min

* After 75 min
o After 90 min

i i 1
200 400 600 800
1/C

Figure 3 Adsorption isotherms using different concentrations of
alanine
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Figure 4 Adsorption isotherms using different concentrations of valine
(for key see Figure 3)
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Figure 5 Adsorption isotherms using different concentrations of
B-phenylalanine (for key see Figure 3)
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Figure 6 Adsorption isotherms using different concentrations of
histidine (for key see Figure 3)

As the dye anions are bonded to the protonated amino
acid molecules adsorbed on cotton, it might be expected
that this phenomenon would be reflected in better wet-
fastness results than in cases where no amino acid is
present. Table 4 gives the results of desorption tests carried
out on 1 g cotton dyed with 2% dye in the presence of
alanine (20 mg).

Neutral soap and detergents were excluded in the
current work because of their colloidal nature in aqueous
media, which prevents the spectrophotometric deter-
mination of the dye in solution.

CONCLUSION

An increased uptake of CI Direct Red 79 by cotton fibres
was observed after pretreatment with alanine, valine, p-
phenylalanine or histidine, as well as improved wet-



Table 4 Amount of dye stripped off 1 g cotton fibre dyed with
2% Solamine Fast Red 4BL in absence and in presence of 20
mg alanine

Amount of dye removed (%)

Distilied water at 2% sodium carbonate

reflux temp. soluticn at room temp.
Time Alanine Alanine Alanine Alanine
{(min) absent present absent present
10 17.7 13.9 2.0 0.8
20 355 32.0 7.2 2.1
30 40.3 38.1 75 4.4
60 42.3 40.0 7.9 6.1

fastness properties. This could give an effective indication
towards the better use of direct dyes.
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Anomalous AE values

From Sarah Hayden and David Oulton

In the course of an investigation into the visibility of small
colour differences, we have noted an anomaly in the size
of AE CMC(1:1) values compared with human
judgements.

In the investigation colour difference pairs were
generated on screen by computer [1,2]. Sequences of
increasing differences were generated along the L, C and
H axes of the tolerance ellipsoids. It was surprising to find
in some cases that there was a measurable decrease in AE
across an established perceptibility threshold along the
lightness axis.

The anomaly noted concerns a set of five difference
pairs close to, but not exactly along, the lightness axis.
Visually a set of ten observers agreed (Table 1) that there
was a reasonably clear perceptibility boundary between
pairs 1 and 2. The measured colour-difference values
(Table 2) show that, while there was a steady increase in AL

Table 1 Perceptibility judgements of —L direction
(green colour centre)

Step  Observer's decision

b WN =
<< <<=
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Table 2 Measured colour difference values
for —L direction (green colour centre)

Step AH  AC AL AE(CMC)
1 0235 0337 0061 0416
2 0007 0035 0.337 0339
3 0016 0.016 0641 0642
4 0.161 0279 0.926 0981
5 0274 0127 0.956 1.003

for the set, AC, AH, and crucially AE fluctuated.
Numerically AE dropped across the visibility boundary
because at step 1 there were measurable AC and AH
components, while at step 2 the difference was almost
wholly in AL (Figure 1).

While this anomaly was the clearest example, many of
the difference pairs containing significant lightness
dimensions showed anomalous AE values. These covered
increasing and decreasing lightness sequences from nine
colour centres. The anomalies led first to a vigorous
examination of our measurement techniques. The level of
deviation does, however, appear to be significant. It is
possible only to speculate on the cause of this
phenomenon; however, we offer the following argument.

In the set of pairs judged, AH and AC fluctuated
between 0 and 0.3, i.e. below the threshold of visibility, as
individual changes. Visually the set was perceived as a
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