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The effect of urea, thiourea and
ammonium thiocyanate on various dye
solutions has been examined. It has been
found thar generally urea and thiourea
disaggregate the dye in solution whilst
ammonium thiocyarnate cquses aggregation.
Exceptions to these findings do occur.
Thus urea enhances the aggregation of

CI Acid Red 138, but not other dyes of
this class. Thiourea reacts preferentially
with C.I. Reactive Reds I and 2, giving
products which are relatively inert in
reactions with wool Such products,

whilst not reducing dye exhaustion, reduce
fixation considerahly.
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Introduction

Numerous papers have been published on
the interactions of urea [1-7] with
reactive dyes in efforts to determine the
mechanism  of  urea-assisted  dyeing
systems for wool. Less information is
available on the interaction of thiourea
with such dyes [89], although this
compound can also assist uptake of dye
by the fibre. Equally, ammonium thio-
cyanate, the isomer of thiourea, has been
recently suggested to us, by D.M. Lewis,
as a possible substitute for urea in the
cold pad—batch-dyeing system for wool.

In a dyeing system, containing a
dyeing assistant, three factors must be
considered. Firstly, the possible inter-
action of the assistant with the dye in
solution, secondly, the influence of the
assistant on the ability of the dye to pass
through the dye solution—{ibre interface,
and thirdly, the influence of the assistant
on the diffusion and reactivity of the dye
within the fibre.

In the present paper, we report on the
effects of urea, thiourea and ammonium
thiocyanate, respectively, on solutions of
various types of anionic dye.

Experimental

Spectral Absorprion
Dyes

Commercial dye samples were used, and
solutions at two concentrations, viz. 0.05
g/l and 5-10 gfl, for each dye were
prepared. Measurement of dye spectral
absorption was carried out on a Unicam
SP 800 ultraviolet recording spectrophoto-
meter, using a 0.1-20-mm path length.

Measurements of

Paper Chromatography

Reactive dye solutions (10 g/l) were
prepared exactly as for cold pad—batch
dyeing for wool, i.e. they contained dye,
Synperonic N (10 g/, nonionic sur-
factant), acetic acid (to give pH 5), with
and without addition of dyeing assistants.
Freshly prepared solutions, and those left
standing at 20°C for 12 hours, were then
examined by descending chromatography
on Whatman 3 MM paper, using either
pyridine—n-butanol—water (1:1:1) or
n-butanol—ethanol—water  (4:3:3) as
eluent.

Preparation  of Dikydroxy [10] and
Monochloro-monohydroxy [11]
derivatives of Procion Brilliant Red
MX-2B (C.I Reactive Red 1)

For the dihydroxy derivative, Procion
Brilliant Red MX—2B {1 g) was dissolved
in 1 M NaOH (50 ml), and the solution
was maintained at 95°C for 4 hours. It
was then acidified with 2 M H,S80, and
kept at 95°C for a further 4 hours.

For the monochloro-monohydroxy
derivative, the dye (1 g) was dissolved in
0.05 M NaOH (50 ml), and the solution
was kept at 40°C for 30 minutes. [t was
then neutralized to pH 7 with hydro-
chloric acid. The hydrolysed dye
solutions were used without further puri-
fication for chromatographic studies.

Determination of the Reaction Rate Con-
stants for Thiourea and Procion Brilliant
Red MX-2B (C.I. Reactive Red 1)
Estimation of dichloro groups was carried
out by the pyridine—sodium hydroxide
method [12]. A solution containing
thiourea and buffer was maintained at
25°C in a thermostatically-controlled
water bath, and mixed with dye solution
at zero time. Samples were taken at
various intervals of time and allowed to
react with pyridine—sodium hydroxide
reagent at 25°C for 2 hours. The con-
centration of dichloro dye remaining was
calculated from the height of the peak at
455 nm, using a Unicam SP 600 spectro-
photometer.

The pseudo first-order & is equal to
the slope of the graph of log (initial
conc./conc. at time ¢), multiplied by
2.303.

Coid Pad- Batch dyeing

Salt’s standard wool serge was padded
(100% pick-up) and batched (20°C) for
the requisite time with padding liquors
containing  reactive dye (10 g/,
Synperonic N (10 g/l), acetic acid (to give
pH 5), with and without the addition of
dyeing assistants. Percentage exhaustion
and fixation were respectively determined
spectrophotometrically, by  stripping
ionically bound dye using acid pyridine at
80°C as the stripping agent [12,13].



TABIE 1

Absorption Data (x- and y-bands) for Dyes in Various Media

Medium* Mnax

x ¥

C.I. Acid Red 1

Absorbance
Ratio

(vfx)

Absorbance

x ¥y

Conc.: 0.05 g/l — path 20 mm and (10 g/l -- path 0.1 mm)

1 550 (496) 528 (530) 1.70 (1.64) 1.69 (1.18) 099 (0.72)
2 505 (503) 532 (534) 170 (1.73) 1.72 (1.52) 101 (0.88)
3 505 (503) 532 (534) 1.70 (1.68) 1.72 (1.44) 1.01 (0.86)
4 505 (503) 532 (534) 170 (1.67) 171 (1.37) 1.00 (0.83)
5 505 (500) 528 (530) 1.68 (1.67) 1.70 (1.17) 0.99 (0.70)
C.I. Reactive Red 159
Conc.: 0.05 g/l — path 10 mm and (5 g/l — path 0.1 mm)
1 517 (517) 547 (547) 1.02 (1.01) 1.02 (0.97) 1.00 (0.96)
2 517 (517) 547 (547) 104 (1.01) 1.06 (1.02) 102 (1.01)
3 517 (517) 547 (547) 1.03)(1.01) 1.05 (1.02) 102 (1.01)
4 517 (517) 547 (547) 103 (1.01) 1.04 (1.00) 102 (0.99)
5 517 (517) 547 (547) 101 (0.99) 099 (0.92) 098 (0.93)
C.l. Acid Red 155
Cone.: 0.05 g/l — path 10 mm and (5 g/1 - path 0.1 mm}
1 525 (515) 552 (555) 1.40 (1.34) 1.38 (0.88) 099 (0.66)
2 525 (520) 538 (558) 1.42 (1.38) 148 (1.18) 1.04 (0.86)
3 525 (520) 558 (558) 1.40 (1.36) 143 (1.04) 103 (0.77)
4 525 (520) 558 (558) 140 (134) 142 (1.01) 102 (0.76)

* 1 = water
2 = 10% (vol./vol.) dimethylformamide
3 = 30% (wt/vol.) urea
4 = 10% (wifvol.}thiourea
5 = 6.5% (wt/vol.) ammonium thiocyanate

Results and Discussion

DYE— ASSISTANT
ACTIONS

The ionic interactions of different classes
of anionic dye with the various dyeing
assistants mentioned above have been
investigated. In all, five equalizing acid
dyes, three acid milling dyes, three
Carbolan dyes and ten reactive dyes were
studied. Dyes with high aqueous solu-
bility were selected so that the results
could be related to the cold pad—batch-
dyeing system. For comparative purposes,
a well-known dye-disaggregating agent,
dimethylformamide, was also included in
the study. In general, dyes of a given class
behave similarly in their reactions with
the specific dyeing assistants and hence
only the results obtained with typical
examples of each class have been given
here.

The dyeing assistants can either dis-
aggregate or aggregate the dye in aquecus
solutions. Such changes can be easily
observed from the changes in the absorp-
tion spectrum of the dye solution when
dyeing assistants are added. In dilute
solutions, of similar concentrations to

IONIC INTER-

those used in long-liquor dyeing, the dye
is most probably present as monomers or
dimers. Table 1 summarizes the absorp-
tion data for an equalizing acid dye, a
reactive dye and an acid milling dye.
Cameron et gl [14] and Tull [15] have
shown that a dye solution spectrum often
consists of two absorption peaks. When
this peak splitting occurred it was
conciuded that the solution contained a
mixture of dye monomer and dimer, the
longer wavelength (y-band) being derived
from the monomer and the shorter wave-
length (x-band) arising from the dimer. 1t
was therefore suggested that the
absorbance ratio (v/x) can be taken as a
measure of the proporticn of the dye
existing in solution as the monomer. Such
a measure cannot be regarded as quanti-
tative, though it gives a rough order of
the extent of aggregation. Coates [16]
discussed this in his studies of the
mechanism of dye aggregation in various
solutions. In the present work, the effect
of dyeing assistants in disaggregating or
aggregating the dyes can be seen from the
absorption data; whilst the effect is small.,
it follows the same order as that observed
at high concentrations of the dye. The

absorption behaviour of the dyes at
higher concentrations are given in Table
1. Similar effects have been observed with
all the dyes examined. Such effects will
be more pronounced in dye solutions of
higher concentration which are applied in
cold pad-—batch-dyeing systems.

In general, dimethylformamide, urea
and thiourea tend to disaggregate the
dyes in aqueous solutions, hence
enhancing dye solubility: ammonium
thiocyanate increases dye aggregation.
This latter assistant is capable of pre-
cipitating all the dyes studied, although
the amount required to do this varies
(from 5 g/l to 300 g/1) depending on the
structure of the dyes. Since ammoniuin
thiocyanate can be considered as an
ammonium salt of a weak acid, it is not
surprising that it acts as an anionic dye-
aggregating agent. Consequently, its
potential in cold dyeing will be of limited
value. {Irrespective of any other possible
effects it may have, it could only be used
with dyes of very high solubility.)

The presence of urea in the dye
solutions usually causes disaggregation of
the dyes and enhances their solubilities.
The only atypical case observed was that
of Carbolan Red B (C.I. Acid Red 138).
In this case dye aggregation and, in
concentrated urea solutions, partial pre-
cipitation (on standing several hours at
room temperature) resulted.

Aqueous solutions of C.I. Acid Red
138 are known to foam readily [17].
Presumably the presence of the long
aliphatic chain (CH3(CH,),,—) in the
dye molecule enhances the surface
activity of the dye. As this has not been
observed with other Carbolan dyes, it
would seem that the molecular shape of
this dye is particularly significant in
relation to its surface activity. Further,
urea is known to form clathrate com-
pounds with suitably shaped molecules,
and long-chain fatty acid esters are easily
enclosed, forming such clathrates [18].
The precipitation of C.I. Acid Red 138 in
urea solution may be due therefore, to
clathrate formation, but this has not been
further investigated.

Two reactive dyes, viz. Procion
Brilliant Red MX—2B (C.1. Reactive Red
1) and Procion Brilliant Red MX—-5B
(C.1. Reactive Red 2), show specific
changes in absorption behaviour in the
presence of thiourea (Figure 1), C.L
Reactive Red 2 partially precipitates from
the dye solution on standing for a few
hours. Both dyes undergo a definite
change of colour in the dye solution on
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2 = 10% (wt/vol.) thiourea, freshly prepared
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Figure 2 — Spectral absorption of CI Reactive Red 2 fConc. = 0.04 g/l, path

length = 10 mm)

standing. The colour change and reduc-
tion in solubility are not temporary
physical phenomena, as on dilution of the
solution, there is no decrease in aggrega-
tion or reversion to the original colour
(Figure 2). In these cases, it would seem
that covalent dye—thiourea interaction
may have occurred. Guise and Stapleton
[19] have pointed out that colour
changes occur if an isothiourionium salt
group is introduced which is not
electronically isolated from the chromo-
phore; whilst Bell and Lewis [9] suggest
that the solubility of the dye depends on
the number of solubilizing groups in the
dye. The presence of a cationic thio-
uronium salt group would lead to the
formation of an internal salt which would
lower the aqueous solubility.
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THE COVALENT INTERACTIONS
BETWEEN REACTIVE DYE AND
ASSISTANTS

In view of the apparent reaction
between thiourea and these two Procion
dyes, the two dyes (as well as Levafix
Brilliant Red E—6BA — C.I. Reactive Red
159) were examined in detail for the
possibility of reaction with the dyeing
assistants. No indication of reaction
between C.I. Reactive Red 159 and the
dyeing assistants was found. The
examination was made by paper chroma-
tography and comparison in cold pad—
batch dyeing in the presence of various
assistants. Once again, only the positive
results have been given.

Table 2 summarizes the chromato-
graphic behaviour of C.T. Reactive Red 1
on various treatments. Study of mono-
hydroxy-monochloro  and  dihydroxy

derivatives of this dye enabies the identi-
fication of the products formed. Similar
results were obtained with C.I. Reactive
Red 2. On treatment with ammeonium
thiocyanate, a small trace of new
compound is immediately formed, but
this does not apparently increase in
amount on increasing the time of reac-
tion. Subsequent dyeing studies indicate
that this reaction does not significantly
change the fixation properties of the
parent dye. Thiourea reacts with the dye.
A new product appears, which increases
in amount as the time of reaction
increases. It is, therefore, possible to
measure its rate of reaction with C.L
Reactive Red 1. The rate of hydrolysis
has been ignored in this case, since
hydrolysis at pH 5 under cold conditions
is negligible [20]. Not unexpectedly, in
view of the relative higher thiourea—dye
(0.1 g/l of dye used) ratio, the reaction
was found to be first order. This has been
confirmed by studying the time for half
reaction. Figure 3 is a plot of the log K
thiourea against log concentration of
thiourea.

By comparison with the reactivity of
Procion H type dyes with reactive groups
in protein fibre [21], the reaction of
thiourea with that dye is far more rapid
(K=32x 107 for 1.28 M thiourea).
Hence, in practical cold-dyeing systems
for wool, the dye will react preferentially
with thiourea rather than with the fibre.

Dye—fibre interaction is not the
subject of this paper, but it is obvious
that if a reactive dye, prior to reacting
with the fibre, is converted into a
different form, the extent of reaction of
this derivative with the fibre can differ
considerably from those of its parent dye.
Accordingly, a brief study was made of
the influence of dye—thiourea reaction
on the fixation of C.I. Reactive Red I on
wool serge when dyeing by a cold pad—
batch technique,

Figure 4 shows exhaustion and fixa-
tion curves for dyeing with and without
the addition of thiourea. In the presence
of thiourea, the rate of exhaustion is
remarkably enhanced, but fixations of
the corresponding dyeings are surprisingly
lower, compared with those in its
absence. This would support the previous
suggestion that thiourea would pre-
ferentially react with the dye to give a
product that is less reactive to the fibre
than its parent dye. The extent of fixa-
tions were also measured when the dyed
fabrics had been aftertreated with hot
ammonia solution (10 g/l, 40°C for 30



TABLE 2

R; Values and Relative Quantities of Products formed

from Procion Brilliant Red MX—2B(C.1. Reactive

Initial Separation R¢ Relative
Quantity
Parent dye dichloro component ++++
monochloro component 0.11 ++
unidentified component 0.43 +
Monochloro- monochloro-monohydroxy 0.11 ++4++
monohydroxy component
derivative dihydroxy component 0.26 +
Dihydroxy dihydroxy 0.26 ++++
derivative
Thiourea dichloro component 0 ++
treated monochloro component 0.11 ++
sample product of reaction 0.19 ++
unidentified component 0.43 +
Ammenium dichioro compenent 0 +++
thiocyanate monochloro component 0.11 ++
treated product of reaction 0.23 +
sample unidentified component 0.43 +

+ slight trace

Log K! Thiourea, M

-4 -1-2 -1 -08 -06 -04 -02 Q 02

Log C Thiourea. M
Figure 3 — The influence of the con-
centration of thiourea on the reaction
constant (K) for the reaction of thiourea

with C.I Reactive Red 1

min) in order to complete any possible
fixation. It is interesting to note that such
alkaline aftertreatment does not
apparently enhance fixation when the
dye is applied in the presence of thiourea,
but fixation has been considerably
enhanced on dyeings in the absence of
thiourea. This would suggest that the
product of reaction of the dye with
thiourea is more stable than its parent
dye in relation to fixation in alkaline
conditions.

Conclusions
In general, urea and thiourea tend to
disaggregate all the anionic dyes

examined, whilst ammonium thiocyanate,
being an acid salt, tends to enhance dye

+ + + + intense band Chromatographic eluent: n-butanol—ethanol—water, 4:3:3

aggregation. Urea has a general advantage
in that it does not react with reactive
dyes (at least in cold acid conditions) to
form any relatively inert product thereby
reducing fixation. Thiourea is capable of
reacting with some highly reactive,
reactive dyes; the products are more inert
in dye—fibre covalent reaction, and fixa-
tion of the dyeing in its presence will be
correspondingly reduced.
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Figure 4 — Effect of thiourea on the rate of dyeing of C.I Reactive Red 1
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