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During a recent attempt to produce solid forms of water-soluble, sulphonated reactive dye samples
with low electrolyte content, it was found that salting-out of such dyes with sodium thiocyanate
dihydrate and subsequent washing with acetone gave a product with very low content of inorganic
saits. A readily soluble solid of high tinctorial strength was produced.

INTRODUCTION

In the preparation of water-soluble sulphonated dyes, to
obtain the dye as a solid, it is common to add electrolyte
(usually common salt) to the dye solution in order to
precipitate the dye. However, the amount of salt needed
to obtain a reasonable vield of dye gives a solid product
contaminated with large quantities of salt. This results in a
product of much lower colour strength relative to pure
dye and can also affect the dyeing characteristics {1].

Various methods have been used to remove electrolyte
from the dye. Robinson and Mills precipitated dye from a
hot aqueous solution by the addition of potassium acetate
{2]. The precipitate was filtered-off and washed with
boiling ethanol, in which acetate is soluble. This can give
poor yields for dyes with a small molecular size or those
with a high number of solubilising groups, as they tend to
be highly soluble in acetate solution. Some water-soluble
dyes are also soluble in alcohol, so some product is Jost in
the washing stage.

Harrison used ammonium carbonate as the electrolyte
for salting-out [3]. The electrolyte was removed from the
product by heating to 100°C, at which temperature the
ammonium carbonate volatilised. This method would not
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be suitable for reactive dyes, as at such high temperatures
the reactivity of the dye would be destroyed. For
moncchloro-s-triazinyl (MCT) dyes, the actual
temperature alone would not cause a problem, but the
ammaonia produced would react with the dye to form an
amino-s-triazine product.

Dialysis has been used to remove electrolyte from a dye
[4]. The dye solution is surrounded by a membrane which
is impermeable to large dye molecules, but lets small ions
and molecules through. The outer surface of the
membrane is surrounded by pure water, which is
continually removed, so the concentration of inorganic
ions remains low in the water. This is a lengthy method
and since sodium ions are constantly passing across the
membrane, an acidic dye salt is produced that can be
difficult to redissolve [1]. On an industrial scale, reverse
osmosis and ultrafiltration are used, but these methods are
impractical for laboratory work.

Salting-out of water-soluble reactive dyes with sodium
thiocvanate has recently been practised in this depart-
ment. The precipitate obtained is washed with acetone
until it is free of thiocyanate. This can be ascertained by
analysis of the solid dye by Fourier transform infra-red
(FTIR) spectroscopy. The thiocyanate ion has a very strong
absorption at 2066 cm™! (Figure 1). In this region of the
spectrum there are very few other peaks (diazo and
ketenimine compounds also absorb in this region [5]).
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Figure 1 FTIR spectrum of sodium thiocyanate
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Figure 2 Structure of monochloro-s-triazine reactive dye used in the
present study

Washing with acetone until no absorbance is seen at this
wavenumber gives a product free of thiocyanate ions.
Water-soluble dyes can show some solubility in acetone,
but if the washing step is carried out at room temperature,
the amount of dye lost in the washing step is negligible.
The dye is readily redissolved in water, unlike some pure
dyes produced from dialysis.

The following work shows the effects on the purity and
dyeing characteristics of an MCT dye purified in this way.
A brief study was made of the stability of a dye containing
a relatively highly reactive dichloro-s-triazine group
under salting-out conditions, since the thiocyanate anion
has appreciable nucleophilicity.

EXPERIMENTAL

Electronic absorption spectra were taken using a Unicam
SP800 UV spectrophotometer. FTIR spectra were taken
with a Perkin Elmer 1725 FTIR spectrometer, by the
potassium bromide disc method.

High-performance liquid chromatography (HPLC)
analyses were carried out with a Varian 5000 liquid
chromatograph, using a 15 cm x 4.6 mm Apex ODS II 5U
column, running with an eluent containing 65% water,
35% acetonitrile, 1 mmol/ tetrabutyl ammonium bromide
ion-pairing agent, I ml/l acetic acid (20% by vol.) and 1 ml/l
potassium hydroxide solution (50 g/l).

Dyeings were carried on a Werner Mathis Labomat
beaker dyer, type BFA. Reflectance spectra were measured
with a Macbeth ColorEye spectrophotometer
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Salting-out
A yellow MCT reactive dye (Figure 2) (e = 1846 1{m g), 20 g)
at 420 nm) was dissolved in water (200 ml) at pH 7 (mixed
phosphate buffer). Sodium thiocyanate dihydrate (50 g)
was added and the mixture stirred for 1 h. The yellow/
orange precipitate formed was filtered-off, sucked dry and
washed with acetone (500 ml). The solid (¢ = 893 I/(m g) at
420 nm, 19.45 g) obtained was divided into two halves, one
of which was dried and used for the dyeing evaluation as
‘MCT containing thiocyanate’.

The second half was washed with acetone (5 x 250 ml)
and dried to give 4.31 g dye, (¢ = 2751 1/(m g) at 420 nm).

Procion Red MX-G (Zeneca) (1 g) was stirred with
sodium thiocyanate dihydrate (2.5 g) in water (50 ml) at
20°C and pH 7 (mixed phosphate buffers). The solution
was stirred for 4 h. HPLC analysis of the solution was
carried out every 30 min with the detector set at 510 nm.
This was repeated at 30°C.

Dyeing

Samples (2 g) of cotton were dyed with the three yellow
MCT dye samples (Figure 2) produced from the salting-
out step, i.e. the samples were:

(a) Containing common salt

(b) Containing sodium thiocyanate

(c) Free of common salt and thiocyanate.

The dyebaths were set with dye (2% o.wf. for dye with
common salt, the other two were adjusted to give the
same amount of colour as this) at 40°C, liquor ratio 20:1.
The fabric was entered and dyeing continued for 10 min.
Glauber’s salt (60 g/} was added and dyeing continued for
20 min. Sodium carbonate (20 g/1}) was added, the
temperature raised to 80°C over 20 min and dyeing
continued for 20 min.

The exhausted dyebaths were analysed by HPLC at 420
nm. The fabric samples were washed with cold running
water and cut in two. Half of each dyed sample was
treated with a solution of 5 g/ nonionic detergent
(Sandozin NIE, 5) for 20 min at the boil and at a liquor
ratio of 100:1. The dyed samples treated with detergent
were further treated with aqueous pyridine (500 g/1) until
no more colour was eluted. These samples were rinsed in
cold running water for 10 min and then hung up to dry.

The reflectance spectra of each sample, soaped and
unsoaped, was measured and K/S values at 420 nm were
calculated.

RESULTS AND DISCUSSION

The extinction coefficient of the starting dye was
1846 1/(m g), which rose after salting-out with sodium
thiocyanate and repeated acetone washing to 2751 l/(m g).
This represents a 1.5 times increase in colour strength.
FTIR analysis of the starting dye (Figures 3 and 4), the dye
containing thiocyanate (Figure 5) {and after each wash
with acetone) and the dye without common salt or
thiocyanate (Figures 6 and 7) showed that no change in
chemical structure of the dye occurred. The ratio of the
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Figure 3 TIR spectrum of starting dye
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Figure 4 Second-derivative FTIR spectrum cf the starting dye
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Figure 5 FTIR spectrum of dye precipitated with sodium thiocyanate
after one acetone wash

C-Cl peak (792 cm™) of the triazine to the triazine peak
itself (1520 cm™") was the same for the starting dye and
final purified dye (Figures 4 and 7). Figures 4 and 7 are
second-derivative spectra of areas of the spectra above
them (i.e. Figures 3 and 6). Second-derivative
spectroscopy is a mathematical transformation whereby
peaks can be resolved to be more visible and more easily
interpreted. These spectra show the ease of detection of
any thiocyanate ion left in the dye during purification.
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Figure 6 FTIR spectrum of dye precipitated with sodium thiocyanate
after five acetone washes
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Figure 7 Second-derivative FTIR spectrum of dye precipitated with
sodium thiocyanate after five acetone washes
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Scheme 1

Some dye was lost during the salting-out process as it
proved to be highly soluble in thiocyanate solution.
However, very little dye was lost in the washing, stage as it
was only sparingly soluble in cold acetone. There was
some concern that the nucleophilic thiocyanate anion
might undergo nucleophilic substitution with some of the
more reactive dyes, such as Procion MX dyes (Scheme 1,
where D is the dye chromophoric residue containing »
sulphonic acid groups) under salting-out conditions.
However at 20°C and pH 7 no reaction between dye and
thiocyanate was detected by HPLC analysis after 4 h. At
30°C there was a small amount of hydrolysis, but no
reaction with thiocyanate.

The results of the reflectance measurements of the
dyeings (Table 1) show that the dyeing characteristics of
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Table 1 Results of dyeing three sampies of yellow MCT

dye
Amount
Dye e of dye KGR K/&2
sample (I/{mg)) (%o owf) unsoaped soaped
1 1846 2.00 6.46 2.58
2 893 4.15 6.80 229
3 2751 1.35 6.48 260
a At420 nm
SOsH NHCONH,
N=N ol
N A\
HO4S SOH NH— N
N=
1'SCN (@q.) NH,
SO3H NHCONH,
N=N SCN
A A\
HO4S SO,H nH— N+ cF
N=
NH»

Scheme 2

Table 2 Results of the HPLC analysis of the exhausted

dyebaths
Peak area (%) at different retention times
Dye
sample 1.8 min 3.5 min 4.7 min
1 68 32
2 19 30 52
3 37 33

the MCT dye containing common salt (sample 1) were
unchanged when salted-out with thiocyanate and
washed with acetone (sample 3). Exhaustion and fixation
of these two samples was virtually the same.

The samples of dye containing residual thiocyanate
(sample 2) showed higher exhaustion than the other two,
but had lower fixation. The lower fixation was thought to
be due to the thiocyanate anion reacting with some of the
MCT dye in the dyebath, leaving an unreactive residue
{Scheme 2).

The results from the HPLC analysis of the exhausted
dyebaths confirm that this may be true to a certain extent
(Table 2). The exhausted dyebaths from samples 1 and 3
showed peaks for hydroxytriazine dye (retention time =
4.7 min) and monochlorotriazine dye (retention time = 3.5
min). The exhausted dyebath from sample 2 showed a
third peak {retention time = 1.8 min). This peak was
thought to be due to the chloro-s-triazine group reacting
with thiocyanate anions in the dyebath. The HPLC results
also showed that the dye in the dyebath containing
thiocyanate anions had a greater percentage of unreacted
dye, compared with the two dyebaths with no thocyanate
anions.

CONCLUSIONS

Water-soluble dyes can be salted-out with sodium
thiocyanate, which can then be washed-out with acetone
to produce dyes with very little inorganic ion content and
which are readily redissolved in water. Provided this
procedure is carried out at 20°C, the reactivity of
chlorotriazine dyes will not be destroyed. The presence of
the thiocyanate anion in a dyebath can reduce the fixation
of chloro-s-triazine type reactive dyes.

This is a useful laboratory technique, but its use on an
industrial scale is impractical due to the requirement for
large amounts of acetone.
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