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A novel method has been developed for determining the
fixation ratio on wool of dyes containing a maleimide
group. Amine acid analyses are used to confirm that
covalent reaction takes place when dyeing at the boil. This
reaction, however, does not account for all the dye fixed
on the fibre,

Introduction

In a previous paper [1], the reaction with wool of dyes
containing a maleimide group was discussed. It was shown that
at pH 3, 80°C, little covalent reaction between wool and the
dye took place. Determination of the fixation ratic was
complicated by side-reactions caused by the solvents used for
extraction. However, dyeings on nylon confirmed that a
covalent reaction between the dye and the amino groups on
nylon was possible, the maximum amount of reaction being
obtained between pH 4 and 5 at 100°C.

The aim of the work reported here was to find a methed
of investigating the state of the dye in the wool fibre and of
determining the true fixation ratio, after dyeing under
conditions which favour a covalent reaction. The objective was
to develop a method operating at room temperature, so that
further changes in the dye were minimized.

A means of dissolving the wool so that the reacted dye
could be determined directly, as was the case with nylon [1],
would be ideal. Some preliminary trials using various
dissolution methods were undertaken. Dissolution of the wool
in urea—thioglycollic acid or with enzymes and reducing
agents was found to be unsuitable, since the free dye reacted
with the reducing agents. Treatment with pepsin at pH 1.9
broke the wool down into individual cortical and cuticle cells.
Experiments using acid dyes as models showed that these dyes
could subsequently be extracted with the usual agents at 20°C
instead of at 60°-70°C. However, enzymatic attack on
samples dyed with the maleimide dyes was found to be
impracticably slow,

By cutting the wool fibre into very short lengths, it was
found that acid dyes could be removed completely at room
temperature without previous enzyme treatment. The method
entafled a short treatment in concentrated sulphuric acid.
Upon dilution, the free dye precipitated as the dye acid and
could be redissolved and extracted by washing with
dimethylformamide (DMF), Conc. sulphuric acid was chosen
since it was used as a solvent when synthesizing the maleimide
dyes and caused negligible dye hydrolysis at low temperatures,
Formation of the undissociated dye acid in conc. sulphuric
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acid presumably destroyed salt-linkages between the dye and
the wool fibres, thus allowing the non-covalently-bound dye to
be readily removed. In view of the promising results obtained
with the acid dyes, it was decided to test this method on wool
dyed with maleimide dyes.

Materials and Methods

DYES
The following dyes were used:
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Synthesis of the dyes [2] and the dyeing method [1] have
been described previously.

wOOL
A solvent-scoured Merino wool top was used,

TREATMENT WITH SULPHURIC ACID
The dyed samples (0.1 g) were cut into 3-mm lengths, treated
for 5 min at 20°C in 15 ml of 18 mol/l H,SO, and poured
onto excess ice—water. After filtration, the samples were
rinsed with DMF until no further colour was removed. The
filtrate and wash liquors were  measured
spectrophotometrically.

Amino acid analyses were carried out on a Biotronik
System LC 6000 E Analyser.

Results and Discussion

The sulphuric acid treatment, which in the preliminary tests
had been shown to remove acid dyes completely, was used on
samples that had been dyed with the maleimide dye, Dye I.
Two dyeing methods were employed, viz. pH 3, 80°C, 8% dye,
which was expected to give poor fixation, and pH 5, 100°C,
5% dye, which was expected to give good fixation.

With the pH 3 dyeing, 60.7% of the exhausted dye was
removed by the H,SO, treatment. A parallel estimation of
unreacted dye was made, using total dissclution of the wool in
HCl, as described previously [1]. The latter yielded 58.3% of
unreacted dye. The H, S04 method, which is simple and rapid,
thus gives comparable results to those obtained with the more
laborious HCI method. T.lc. of the dye extracted by DMF
after H;80, treatment showed it to be unchanged starting
dye. There was no evidence of hydrolysed dye being formed or
of dyed peptides being removed from the wool, i.e. misleading
results owing to degradation of the wool had been avoided.



With the sample dyed at pH 5, 100°C, it was only possible to
extract 4.7% of the exhausted dye.

Figure 1 shows the results of 5% dyeings with Dye IV at
100°C and various pH values, analysed using the H;304
method. In contrast to the results with nylon [1], the amount
of fixed dye does not show a maximum at pH 4-5. The
fixation ratio is fairly independent of pH. The greater level of
exhaustion at pH 3 results in more dye being fixed at this pH,
in absolute terms, viz. 82 mmol/kg wool. The same amount of
dye, with improved fixation ratio (98.0%) could be fixed by
raising the pH from 3 to 6 during the dyeing, as described
previously [1].
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Figure 1 — Exhaustion and fixation of 5% Dye IV at 100°Con
wool at various values of dyebath pH

Similar results were found with Dye I. After 8% dyeing at
pH 3, 100°C, 140 mmol dye/kg wool were found to be fixed,
using the H, S0, method. This fixation was investigated more
closely by carrying out amino acid analyses on the total acid
hydrolysates of dyed and blank-dyed samples, without prior
extraction. Table 1 gives the results of 4 separate analyses on
each sample. The decreases in the lysine and histidine content
of the dyed sample were statistically significant at the 99%
level, Comparison with the results obtained by dyeing at pH 3,
80°C [1] shows that the temperature rise from 80°C to 100°C
is important for reaction of amino groups to occur.

An attempt was made to balance the disappearance of
amino acid residues against the calculated amount of reaction
as determined by H,S80, extraction. The decrease in lysine
and histidine content accounts for about 45 mmol dye/kg
wool. In addition, about 15—20 mmol of dye may be assumed
to have reacted with cysteine [2], which is not included in the
amino acid analysis, Reaction with the various amino
end-groups may account for another 10—15 mmol dye/kg
wool. Thus the maximum amount of covalently-bound dye is
80 mmol/kg wool. However, the amount of non-extractable
dye was found to be 140 mmol/kg. Even allowing for the
errors inherent in the amino acid analysis, it seems that
reaction with the wool is not the only factor responsible for
dye fixation.

TABLE 1

Amino Acid Analysis of Hydrolysates of Dyed and Blank-dyed
Wool

Amino Blank-dyed wool Wool dyed with
Acid  pH3,100°C,1h 8%Dyel, pH3,

100°C, 1 h
(mmol/kg*) (mmol/kg*)
CySO; 16+ 5 15+ 2
Asp 501 *+13 505 x19
Thr 508 21 513 £35
Ser 837 +48 851 67
Glu 904 +19 910 £27
Gly 67710 695 +10
Ala 423 £10 410=*13
Val 445 +16 438+ 2
(Cys), 436 +32 414 £19
Met 366 3522
lle 260 210 256 £10
Leu 598 £27 589 £16
Tyr 313 %18 315 %19
Phe 212 +10 214+ 6
Lys 214+ 3 190+ 3
His 65+ 5 45+ 2
Arg 558 +18 560 £11
Pro 597 45 602 £27

*  The values given are the mean, and 95% confidence limits, of 4
separate hydrolysis samples

A parallel experiment was thus made in which the dye was
analysed after dissolution of the wool in HCI [1]. About 60
mmol/kg of water-insoluble products were found, similar to
those previously found after solvent treatments. It was
postulated [1] that these products are dye oligomers. In this
case, when dyeing at the boil, their formation appears to be
catalysed by the wool, even in the absence of solvents. The
mechanism of their formation was not investigated in detail,
owing to difficulties encountered in purification of the
products.

Conclusions

The reaction of maleimide-containing dyes with wool is seen
to be more complex than their reaction with nylon. For an 8%
dyeing at pH 3, 100°C it has been shown that about 57% of
the fixed dye is covalently bound to amino end-groups in
wool, while the remaining 43% appears to be present as dye
oligomers, their formation being catalysed by the wool. It is
not known whether these dye products have the same fastness
properties as covalently-bound dye.
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