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The dye-fibre bond stabilities of various bifunctional dyes (commercially known as Sumifix Supra dyes)
have been investigated by measuring the kinetics of dye—cotton bond hydrolysis in aqueous buffer solution
at 98°C. The stabilities are generally found to be somewhat higher than those of comparable monofunc-
tional reactive dyes. Significantly better, however, is the fixation yield of the bifunctional dves. Reasons for
a very low uptake of a non-commercial bromamine acid-based bifunctional dye are discussed.

INTRODUCTION

The significantly higher wet fastness of dyeings with
reactive dyes on cellulose fibres relative to dyeings with
direct dyes is due to the formation of covalent dye-fibre
bonds in the dyeing process. The stability of these bonds
is therefore the main factor determining wet fastness
properties. In earlier publications [1-3] information on
dyeing using reactive dyes containing most types of
reactive groups used commercially was given. As a char-
acteristic parameter of the dye—cellulose bond stability, the
percentage of dye originally bonded to cotton cellulose
and then released as hydrolysed dye in various aqueous
buffer solutions between pH 2.2 and 10.0 at boiling
temperature (98°C) was determined. In a more recent
publication [4], Yamaya reported similar results on the
basis of hydrolysis tests in acidic and in alkaline solutions.

Commercial dyes with two reactive groups have been
known for a long time. The first was probably Remazol
Black B {HOE, C.I. Reactive Black 5}, which contains two
B-hydroxyethylsulphone sulphuric acid ester groups.
{Dyes containing such a reactive group form first a
vinylsulphone group in the dyebath prior to reacting with
cellulose. They will therefore be referred to as vinylsul-
phone dyes (and groups) in this publication.} In a sense
dichlorotriazine dyes and difluscromonochloropyrimidine
dyes also have two reactive groups, since they have two
leaving halogen atoms per reactive centre and can there-
fore form two dye—cellulose bonds. These bifunctional
reactive dyes have been discussed in previous publications
{1,2.5]. Here we report only on dyes having two separate
reactive systems.

In the last ten years or so two types of dyes with more
than one reactive system have been investigated and
commercialised intensively, namely those with two iden-
tical reactive systems such as Remazol Black B (above),
Procion Supra dyes (ICI, two monochlorotriazine groups),
some of the Lanasol dyes (CGY, used for woal, with two
B-bromoacrylamido groups) and others. There is also a
range of dyes with two different reactive groups; these are
the Sumifix Supra dyes which contain a monochlorotriaz-
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ine (MCT) and a vinylsulphone (VS) group (structure 1}).
It is easy to understand that dyes with two identical
reactive groups and dyes with two different reactive
groups give a higher fixation vield than dyes with one
group. If one of the two dye—fibre bonds is hydrolysed
there is still another one left. Not so readily understood is
the question of the pH dependence of dye-fibre bond
stabilities of the dyes with two different groups.
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In this paper we describe the dye-fibre bond stabilities
of two dyes containing an MCT and a VS groups, called
MCT-VS type dyes (structures 2 and 3} and a dye with
three monochlorotriazine and two vinylsulphone groups
(a SMCT-2VS type dye} (structure 4). Structure 2 is typical
for commercial Sumifix Supra dyes, but not 3 and 4, for
reasons which will be given in this paper. Dye 4 and its
synthesis have been described in a Sumitomo patent [6].

Dyeings of the azo dye 2 were compared with dyeings
of the other two dyes in which, before dyeing, either the
MCT group was replaced by a hydroxytriazine group or
the VS group was replaced by a B-hydroxyethylsulphone
(HS) group. These two dyes are therefore the monofunc-
tional reactive dyes corresponding to the bifunctional
MCT-VS dye. They are called MHT-VS and MCT-HS in
this paper.

Dyeings of the bromamine dye 3 were compared with
dyeings made previously [1,2] with comparable
monofunctional dyes, namely the VS dye Remazol Bril-
liant Blue R (HOE, C.I. Reactive Blue 19)and the MCT dye
Cibacron Blue 3G-A {(now called Cibacron Blue F3 G-A,
CGY, C.I Reactive Blue 2).

EXPERIMENTAL

General
Dyeing was carried out with an Ahiba Texomat dyeing
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machine. Visible spectra were measured by a Shimadzu
UV-260 spectrophotometer.

Materials
The dyes used have been described above. The cotton
used was bleached poplin.

Dyeing

Fabric (2.0 g) was immersed in 160 ml of dye liquor
containing 270 mg dye and 9 g sodium sulphate at 25°C.
After stirring for 20 min, 20 ml of a solution containing
180 g/l sodium carbonate was added. The bath was
stirred for a further 15 min. The heating cycle was then
started to reach a set temperature in 30 min. The
temperature of the dyebath was maintained for another
60 min at the set temperature while stirring. Total dyeing
time was 125 min. The final bath consisted of 3.0% dye
(o.w.f), 20 g/ sodium carbonate, and 50 g/1 sodium
sulphate. The liquor ratio was 20:1. The dyeing cycle is
shown in Figure 1.

Determination of dye fixed
After dyeing the fabric was rinsed with water (10 min at
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8°C). Unfixed dye was extracted with a buffer solution
(sodium dihydrogen phosphate/sodium hydroxide, pH 7)
containing 25% tetramethylurea and 0.3% Entschaumer
SF (HOE) at 80°C until the extracted solution turned
colourless. The fabric was then rinsed with water (10 min
at 8°C} and dried. A sample of dyed fabric (3.6 g) was
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Figure 1 — Dyeing cycle used



dissolved in 50 ml concentrated sulphuric acid (95-97%)
for 5-6 h at 0-5°C. The solution was then diluted with
water to 500 ml. Dye fixed on the fabric was determined
by comparing the absorbance value of the solution at the
various absorption maxima (2: 514 nm. 3: 605 nm. 4.
502 nm, MCT-HS: 513 nm, MHT-VS: 509 nm) with that
of a known concentration of dye in the presence of
dissolved celiulose. The result is shown in Table 1.

TABLE 1

Amount of fixed dye

Dyeing Amount of dye fixed
Dyeing Dye temp. {°C) (mg dye/g cotton)
A MCT-HS 60 6.8+0.1
B MHT-VS 60 12.1+0.1
Cl1 2 60 16.1+0.2
Cc2 2 40 11.2+0.7
C3 2 80 15904
D 4 60 9.1+0.2
E 3 60 2.1:0.0

Hydrolysis reaction of dyeings

A hydrolysis reaction was carried out with 3.6 g fabric in
500 ml buffer solutions, shown in Table 2, at boiling
temperature. After appropriate time intervals, 5 ml of the
boiling solution was removed. The solution was cocled to
room temperature and the visible spectrum was meas-
ured. The solution was then returned to the boiling
solution before the next measurement. The dye in the
sclution was also determined by comparing the absor-
bance value at the absorption maximum with that of
known concentration in the same buffer solution.

The stablility of aqueous solutions of dyes 2-4 was
checked spectrophotometrically at the absorption max-
ima in all buffers shown in Table 2. After 400 h at boiling
temperature (reflux) the concentration of these dyes de-
creased by less than 5% in buffer solutions at or above pH
5.2 (98°C). At pH 4.0 the concentration decrease was
16% in 400 h, while at pH 3.5 the concentration of dyes
2 and 4 decreased by 50 and 46% respectively in 350 h.
Both dyes were very unstable at pH 2.2: in 20 h their
concentration had decreased by 80 and 66% respectively.
The dye-fibre bond strengths with these dyes. and with
their monofunctional analogues MCT-HS and MHT-VS,
were therefore not determined at pH 2.2.

A series of between six and 16 spectrophotometric
measurements were made for each of the seven dyeings
(Table 1} in each of the nine buffer solutions between pH
3.5 and 10.0.

RESULTS

In order to obtain a suitable parameter to estimate the

reaction rate from the hydrolysis curves, the following

methods were applied:

(a) Graphical test for first-order kinetics (semi-logarith-
mic plot)

(b} Reaction rate {log (p/h)). where p is percentage hy-
drolysis) at initial stage (t=0), i.e. slope at t=0

{c) Reaction rate (log (p/h)) based on the ratio of dye in
solution after set time.

The result of method (a} with respect to dyeings A, B,
Cand D is shown in Figure 2. Here a relates to the amount
of dye on the fibre {in mol/l. calculated from the absor-
bance of dyed fibres in 9.5-9.7% sulphuric acid) and x
{also in mol/l) is the absorbance of the respective buffer
solution after hydrolysis of the same amount of dyed fibres
at time ¢.

No straight lines are obtained as expected for simple
first-order kinetics. This is probably due to the superimpo-
sition of diffusion kinetics on the first-order kinetics of the
dye-fibre bond breaking (chemical) reaction. The different
forms of fixed dye that are due to reaction with either of
the two reactive groups are parallel first-order reactions.
Therefore the sum of the two should also show first-order
kinetics.

TABLE 2

Buffer solutions used

piH value at
Buffer solution 20°C 98°C

Oxalic acid (0.2 mol/l)
Sodium hydroxide (0.1 mol/)) 1.6 2.2
Citric acid (0.2 mol/})
Sodium hydroxide (0.1 mol/1) 3.0 3.5
Formic acid (0.2 mol/l)
Sodium hydroxide (0.1 moi/1) 3.7 4.0
Acetic acid (0.2 mol/)
Sodium hydroxide (0.1 mol/l) 4.7 5.1
Sodium dihydrogen phosphate

(0.06 mol/1)
Sodium hydroxide (0.02 moi/l) 6.6 6.7
Sodium dihydrogen phosphate

(0.04 mol/))
Sodium hydroxide (0.03 mol/1) 7.0 76
Boric acid (0.4 mol/1)
Sodium hydroxide (0.1 mol/)) 81 80
Boric acid (0.3 mol/l)
Sodium hydroxide (0.1 mol/l) 87 83
Boric acid (0.2 mol/l)
Sodium hydroxide (0.1 mol/l) 92 82
Disodium hydrogen phoesphate

{2/90 mol/l)
Sodium hydroxide {1/90 mol/i) 104 10.0
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Figure 2 — Application of first-order kinetics for hydrolysis
reactions at pH 8.3

Method (b) is suitable for estimating the hydrolysis
reaction rate of dyeings in the initial stages. For cases of
both fast and very slow reactions, exampiles of this method
are shown in Figures 3(a) and 3(b) respectively. When the
concentration of dye in solution is not very great it is
possible to draw a straight line at t=0 (Figure 3(a)). If the
reaction rate is very fast the error based on this method
becomes greater. When the reaction is very slow the plot
is very difficult or impossible to draw (Figure 3(b}).

The best compromise for comparable results is the
slightly modified method (c). The empirical reactivity
parameter log (p/h) at pH 3.5, pH 4.0-8.6 and pH 10.0
were calculated on the basis of the percentages of dye in
solution after 2, 10 and 1 h respectively. When the
hydrolysis rates of dyeing C1 are compared with those of
dyeings A, B, C2 and C3, this method seems suitable.
However, when the reaction rate is very slow the percent-

TABLE 3

ages of the dye in solution in the initial stage {up to 10 h)
are so small that the difference of the reaction rates
between dyeings C1 and D is not clear. From the complete
curves, however, it is clear that dyeing D is more stable
than dyeing C1. In order to prove this point, when the
hydrolysis reaction is very slow (pH 5.2, 6.7 and 7.6) the
parameters were calculated on the basis of the ratio of dye
in solution after 100 h. The resulis are shown in Table 3.
It can then be concluded that this method is most suitable
to estimate dye-fibre bond stability, and this result was
used to discuss dye—fibre bond stability in the present
study. It must be emphasised, however, that these results
cannot be compared directly with those reported previ-
ously [1-3] since we used an improved method for extract-
ing unfixed dye from the fibre and because of the modified
calculation method of hydrolysis rate.

Dyeings of dye 3, however, were investigated and
evaluated in the same way as with the other reactive dyes
used in previous investigations based on the bromamine
acid chromophoric system [1-3]. Table 1 shows that the
amount of dye fixed is very much lower than that of the
other dyeings. Only pale blue dyeings are available with
this dye. It is therefore not an interesting dye for practical
use. We discuss a possible reason for its behaviour in the
Discussion section below.
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Figure 3 — Dyeing process from time t = 0

Logarithms of rate of hydrolysis reaction of dyeings (method (c), except dyeing E, see text)

Log (p/h)
Dyeing pH 3.5 pH4.0 pH 5.2 pH 6.7 pH76 pHS80 pH 8.3 pH 8.6 pH 10.0
A 1.03 0.32 -0.51 -1.27 -1.15 -0.42 -0.21 0.06 0.93
B 0.80 0.11 -0.72 -1.07 ~-0.64 0.19 0.31 0.56 1.47
C1 053 -0.10 -1.02 -1.46 -1.20 -0.30 ~-0.10 0.12 0.98
cz 0.29 -0.38 -1.10 -1.29 -0.92 -0.12 0.01 0.30 1.21
C3 0.57 -0.02 -0.91 -1.48 -1.23 -0.52 -0.29 -0.10 -0.85
D 0.16 -0.40 -1.07 -1.45 -1.41 -0.73 -0.61 0.41 0.45
E -0.06 -0.46 -1.36 -1.41 -0.91 -0.45 -0.04 0.17 1.28

428 JSDC Volume 104 November 1988



The log (p/h) values of the hydrolyses of dyeing E (dye
3) in nine buffer solutions are given in Table 3. In order to
make the results of this dye comparable with those of the
corresponding monofunctional reactive dyes (see Intro-
duction), we did not use method (c), but the same method
applied for those monofunctional reactive dyes in previ-
ous publications [1,2].

DISCUSSION

The main purpose of this investigation was to compare
dye-fibre bond stabilities of a dye with two different
reactive groups as used in the range of Sumifix Supra dyes
of Sumitomo Chemical Co. with the corresponding
monofunctional MCT and VS dyes, an MCT-VS dye (3)
which is structurally comparable with our previously inves-
tigated monofunctional dyes, and a dye with five reactive
groups (4).

The results can best be shown by plotting the logarithms
of dye-fibre bond hydrolysis rate {expressed as the per-
centage dye-fibre hydrolysis (p} per hour) as a function of
pH in treatments of cotton dyeings in a series of boiling
aqueous buffer sclutions between pH 3.5 and 10.0. In
Figure 4 the comparison of the dyeings C1 and D (MCT-
VS dye 2 and 3MCT-2VS dye 4) together with those of
the A and B dyeings of the monofunctional dyes MCT-HS
and MHT-VS are plotted, i.e. all azo dyes used for this
investigation.

log ( p/h}
a
4 o B
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P{‘. ‘-\.
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Figure 4 — Dependence of dye—fibre bond stability an pH (for
key see Figure 2)

Figure 4 shows that in acidic buffers the MCT-VS dye
{dyeing C1) has a higher bond stability than that of the
monofunctional MHT-VS dye (B) and the MCT-HS dye
{A). On the alkaline side the sequence is A~C>B.

In Figure 5 the influence of dyeing temperature on
dye—fibre bond strength is shown for dyeings of the MCT-
VS dye 2. The dyeings C2, C1 and C3 were made at
40°C, 60°C and 80°C. The method recommended for
Sumitix Supra dyes works best at constant temperature of
60°C. In Figure 6 the dye-fibre bond strengths of dyeing
E of the bromamine reactive dye 3 is compared with those
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Figure 6 — Dependence of rate of hydrolysis of bromamine
acid reactive dyes on pH

of the monofunctional dyes Remazol Brilliant Blue R and
Cibacron Blue F3G-A.

Since dye 4 (BMCT-2VS, dyeing D) has three mono-
chlorotriazine and two vinylsulphone groups, it is under-
standable that dyeing D is more stable than dyeing C over
the whole pH range 3.5-10.0.

The observation that dyeing C1 is more stable in the
alkaline range than that of the dyeing bonded to cellulose
only by a vinyisulphone group (B) is understandable since
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Scheme 1

it is known that under alkaline conditions ethers of HS are
readily hydrolysed. Therefore in dyeing C the bond with
that group will be hydrolysed rapidly. Afterwards it will
exhibit the characteristics of an MCT dyeing, i.e. C~A.
It is interesting, however, that the converse of this
argument does not fit the comparison of A,B and C under
acidic conditions. It is known {and has been reconfirmed
in this investigation) that VS dyes have a higher bond
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stability under acidic conditions than do MCT dyes [1.2].
It should be remembered. however, that acid hydrolysis of
monofunctional dyeing with the former dyes is mechanis-
tically not a hydralysis of the HS ether, rather of the
glucosidic linkage of the cellulose. In a Sumifix Supra
dyeing two bonds ideally are formed to hydroxyl groups
that are relatively close together, e.g. at two neighbouring
anhydroglucose units. Even if the bond to the triazine
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residue is readily hydrolysed the presence of that part of
the dye molecule protects (sterically) the approach of
hydroxonium ions H,0") to glucosidic oxygens, which are
sensitive to the acid hydrolysis of cellulose.

Figure 5 demonstrates that at a relatively high dyeing

temperature (80°C) the dye-fibre bond stability increases
somewhat under alkaline conditions while decreasing
slightly under acidic conditions. The opposite effect is
found at temperatures lower than recommended (40°C).
This effect is due to the fact that the VS group has a higher
reactivity than the MCT group. Therefore a greater
fraction of dye reacts at 40°C with the VS group, while
80°C is the optimum temperature for fixation with the
MCT group; the VS group will be hydrolysed to a greater
extent before reaction at this higher temperature.
It is hardly possible to describe all the various competitive
and consecutive reactions of a bifunctional dye of the
MCT-VS type such as dye 2. This becomes clear from a
examination of Scheme 1. The sulphuric acid ester 2 in
alkaline solution forms first the VS derivative 2'. This can
be hydrolysed in two ways, forming either MCT-HS or
MHT-VS, and it can react with cellulose, forming com-
pounds 5 and 10. The two monchydrolysed products
MCT-HS and MHT-VS can react again with water; either
the completely dihydrolysed dye 6 is obtained or their
remaining reactive group can form a dye~cellulose bond.
This vields compounds 7 and &, corresponding to our
dyeings A and B (Table 1}. The dye—cellulose compounds
5 and 10 can react via their second reactive group with
cellulose again forming a cross-linked dye—cellulose com-
pound with two dye—fibre bonds (9) or they can hydrolyse
to compounds 8 and 7 respectively.

Even then Scheme 1 is not complete. It is known from
work carried out in 1966 [7] that HS sulphuric acid ester
dyes form dimeric ethers (11} under alkaline conditions.
This is also the case for bifunctional dyes of the MCT-VS
type [8]. These ethers hydrolyse and react with cellulose
under dyeing conditions {7].

A major advantage of MCT-VS dyes, as they are
commercially availabie as Sumifix Supra dyes, can be seen
in Table 1. Under these particular application conditions
the MCT-VS dye 2 has a degree of fixation which is 1.3
and 2.3 times higher than with the respective azo dyes
with either an MCT or a VS reactive group only. This
advantage of the MCT-VS dyes has been emphasised
already by Fujioka and Abeta [9)].

However, dyes 3 and 4 show that not all dyes contain-
ing one or more MCT and VS groups give a higher
fixation. In the case of dye 4 this is probably due to its large
size and/or molecular weight. It is well known that very
large chromophoric systems, e.g. polyazo structures, are
not a good basis for reactive dyes in general.

The dye—fibre bond stability of the MCT-VS dye 3 based
on bromamine acid is shown in Figure 6. It corresponds
essentially to those of the azo dye 2. Under alkaline
conditions its stability relative to the monofunctional MCT
dye Cibacron Blue F3G-A is marginally higher, in com-
parison to the pair of azo dyes 2 and MCT-HS. We have
no explanation for this small difference.

Even more difficult to explain is the very low amount of
fixation of dye 3. Its well known bromamine acid chro-
mogenic structure is used in a significant number of
commercial reactive dyes with almost all reactive groups,
vet not in commercial Sumifix Supra dyes.

In recent years a trend to replace blue reactive dyes
based on bromamine acid and similar acid anthraguinone
structures by triphenodioxazines has been observed. This
tendency was summarised recently by Renfrew [10]. He
did not mention, however, that in dyeing wool-cellulosic
fibre blends in one-bath processes bromamine reactive
dyes cannot be used in all cases. because some of them
react almost exclusively with wool and not with the
cellulosic component of the blended fabric. Nevertheless,
if appropriate dyeing methods are used reactive dyes
based on azo dyes can be sorbed and fixed about equally
well to both fibres. In manufacturers’ lists of reactive dyes
for wool—cellulose blends blue triphenodioxazine dyes are
often recommended, but not derivatives of bromamine
acid. This fact, however., is not explicitly mentioned in the
literature [11].

The lower dye up-take of bromamine dyes on cellulose
is probably due to the non-planarity of such dyes. Biell-
mann et al. [12] investigated the X-ray structure of Cibac-
ron Blue F3G-A adsorbed on liver alcohol dehydrogenase
in the context of affinity chromatography. for which this
dye is used frequently. They were able to demonstrate that
the triazine ring of this dye is twisted almost 90° relative
to the plane of the anthraquinone part of the dye mole-
cule. Actually all three NH bridges in this dye cause a
twisting of the adjacent two aromatic systems at an NH
bridge. In the case of the MCT-VS dye 3 there are three
NH bridges: the last of them binds the two reactive groups
together. As shown by Biellmann et al. [12], small changes
in the structure of the benzene ring at the end of the
molecule of Cibacron Blue F3G-A influence the affinity to
enzymes to a large extent. We think therefore that the
nonplanarity of dye 3 is the reason for the extremely low
fixation vield.

We wish to thank Mr Sadaharu Abeta, Osaka Research
Laboratory, Sumitomo Chemicals Co. for interesting
discussions and for supplying dye samples.
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