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The synthesis of a reactive dye in the anhydride form is described, and its kinetics of hydrolysis
investigated at various pH values. Two different hydrolysis products were identified. The experimental
rate constants were determined by nonlinear approximation. It was found that the experimental rate
constant depends on pH, with the maximum between pH 5 and 6. The best wool dyeing conditions

were obtained by dyeing for 60 min at 100°C and pH 7.

INTRODUCTION

In a previous publication, the activation of a carboxy
group present in a dye molecule was described [1]. The
process was carried out using ethyl chloroformate in the
presence of triethylamine in dimethylformamide. The
formation of a CO,CO,Et anhydride group was
confirmed by infra-red (IR) and NMR spectroscopy. The
carboxylate group was activated in solution prior to
dyeing wool and nylon from a neutral aqueous bath. The
reactivity of the activated carboxylate group towards the
amino group of a substrate was tested by reacting the dye
with cyclohexylamine and forming an amide-dye species
whose structure was confirmed by IR and NMR
spectroscopy and elemental analysis.

The present work was carried out to prepare an
activated dye in the solid form {2], and to study the
hydrolysis of the anhydride reactive group. The
development of this dye represents an effort to overcome
some of the problems associated with some of the existing
reactive dyes for wool.

In most reactive dyeing processes for wool, dyeing has
to take place at a pH close to neutral in order to obtain
high yields, which makes it necessary to use buffers to
neutralise liberated acids (from substituted halogens).
There is a risk of hydrolysis during fixation when alkali or
buffers have been added, with the consequence of lower
fixation. The fastness will also be lower due to the
presence of unbound hydrolysed dye; alternatively extra
energy will have to be used to remove hydrolysed dye,
with possible deterioration to the fibre surface. Also, with
reactive dyes on wool there is a need for aftertreatment
with ammonia to improve fixation and fastness.

* Any correspondence should be addressed to the first named author

The dyes used in the present investigation offer some
novel ways of tackling these problems:

(@) The optimum dyeing pH is 6-7, without the need for a
buffer since no acid is liberated in the reaction with the
fibre (instead alcohol is produced)

(b) There is a smaller risk of hydrolysis since the dyes are
not soluble up to a temperature of about 70°C, neither
do they need buffers at the fixation stage

(c) There is no need for an aftertreatment with ammonia
to improve fixation and fastness; aftertreatment at the
boil with a mild detergent is sufficient.

EXPERIMENTAL

Synthesis of dye 2

The model azo dye 1 with a carboxylate substituent was
synthesised by diazotisation of 3-aminobenzoic acid and
coupling of the corresponding diazonium salt with NN-
dimethylaniline. It was then activated in dimethyl-
formamide (DMF) (Scheme 1) [1].

A solution of dye 1 (2.69 g, 0.01 mol) in dimethyl-
formamide (15 ml) was maintained at -5°C (external
cooling with ice in acetone). Triethylamine (1.11 g,
0.011 mol) and ethyl chloroformate (1.19 g, 0.011 mol)
were added while the mixture was thoroughly stirred
until the carboxylic dye had reacted, approximately 15
min, when colourless crystals of triethylamine hydro-
chloride precipitated. The salt was filtered off and the
DMEF solution was used for the dyeing or poured all at
once into 100 ml cold water. After 5 min of intensive
stirring the precipitated reactive dye was filtered and
carefully dried in a desiccator. The yield was 95% of the
pure reactive dye 2, m.p. 94-95°C; purity as indicated by
HPLC was 90%.
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Rate of hydrolysis of dye 2

Samples of dye 2 (34.5 mg) were added to a buffer
solution (100 ml) of a given pH (as indicated on Table 1)
and the final mixture was placed in a thermostatically
controlled bath. Portions of the solution (20 pl) were
taken out and injected directly into the HPLC column
and analysed to obtain the concentration of the reactive
dye after various reaction times. The experimental data
obtained were analysed according to a previously

published technique [3].

HPLC conditions
The HPLC conditions used are listed in Table 2.

Dyeing of wool with dye 2

A concentrated solution of the reactive dye 2 was pre-
pared by dissolving it in dimethylformamide. The DMF
solution was added to a buffer with stirring (Table 1), and
after adding the fibre (concentration of the dye in the
dyebath was 1% related to the mass of the fibre; liquor
ratio 30:1), the mixture was stirred 60 min at a constant

At 20°C and in the absence of water dye 2 was found to
be stable. Testing by HPLC after 20 months storage
showed the reactive dye content to still be higher than
90%.

Table 1 Buffers used for maintaining pH of 100 ml
of aqueous bath

Citric acid Disodium hydrogen
pH 0.1 m(ml) phosphate 0.2 M (ml)
34 72.0 28.0
4.0 62.0 38.0
4.4 56.4 43.6
5.0 49.0 51.0
5.4 447 55.3
6.0 374 62.6
7.0 19.0 81.0

Table 2 HPLC conditions used in the present study

temperature in the range 70-100°C. The fibre was Column Lichrospher 100 RP18, 5 um
removed, washed and boiled for 15 min in water with E’S'CO'fum“ Rheodyne column inlet filter 0.18 x 6 mm
. . ilter of pre-column 0.5x3pum
Levapon TH soap (2 g/1) and, after drying, submitted to an Mobile Phase Acetonitrile/water: 95/5 (by vol.)
ISO 105 CO3 test. Flow 1 ml/min: 20 pl
Detector UV 410 nm, Merck Hitachi L-4250
Dvei . - Equipment Gilson Isocratic HPLC system
veing of wool with freshly activated dye 1
Dye 1 was activated in DMF as described above. The
solution of the resultant dye 2 was used for the wool
dyeing following the procedure described above. COOH
RESULTS AND DISCUSSION (CH3)2N—©—N=NO + CICOOE + EiN
HPLC analysis demonstrated that the reactive dye was
sufficiently stable when water was added to this solution, !
the reactive dye being precipitated by pouring the DMF DMF | -5°C
solution of the reactive dye into cold water. IR
spectroscopy, elemental analysis, NMR spectroscopy and CO,CO.Et
HPLC confirmed the existence of reactive dye 2 in the
solid form, its purity being higher than 90% (Figure 1a), (CH3)2N_©_N:N + EtsNH*CI-
although it was slightly contaminated with the ethyl ester »
of dyel. Scheme 1
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Figure 1 Chromatograms of dye 2 and partly hydrolysed dye; from agueous bath at 70°C, pH = 3.4; for key see Scheme 2
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Figure 2 Relationship between reactive dye concentration in agueous
solution and the time (Eqn 2) at 79°C, pH = 4.0 (curve computed by

approximation by nonlinear regression, where &k = 0.08475 min-'
(standard error = 0.0009 min=1)

Dye 2 was used for the hydrolysis study of the
CO,CO,Et reactive group. The dye was dissolved in an
aqueous bath containing a buffer. The decrease in actual
concentration of reactive dye in the bath under different
conditions of pH and temperature over time was
measured by HPLC. Figure 1 shows typical examples of
the chromatograms obtained, while Figure 2 shows the
rate of the hydrolysis of the reactive dye.

Because a pH buffer was present, it was assumed that
the amount of reactive dye in the aqueous solution
compared with the amount of water present was clearly
very small. So the hydrolysis of the reactive dye can be
described in terms of a pseudo-first-order reaction (Eqn 1):

_db _

kD )
ds

where D is the actual concentration of reactive dye after
time ¢, and k is the rate constant (s™).

Thus, the actual concentration of the reactive dye is
described by Eqn 2:

D=D, exp (—kt) 2)

where D, is the initial dye concentration, i.e. immediately
after the dye was added to the bath.

To calculate the rate constants from the experimental data,
a non-linear regression technique was used; Figure 2
shows a typical example of this approximation. Table 3
indicates the calculated rate constants and their standard
errors for different pH values at 70°C. From this
information a graph representing the relationship be-
tween rate constants and pH was obtained (Figure 3).
Table 4 shows the relationship between temperature
and reaction constant at pH 4.0. Figure 4 represents the
relationship between the rate constant and the tempet-

Table 3 Rate constants and standard errors for
hydrolysis of dye 2 at 70°C and different pH

values
K Error2 Correlation
pH (min~T) (min") coefficient
3.0 0.04915 0.0019 0.9756
3.4 0.05068 0.0010 .9897
4.0 0.04915 0.0016 0.9836
4.4 0.06033 0.0015 0.9871
5.0 0.07265 0.0013 0.9900
54 0.08289 0.0016 0.9929
6.0 0.08149 0.0014 0.9928
7.0 0.06672 0.0010 0.9907
a =005
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Figure 3 Relationship between rate constants and pH at 70°C

Table 4 Temperature dependence of
hydrolysis rate constant at pH 4.0

Temp. k Error? Correlation
(°C) {min~") (min~1 coefficient
70 0.04915  0.0016 0.9836
74 0.06063 0.0012 0.9928
79 0.08475  0.0009 0.9962
a a=0.05
-2.40
=
<
-2.80 -
-3.20 ] ]
2.82 2.86 2.90
(1/T) x 108, K

Figure 4 Relationship between rate constant and temperature at pH 4
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ature as an Arrhenius plot. The rate constants at
temperatures lower than 70°C could not be measured,
because the reactive dye was not completely soluble at
these temperatures in the aqueous bath.

The hydrolysis products under different conditions
were different. Scheme 2 shows three different types, as
detected by HPLC. At neutral pH values the main product
was the starting dye 1. At pH values lower than 6, the
hydrolysis product 4 appeared, which we assumed to be
carbonate (IR absorption 1786 cm™). It was not possible to
isolate this product due to its instability.

When dye 2 was heated in acetone solution, in the
presence of water, the symmetrical anhydride 3 was
fermed. This anhydride was itself a reactive dye, but
theoretically only one part of the dye can form a covalent
bond with the amino group of a substrate, forming the
amide bond. The second half of the reactive dye should be
fransformed into dye 1.

pH7 I
—_— dye—-C—OH
1
11 11 pH 6 1 1
dye—C—O—C—-OEt [———» dye—C—O—C—OH

2 4

water/acetone 1 1
dye—C—0—C—dye

—_————— -
3
I
dye—C—OEt
5
Scheme 2
Dyeing of wool

Dye 2 was applied to wool at different pH values and
temperatures. The coloured samples were submitted to
the ISO 105 C03 test, showing that the best dyeing results
were achieved when the process was run for 60 min at
100°C and pH 7. The results are shown on Table 5, together
with results previously obtained with dye 1 alone and
when it had been freshly activated to form dye 2. The
fastness results were superior with the latter form of dye 2.

Aftertreatment of coloured samples consisted of
washing with water and soaping with a neutral soap,
because it was found that wash fastness was not improved
by ammonia aftertreatment.

Table 5 Wash fastness of dyed wool

fibres
Staining
Change
No.2  inshade Wool Cotton
1 3 4-5 4-5
2 5 4-5 4-5
3 1 4-5 4-5

a 1Dye 2 in the solid form (HPLC purity >
90%)
2 Dye 1 freshly activated: solution of dye 2
in DMF (HPLC purity = 90%)
3Dye1

CONCLUSIONS

Reactive dye 2 has been prepared in a solid form that is
stable under normal storage condition. The rate of
hydrolysis of the dye at constant temperature and pH can
be described in terms of pseudo-first order reaction
kinetics. The experimental rate constant also increases
with temperature, following the Arrhenius law.

The best conditions for wool dyeing with a model
reactive dye were determined to give the best wash
fastness. Slightly acid or neutral conditions did not affect
fibre properties. The dyeing process did not include an
aftertreatment with ammonia, since this did not improve
an already high fastness result.
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