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The preparation of monoazo reactive disperse dyes
containing a vinyisuphonyl group as the coupling component
is described, as well as the dyeing properties of these dyes
on paolyester—cotton and polyester —wool blends. The
suitability of the dyes for heat-transfer printing has been
examiined,

Introduction

Numerous blends with other fibres have been developed to
exploit the excellent properties of polyester fibre. The dyeing
method employed for these blends usually entails the use of
two separate dyebaths. However, when the one-bath method
can be used, the process is simpler and the cost of dyeing is
reduced significantly. The preparation and dyeing properties
of monoazo dyes derived from cw-chloro-4-aminoacetophenone
on polyester fibre blends have been reported previously [1].
The one-bath method produced level and bright dyeings, and
some of the dyes showed good transferability. Unfortunately,
these dyes had low fastness to light. Monoazo reactive disperse
dyes containing a vinylsulphonyl group in the diazo
component have been patented {2}, but very little informa-
tion has been given regarding their properties.

We have found that some dyes containing a vinylsulphonyl
group in the coupling component have high fastness to light on
polyester fibre blends. This paper describes the preparation of
these monoazo reactive disperse dyes, their dyeing properties
and their suitability for heat-transfer printing. The dyes react
in weakly alkaline solutions with hydroxyl or amino groups in
the fibres employed as blend components.

Experimental
INTERMEDIATES AND DYES

N-Vinylsulphonylethyl-o-toluidine (A) (b.p.: 175—190°C at
0.5-1.5 mm Hg; lit., 171-196°C at 0.5-1.2 mm Hg),

N-ethyl-N-§-vinylsulphonylethyl-m-toluidine  (B) (b.p.:
173--175°C at 2 mm Hg; lit.,, 157--159°C at 0.35 mm Hg),
and  N-ethyl-N--vinylsulphonylethylaniline (C) (b.p.:
165-171°C at 0.5-1.0 mm Hg; lit., 167-183°C at 0.75 mm
Hg) were prepared by the published method [3]. Diazo
components were as follows: p-nitroaniline (I), 2-chloro-4-
nitroaniline (IT), and 2-chloro-4,6-dinitroaniline (11f). N-Ethyl-
N-f-hydroxyethyl-m-toluidine (B") was also used as a coupling
component for comparison with vinylsulphonyl coupling
components. The diazo components were diazotized in the
usual way and coupling was carried out as previously [4]. The
dyes obtained (Table 1) were assumed to be sufficiently pure
for dyeing tests if only one distinct thin layer chromatographic
spot was obtained, using 25% aqueous pyridine or acetone
solution on silica gel.
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Dyes Synthesized
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The visible spectra of the dyes in ethanolic solution were
recorded on a Hitachi Modei 124 recording spectrophotometer
using a 1.0-cm cell and at a dye concentration of about 1 x
107® mol.

DYEING
The dyes were applied to 1.5 g of fabric by the following
procedure. A dispersion of the dye was prepared by mixing the
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finely divided dye (0.15 g) with ethanol (10 mi) and Scoourol
400 (1—2 ml) (Kao Corpn; a nonionic surfactant based on a
condensate of ethylene oxide and a long-chain alcohol), and
o-dichlorobenzene (2 mol) as carrier. The mixture was added
to the dyebath (100 ml)} and dyeing was carried out at
95-100°C for 60 min. Aqueous ammonia was then added to
the dyebath until the final concentration of ammonia reached
2%. Finaily, the dyed fabric was rinsed with water and soaped
with Scoourol 400 (1 mi/l) at 90--95°C for 20 min.

All fastness tests were carried out using the procedures of
the Japanese Industrial Standards Committee (JIS). In general,
these tests correspond to those recommended by the Inter-
national Organization for Standardization (ISO).

HEAT-TRANSFER PRINTING
Printing was carried out as described previously [5, 6] . Before

TABLE 3

TABLE 2

Principal Absorption Maxima of Monoazo Dyes Contaiming a
Vinylsulphonyl Group in the Coupling Component

Dye  Yield of Mp.  Amax
pure dye °C) (nm)
(%)

I-A 65 197198 441

[-B 75 153 4635

B’ — 160—161 490

[-C 64 156157 452

1A 72 148149 465
1I-B 53 156157 484
[I-A 58 142143 485
IHI-B Q* 138—139 523

*Due to the failure in recrystallization

Fastness Properties of Monoazo Dyes Containing a Vinylsulpnoyl Group in the Coupling Component

Dye Light Washing Perspiration Dry Rubbing Colour Dyeability

(Fade—Ometer) Acid Alkali cleaning on fibre

CC 8C 8w CC 8C sw CC 8C SW CC S Wet Dry

Polyester—Cotton Blend (65/35)
I—A 4 5 5 5% 5 5 5* 5 5 g% 5 5 3-4 4 Pale reddish orange Good
I-B 4 5 4-5 5% 5 4 4% 5 3-4 4 4 4 3 3—4 Dark orange Good
-8B 3-4 5 4.5 s* 5 2 2% 5 2 2% 5 5 2 3  Red Good
I-C 4-5 4-5 4—5 4-5* 5 4 aq¥ S 4 4 4-58 5 1--2 t-—2 Reddish orange Good
I-+A 4 5 5 5% 5 2 2-3% 5 2-3 3 s 4-5 3 4  Dark orange Good
[I-B 3—4 5 5% 5 5 5% 5 5 5* 5 5 4 3 34 Deepred Good
III-A 1 5 5 5% 4—5 4 4% 5 4-—5 4-5%¥ 3-43-4 3 2 Pale red Moderate
111-B 2 5 4-—5 5% 5 2 2% 5 5 5% ) 5 5 45 Dull red Moderate
Polyester—Wool Blend (55/45)
I=A 4 5 5* 5 5 5* 4 5 5% 4 5 s 2 3  Reddish orange Good
I-B 4 5 5% 5 4.5 4* 3-4 5 5% 4 4-5 4-5 2 3 Reddish brown Excellent
I-B 3-4 3 5* 3 5 1-2* 1-2 5 1-2 1-2 4-5 5§ 3 3  Darkred Good
I-C 4 4-5 5% 5 5 4-5% 4-5§ 5 4-5% 4-5 5 5 2-3 2-3 Light yellowish red Good
II-A >5 4—5 S§* 5 5 4--5% 4 5 5% 4 5 5 2 3  Deep purplish red Excellent
I1-B 2 5 5% 5 5 2% 3 5 3* 5 5 4-5 3-4 3—4 Deepred Good
I[II—A 1 5 5% 5 4-5 S§* 5 4-5 &% 5 5 3-4 3 3 Light brown Good
I11-+B 3 s 5% 4-5 5 5% 4-5 5 5%  4-5 5 5 3 Reddish brown Good
Cotton
I— 1 4 S 5 s 5 4 4--5 3 4-5 4 5 2—-3 3-4 Palepink Poor
I—- 1 2 5 5 4 4 3—-4 4-5 4 4 2 5 4 5 Pink Poor
-8 2 1 5 5% 3 2 2% 3 2 2* 3-4 5 2 4-5 Pink Moderate
1-C 2 3—4 5 5* 4-5 4-5 4-5 4-5 4-5 4-5* 5 5 3—4 3-—4 Pale pink Poor
Ii—A 4 5 5 5 4 3 2 4 2-3 2 4 4-5 2 4 Light reddish orange Poor
II—B 1 2-3 s 5 2 3--4 3 2 3—-4 3 2-3 4-52-3 5 Pale pink Poor
III—+A 1 4-—-5 45 5 4-5 4 s* 4-5 4 5 4 5§ 4-5 5 Pale bluish purple Poor
II-B 1 2--3 4-5 5 4 4-5% 5 4 4-5 5 2 5 5 5 Pale bluish purple Poor
Wool
I=A 4 5 5 5 1-2 5 5 3 5 5 2 5 1-2 3 Reddish orange Excellent
I-B 4 4 5 5 4-5 4 4.5 5 4-5 5 4--5 § 1 3 Dark reddish orange Excellent
I-B 3 1 4-5* 2 4 1* 1 4 1* 1 3-4 5 1-2 1-2 Deepred Excellent
I-C 3-4 4 5% 5 5 4-5 4 § 4-5* 4-5 5 5 2 2—3 Yellowish orange Good
I+A 4 3—4 4-5 5 4-5 3 2 4-5 2 2 4-5 5 1-2 3  Deep purplish orange Excellent
-8B 3 5 5 5 45 5 5 8 5 5 45 4-5 2--3 3 Deep red Excellent
II1—A 1 3 5 5 4 5 4 5 4 5 5 2-3 3  Light brown Good
I1I-B 1 4-5 5 5 5 5 5 4--5 S 5 4-5 5§ 2 4 Yellowish red Good
Polyester Fibre
I-A 4 5 5 5* 5 5 5* 5 5 5% 5 5 4  4-5 Light reddish orange Good
I-B 4 4-5 4—§5 5% 4-5 3 3 4-5 4-- q* 5 5 4 3—4 Orange Good
1B’ 4 45 5 5% 5 2 2% 5 2 2% 4-5 5 2-3 34 Deepred Excellent
I-C 3—4 4 5 5% 5 5 5% 5 3 5% 5 5 2-3 2-3 Light reddish orange Good
II—-A 4 4 5 5% 5 4 4% H 4 4_.5% 5 3 3 4 QOrange Good
II-B >5 5 s 5% 5 2-3 4% 5 4 4% 5 4 3 3—4 Dark reddish purple Excellent
II—A 1 5 5 5% 4 4 4% 4 4 4% 3 3 2-3 1-=2 Dull reddish purple Moderate
II-B 1 5 5 5% 4-5 4-5 5% 4—-5 4-5 5" 5 5 5 5 Dull red Good

CC = change of colour, SC = staining of cotton, SW = staining of wool, § = staining of polyester fibre
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being printed, the fabric was treated for 20 min at room
temperature in a solution containing 2% urea and 20% glycerol
to produce swelling; it was then passed through a mangle and
dried at 60°C for 1 h.

Transferability was assessed by the following method.
Paper (5 x 10 cm) was painted with a solution of about 0.2 g
dye in 10 ml of NN-dimethylformamide. This was placed
adjacent to cloth swollen by above method and ironed for 2
min at 200 +5°C. Dye transfer was assessed visually.

Results and Discussion

The absorption maxima of the dyes are given in Table 2. They
lie in the region 441523 nm. In general, bathochromic shifts
were caused by the diazo component 11, the presence of the
three electron-withdrawing groups in the 2.4,6-positions of the
diazo component extending the colour range from red to
bluish purple (Table 2) [7].

DYEING AND FASTNESS PROPERTIES

The results are given in Table 3. The substantivity of the dyes
for polyester and wool is good, but poor for cotton. Because
of the low content of cotton in the blend, the one-bath
method described produced a level and bright dyeing. Dyes
1=A, I-B, [+C, [I=A and II-B have good substantivity for
polyester—cotton, and all the dyes investigated have good
substantivity for polyester—wool.

After application to cotton, the dyes could not be
removed by treatment with 25% aqueous pyridine, which
suggests that they combine chemically with cotton through
reaction with the vinylsulphony!l group. The dye =B’ was
added for comparison with the other dyes, all of which
contain a vinylsulphonyl group and so have higher fastness
properties than those of [=B'. It is also noteworthy that the
dye II=A is the only one that shows good fastness to light on
cotton.

A possible cause of the good fastness to light seen in Table
3 is the electron-attracting property of the vinylsulphonyl
group in relation to the azo group and its consequent tendency
to stablize monoazo disperse dyes [8]. In other words, the
dyes have good fastness to light on polyester fibre blends
because they contain the strongly electron-withdrawing vinyl-
sulphonyl group.

Dyes III-A and II»B have lower fastness to light,
possibly because the three electron-attracting substituents in

TABLE 4

The Fastness Properties of Dyes after Heat-transfer Printing on
65/35 Polyester—Cotton Blend

Dye Washing Dry Rubbing
cleaning Colour
CC SC SW CC S Wet Dry on fibre
A 4-5 5 5 5 1-21-2 3-4 Light yellowish
orange
=B 5 4 5 4-5 1 1 2 Reddish orange
h-A 5 5 5 5§ 2 2 4 Yellowish orange
=B 5 5 5 4-5 2 2 1 Darkreddish orange
m-A 5 5 5 5 1-21-23-4 Brown
m-B 5 4 5 5 3-43-4 4-5 Greyish orange

CC = change of colour, SC= staining of cotton,

SW = staining of wool, S = staining of polyester fibre

the diazo component strongly distort the uniform distrubution
of the m-electron system.

SUITABILITY FOR HEAT-TRANSFER PRINTING

The results of heat-transfer printing experiments are given in
Table 4, the fabric used being a 65/35 polyester—cotton blend.
All the dyes have melting points below the heat-transfer
printing temperature of 200°C, at which temperature the
fabric is in the swollen state, so all the dyes are suitable. It is
possible that transfer of dye occurs mainly in the molten state.

TABLE 5

Heats of Melting from Differential Thermal Analysis
and Transferability in Heat-transfer Printing

Dye AH,, Transferability
(kcal/mol)

I=A 4.0 Good

I-B 7.1 Good
I-A 5.3 Good
[1-B 6.8 Excellent
m-A 1.2 Moderate
In-+B 1.1 Moderate

Table 5 shows heats of melting (AH,,,) for six of the dyes.
(The values were determined from the peak area of the DTA
analysis, a-naphthol (5.6 kcal/mol), benzoic acid (4.1
kcal/mol) and urea (3.6 kcal/mol) being used as standards).
Transferability (dyeability in heat-transfer printing) apparently
increases with increasing heat of melting, but the reason for
this is not obvious.
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