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Synthesis of Bifunctional
Monochlorotriazine Reactive Dyes
Increasing UV-Protection Properties of
Cotton Fabrics
Abstract
Several yellow and red bis-monochlorotriazine reactive dyes with built-in UV-absorber
residues were synthesised. Their application properties were determined during the coloration of cotton, and the UV-protection factor (UPF) of the dyed fabrics was measured.
The results of these measurements were compared with those obtained for coloration of the
same fabrics carried out with the use of dyebaths containing a composition of a model dye
and colourless ﬁbre-reactive UV absorber.
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Introduction
In the last decade increasing attention
has been paid to protective properties of
textiles against UV radiation originating from sunlight. In view of the practical and aesthetic points, in summer we
usually wear clothes which are made of
cotton, but this natural ﬁbre comprises
only a small barrier to ultraviolet radiation, especially when the textile garment
is white or dyed with light colours. A
typical industrial practice used in order
to overcome this problem is the application of a colourless water-soluble auxiliary which shows an afﬁnity to cellulose
ﬁbre and acts as a UV absorber [1-5].
Especially interesting from a practical
point of view are ﬁbre-reactive absorbers
which, when ﬁxed to the fabric, are able
to maintain its protective properties for
extended periods. Examples of such UVabsorbers – derivatives of triazine [6] and
oxalic acid diarylide [7]- are presented in
Figure 1.
In recent reviews of the possible development of synthetic dyes for textile applications, it has been suggested that
a modern colorant could also perform
additional functions beside its speciﬁc
colouristic and fastness properties , such
as antibacterial action, increased UV- or
IR- absorption, or water repellence [8, 9].
These dual dye properties would allow
the number of chemicals used in the dyehouse to be reduced.
A synthesis of a dyes with built-in UVabsorber moiety was earlier reported in
groups of disperse [10-11], acid [12], direct [12] and reactive dyes for cotton [13].
The aim of this work was to increase the
lightfastness of newly-prepared color-

ants or to prevent the photodegradation
of dyed ﬁbres.

ate afﬁnity to cellulose ﬁbre, which limited their application in typical exhaust
methods [14].

In our previous work on the synthesis
of reactive dye derivatives of C.I. Reactive Red 198 containing built-in UVabsorber residue (2’-hydroxyphenylbenzotriazole) in their molecules, it was
found that cotton fabric dyed with new
colorants exhibited approximately 10%
higher UPF-factor values in comparison
with those of the same fabric coloured
with model dye. A disadvantage of the
dyes discussed above was their moder-

The purpose of the present work is to examine the synthesis of more substantive
symmetric homobifunctional monochlorotriazine yellow and red dyes of a general structure, as presented in Figure 2.
While preparing these dyes, three watersoluble aromatic diamines were used as
diamine bridges: 4,4’-diaminostilbene2,2’-disulphonic acid (D), 4.4’-diamino-
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Figure 1. Examples of ﬁbre-reactive, water-soluble colourless UV-absorbers used for
increasing the protective properties of cotton fabrics.
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3,3’-disulpho-diphenylurea (D1) and 2methoxy-1,3,5-triazynyl-4,6-bis-N1,N1’
-(1,4-diaminophenyl-3-sulphonic) acid
(D2) (Figure 3). The use of 4,4’-diaminostilbene-2,2’-disulphonic acid in the
preparation of UV-absorber derivatives of
s-triazine was earlier reported [6, 7, 15].
The two latter diamines synthesised in our
laboratory were used as intermediates in
the preparation of colourless bis-monochlorotriazine cellulose-reactive UV absorbers of a similar type [16, 17].
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The application and protective properties of
the newly synthesised yellow and red dyes
were compared with a model yellow dye
Y1 and model red dye R1 (C.I. Reactive
Red 120), in which, according to industrial
practice, simple derivatives of phenylenediamine were used as diamine bridges.

Figure 3. Structure of diamine bridges used.
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a composition of a model reactive dye and
A8
ﬁbre-reactive UV-absorber auxiliary. For
this purpose, two colourless ﬁbre-reac- Figure 4. Structure of colourless reactive UV-absorbers used in the present work.
14
tive UV-absorbers synthesised during our
earlier work [16], A1 and A8 (presented
analysis was
using work.
a
the MALDI
(matrix assisted
laser desorpin Figure 4), were used. A model reactive Figure
4. Structure
of colourless
reactiveHPLC
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usedperformed
in the present
yellow (Y1) and reactive red (R1) were tion ionisation) technique. Spectropho- DAD 200 instrument with a Zorbex SBtometric measurements were taken on a Phenyl column, eluent 50% phosphate
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Experimental
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Characterisation of products
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taken in a dihydroxybenzoic acid matrix photometer equipped with an Ulbricht Synthesis of the required intermediwith a Voyager Elite spectrometer using sphere and powered by a hydrogen lamp. ates was carried out as previously deFIBRES & TEXTILES in Eastern Europe January / December / A 2008, Vol. 16, No. 5 (70)

123
15
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water to a constant volume, the concentration of dye was measured spectrophotometrically.
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The same procedure was repeated with the sample which had not been extracted with the

Table 1. Structure of synthesised dyes, their application properties for cotton and measured
UPF values (1% dyeings owf).
Fabric 2
Dye

Diamine
Bridge

Y1 (R. Yellow )

o-PDA1

85.3

Y2

D

91.6

Y3

D2

Y4

K/S

74.5

63.5

4.53

10.9

36.6

72.3

66.2

3.55

9.9

50.9

91.1

74.5

67.8

3.81

14.7

69.6

D1

93.7

76.0

71.2

4.90

12.3

96.6

R1 (R. Red 120)

p-PDA1

84.8

75.4

64.0

5.53

13.7

56.7

R2

D

89.7

76.5

68.6

5.10

11.9

70.9

R3

D2

83.9

74.2

62.2

5.86

15.8

55.5

R4

D1

86.0

78.0

67.1

5.80

11.5

70.7

A1

D1

83.0

–

–

81.6

2

12.8

41.8

–

–

76.82

14.0

42.4

Exhaustion, Fixation,
%
%

nts of the protective A8
properties of
fabrics.
D2the dyed85.2
1

UPF

Dyeing
efﬁciency,
%

Fabric 1 Fabric 2

3

o-PDA – o-phenylenediamine, p-PDA – p-phenylenediamine,

textiles used
were examined
fora Gretag
their protective
propertiesspectrophotometer
by in vitro with illuminate
2
whiteness,
measured on
Macbeth SpectroEye
D65 and 10° additional normal observer,

3
at value,
λmax of prepared
dyes,
yellow
dyes 410
– red
nm.
s of their UPF
according
to –the
method
laid nm,
down
indyes
the 540
appropriate

ndard [20]. The UPF factor was calculated as follows:
UPF factor was calculated as follows:

ecule usually results in an increase in the
measured UPF value. This phenomenon
λ = 400
was especially noticeable in the case of
E
(
λ
)
ε
(
λ
)
∆
λ
∑λ =290
UPF = λ = 400
Fabric 2, which was less translucent to
∑λ =290 E (λ )Ti (λ )ε (λ )∆λ
UV radiation. After dyeing with the yelwhere E(λ) is the solar spectral irradiance low dyes Y2-Y4, this fabric was charac2
2
UPF values
[W/mirradiance
nm], ε(λ) [W/m
the erythema
the solar spectral
nm], ε(action
λ) the specerythematerised
actionby
spectrum,
Ti(λ) above 40, which
trum, Ti(λ) the spectral transmittance of according to Standard [20] ensure sufﬁUV-protection.
The highest blocki at the
λ, and Δλλ,isand
the ∆λcient
is the
interval of the
transmittancesample
of sample
i wavelength
at the wavelength
interval of the wavelength in nm. A mean ing of ultraviolet radiation by the fabric
wasfor
observed
in the case of dyes Y3 and
was was
takentaken
fromfrom
three three
measurements
n nm. A meanvalue
value
measurements
UPF calculation.
for UPF calculation. The results of these Y4. It is worth noting that despite the
lower colour yield of the resulting dye1. 1.
f these measurements
are given
in Table
measurements
are given
in Table
ing, dye Y3 gives a much higher UPF
It was already known [4] that the struc- value than the model dye Y1.
tural characteristics of a particular textile
lready knowngarment
[4] that (thickness,
the structural
characteristics
of a particular
garment
Fabric 2,textile
coloured
with all the examined
porosity
etc) are the
main factors determining its UV-pro- red dyes, exhibited sufﬁcient protective
orosity etc) are
the main
factors determining
its UV-protecting
properties,
canThis was probably
(UPF > 40).
tecting
properties,
can once again
be properties
observed in the results presented. As ex- partially caused by the different chromobe observed in
the both
results
presented.
As expected,
of the
textiles
used
phoric
system
of these
dyes. However, the
pected,
of the
textiles used
exhibited both
use
of
new
diamine
bridges in the case of
improved UV-protecting properties after
proved UV-protecting
properties
after
with
fabric
R2the
andblank
R4 gave
an increase of about
coloration,
compared
withcoloration,
the blank compared
fab- dyes
ric samples. The introduction of special 20% in the UPF values, compared with
e introduction of special UV-absorbing residue to thethose
dye molecule
usually
of the model
C.I. Reactive Red
UV-absorbing residue to the dye mol-

120; this might be important when dyeing at lower colorant concentrations.
At present no data is available concerning how the protective properties of the
dyed fabrics discussed above would
change after repeated laundering. It may
be expected that with the high level of
wash-fastness speciﬁc to reactive dyes,
the UV protection properties of dyed fabric would persist for an extended period.
The assumption is the good light-resistance of UV-absorbers based on diamines
used in this research and determined in
the earlier work [16]. It would, however,
require separate research, during which
other factors such as the effect on UPF
measurements of fabric shrinkage, the inﬂuence of detergents or optical brighteners present in the washing medium would
also have to be considered.
The protective properties of the new
dyes were compared with results obtained using traditional methods, in
which samples of cotton fabrics were
dyed with compositions of model dyes
(Y1 and R1) and the colourless ﬁbre-reactive UV absorbers A1 and A8, shown
in Figure 4. As previously, 1% model
dye concentrations per weight of the fabric were used, accompanied by 0.25%,
0.5% and 1% wt concentrations of the
UV absorber applied. The UPF values of
dyed fabrics are graphically presented in
Figures 5 and 6.
As expected, the simultaneous application of the dye and UV-absorber auxiliary in the same dyeing bath increased
the protective properties of the coloured
textiles in comparison with the single use
of the model dye. Nevertheless, for the
more UV-transparent Fabric 1, the UPF
values measured are still below the desired level. While dyeing Fabric 2, it was
noted that the measured UPF values were
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100

Fabric 1

f Fabric 2, which was less translucent to UV radiation.
80

Dye
Dye+0.25% absorber
After
dyeing
with
Dye+0.5%
absorber
Dye+1% absorber

Dye
Dye+0.25% absorber
Dye+0.5% absorber
Dye+1% absorber

100

the

Fabric 2
80

Y2-Y4, this fabric was characterised by UPF values above 40, which according
60

ultraviolet

40

UPF

UPF

60

[20] ensure sufficient UV-protection. The highest blocking of
20

Blank fabric

the fabric was observed in the case of dyes Y3 and Y4. It is worth noting that
20

wer colour yield of the resulting dyeing, dye Y3 gives a much higher UPF value
0

Blank fabric

40

0

Y1+A8

el dye Y1.

Y1+A1

R1+A8

R1+A1

Y1+A8

Y1+A1

R1+A8

R1+A1

Figure
6. Protection
of cotton
(Fabricwith
2) model
coloured
Figure 5. Protection properties of cotton (Fabric 1) coloured with Figure
6. Protection
propertiesproperties
of cotton (Fabric
2) coloured
dyes with
with the
dyes with the addition of colourless UV-absorbers. (1%
addition
of
colourless
UV-absorbers.
(1%
dyeings,
UPF
rating:
over
40
–
adequate
dyeings, UPF rating: over 40 – adequate protection properties)
dyeings,
UPF of
rating
overUV-absorbers.
40 – adequate
properties).
addition
colourless
(1%protection
dyeings, UPF
rating over 40 –

Figure
Protection
of cottonof
(Fabric
1) coloured
with model dyes(1%
with the model
model5. dyes
withproperties
the addition
colourless
UV-absorbers.

adequate protection properties).

FIBRES & TEXTILES in Eastern Europe January / December / A 2008, Vol. 16, No. 5 (70)

8

protection properties)

125

inﬂuenced by both the nature of the UVabsorber auxiliary used and the structure
of the model dye. The competition between dye and absorber during the sorption process in the cellulose ﬁbre might
be the cause of the different behaviour of
the absorbers A1 and A8 when applied
with yellow and red model dyes. In the
case of the yellow dye Y1, the use of a
0.25-0.5% UV-absorber auxiliary per
weight of the fabric was necessary to obtain a product characterised by adequate
UV-protecting properties.

Conclusions
From the analysis of the results described
above, it may be concluded that introducing appropriate residues to the molecule of
a reactive dye can increase its UV-protection properties. The coloration of cellulose
fabrics with the use of specially tailored
dyes could eliminate the necessity of using additional UV-absorber auxiliaries,
and therefore decrease the number of
chemicals used in the dyehouse. This fact
should be considered when designing new
reactive dyes; although introducing UVabsorbing residues into dyes characterised
by a different structure than that presented
in Figure 1, would probably require more
pronounced efforts. In the case of currently manufactured dyes, the ‘colorant + UVabsorber auxiliary’ method might still be
the most convenient way of improving the
UV-protection properties of dyed textiles.
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