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ABSTRACT

Azo dyes derived from H-acid and K-acid can be degraded by TiO,
photoassisted catalysis. The triplet state lifetimes of these dyes in TiO,;
colloidal suspension now investigated. The lifetime of triplet state is almost
independent on the presence of TiO,, which implies that the triplet state of
the dyes does not react with *OH and O,™*. © 1998 Elsevier Science Ltd

INTRODUCTION

Large volumes of azo dyes are manufactured annually worldwide and used
in a variety of applications such as textiles, paper, foodstuffs, and cosmetics.
The photocatalytic decolorization approach of some textile azo dyes [1, 2]
and acid azo dyes [3, 4] have been investigated, and have potential applica-
tion in the treatment of dye wastewater. Some azo dyes are resistant to
aerobic degradation (without TiO, photoassistant) [3, 4], which is a desirable
property in commercial applications. However, the relationship between the
photostability and the excited states of these acid azo dyes is an important
factor in the design of more photostable azo dyes. It has shown the light
fastness of dyes can be evaluated using kinetic parameters determined in the
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liquid phase [5]. Kuramoto and Kitao [6] have studied the effect of sub-
stituents on the photofading of some naphthols in air-saturated methanol,
and observed that, with the exception of a nitro substituent, the relative rate
of photofading increased with the replacement of electron-releasing sub-
stituents in the aryl ring. In this paper, laser flash photolysis technique was
used to investigate the triplet excited state properties of several acid azo dyes.
We attempt to elucidate a correlation between the light fastness of H/K acid
azo dyes synthesized and the decay lifetimes of triplet state, a factor which
may be useful in the molecular design of new azo dyes.

EXPERIMENTAL
Dyes

Several azo dyes derived from H-acid or K-acid have been previously syn-
thesized by us, and their structures confirmed [7] (Table 1). The concentra-
tion of the aqueous solutions of dyes used in this study is 2.5x 107> M. Three
metal complex dyes were supplied by BASF research center and used with-
out further punfication.

Preparation of TiO, suspension

Colloidal TiO, suspension was prepared via hydrolysis of TiCl, in aqueous
solution [5]. The solution was passed through an ion exchanger in the OH~
form [6]; transparent TiO, solution was obtained, which has a sharp
absorption band in the UV region [7].

Experiment and apparatus

Absorption spectra were measured using a Shimadzu UV-260 UV-VIS
spectrophotometer. The time-resolved absorption decay kinetics was mea-
sured by laser flash kinetic spectrophotometer. The solutions (in 2cm X 2cm
quartz cells) were excited at 337 nm (nitrogen gas laser with a 6-7 ns pulse
wide, Radiant Dyes Laser Acce. GmbH), and transient optical density
(AOD) at 488 nm (Ar ion laser, 5500 AWC, lon Laser Technology) and at
632.8nm (He-Ne laser as monitoring light) were detected using a fast
response diode (DET2-Si, Thorlabs Inc.) and displayed on a digital storage
oscilloscope (Tektronix TDS 420 ). In the measurements, “O, aerated”
means that the solutions were saturated by bubbling with oxygen gas for
20 min. All measurements were performed at room temperature.
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RESULTS AND DISCUSSION

The transient absorption decay kinetic data at 488 nm and 632.8 nm of the
dyes in different solvents are shown in Tables 2 and 3. In ethanol, the dyes
have transient absorption at488 nm under aerated and O,-saturated condi-
tions, but in aqueous solution the dyes show no detectable transient signal at
488 nm. Compared with data for the decay lifetimes in aerated and O,-satu-
rated case, the decay lifetime was very sensitive to oxygen. This implies that
the decay lifetime as experimentally measured could be equatable to the
lifetime of the triplet state of the dyes, since singlet oxygen is a very effective
quencher for the triplet state of dyes. In ethanol, the dyes are adsorbed on
the surface of TiO, particles [8]. When irradiated by UV light, TiO, is excited
and the excited energy is transferred to the adsorbed dyes. When the con-
centration of TiO, was lower, the transient AOD at 488 nm for the dyes in
ethanol could not be detected. Parallel experiment on the TiO, photo-
catalytic degradation of the H/K acid azo dyes used in this study indicates
the light-fastness of the dyes (Table 4). As seen in Table 4, even complexes,
which have a high light fastness in dyeing applications, can be degraded by
TiO,. The photocatalytic degradation of H/K acid azo dyes in aqueous TiO,
suspension follows apparent first-order kinetics. Compared with the photo-
sensitive degradation, homogeneous photocatalysis appears to be a rapid

TABLE 2
Kinetic Data of Transient AOD at 488 nm for the Dyes in Ethanol (2x107°M). [TiO,]=0.02
mol litre™!
Dyes D-3 D5 D-7 D-13 Dye-1 Dye-2 Dye-3
T (£0.2 us) 84 9.1 7.9 12.9 44 4.1 9.9
aerated
T (£0.2 us) 6.2 5.3 5.9 39 0 4.0 4.1
O,-saturated
TABLE 3

Kinetic Data of Transient AOD at 632.8 nm for the Dyes in Different Solvents (2x10~°m).
[TiO,]} = 0.04 mol litre™'

Dyes D-3 D-5 D-7 D-13 Dye-l Dye-2 Dye3
T (£0.2us) in EtOH 70 58 7.1 7.3 6.1
aeated
T (£0.2 us) in EtOH 62 53 59 39 3.6
O,-saturated
T (£0.2 us) in H,O 11.6 10.1 7.0 6.0 6.1
aerated
T (£0.2 us) in H,O 84 10.1 6.8 8.3 7.1 8.8 7.6

aerated (without TiO,)
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TABLE 4
Photosensitive k; and Photocatalytic k, Degradation Rates of the Dyes in Tetraborate Buf-
fering Solution of pH 9.2 and Photosensitive Degradation Rate k3 in Ammonium Buffering
Solution of pH 9.2

Dyes ki(min=!x 10%) ka(min~ 1 x 103) Fastness ks(min—! x 10%)
D-13 0.12 3.396 excellent 4.766¢
Dye-1 3.80 24.6

Dye-2 6.53 27.56

Dye-3 14.08 31.42

D-5 21.15 6.31 25.41¢
D-7 29.85 8.78 33.82

D-3 215.5 28.83 bad 185.2

“Because organic compounds can form hydrogen bonds with amines, the intramolecular
hydrogen bond in o-arylazonaphthols is destroyed and it is easily attacked by the electrophilic
oxidant.

way of evaluating light-fastness of azo dyes. The results, therefore, on the
photocatalytic degradation by non-toxic titanium dioxide, may be of value in
the context of the degradation of the water-soluble azo dyes in dyeing and
dye-manufacturing wastewater. Comparing the data of light fastness
(Table 4) and the transient absorption decay lifetimes, it was found that
those dyes having a shorter triplet lifetime in O,-saturated case have usually
good light fastness.

Kinetic data for the transient AOD at 632.8 nm for the dyes in different
solvents are shown in Table 3. When an aqueous solution of the dyes without
TiO, was irradiated at 337 nm, the transient absorption was also detected at
632.8 nm. This implies that the lifetime of the triplet state of the dyes in
aqueous solution is almost independent of the presence of TiO,. In aqueous
solution, photoassisted catalytic degradation of the dyes is caused by the
active oxygen produced on the surface of TiO, [7-12]. Photo-generated holes
oxidized the pre-adsorbed H,O to generate *OH free radicals, a powerful
electrophilic oxidant. Photo-generated electrons reduced the pre-adsorbed
dissolved oxygen to produce the superoxygen anionic free radical O,~*. The
lifetime of the triplet state of the dyes is almost independent of the presence
of TiO, (at least it is not obviously dependent thereon), which implies that
the triplet state of the dyes does not react with *OH and O, . The degrada-
tion of dye in aqueous solution may be due to combination factors, which
include two reactions, viz., (a) between the triplet state and singlet oxygen; and
(b) between dyes and "OH and O, *. TiO, acts as a strong photosensitizer for
*OH and O, " radicals which are highly reactive towards azo dyes:

TlOzﬂ TlOz(h ve " ..€cB )
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H,O + hvB+ — *OH + H"

CONCLUSIONS

The triplet state lifetimes of azo dyes derived from H-acid and K-acid in
TiO, colloidal suspension has been investigated. The lifetime of the triplet
state is almost independent of the presence of TiO,, which implies that the
triplet state of the dyes does not react with *OH and O,™*. The degradation
of the dye in aqueous solution may be due to dual factors, which include two
reactions: (1) between the triplet state and singlet oxygen and (2) between the
dyes and "OH and O, *, since TiO, acts as a strong photosensitizer for *OH
and O,~* radicals which are highly reactive towards azo dyes.
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