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Abstract

TiO,-mediated photocatalytic degradation of a triphenylmethane dye (gentian violet, 1), was investigated in aqueous
suspensions of titanium dioxide under a variety of conditions. The degradation was studied by monitoring the change
in substrate concentration employing UV-spectroscopic analysis and decrease in total organic carbon (TOC) content as
a function of irradiation time. The degradation of dye was studied under a variety of conditions such as pH, catalyst
concentration, substrate concentration, different types of TiO, and in the presence of electron acceptors such as
hydrogen peroxide (H,O,) and ammonium persulphate ((NH4),S,0g) besides molecular oxygen. The degradation rates
were found to be strongly influenced by all the above parameters. The photocatalyst Degussa P25 was found to be
more efficient as compared with other photocatalysts. The degradation products were analysed by GC-MS technique

and probable pathways for the formation of the products were proposed.

© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Wastewater from the textile industry is highly
coloured and of a complex and variable nature [1].
The large amount of dyestuffs used in the dyeing
stage of textile manufacturing processes represent
an increasing environmental danger due to their
refractory nature [2,3]. A substantial amount of
dyestuff is lost during the dyeing process in the
textile industry [4], which poses a major problem
for the industry as well as a threat to the environ-
ment [4-9]. Decolourization of dye effluents has
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therefore acquired increasing attention. During
the past two decades, photocatalytic process
involving TiO, semiconductor particles under UV
light illumination have been shown to be poten-
tially advantageous and useful in the treatment of
waste water pollutants. Earlier studies [10-13]
have shown that a wide range of organic sub-
strates can be completely photomineralized in the
presence of TiO, and oxygen.

There are several studies related to the use of
semiconductors in the photomineralization of
photostable dyes [14-30]. The photocatalysed
degradation of various organic systems employing
irradiated TiO, is well-documented in the litera-
ture [10]. The initial step in the TiO, mediated
photocatalysed degradation is proposed to involve
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the generation of (¢=/h™) pair leading to the for-
mation of hydroxyl radical and superoxide radical
anion [Egs. (1)-(3)];

TiO, +h*v — ey +hi (1)
0, +e; — O3 ()
H,O +h, — OH+H" (3)

It has been suggested that the hydroxyl radicals
and superoxide radical anions are the primary
oxidizing species in the photocatalytic oxidation
processes. These oxidative reactions would result
in the bleaching of the dye and the efficiency of the
degradation will depend upon the oxygen con-
centration, which determines the efficiency with
which the conduction band electrons are sca-
venged and the (¢7/h™) recombination is pre-
vented. Alternatively, the electron in the
conduction band can be picked up by the adsor-
bed dye molecules, leading to the formation of dye
radical anion and subsequent reaction of the radi-
cal anion can lead to degradation of the dye.

An example of triphenylmethane dye (gentian
violet) is extensively used in textile dyeing, paper
printing, as a biological stain and as a dermatolo-
gical agent [31,32], Gentian violet is a mutagen, a
mitotic poison and clastogen and has been used
for many years in veterinary medicine and as an
additive to poultry feed to inhibit propagation of
mold, intestinal parasites and fungus [33-36]. Lit-
tlefield et al. [37] found that gentian violet is car-
cinogenic in mice at several different organ sites.
The carcinogenic effects of gentian violet in
rodents has also been reported [38]. McDonald
and Cerniglia [39] reported the reduction of gen-
tian violet to leucogentian violet by human, rat
and chicken intestinal microflora under anaerobic
conditions. They showed that the major portion of
the metabolites was often bound to the cells (up to
87% of the metabolite produced by human
microflora). Because of its low cost, its effective-
ness as an antifungal agent for commercial poultry
feed, and its ready availability, the general public
may be exposed to the dye and its metabolites
through the consumption of treated poultry pro-
ducts. Therefore, there are both environmental

and human health concerns regarding the bio-
accumulation of gentian and leucogentian violet.
Biological decolourization of triphenylmethane
dyes including gentian violet is widely reported in
the literature [40-46]. There are no reports dealing
with the photocatalytic oxidation of the related
system by titanium dioxide. With this view we
have undertaken a detailed study on the photo-
degradation of the triphenylmethane dye (gentian
violet, 1) sensitized by TiO, in aqueous solution.
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2. Experimental methods
2.1. Reagent and chemicals

Gentian violet was obtained from B.D.H.,
Poqle, England and used as such without any fur-
ther purification. The water employed in all the
studies was double distilled. While the photo-
catalyst titanium dioxide, P25 (Degussa AG) was
used in most of the experiment, other catalyst
powders, namely Hombikat UV100 (Sachtleben
chemie GmbH) and PC500 (Milenium inorganic
chemicals), were used for comparative studies. P25
consists of 75% anatase and 25% rutile with a
specific BET-surface area of 50 m? g~! and pri-
mary particle size of 20 nm [47]. Hombikat UV100
consists of 100% anatase with a specific BET-sur-
face area >250 m? g~! and primary particle size of
5 nm [48]. The photocatalyst PC500 has a BET-
surface area of 287 m? g~! with 100% anatase and
primary particle size of 5-10 nm [49]. The other
chemical used in this study such as NaOH, HNO;,
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H,0, and (NH4),S,05, were obtained from
Merck.

2.2. Procedure

Stock solutions of the dye containing the desired
concentration were prepared in double distilled
water. An immersion well photochemical reactor
made of Pyrex glass equipped with a magnetic
stirring bar, a water circulating jacket and an
opening for supply of molecular oxygen was used.
For irradiation experiments 250 ml of the stock
solution were taken into the photoreactor and the
required amount of photocatalyst was added. The
solution was stirred and bubbled with molecular
oxygen for at least 30 min in the dark to allow
equilibration of the system so that the loss of
compound due to adsorption can be taken into
account. The zero time reading was obtained from
a blank solution kept in the dark but otherwise
treated similarly to the irradiated solution. The
suspensions were continuously purged with mole-
cular oxygen throughout each experiment. Irra-
diations were carried out using a 125 W medium
pressure mercury lamp. IR-radiation and short-
wavelength UV-radiation were eliminated by a
water jacket. Samples (10 ml) were collected
before and at regular intervals during the irradia-
tion. They were centrifuged by Remi-R23 Revol-
ving Centrifuge before analysis.

2.3. Analysis

The mineralization of the dye was monitored by
measuring the total organic carbon (TOC) content
with a Shimadzu TOC 5000A analyzer by directly
injecting the aqueous solution whereas the degra-
dation was monitored by measuring the absor-
bance using a Shimadzu UV-Vis
Spectrophotometer (Model 1601). The absorbance
of the dye was followed at 536 nm wavelength
after 80% dilution of the irradiated solution. For
each experiment the degradation rate for the
mineralization and decomposition of the model
pollutant was calculated from the initial slope
obtained by linear regression from a plot of the
natural logarithm of the TOC and absorbance of
the dye as a function of irradiation time, i.e. First

order degradation kinetics. It was calculated in
terms of ML~! min—!.

For the characterization of the intermediate
products, aqueous solutions (250 ml) of the com-
pound containing (P25, 1 g 1) was taken in the
immersion well photochemical reactor. The mix-
ture was irradiated with a 125 W medium pressure
mercury lamp for 120 min and the photocatalyst
was removed through filtration. The filtrate was
extracted with chloroform, which was subse-
quently dried over anhydrous sodium sulphate
and the solvent was removed under reduced pres-
sure to give a residual mass, which was analyzed
by GC-MS. For GC-MS analysis a Hewlett
Packard Gas chromatograph and mass spectro-
meter (G1800A) equipped with a 30 m HP-1
(d=0.25 mm) capillary column, operating tem-
perature programmed (100-10-250-30-280) in
splitless mode. An injection volume of 0.5 ul with
helium as a carrier gas was used.

3. Results

3.1. Photolysis of TiO suspensions containing
gentian violet (1)

Fig. 1 shows the degradation and depletion in
TOC for irradiation of an aqueous solution of
gentian violet (1, 0.18 mM) in the presence of the
photocatalyst (P25, 1 g 1! ) by the “Pyrex” fil-
tered output of a 125 W medium pressure mercury
lamp. It was observed that 99 and 85% decom-
position and mineralization of the dye takes place,
respectively, after 90 min of illumination. Both the
mineralization and degradation curves can be fit-
ted reasonably well by an exponential decay curve
suggesting first order kinetics. The degradation
rate for the mineralization and decomposition of
the dye was calculated using formula given below,

-d[TOC)/dt = k¢"
-d[A]/dt = kc"

where: k=rate constant, ¢=concentration of the
pollutant, n=order of reaction.

Blank experiments were carried out by irradiat-
ing the aqueous solution of the dye in the absence
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Fig. 1. Depletion in TOC and change in absorbance as a function of irradiation time for an aqueous solution of gentian violet in the
presence of TiO,. Experimental condition: dye concentration (0.18 mM), V=250 ml, immersion well photoreactor, 125 W medium
pressure Hg lamp, P25 (1 g 171), absorbance was followed at 536 nm after 80% dilution. cont. O, purging and stirring, irradiation

time =90 min.

of TiO,, where no observable loss of the dye was
observed. Also no observable loss of the dye due
to adsorption on the surface of the photocatalyst
was observed in unirradiated blank solutions. The
zero irradiation time readings were obtained from
blank solutions kept in the dark, but otherwise
treated similarly to the irradiated solutions.

3.2. Comparison of different photocatalysts

The influence of three different photocatalyst
(namely P25, UV100 and PC500) on the degrada-
tion kinetics of gentian violet (1) was investigated
and the results are shown in Fig. 2. It was
observed that the mineralization and degradation
of dye proceeds much more rapidly in the presence
of P25 as compared with other photocatalysts.

In all following experiments, Degussa P25 was
used as the photocatalyst since this material
exhibited the highest overall activity for the
degradation of the dye.

3.3. pH effect

Employing Degussa P25 as photocatalyst the
decomposition and mineralization of gentian vio-

let (1) in the aqueous suspensions of TiO, was
studied in the pH range between 3 and 11. The
degradation rate for the TOC depletion and for
the decomposition of the dye as a function of
reaction pH is shown in Fig. 3. The efficiency of
degradation rate for the decomposition of the dye
was better at pH 3.5 and 11, whereas it was lower
at pH values 5.8 and 9. In contrast, the degrada-
tion rate for the mineralization of the dye was
found to decrease with the increase in pH from 3.5
to 9 and further increase in pH leads to increase in
the efficiency of the degradation rate.

The adsorption of the dye on the surface of the
photocatalyst was investigated by stirring the
aqueous solution in the dark for 24 h in a round
bottomed flask containing varying amount of
photocatalyst such as 0, 0.5, 1, 2 and 5 g 1! at pH
3.5, 5.8, 9 and 11. Analysis of the sample after
centrifugation indicates some observable loss of
the dye at pH 3.5 and 4.6, whereas no adsorption
was observed at pH 9 and 11.

3.4. Effect of substrate concentration

It is important both from a mechanistic and
from an application point of view to study the



M. Saquib, M. Muneer | Dyes and Pigments 56 (2003) 37—49 41

0-01 T T T T T T T T T I

0.008

0.006

0.004

0.002

0 1 1 1 I

TOC
O Dye

..

W7

Degradation Rate (ML min"' *107 )

P25

PC500 Uv100

Type of Photocatalyst

Fig. 2. Comparison of degradation rate for the mineralization and decomposition of gentian violet under different photocatalysts.
Experimental conditions: dye concentration (0.18 mM), V=250 ml, P25 (1 g1~!), Sachtleben Hombikat UV 100 (1 g 1=!) and PC 500
(1 g171), immersion well photoreactor, 125W medium pressure Hg lamp), absorbance was followed at 536 nm after 80% dilution cont.

O, purging, irradiation time =90 min.

dependence of the photocatalytic reaction rate on
the substrate concentration. Hence the effect of
substrate concentration on the degradation of
gentian violet was studied at varying concentra-
tions such as 0.18, 0.25, 0.35 and 0.5 mM. Fig. 4
shows the degradation rate for the TOC depletion
and decomposition of 1 as a function of substrate
concentration employing Degussa P25 as a pho-
tocatalyst. It is interesting to note that the degra-
dation rate increases with the increase in substrate
concentration from 0.18 to 0.25 mM. A further
increase in the substrate concentration from 0.25
to 0.5 mM leads to decrease in the degradation
rate of the dye.

3.5. Effect of catalyst concentration

The effect of photocatalyst concentration on the
degradation kinetics of gentian violet was investi-
gated employing different concentrations of
Degussa P25 varying from 0.5 to 5 g 17!, As
expected, the degradation rate for the TOC deple-
tion and decomposition of the dye was found to
increase with the increase in catalyst concentration
(Fig. 5), which is the characteristic of hetero-
geneous photocatalyst and results are in agree-
ment with the earlier studies.

3.6. Effect of electron acceptors

The effect of electron acceptors such as hydro-
gen peroxide and ammonium persulphate in addi-
tion to molecular oxygen on the degradation
kinetics of the model compound was investigated
as well. It was found that the model compound,
gentian violet, undergoes oxidation in the presence
of ammonium persulphate ion and TiO, in the
dark, which was indicated by an instant colour
change, decrease in total organic carbon content
and absorption intensity. On the other hand the
electron acceptor such as hydrogen peroxide was
found to enhance the rate for the TOC depletion
of gentian violet in the presence of P25, as shown
in Fig. 6 (TOC vs time profile). Blank experiments
were carried out by irradiating the aqueous solu-
tion of the dye containing hydrogen peroxide in
the absence of the photocatalyst. Analysis of the
sample after centrifugation showed no observable
loss of the dye.

3.7. Intermediate product
An attempt was made to identify the inter-

mediate products formed in the photocatalytic
degradation of the dye in aqueous suspensions of
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Fig. 3. Influence of pH on the degradation rate for the mineralization and decomposition rate of gentian violet. Experimental condi-
tions: dye concentration (0.18 mM), V=250 ml, P25 (1 g 1='), immersion well photoreactor, 125 W medium pressure Hg lamp),
absorbance was followed at 536 nm after 80% dilution, cont. O, purging and stirring, irradiation time =90 min.

titanium dioxide through GC-MS analysis. The was identified based on their molecular ion and
GC-MS analysis of the irradiated mixture of 1 mass spectrometric fragmentation peaks, as shown:
showed the formation of several products. Out of
which two products appearing at retention times Compound 14: 137 (M), 121, 107, 93, 86, 73,
(tr) 8.45 min and 9.30 min could be assigned to 69, 63, 55 and 49.
p-aminobenzoic acid (14) and N-methylaniline (8) Compound 8: 107 (M), 104, 83, 73, 71, and 51.
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Fig. 4. Influence of substrate concentration on the degradation rate for the mineralization and decomposition rate of gentian violet.
Experimental conditions: dye concentration (0.18, 0.25, 0.35 and 0.5 mM), V=250 ml, P25 (1 g1~'), immersion well photoreactor, 125
W medium pressure Hg lamp), absorbance was followed at 536 nm after 80% dilution, cont. O, purging and stirring, irradiation
time =90 min.
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Fig. 5. Influence of catalyst concentration on the degradation rate for the mineralization and decomposition of gentian violet.
Experimental conditions: dye concentration (0.18 mM), V=250 ml, P25 (0.5, 1, 2 and 5 g 1-!), immersion well photoreactor, 125 W
medium pressure Hg lamp), absorbance was followed at 536 nm after 80% dilution, cont. O, purging and stirring, irradiation

time =90 min.
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Fig. 6. Effect of hydrogen peroxide on the depletion in TOC as a function of irradiation time for the photocatalytic degradation of
gentian violet. Experimental conditions: dye concentration (0.18 mM), V=250 ml, P25 (1 g 17!), Electron Acceptor: H,O, (10 mM)
immersion well photoreactor, 125 W medium pressure Hg lamp, cont. O, purging and stirring, irradiation time =90 min.

4. Discussion

The results on the photodegradation of the
model compound using different kinds of TiO,
photocatalyst with different bulk and surface
properties, i.e. BET-surface, impurities, lattice

mismatches or density of hydroxyl groups on the
catalyst’s surface, indicate that the latter is appar-
ently not responsible for the photocatalytic activ-
ity or alternatively just compensate each other. It
has been shown earlier that Degussa P25 owes its
high photoreactivity due to slow recombination of
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(e=/h*) pair whereas Sachtleben Hombikat
UV100 has a high photoreactivity due to fast
interfacial electron transfer rate [50]. Since, the
photocatalyst P25 was found to be better for the
degradation of the model compound, indicating
the lifetime of the photogenerated (e=/h*) pairs
being the rate- limiting step where higher con-
centration of electrons and holes are available for
suitable reactants to initiate the photocatalytic
reaction. Another reason for the better efficiency
of Degussa P25 photocatalyst could be explained
by a “‘quantum size effect”” ([51,52] and references
cited there in), when the particles become too
small, there is a “blue shift” with an increase of
band gap energy, detrimental to the near UV-
proton adsorption, and an increase of the elec-
tron-hole recombination. Too high specific area as
not beneficial for an optimum efficiency.

An important parameter in the photocatalytic
reactions taking place on the particulate surfaces
is the pH of the solution, since it dictates the sur-
face charge properties of the photocatalyst and
size of aggregates it forms. In the case of photo-
catalyst Degussa P25, the zero point of charge
(pHzpe) is at pH 6.5. Hence, at more acidic pH
values, the particle surface is positively charged,
while at pH values above 6.5, it is negatively
charged [53]. In this study it has been shown that
the degradation rate for the model compound
under investigation is strongly influenced by the
reaction pH, where the efficiency of degradation
rate for the decomposition of the dye was better at
pH 3.5 and 11, whereas it was lower at pH values
5.8 and 9. In contrast, the degradation rate for the
mineralization of the dye was found to decrease
with the increase in pH from 3.5 to 9 and further
increase in pH leads to increase in the efficiency of
the degradation rate. It is important to note that
the degradation rate for TOC depletion and
decomposition of the dye was found to be higher
at pH values where significant adsorption of the
dye takes place which decreases with the increase
in pH. The results of these studies indicate that
adsorption is a prerequisite for the degradation of
organic pollutants in heterogeneous photo-
catalysis. A further increase in the degradation
rate at higher pH value may be attributed to more
efficient generation of hydroxyl radicals by TiO,

with increasing concentration of OH™. At the
alkaline pH values, the hydroxyl radicals have to
diffuse away and degrade the dye in the bulk
solution.

The effect of substrate concentration on the
degradation rate for the mineralization and
decomposition of 1 (Fig. 4) was studied, as it is
important both, from mechanistic and from the
application point of view. As oxidation proceeds,
less and less of the surface of the TiO, particle is
covered as the pollutant is decomposed. Evidently,
at total decomposition, the rate of degradation is
zero and a decreased photocatalytic rate is to be
expected with increasing illumination time. It has
been agreed, with minor variation that the expres-
sion for the rate of photomineralization of organic
substrates with irradiated TiO, follows the Lang-
muir-Hinshelwood (L-H) law for the four possi-
ble situations; (a) the reaction takes place between
two adsorbed substances, (b) the reaction occurs
between a radical in solution and an adsorbed
substrate molecule, (¢) the reaction takes place
between a radical linked to the surface and a sub-
strate molecule in solution, and (d) the reaction
occurs with both the species being in solution. In
all cases, the expression for the rate equation is
similar to that derived from the L-H model, which
has been useful in modeling the process, although
it is not possible to find out whether the process
takes place on the surface, in the solution or at the
interface. Our results on the effect of the initial
concentration on the degradation rate for the
mineralization and decomposition of the dye 1
shown in Fig. 4 indicate that the rate increases
with the increase in the substrate concentration
from 0.18 to 0.25 mM and a further increase in the
concentration of the pollutant leads to decrease in
the degradation rate. This may be due to the fact
that as the initial concentrations of the dye
increases more and more dye molecules are
adsorbed on the surface of the catalyst. Hence, the
penetration of light to the surface of the catalyst
decreases and the relative amount of *OH and O5~
on the surface of the catalyst do not increase as
the intensity of light and illumination time are
constant. Conversely, their concentrations will
decrease with an increase in concentration of the
dye as the light photons are largely absorbed and
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prevented from reaching the catalyst surface by
the dye molecules. Consequently, the degradation
efficiency of the dye decreases as the dye con-
centration increases.

Whether in static, slurry, or dynamic flow reac-
tors, the initial reaction rates where found to be
directly proportional to catalyst concentration,
indicating a heterogeneous regime. However, it
was observed that above a certain concentration,
the reaction rate even decreases and becomes
independent of the catalyst concentration. This
limit depends on the geometry and working con-
ditions of the photoreactor and for a definite
amount of TiO, in which all the particles, i.e. the
entire surface exposed, are totally illuminated.
When the catalyst concentration is very high, after
travelling a certain distance on an optical path,
turbidity impedes further penetration of light in
the reactor. In any given application, this opti-
mum catalyst concentration [(TiO,)opt] has to be
found, in order to avoid excess catalyst and insure
total absorption of efficient photons. Our results
on the effect of catalyst concentration on the
degradation rate for the decomposition and for
the mineralization of dye, shown in Fig. 5, are in
agreement with numerous studies reported in the
literature.

One practical problem in using TiO, as a pho-
tocatalyst is the undesired electron/hole recombi-
nation, which, in the absence of proper electron
acceptor or donor, is extremely efficient and thus
represent the major energy-wasting step thus lim-
iting the achievable quantum yield. One strategy
to inhibit electron—hole pair recombination is to
add other (irreversible) electron acceptors to the
reaction. They could have several different effects
such as, i.e. (1) to increase the number of trapped
electrons and, consequently, avoid recombination,
(2) to generate more radicals and other oxidizing
species, (3) to increase the oxidation rate of inter-
mediate compounds, and (4) to avoid problems
caused by low oxygen concentration. It is perti-
nent to mention here that in highly toxic waste-
water where the degradation of organic pollutants
is the major concern, the addition of inorganic
ions to enhance the organic degradation rate may
often be justified. In this connection, we have
studied the effect of electron acceptors such as

hydrogen peroxide and persulphate ions on the
photocatalytic degradation of the model com-
pound under investigation. It was observed that
persulphate ion in the presence of TiO, oxidizes
the model compound in the dark, which was
shown by the decrease in TOC content and
absorption intensity. On the other hand the elec-
tron acceptor such as hydrogen peroxide showed
beneficial effect on the photocatalytic degradation
of the triphenylmethane dye 1. A typical TOC vs
time profile observed during the photocatalytic
degradation of the dye in the presence of hydrogen
peroxide containing TiO, shown in Fig. 6.

The enhanced degradation rate in the presence
of H,O, could be rationalized in terms of several
reasons. Firstly, it increases the rate by removing
the surface-trapped electrons, there by lowering
the electron—hole recombination rate and
increasing the efficiency of hole utilization for
reactions such as (OH~+h*— *OH). Secondly,
H,O, may split photolytically to produce OH
radicals directly, as cited in studies of homo-
geneous photooxidation using UV/(H,0,+ O,)
[54]. Thirdly, the solution phase may at times be
oxygen starved, because of either oxygen con-
sumption or slow oxygen mass transfer, peroxide
addition thereby increases the rate towards what it
would have been had an adequate oxygen supply
been provided.

The GC-MS analysis of the irradiated mixture
of an aqueous solution gentian violet (1) showed
the formation of several intermediate products,
out of which three products have been identified
based on their molecular ion and mass spectro-
metric fragmentation peaks. A plausible mechan-
ism for the formation of these products involving
electron transfer reactions and reaction with
hydroxyl radicals formed in the photocatalytic
system is proposed in Schemes 1 and 2, respec-
tively. The model compound 1 upon the transfer
of an electron can form to the radical species 2,
which may undergo addition of a hydroxyl radical
forming 5 which may undergo cleavage either by
abstracting a hydroxyl radical to form 4 or by
abstracting a proton to form 7 along with the
benzophenone derivative 3. The compound 7 on
further transfer of an electron can form the radical
cation 6, which may subsequently undergo loss of
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methyl group to give the observed product 8 as
shown in Scheme 1. The formation of p-amino-
benzoic acid (14) could be understood in terms of
the pathways shown in Scheme 2. The benzophe-
none derivative 3, upon the transfer of an electron
can form the radical anion 9, which can undergo
addition of a hydroxyl radical forming the anionic

species 11, which upon cleavage can lead to the
formation of aniline and benzoic acid derivatives 6
and 10, respectively. The compound 10 on further
transfer of an electron can give rise to radical
cation 12, which may subsequently undergo loss of
methyl group to give the observed product 14 as
shown in Scheme 2.
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5. Conclusion

TiO, can efficiently photocatalyse the triphe-
nylmethane dye derivative 1 in the presence of
light and oxygen. The observations of these inves-
tigations clearly demonstrate the importance of
choosing the optimum degradation parameters to
obtain high degradation rate, which is essential for
any practical application of photocatalytic oxida-
tion processes. The best degradation condition
depends strongly on the kind of pollutant. The
model compound was found to degrade more
rapidly in the presence of Degussa P25 as com-
pared to other photocatalyst powders. The per-
sulphate ions can efficiently oxidize the dye in the
absence of light. The analysis of the intermediate
products formed during the photodegradation
process could be a useful source of information on
the degradation pathways.
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