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Abstract

Time-dependent change in the concentrations of some aromatic hydrocarbons witheEi€dl catalysts under irradiation was monitored
by absorption spectroscopy. Titanium silicalite-2 with higher crystallinity (TS-2h) showed greater photodegradation efficiency than titanium
silicalite-2 (TS-2). The greater efficiency was attributed to the increased adsorptivity based on the larger distribution coefficient arising
from the more hydrophobic nature in the TS-2h cavity than in TS-2. The distribution coefficient correlates well with the slope of the
Langmuir-Hinshelwood equation, and can be a useful index for the relative photodegradation efficiency of the aromatic hydrocarbon.
© 2002 Elsevier Science B.V. All rights reserved.

Keywords:Crystallinity; Photodecomposition; Aromatic hydrocarbons

1. Introduction act as adsorbed traps for the photogenerated hole, either
directly or through the intermediacy of a surface hydroxyl
In recent years, the photocatalytic degradation of pollu- radical [30-32]. Recent studies revealed that the photo-
tants using semiconductors under ultraviolet irradiation has catalytic activity toward the decomposition of phenol is
attracted considerable attention for application to environ- improved with a mixed oxide of TIISiO; relative to TiG
mental problems [1-8]. The photodegradation of pollutants [33,34]. The enhancement of the decomposition is attributed
is initiated by the attack of the photogenerated holes or to the presence of a Ti-O-Si phase at the;I8I0; inter-
subsequently produced hydroxyl radicals on the surface face with the SiQ providing better adsorption sites in the
of semiconductor particles. Many studies [9—-15] suggest Vicinity of the TiO,. Furthermore, titanium silicalites are
that highly oxidizing hydroxyl radicals are produced in reported to exhibit photocatalytic reactivities in the reduc-
two ways: oxidation of hydroxide ions or water molecules tion of NO and aromatic pollutants with aqueous hydrogen
adsorbed on the surface of semiconductor particles by pho-peroxide [35,36]. A recent preliminary study on titanium
togenerated holes, and a series of redox reactions fromsilicalite-2 (TS-2) indicated a better photodegradation catal-
trapping photogenerated electrons by oxygen. ysis on 4-chlorophenol (4-CP) [37,38]. The nature of the
To improve the photocatalytic efficiency for charge environment of the cavity in TS-2 regarding its reactivity
transfer from the catalysts to pollutants, the adsorption of as a catalyst, however, needs to be further investigated.
pollutants on the photocatalysts has increased through the This paper aims to improve the photocatalytic efficiency
composite with Si@ [16-19], ALOs or zeolite [20-23]. and to elucidate the relation between the photodecomposi-
Recombination of the photogenerated electron and holetion rate of a pollutant in agqueous solution and its adsorptiv-
is so rapid that interfacial charge transfer is kinetically ity to a catalyst, based on a comparative investigation using
competitive only when the pollutant is preadsorbed before TS-2, and TiQ (Degussa, P25). In particular, we were inter-
photolysis. It has been suggested that preliminary adsorp-ested in the effect of increased crystallinity of TS-2 (here-
tion is a prerequisite for the rapid efficient degradation of after TS-2h) on the photocatalytic efficiency with respect to
pollutants [24—29]. Many organic substrates can themselvesTS-2. The irradiated solutions of simple aromatics were an-
alyzed by UV absorption spectroscopy. The kinetics of the

* Corresponding author. Teh:82-2-3290-3121; fax$+82-2-3290-3127. phOtOdegradation on the catalysts was analyzed according
E-mail addresskjkim@korea.ac.kr (K.-J. Kim). to the Langmuir-Hinshelwood equation.
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2. Experimental
2.1. Preparation for TS-2 and TS-2h

TS-2 was crystallized by the hydrolysis of tetraethy-
lorthosilicate (TEOS) and tetrabutylorthotitanate (TBOT)
using tetrabutylammonium hydroxide (TBAH) as a tem-
plate [38,39]. 12.2 ml of TEOS was hydrolyzed in 14 ml of
40% TBAH aqueous solution under vigorous stirring for
30 min. To complete the hydrolysis, 0.55 g of TBOT in 5ml
of isopropyl alcohol was slowly added. The resulting gel
was heated slowly at 8@ and kept for 2 h under stirring
followed by adding 19ml of water, and then transferred
into a 35ml Teflon flask. The flask was placed in a static
autoclave and crystallized at 176 for 24 h. The crystal-
lized TS-2 was recovered by filtering, washed with water,
and dried overnight in an oven at 110. Finally, TS-2 was
calcined at 500C for 5h. TS-2 of a higher crystallinity

M.G. Kang et al./Journal of Photochemistry and Photobiology A: Chemistry 149 (2002) 175-181

EG&G Princeton Applied Research model 273 potentio-
stat at 50 mV/s using a Pt working electrode, a Pt counter
electrode, and a Ag/AgCl reference electrode. The concen-
trations of the aromatics and LiClQOas electrolyte were
1.0 x 10-3M and 0.5 M, respectively.

2.4. Photodegradation

A photochemical reactor was made of Pyrex glass with
a plain quartz window and a water-circulating jacket. The
reactor contained 50 ml of@ x 10~* M aromatic hydrocar-
bon solution and 1.0 g/l catalyst. Irradiation was carried out
for 1 h through the quartz window with a 250 W xenon lamp
(llctec) in air under stirring. After the irradiation, the cata-
lyst was filtered and the absorption spectrum of the resulting
solution was recorded.

(TS-2h) was prepared by the same procedure above, but3. Results and discussion

using 6.1 ml of TEOS, 7ml of 40% of TBAH, 0.27g of
TBOT in 2.5 ml of isopropyl alcohol, and 9.5 ml of water.

2.2. Characterization of TS-2 and TS-2h

3.1. Basic characteristics

XRD, SEM, IR, and UV reflection characterized the cat-
alysts. Fig. 1 compares the XRD spectra of a xerogel, TS-2,

X-ray powder diffraction patterns were obtained by using and TS-2h measured under the same condition. The xerogel
a Macscience MO3XHF diffractometer at room temperature Was almost completely amorphous having no peaks related
utilizing Ni-filtered Cu Ka radiation with 40kV, 30mA at 0 TS-2. After crystallization, the characteristic peaks of
0.02 width and 4/min scan speed. A Bomem, Hartman T1S-2and TS-2hat®2=7.9°,8.8", 23.2 and 24.0 were ob-
& Braun MB-series spectrometer utilizing KBr pellets was served [39]. A comparison of the peak area under the peak at
used to obtain IR spectra. UV reflectance spectra were 20 = 7.9” indicates that the amount of the crystalline form
recorded on a Varian CARY-5G spectrophotometer. Sur- in TS-2h was greater than in TS-2. Moreover, the peaks be-
face area was calculated using the BET equation frqm N come sharper with increasing crystallinity, indicating crystal
adsorption data at 77 K with a Micromeritics ASAP 2010 9growth, which agrees with the SEM images contrasted in

instrument. Atomic concentration was analyzed with a
Perkin-Elmer OPTIMA 3000XL ICP spectrometer.

o 500

¢ [

O 450[ @)
2.3. Distribution coefficients and oxidation potentials %‘ 400

& 350[

The distribution coefficient§) of an aromatic hydrocar- < 00— L L o
bon (Aldrich) is obtained as the ratio of the amount on the 10 20 % 40 %0
catalyst,Ag, to that remaining in aqueous solutiok,, after .
the equilibrium is reached & 4500

o [ (b)
As = 3000
D= Al (1) § 1500
£ o et
For the measurement B, TS-2 or TS-2h powder was added 40 50
into a flask containing an aqueous solution @t 10~4M
of an aromatic hydrocarbon. The concentration of the pow- @ ooor
der was kept at 1 g/l. After stirring for 1 h, the powder was O 6000 (c)
filtered at 3500 rpm with a Hanshin Medical HC-16A cen- % [
. . i @ 3000
trifuge followed by measuring the absorption spectrum of 8 L
. . ; : 2 .
the resulting solution with a Hewlett Packard 8453 diode = 0/ 20 0 20 50
array spectrophotometer. > Theta

To obtain the oxidation potentials of the aromatic hy-
drocarbons, cyclic voltammograms were recorded with an

Fig. 1. XRD spectra of: (a) Si&-TiO, xerogel; (b) TS-2; (c) TS-2h.



M.G. Kang et al./Journal of Photochemistry and Photobiology A: Chemistry 149 (2002) 175-181 177

Table 1
Distribution coefficients D) in TS-2, solubilities in water (g/100g) and
the logarithm of partition coefficients in octanol/@ (logPyct) of some

aromatics
No. Aromatic hydrocarbon D Solubility logPoct
1 Phenol 0.21 6.7 1.46
2 o-Cresol 0.42 33 1.95
3 m-Cresol 0.62 235 1.96
4 p-Cresol 0.87 23 1.94
5 2-Chlorophenol 0.49 2.15
6 3-Chlorophenol 0.60 2.50
7 4-Chlorophenol 1.02 2.39
8 2,4-Dichlorophenol 0.39
9 3,4-Dichlorophenol 0.31
10 p-Tolualdehyde 17.30
11 4-Chlorobenzaldehyde 20.76
12 4-Hydroxybenzaldehyde 0.65 1
13 2,4-Dichlorobenzaldehyde 0.50
14 Benzoic acid 1.42 0.29 1.87
15 p-Toluic acid 1.48 0.01 2.27
16 4-Chlorobenzoic acid 22 0.02 2.65
17 Salicylic acid 0.04 0.2 2.26
18 1,4-Benzoquinone 1.36 0.20
19 2-Chlorobenzoquinone 1.21
20 Hydroquinone 0 7 0.59
21 Chlorohydroquinone 0.02
22 4-Chlorocatechol 0.18
23 1,2,4-Benzotriol 0.05
24 Aniline 0.62 35 0.90
25 Benzylalcohol 0.98 0.08 1.10
aAt 40°C.

higher degree of crystallinity creates more cavities within
the crystal, generating a larger surface area than that of TS-2.

3.2. Distribution coefficients

(b)

To understand better the hydrophobic nature of the cavities
Fig. 2. SEM images of: (a) TS-2; (b) TS-2h. of TS-2 and TS-2h, the distribution coefficiem)(was ob-
tained according to Eq. (1). Table 1 lists healues of TS-2
Fig. 2. TS-2h appears to form bundles of bigger crystallites, along with the data on solubility in water (g/100 g water)
by ca. 30% on average, compared to TS-2. A variation of [41] and the logarithm of the partition coefficient, 1Bgct
the amount of reactants reproducibly produces the same[42,43]. Pyt is the partition coefficient for octanol-water
TS-2h, indicating that TS-2h possesses a stable crystallinity. system. We find the following list of substituents arranged in
The IR spectra of both TS-2 and TS-2h showed a band atthe order of decreasing the D: -CHO—-CI| > -COOH >
960 cnT1, which has been assigned to the stretching vibra- -CHz > —NH, > —H > —OH. Among isomers with a —OH
tion of Si—O-Ti, arising from Si@units linked to Ti atoms.  group, theD values decreases in the ordpara > meta>
The presence of the band suggests that Ti atoms have beenrtho. Comparing 3-chlorophenol with 2,3-dichlorophenol
effectively incorporated into the SiOlattices [40]. From and 3,4-dichlorophenol, although tlie of the substituted
the UV reflectance spectra, absorption edges calculated byaromatics with —Cl have been higher than that with —H,
the Kubelka—Munk function were about 300 nm for TS-2 the D values decreases in the order: 3-chlorophenol
and TS-2h, and 380nm for TiO The blue shift of the 2,3-dichlorophenol > 3,4-dichlorophenol. Also theD
absorption edge of TS-2 and TS-2h with respect to,TiO value of 2,4-dichlorobenzaldehyde decreases dramatically
indicates that Ti@ in both TS-2 and TS-2h is isolated with compared with 4-chlorobenzaldehyde. Thus, it appears
tetrahedral coordination. The Ti atomic concentration in that bulkiness of an aromatic hydrocarbon is important to
TS-2 and TS-2h was found to be about 3% from an analysis the magnitude obD.
by ICP spectrometry. The surface areas of TS-2h, TS-2 and TheD values apparently correlate well with the available
Degussa P-25 Ti@were found to be 550, 360 and 58y, solubility data (Fig. 3a) except salicylic acid. Since salicylic
respectively. Despite the larger crystal size of TS-2h, its acid is a relatively strong acid, withky, = 2.97, more than
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Fig. 4. Irradiation-time dependence of absorption spectra®k 204 M
4-CP aqueous solution using: (a) BiQb) TS-2; (c) TS-2h catalysts in

Fig. 3. Distribution coefficients vs. (a) solubilities in water and (b) partition suspension. The numbers indicate the time of irradiation in minutes.

coefficients in octanol-pD of various aromatic hydrocarbons.

90% of the acid in D x 1074 M solution exist as the de-  spectra of authentic aqueous solutions of the materials of
protonated species. Assuming that the deprotonated speciemterest were recorded. It is found that the broad absorp-
have limited access to TS-2, tiie of the protonated form  tion peaks appear at 225 and 280 nm for 4-CP, at 246 nm
is calculated to be about 0.52, which is consistent with for BQ, at 221 and 290 nm for hydroquinone (HQ), and
the general trend. A similar relationship is obtained with 221 and 284 nm for 4-chlorocatechol (4-CC). The last three
log Poct (Fig. 3b). The deviations of aniline, benzyl alcohol, compounds are known to be stable reaction intermediates
and benzoquinone (BQ) are noteworthy. Aniline appears to produced from the photodecomposition of 4-CP [10]. How-
have a much lower loBoc, presumably because of form- ever, a GC/MS analysis did not detect the presence of 4-CC
ing an extra hydrogen bond. Benzyl alcohol apparently under the present experimental condition [7].

behaves like an aliphatic alcohol, which is more hydropho- Irradiation of solutions containing 4-CP in the presence
bic than an aromatic alcohol. Surprisingly, BQ has a very of suspended Ti§) TS-2 and TS-2h yielded time-dependent
low log Poct, Since the result implies that ethylenic carbon spectra as shown in Fig. 4a—c, respectively. Under dark con-
is actually hydrophilic. BQ appears to behave differently, dition, virtually no change in the concentration of 4-CP was
since its electronic structure is different from the other aro- detected. Fig. 5a constructed by the absorbance decrease at
matics. With a few exceptions, it may be concluded that the 225 nm shows that the 4-CP photodecomposition enhances
environment of the TS-2 cavity is hydrophobic. That is, the in the presence of TS-2h, indicating that TS-2h is a better
greater the hydrophobicity of the solute, the largerihe catalyst than TS-2.

The TS-2h cavity is considered to be more hydrophobic  Despite the lower surface TiOconcentration by about
than the TS-2 cavity, judging from the highBrvalues than 19% and the larger band gap of the TS-2 catalyst relative to
TS-2 as shown in Table 2 for phenol (P), 2-chlorophenol the TiO, catalyst, the photodecomposition rate is enhanced
(2-CP), 4-chlorophenol (4-CP), and 4-chlorobenzoic acid

(4-CBA). 0.20
0.0 k-}l
3.3. Photodegradation of 4-CP o gA\\ﬁoz (a)
% 03[ ®aA — 0.15[
. . . : o,
In order to identify absorption peaks and to select appro- =, ‘\ \TS_Q\ §
priate wavelengths to monitor the reaction rate, absorption — 06 A--Al 8 10k
Y A _E .
— | . o
Table 2 % -0.9 o 2
Data for distribution coefficientl), apparent reaction rate constakj)( < Ts.oh < 0.05F
in 103 moll~1h=1, and adsorption constarik) in 10%Imol~! on TS-2 g -12r ‘®
and TS-2h -
_ R _1 ‘5 1 Il 1 1 1 Il 0.00 1 1 1 Il 1
TS-2 TS-2h 0246 810 0 2 46 810
D ka K kaxK D ka K kax K [llumination Time(min) lllumination Time(min)
P 0.21 057 4.00 2.28 0.38 0.70 4.20 2.94 . . . . .
2.CP 049 060 4.25 255 086 080 4.13 355 Fig. 5. (a) Irradiation-time dependence of the relative concentration of
4-cp 102 204 435 8.87 235 230 500 115 4-CP at 225nm; (b) time-courses of the absorbance of HQ at 300 nm of
4-CBA 2 '2 1 '94 5 '32 10'3 4 '92 2 '02 6 '22 12 6 illuminated 4-CP aqueous solution using 3id’S-2, and TS-2h catalysts

in suspension.
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with TS-2. The larger photoreactivity can be attributed to the 0.0/2g % O o o

increased adsorption of 4-CP due to the more hydrophobic ' a " th“ ®es0 ﬁaﬂogn o

environment of the TS-2 catalyst. From tBevalues, it is L ‘e O

calculated that more than half of 4-CP is adsorbed on TS-2, ~  -04r w [ 2a roa .®

whereas less than 1% of 4-CP is adsorbed on,Tilhe <~° A Am b

increase in adsorption of 4-CP on TS-2 can cause anincrease = gl o phenol F 4 o ®

in efficiency of charge transfer from the photoinduced holes <" Z 2-CP | A

on TS-2 to 4-CP. A similar explanation can be applied o E . e -

TS-2h. The photodecomposition rate with TS-2h compared 12r I I a

with TS-2 is enhanced (Fig. 5a). It is found that 70% of 4-CP (a) (b) (©

is adsorbed on TS-2h because®@f= 2.35 (Table 2), and I s
0 36 9120 3 6 9 1202 46 810

the surface Ti@ concentration is increased by about 28%
because of increasing surface area from 36@rfor TS-2
to 550 nf/g for TS-2h. Thus, the larger photoreactivity of

lllumination Time(min)

Fig. 6. Irradiation-time dependence of the relative concentration of the

TS-2h is also attributable to the stronger adsorption ability aromatics in aqueous solution with: (a) Fidb) TS-2; (c) TS-2h catalysts

and the larger surface Tigconcentration due to the larger
surface area in the TS-2h catalyst.
Itis interesting to find that HQ hardly adsorbs to TS-2 and

in suspension (concentrations: catalyst, 1 g/l; aromatics 12~ M).

TS-2h whereas about 58% of BQ adsorbs to TS-2 (Table 1).in the order: 4-CBA> 4-CP > 2-CP > phenol. The re-
This non-adsorptivity of HQ implies that HQ is excluded sult indeed demonstrates that the largerBh¢he faster the

from the catalysts upon its formation. Therefore, [HQ] in

initial reaction rate. Furthermore, the net photodegradation

solution can be indicative of the reaction as the decreasef@tes on TS-2h are faster than on TS-2. That is, an aromatic

in [4-CP]. To confirm this notion, [HQ] was calculated us-
ing 1700 M~ cm1 as its molar absorptivity at 300 nm [7].

hydrocarbon having a stronger adsorption on a greater hy-
drophobic catalyst decays faster because of the increasing

4-CP, BQ and even 4-CC has almost no absorption at wave-catalytic efficiency on the adsorbed aromatic hydrocarbon

lengths longer than 300 nm. The result in Fig. 5b shows that PY the photogenerated holes. .
The net photodegradation rate of 4-CBA on 3j@or-

the HQ concentrations produced in solution at 10 min are
found to be 97 x 1074, 8.8 x 107> and 59 x 107°>M for
TS-2h, TS-2 and Ti@, respectively, and correlate relatively
well with Fig. 5a.

rected for the direct contribution, is faster than the three phe-
nols. This result can be explained by assuming that -COOH
in 4-CBA can form a stronger bond with Ti—-OH than —OH

and —Cl in the phenols, increasing efficiency of charge trans-

3.4. Comparison of photodegradation

To confirm that the photocatalytic reactivity is linked to 3.5. Kinetics of photodegradation

the hydrophobicity of the catalyst, a comparison of the re-
activity was made with phenol, 2-CP, 4-CP, and 4-CBA.

mograms and found to lie in the range 0.7-0.8V vs. NHE.
The differences in the oxidation potentials among the aro-

fer to 4-CBA by the photogenerated holes.

The effect of the crystallinity on the photodecomposition
The oxidation potentials of these aromatic hydrocarbons arewas compared under the same condition. It is expected that
calculated through the first derivative of the cyclic voltam- the reaction should follow an identical mechanism whether

matic hydrocarbons are considered minute with respect to 'g 0.0 fag n R0 oy uf-i
the energy difference between the photogenerated holes or & L m .ﬁ A" A,n Co A?f o
hydroxyl radicals and the aromatic hydrocarbons. Thus, it £ 03l ﬁk . L "an o C
is expected that the rates of charge transfer from the pho- & - N =
. . c n ] A
togenerated holes to the aromatics do not differ very much. o - . ®
Fig. 6 clearly shows that there exist differences in the rel- % -0.6+ ©O phenol | o 0 .
ative concentrations of the aromatics versus the irradiation 2 s i:g,ﬁ . =
time in the initial stage of the respective photochemical re- % ool ™ feeA | | A
actions. The differences in the relative concentration inthe £ 7| (b) ©
presence of the catalysts with respect to those in the absence = RS S U SR
0 3 6 9120 3 6 9 120 2 4 6 810

of the respective catalysts are plotted in Fig. 7. From this
result, the direct photodegradation of aromatics by UV light
was subtracted from that on the catalysts, leaving only the

lllumination Time(min)

Fig. 7. Irradiation-time dependence of the relative concentration of the

contribution o_f the catalysts. The net photodegradation rates . i aqueous solution with: (a) i) TS-2; (c) TS-2h catalysts
of the aromatics on the TS-2 and TS-2h catalysts respect tOcorrected for direct photodegradation by UV light (concentrations: catalyst,
those in the absence of the corresponding catalysts decreaseg/l; aromatics, 2 x 10~4M).
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TS-2 or TS-2h was used. The photocatalytic degradation [2] M.R. Hoffmann, S.T. Martin, W. Choi, D.W. Bahnemann, Chem.
rate of 4-CP can be evaluated with apparent reaction rate  Rev. 95 (1995) 69.

constantk,, adsorption coefficient<, and initial concen- ~ [81A- Mills, S.L. Hunte, J. Photochem. Photobiol. A 108 (1997)
tration of the pollutant, according to the inverse of the ;¢ A poong, W.H. Chang, J. Photochem. Photobiol. A 107 (1997)
Langmuir—Hinshelwood equation. 239.
dr 1 1 [5] K. Vinodgopal, U. Stafford, K. Gray, P.V. Kamat, J. Phys. Chem. 98
— =4y - 2) (1994) 6797.
d[4-CP] ka {kaK[4-CP] [6] J. Theurich, M. Lindner, D.W. Bahnemann, Langmuir 12 (1996)
Theka andK values derived from the intercept and slope 6368.

. ) . 7] M.G. Kang, H.E. Han, K.-J. Kim, J. Photochem. Photobiol. A 125
are summarized in Table 2. The apparent reaction rate con- 7 (1999) ﬂg an m otochem. Fhotobio

stants with TS-2h are found to be larger than with TS-2, [g] x. Li, J.w. Cubbage, T.A. Tetzlaff, W.S. Jenks, J. Org. Chem. 64
confirming the qualitative results obtained above from the (1999) 8509.
decreases in the absorbance of the irradiated pollutants with [9] V. Brezova, A. Stasko, S. Biskubic, A. Blazkova, B. Havlinova, J.

the time of irradiation. Th& values can also be related to Phys. Chem. 98 (1994) 8977.
the D values of the pollutants. That is, the larger eal- (0] (Ll'gézr;gg‘lg"v' Liu, X.-M. Ren, J. Chem. Soc., Faraday Trans. 91
ues, the larger thi values (Table 2). The values &fand [11] J.M. Kesselman, O. Weres, N.S. Lewis, M.R. Hoffmann, J. Phys.
D of pollutants on the TS-2h are larger than on TS-2. Chem. B 101 (1997) 2637.

In addition, theD correlates well with the produét, x K [12] Y. Ohko, K. Hashimoto, A. Fujishima, J. Phys. Chem. A 101 (1997)

and can be a useful index for the relative photodegradation 8057 .

. . [13] J.M. Kesselman, G.A. Shreve, M.R. Hoffmann, N.S. Lewis, J. Phys.
efficiency of a pollutant on the catalyst. The order of the Chem. 98 (1994) 13385.
ka x K values in Table 2 is consistent with the result that [14] L. cermenati, P. Pichat, C. Guillard, A. Albini, J. Phys. Chem. B
the order of the net photodegradation rate with TS-2h and 101 (1997) 2650.

TS-2 is 4-CBA> 4-CP > 2-CP > phenol (Fig. 7). More- [15] J. Schwitzgebel, J.G. Ekerdt, H. Gerisher, A. Heller, J. Phys. Chem.

over, whereas thi, of 4-CP was not greatly different from 6] 29 gﬁi?)s 05:3i-J Bard, 3. Phys. Chem. 99 (1995) 9362

4_CBA’ theka x K value of 4-CBA was obtained to be dis- [17] N. Takeda, M. Ohtani, T, Torimoto, S. Kuwabata, H. Yoneyama, J.
tinctively larger than that of 4-CP. Thus, the valueg gk K Phys. Chem. B 101 (1997) 2644.

can reflect the photodegradation efficiency of the aromatic [18] B.M. Reddy, I. Ganesh, E.P. Reddy, J. Phys. Chem. B 101 (1997)
hydrocarbons with the catalysts. 1769.

[19] L.I. Alemany, M.A. Banares, E. Pardo, F. Martin, M. Galan-Fereres,
J.M. Balsco, Appl. Catal. B 13 (1997) 289.
[20] X. Liu, K.-K. Lu, J.K. Thomas, J. Chem. Soc., Faraday Trans. 89
(1993) 1861.
[21] X. Yiming, C.H. Langford, J. Phys. Chem. 99 (1995) 11501.
We have conducted a comparative study on the [22] M. Anpo, H. Yamashita, Y. Ichihashi, Y. Fujii, M. Honda, J. Phys.
time-dependent variation in some aromatic hydrocarbon _ Chem. B 101 (1997) 2632.

L - ) : g [23] H. Yamashita, Y. Ichihashi, M. Anpo, M. Hashimoto, C. Louis, M.
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be attributed to the adsorptivity of the aromatic hydrocar- Technol. 30 (1996) 1275.
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