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Abstract

This study reports on a comparative assessment of the efficiencies,¢8hiG®-doped OTE thin film electrodes fabricated by three differ-
ent deposition methods. Process efficiencies, as measured by the kinetics of degradation, were examined by monitoring the photo-oxidat
fate of two test substrates, namely the anionic surfactant sodium dodecylbenzenesulfonate (DBS) and the model compound sodium b
zenesulfonate (BS). Methods chosen to fabricate the/QUE electrodes comprised (i) pulsed laser deposition, (ii) deposition of a TiO
paste on the OTE plate, and (iii) sol-gel deposition. Both DBS and BS are readily photo-oxidized and, under our conditions, were partiall
mineralized to C®@ with the process being made particularly more efficient when the/QTE electrodes were anodically biased at
+0.3V, which generated a photocurrent during the photoelectrolysis. The s¢=pahd anataséB1} electrodes proved especially use-
ful under the+0.3V bias. In the absence of any bias, however, DBS photodegraded faster on shge$ted electrode. Under otherwise
similar conditions, the pulsed laser rutile TUOTE electrode showed very little photoactivity. Some of the characteristics of the TiO
film, such as the Ti@crystalline form, film thickness, surface roughness, and film transparency appear to have some effect on the overal
photodegradative process efficiency. © 2001 Elsevier Science B.V. All rights reserved.

Keywords:TiO,/OTE thin film; DBS anionic surfactant; Photoelectrochemical degradation

1. Introduction feed. By contrast, a Ti@fixed system needs no such batch
operation and continuous wastewater treatments become
Environmentally polluted waters and air pose serious more practical.
global concerns. Such alternative technologies as advanced The degradation of chlorinated compounds [2,3] and
oxidation processes (AOP) are being actively considered dyes [4,5] have been examined photoelectrochemically on
to abate the growing environmental pollution. A promising TiOz-coated glass electrodes. Irradiation of the Fiin
technique is the photocatalytic degradation process that hadilm leads to the photogeneration of electrons and holes;
hitherto involved mostly Ti@ semiconductor particulates. application of an anodic bias ef0.3 V causes the electrons
Ever since the first paper on the photocatalyzed oxidation in the TiO;, film to migrate to an external circuit, thereby
of tetralin over TiQ by Kato and Mashio in the mid-1960s  suppressing electron/hole recombination and allowing the
[1], identification of intermediates and final oxidation prod- holes to accumulate at the film surface as trapped holes
ucts, and in some cases process pathways; fiqueous  (i.e. *OHgys radicals) poised to initiate photo-oxidative
dispersions have been examined extensively from both andegradation of adsorbed substrates (see Scheme 1).
applied and fundamental points of view. Unfortunately, for ~ Aromatic compounds [6] and formic acid [7,8] have also
practical applications Ti@particulates impart some disad- been photodegraded on TiGhin film electrodes prepared
vantages as they have to be removed either by centrifugationeither by the sol-gel [9,10] or by the Ti-firing technique
and/or by filtration after the photo-oxidation of the polluted [11]. A pasted TiQ thin film electrode was used to de-
grade surfactants [12], organic acids [13], and amino acids
* Corresponding author. [14]. However, none of the above studies addressed in a
E-mail addresshidaka@epfc.meisei-u.ac.jp (H. Hidaka). systematic and significant way which type of electrode, and
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Scheme 1.

thus which fabrication procedure might be most useful and
photo-oxidatively most efficient toward degradation of some
given feed.

The present study examines the photodecompositionofTiC|4’

of two organic pollutants, namely the anionic surfactant

sodium dodecylbenzenesulfonate (DBS) and the model
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P-25; particle size ca. 33nm, particle surface area ca.
55 mzlg) to 50 ml of deionized water to yield a TiH>O0
suspension that was ultrasonicated for 5min and then
pasted onto the OTE plate. The plate was subsequently
dried and the TiQ film particulates sintered at 300 for

1h in an electric furnace. Two electrodes were assembled
by this method differing in the loading of TigOon the
OTE plate.

{B} To prepare the electrode by the pulsed laser deposi-
tion method [15], an OTE plate was positioned inside a 3-|
spherical glass photoreactor appropriately modified to have
a quartz window as the inlet for the laser pulse. A reactant
mixture of TiCk, H2 and @ gases in various ratios was
introduced into the glass reactor, following which the mix-
ture was irradiated with a Nd-YAG laser pulse (wavelength,
1064 nm; pulse energy, 1J; pulse width, 10 ns) focused in
the center of the reactor with a 200-mm (focal length) lens.
The overall reaction occurred in many steps: (i) reaction of
Hy with Oz to form *OH radicals and KO, and (ii) hy-
drolysis of TiCly by the®*OH radicals and/or bD to yield
TiO; particles (anatase and/or rutile) which deposited on the
plate. The TiQ crystalline type depended on the mole ratio
Hz and @ gases introduced which affords a means
to control the anatase/rutile Tiratio. Only rutile formed
in a large excess of H By contrast, exclusive formation of

compound sodium benzenesulfonate (BS), to assess Whic'hnatase occurred when equal amounts sfaHd O were

of the three procedures might yield the more efficient
TiO,/OTE electrode(s) with and without external bias. The
three fabrication methods were (i) the pulsed laser method
(ii) the TiO, pasting procedure, and (iii) the sol-gel coating

method. As an added benefit, a photocurrent was generate
during the course of the photoelectrochemical degradation

of the pollutants. The surfaces of the Bpifims were char-

acterized by scanning electron microscopy (SEM) and by m

X-ray diffraction techniques (XRD). The photoelectroche-
mical degradations of DBS and BS were monitored by the
disappearance of the aromatic ring (absorption in the UV
region) and by C@ evolution using gas chromatography.

2. Experimental

2.1. Preparation of TIQJOTE electrodes

Optically transparent electrodes (OTES) of Sfgddalime
glass (sheet resistance, R&n?; thickness of Sn@film,

960 nm; haze, 14%; transparency, 83.5%; dimensions of

the OTE plate, 20mmx 40 mm) were a gift from the
Asahi Glass Co. An area of 20 ms 30 mm of the OTE
plate was used to coat with T¥Dthe remaining portion
(20mm x 10mm) was left naked to permit suitable elec-
trical connection of the electrode to the external circuit.

used. Mixtures of anatase and rutile fine particles were ob-
tained in the presence of excess.dhe TiO-deposited

'OTE plates were removed from the reactor, dried and sub-

equently sintered at 300 for 1 h. Two electrodes were

Iso obtained by this method differing only on the relative
contents of anatase and rutile.

{C} The TiQ,/OTE electrode obtained by the sol-gel
ethod was prepared as follows: titanium tetraisopropox-
ide (284 g), diethanolamine (210 g) and ethanol (92 g) were
mixed at ambient temperature in a nitrogen-filled glove box
so as to avoid hydrolysis of the Ti(IV) compound. A solu-
tion of ethanol (4.6 g) and water (18 g) was then added to
the stirred mixture and agitation continued for 1 h at ambi-
ent temperatures. This mixture was the dip-coating solution
used to prepare the TYIOTE plate by the sol-gel method
[16,17]. The coated plate was dried at’&0for 30 min in
air and then heated at 40D for 1 h to permit formation of a
nanocrystalline Ti@ thin film. The experimental operations
of coating, drying and heating were repeated about 10 times
to obtain a film of the desired thickness.

These three types of THIOTE plates were employed to
examine the photodegradation of the DBS surfactant and BS.
The anatase/rutile fractiofy/(I5 + I;) was determined by
XRD measurements from the intensities of the highest peaks
(Ia = anatase, @ = 25.28°; I; = rutile, 20 = 27.42°) in
the XRD patterns [18]. The overall features of the film sur-

Three different procedures were favored to fabricate the face and cross-sections of the BIOTE plates were exam-

TiO2/OTE electrodes denoted below g}, {B}, and{C}.
{A} A TiO,/OTE electrode (pasting method) was pre-
pared by addition of 100 mg of TiOparticles (Degussa

ined by SEM microscopy. The constituents of the electrodes
were analyzed by electron dispersive X-ray diffractometry
(EDX).
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2.2. Analytical measurements LA R

The photoelectrochemical degradation device was de-
scribed previously [12]. The DBS solution (0.1 mM,
50 ml; 5pmol) was contained in a Pyrex glass photoreac-
tor (headspace volume= 20.13cn?). The anode was a
TiO2/OTE plate, and the counter electrode (the cathode)
was a Pt plate (2& 20 mn¥); the reference electrode was
a Ag/AgCI electrode connected to the assembly via a salt
bridge. Applied voltages were obtained from a d.c. poten-
tiostat. UV illumination (12.5mW/crh at Amax 360 nm)
was provided by a 75-W Hg lamp (Toshiba,> 250 nm).
The potentials at the Ti©electrode were measured with an
electrometer. The temporal evolution of g@as assayed 203040 30 60
by gas chromatography using a Porapack Q column with 260(°)
helium as the carrier gas. A UV spectrophotometer was
used to measure the extent of the breakup of the benzen&ig. 1. XRD patterns of () an uncoated OTE plate, (b) J@IE

ring during the course of the photodecomposition of DBS léctrode  prepared by the - pasting methqdl and A%, (c)
TiO/OTE electrode prepared by the pulsed laser deposition method
and BS. ({B1}; TiCls:H2:02=10:50:50Torr), (d) same as (c) except that
TiCl4:H2:02, =10:100:25 Tor{ B2}, and (e) TiQ/OTE electrode prepared
by the sol-gel methodC}.

A lu.L “_{c}

\ B2}

arbitrary intensity

) {81

MMM&M& {A1} & {A2}

ity OTE

3. Results and discussion

3.1. Crystalline type of Ti@loaded on OTE plates electrodes had a relatively high anatase contght;, 75%;
{B1}, 86%; and{C}, 79%. By contrast, th¢B2} electrode
The gas phase synthesis of BiBy the pulsed laser pho-  fabricated by the pulsed laser procedure was 100% TiO
tolysis of TiCly in the presence of eitherd&nd/or Q gases rutile.
gave ultra small and pure particles of uniform size which re-
sulted from dielectric gas breakdown. This procedure had the3.2. Surface features and cross-section of,JETE plates
advantages of (1) light absorption efficiency, (2) no impuri-
ties were introduced into the Tiparticles, and (3) facile SEM photographs of the surfaces and cross-sections of
control of the formation ratio of anatase/rutile crystals was the TiO, electrodes prepared by the three methéds,
possible by altering the relative proportions of,HD, and {B} and{C} are displayed in Fig. 2a, b and c, respectively.
TiCly. The pasted TiQIOTE electrode consists of aggregated JiO
The XRD pattern of an uncoated OTE plate displayed particles (Fig. 2a; aggregate size ca. 100-200 nm) with the
in Fig. 1(a) is that of the SnPcrystal layer making film surface displaying a rather open and somewhat uneven
up the glass plate. The XRD patterns of the FiOTE structure. By contrast, the surfaces of both the pulsed laser
plates prepared by the pastigél1}, the pulsed laser de- deposited TiQ films (Fig. 2b; anatase or rutile) showed
position {B1} TiCls:H2:00,=10:50:50 Torr, and{B2} relatively homogeneous morphologies (%i@article size:
TiCl4:H2:02 = 10:100:25 Torr), and the sol-gel methods ca. 100 nm). The surface of the sol-gel ZIOTE plate was
are illustrated in the XRD patterns of Fig. 1(b), (c), (d) moderately flat but with an open structure (Fig. 2c). Also
and (e), respectively. XRD diffraction lines for anatase and displayed in Fig. 2a—c are the SEM film cross-sections.
rutile are superposed onto those of the Sri@yer. The They show that the Ti®films are formed by lamination of
crystalline structures of Tig) the anatase/rutile ratios and the particles on the OTE plates. For all the electrodes exam-
the film thicknesses are summarized in Table 1. Most of the ined, the Sn@ layer was ca. 1.am thick. Except for the

Table 1
Crystalline forms of the TIQFOTE electrodes and film thicknesses
Electrodé Preparation procedure Sintering temperatir@) ( Anatase/rutile ratio Film thicknesguin)
{A1} Paste (0.83 mgcnt) 300 75125 4.0-4.2
{B1} Laser pulse (10:50:58) 300 86/14 0.5
{B2} Laser pulse (10:100:25) 300 0/100 0.45-0.5
{C} Sol-gel 400 79/21 0.75-0.8
aSee text.

PTiCl4:H2:0, composition (Torr).
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cross section @ surface
a

cross section ®) surface

cross section © surface
C

Fig. 2. SEM photographs displaying the surfaces and cross-section of electrodes prepared by (a) the pasting method, (b) the pulsed laser deposit
method, and (c) the sol-gel technique.
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{A1} electrode whose film thickness is aboyir, for all
other TiQ/OTE electrodes{B1}, {B2}, and{C}) the film
thickness ranged from 0.45 to Qudn (Table 1).

3.3. Photoelectrochemical degradation of DBS and BS

The photodecompositions of DBS and BS (0.1 mM) on
TiO2/OTE electrodes in aqueous electrolyte solutions (NaCl
0.1 M) under an applied voltage (anodi€0.3V bias vs.
Ag/AgCI electrode) and in the absence of such bias are
shown in Figs. 3-5. TIQOTE electrodes made by pasting
({A2}, TiOy, 0.41 mg/cm and{A1}, 0.83 mg/cri), pulsed
laser deposition (anatase and rutile Iy@nd by the sol-gel
method were used as photocatalysts for the photolysis. The
disappearance of the aromatic ring in DBS and BS was
detected by UV/Vis spectrophotometry. UV absorption at-
tributable to the aromatic rings (at 224 nm for DBS, and
214nm for BS) decreased under irradiation. Evolution of
CO, gas from the DBS surfactant arises from a competi-
tive mineralization between the aromatic ring and the alkyl
chain.

Photodegradation of both DBS and BS in a photoelec-
trochemical system under an anodic applied bias clearly
shows differences from that of a pure photochemical one on
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Fig. 3. Disappearance of the benzene ring ang @®lution during the
photodegradation of DBS (0.1 mM, 50 ml;uBnol) using a TiQ/OTE
electrode prepared by pulsed laser deposition: (a) anatasg Bige (b)
rutile type {B2}. (O, @): under no potential bias[{, H): at a constant
bias of +0.3V.

the case where thpA1} TiO2/OTE electrode was adopted,
the photodegradation rates of both DBS (Fig. 4a) and BS
(Fig. 5a) in the absence of applied bias were greater than
those obtained under the constant bias-6f3V (Table 2).

By contrast, when TiQIOTE electrodes prepared either by
pulsed laser depositiod B1}, Fig. 3a;{B2}, Fig. 3b) or by

the sol-gel method{C}, Fig. 4b) were employed, the pho-
todegradation of DBS under the0.3 V bias was constantly
faster than was the case in the absence of bias. A similar
behavior occurred when BS was photodegraded (Fig. 5b, ¢
and Table 2). Hence except for thi&1} electrode, biasing
the TiO,/OTE electrodes always led to faster degradations
of the two substrates, in one case by as much as an order of
magnitude (DBS with the sol-gel electrode; Table 2). Of the
three types of electrodes used, the sol-gel electf@jeand

the anatas¢B1} electrode were most efficient overall when
biased (compare the various results in Table 2kfgy). In

the absence of any bias, however, the pasted/0O0E elec-
trode was the more efficient electrode overall. It should also
be noted that the little photoactivity displayed by the rutile
TiO,/OTE electrode{B2} increased substantially (sixfold)
when the electrode was biased.

The largest percent loss of DBS and BS by photodegrada-
tion occurred for the pastefiAl} electrode in the absence
of bias: 79% (loss of 3.Amol) and 89% (loss of 4.4mol),
respectively, after 4 h of irradiation succeeded by the sol-gel
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Fig. 5. Disappearance of the benzene ring ang @®lution in the photodegradation of BS (0.1 mM, 50 mjirbol) using TiG/OTE electrodes prepared
by (a) pasting{A1}; (b) the sol-gel methodC}; and (c) pulsed laser deposition (anatad1}). (O, @): under no potential bias[{, M): at a constant

bias of +0.3 V.

Table 2

Kinetics of photodegradation of the DBS and BS surfactats=t 5.0 .mol) and of CQ evolution, and maximal photocurrents produced
Anatase{B1} Rutile {B2} Paste{Al} Sol-gel{C}

Anodic bias ov 0.3V ov 0.3V ov 0.3V ov 0.3V

Dodecylbenzenesulfona(BBS

kioss (10~3min—1) 263+004 183+04 040+002 24+01 6.2+0.2 42+0.2 198+0.04 182+10

t1/2 (min) 263 38 1746 283 112 164 344 38

kco, (1072 pmol min~1) 108+ 0.5 387+0.6 0 1254+0.08 331+05 343+0.8 132+0.3 676+ 1.8

Percent loss of DBS(p.mol) 47 (2.4) 58 (2.9) 0 (0) 1.3 (0.4) 27 (8.1) 29 (8.6) 11 (3.3) 80 (24)

Percent CQ evolved® (umol) 8 (2.4) 32 (9.7) 0 (0) 1.3 (0.4) 27 (8.1) 29 (8.6) 11 (3.3) 80 (24)

Maximal photocurrerit (mA) - 2.31 - - - 0.49+40.7¢ - 2.82
Anatase{B1} Paste{A1} Sol-gel {C}
ov 0.3V ov 0.3V oV 0.3V

Benzenesulfonat(BS

Kioss (10~3 min~1) 1914+0.08 3514017 87+02 38+0.2 137+0.04 395+0.13

ty/2 (min) 363 197 79 183 505 176

kco, (1073 pmol min—1) 1014+02 166+05 251+07 204+08 82403 266+ 0.5

Percent loss of BS(mol) 37 (1.6) 54 (2.2) 89 (4.4) 56 (2.8) 27 (1.4) 59 (2.9)

Percent CQ evolved (nmol) 10 (2.4) 15 (3.8) 19 (5.8) 15 (4.5) 7 (2.2) 22 (6.5)

Maximal photocurrerit(mA) - 1.32 - 0.35€0.7¢ - 2.05

aAfter 4 h of irradiation.

b Assumed C@ is evolved from the break-up of the benzene ring in DBS.

CWithin 1h of irradiation.
dFor the {A2} electrode (see text).
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electrode at 68% (34mol) for DBS and 59% (2.8.mol) 3.0 , ' r 0.5
for BS but under the applied bias. These losses, however, (@)

were not followed by a similar trend in the extent of £0 25 1 sol-gel 4 04
evolved for the same irradiation time. In fact, the largest 20 L

qguantity of carbon dioxide was produced for the sol—gel 403
electrode{C}; ca. 80% or 24umol of CO; from DBS 15 } loser anatase o~
(Table 2). The latter represents approximately 7 carbon 4 02 g
atoms of DBS that were converted to €@hich likely < e paste 0.41mg/om’” <
originates mostly from the aromatic ring and to a lesser E o5 paste 0 B3mgom ] 01 £
extent from the aliphatic chain, since the latter is less € T %‘
easily oxidized by the surfac®OH radicals on the Ti@ g a0 : ? } 05 §
film surface than is the aromatic ring (note that addition § . (b) e
of *OH radicals to an aromatic ring is faster (ekgyy = 5 T 104 §
7.9 x 10°M~1s for benzene in aqueous media [19]) T a0 sol-gel 5
than is H atom abstraction from an aliphatic substrate (e.qg. [ 0.3 §
kon = 1.4 x 10° M~1s1 for ethane also in aqueous media 15 | s anatase o
[20])). By contrast, for the same sol—gel electrode only 2 10 j\—\\_____,— 02 &
carbon atoms are converted to £fbom the degradation of ' paste 0.41mg/em’

the BS model compound under otherwise identical condi- 05 K e 0mglem? | 0.1
tions. We cannot preclude differences in adsorption between

DBS and BS on the Ti® film. Unfortunately, details of . 1' ; ; s 0

these differences cannot be described by the available data.

The results above and those summarized in Table 2 show Irradiation time (h)
that the TiQ crystalline type significantly affects the pho-
todegradation kinetics; that is, electrodes that have a |argerFig. 6. Temporal photocurrents during the electrochemical photode_grada—
content of anatase are constantly more photoactive. tion of () DBS, and (b) BS (0.1mM, S0ml;jmol) at & constant bias

. . of +0.3V for various electrodes used.

The temporal evolution of photocurrents in the photoelec-
trochemical decomposition of DBS and BS under the ap-
plied+0.3V bias (vs. a Ag/AgCI reference electrode) using face area, TiQ particle size and crystalline structure also
the pasted, laser-flashed and sol-gel;J@tOYE electrodesis  affect the photodegradative process. For example, using
illustrated in Fig. 6. The photocurrent obtained in the degra- the pasted TIQIOTE electrode the rate was faster in the
dation of DBS was larger than in the degradation of BS for absence of bias because the surface area of the fili®
the same TiIQ/OTE working electrodes. The current de- with its cracks and roughness was significantly greater than
creased gradually with UV illumination time. The magnitude for the other electrodes (see Fig. 2). However, under an ap-
of the photocurrent varied directly with the decomposition plied voltage, the uniformity of the electrode film, the film
rate. For example, the sol-gel TW@TE electrode yielding  thickness, and the contact of the film with the OTE plate,
the greatest rate for DBS photoelectrolysis exhibited the together with the overall UV transmittance of the film are all
maximum photocurrent, whereas the pasted electrode withfactors that are expected to influence the photodegradation
the lowest rate gave the smallest current. It is curious, how- kinetics and hence efficiency. Consistent with these notions,
ever, that although the anatad®l} yielded kinetics similar ~ the degradation rate under th®.3V applied potential was
to those of the sol-gel electrodgC}, the photocurrent  greater for the thinner pasted THTE electrode (2.Qm;
produced was constantly lower for t§81} electrode. No  0.41 mg TiQ cm~2) than for the corresponding thicker film
doubt the surface properties of the Bi@m that influence electrode (4.Qqum; 0.83mg TiQ cm~2). Presumably, Ti@
photodegradation must be different from those that affect particles that are buried deep in the film are not likely to
electrical conduction between particles (see, e.g. Scheme 1)be irradiated owing to light absorption and scattering by

In the absence of any applied voltage, photo-oxidation the uppermost Ti@layers. Moreover, the photocurrent ob-
and photoreduction occur on UV-irradiated piGurfaces tained from the thicker film is smaller because electrical
in the presence of suitable electron donors and acceptorsconductivity in the thicker Ti@ film is less efficient and
respectively. By the application of a constant biag-63 V, the probability that the photogenerated electrons will reach
oxidation of donors predominates because the nature of thethe OTE plate is considerably lessened. Consequently, there
photoelectrochemical cell is such that it causes the photo-may exist some appropriate optimal thickness of 3 Tiilns
generated electrons to migrate to the Pt counter electrodeto achieve rapid photodegradation under an applied voltage.
through the external circuit. This way, electron/hole re- Finally, both the photodegradation rate and the photocurrent
combination is efficiently hindered, and photo-oxidation of must depend on the relative overall transmittance of the
substrates on the TiOsurface is rendered more efficient. TiO2/OTE electrode. The photocatalytic activity and the cor-
The surface conditions of the Tifilm, such as the sur-  responding photocurrent of the sol-gel 3I0OTE electrode
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are highest also because the electrical contact between th&ciences and Engineering Research Council of Canada. We
TiO2 film and the OTE plate is appropriate for conduction. thank Asahi Glass Co. for the kind gift of OTE glasses.

4. Conclusions References

The characteristics of Ti$)OTE plates prepared by the [1] S. Kato, F. Mashio, J. Jpn. Ind. Chem. (Jpn. Kogyo Kagahu Zasshi)
laser pulse deposition method, the pasting method, and the 67 (1964) 1136.
sol-gel technique are different. The anionic surfactant DBS [2] K. Vinodgopal, S. Hotchandani, P.V. Kamat, J. Phys. Chem. 97
readily photodecomposed on the BIOTE plates within (1993) 9040.
the irradiation conditions used and with or without an ap- I gé\(f'lng’;?)og?!ﬁu' Stafford, K.A. Gray, P.V. Kamat, J. Phys. Chem.
plied voltage. In the absence of bias, photodegradation was [4] K. Vinodgopal, #.v. Kamat, Environ. Sci. Technol. 29 (1995) 841.
faster and correlates with the expected larger surface areais) k. vinodgopal, P.V. Kamat, Solar Energy 38 (1995) 401.
of the TiO, film pasted on the OTE plate. Tihin films [6] G. Marci, L. Palmisano, A. Sclafani, A.M. Venezia, R. Campostrini,
that are closely packed on the OTE plate facilitate the mi- (T3 Ca”;;a“lvggé Mg;gm V. Rives, G. Solana, J. Chem. Soc., Faraday
gration of phOtoeleCtronS to the _OTE'_The SOI_geI electrode [7] Dr.la-ir.]skim, f\/I.A. ,)Ander'son, Environ. Sci. Technol. 28 (1994) 479.
and the pulsed-laser electrode, in which the anatase content[s] D.H. Kim, M.A. Anderson, J. Photochem. Photobiol. A 94 (1996)
predominates, were more efficient in the degradation of the 221.
anionic surfactant DBS under the anodic bias. As expected, [9] I. Moriguchi, H. Maeda, Y. Teraoka, S. Kagawa, J. Am. Chem. Soc.
the pulsed-laser rutile Ti)OTE electrode was the least pho- 117 (1995) 1139.
toactive; however, application of the0.3V bias rendered 1% "lg'\g(;”gluocé‘c')' H. Maeda, Y. Teraoka, S. Kagawa, Chem. Mater. 9
this electrode six times more efficient. Before considering [11] 2( Ma)eda’ M. Ichikawa, Y. Kudoh, Chem. Soc. Jpn. 3 (1997) 227.
implementation of such thin film electrodes constructed by [12] H. Hidaka, V. Asai, J. Zhao, K. Nohara, N. Serpone, E. Pelizzett,
different procedures, however, it will be desirable to exam- J. Phys. Chem. 99 (1995) 8244.

Zhao, N. Serpone, J. Photochem. Photobiol. A 98 (1996) 73.

[14] H. Hidaka, T. Shimura, K. Ajisaka, S. Horikoshi, J. Zhao, N. Serpone,
J. Photochem. Photobiol. A 109 (1997) 165.

[15] T. Oyama, Y. limura, T. Ishii, K. Takeuchi, J. Mater. Sci. Lett. 15
. . , (1996) 594.

Financial support from the Frontier Research Center and [16] k. Kato, Bull. Chem. Soc. Jpn. 65 (1992) 34.
from a Grants-in-Aid (No. 10640569) sponsored by the [17] K. Kato, A. Tsuzuki, Y. Torii, H. Taoda, T. Kato, Y. Butsugan, J.
Japanese Ministry of Education is gratefully acknowledged. Mater. Sci. 30 (1995) 837. )
The work in Beijing is sponsored by the National Natu- [18] K. Kato, A. Tsuzuki, H. Taoda, Y. Torii, T. Kato, Y. Butsugan, J.

. . . Mater. Sci. 29 (1994) 5911.
ral Science Foundation of China (No. 29677019 and No. [19] L. Ashton, G.V. Buxton, C.R. Stuart, J. Chem. Soc., Faraday Trans.

29725715) and the Foundation of the Chinese Academy of =~ 91 (1995) 1631.
Sciences. Research in Montreal is supported by the Natural[20] N. Getoff, Appl. Radiat. Isot. 40 (1989) 585.

Acknowledgements



