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Three commercial Ti@compounds (Degussa P25, Sachtleben UV100, and Millenium PC50) and their platinized
forms have been studied by the time-resolved microwave conductivity (TRMC) method to follow their charge-carrier
dynamics and to relate it to the photocatalytic activity for phenol degradation ip d@@eous suspensions. The
degradation reaction has been studied in detail, following the time evolution of the concentration of phenol and its
intermediates by liquid chromatography. The results show that platinization has a distinct influence on the commercial
compounds, decreasing globally the activity of P25 and increasing the activity of PC50 and UV100. An influence
of charge-carrier lifetimes on the photoactivity of pure and platinized, B@nples has been evidenced.

1. Introduction reactions leading to pollutant degradation. The most commonly

h used photocatalyst is titanium dioxide (B)Owhich mainly

crystallizesintwo phases: anatase and rutile. Both phases absorb
e near-UV light, and their band gaps are respectively 3.23 and

Water decontamination is a very important subject of researc
in the field of the environmental chemistry. In this sense,
semiconductor-based heterogeneous photocatalysis is a promisin 16 :
technology, very attractive for wastewater treatment and water >-1 €V-° Although both crystallographic forms are photocata-
potabilization. Since the first description of using titanium dioxide Ytically active, anatase is known to be more active than réfile.
for water splitting after UV irradiatio it has been shown that Numerous works are devoted to the elaboration of highly active
this activity can encompass a wide range of reactions, especiallyPhotocatalysts. The photocatalytic activity depends on the surface
the oxidation of organic compounds. The study of the photo- and bulk properties of the materigithus leading researchers to
degradation of a large series of model substances has showrttempt to enhance the activity by several ways: synthesis of
clearly that the majority of organic pollutants present in waters 1102 powders by the classical segel method.? the sol-gel
can be mineralized or at least partially destroyed.The method followed by freeze-dryiftjor by supercritical drying?>*
photocatalytic destruction or treatment of halogenated hydro- hydrothermal synthesi doping with transition metal ion&;>*
carbons, aromatics, nitrogenated heterocycles, hydrogen sulfide2nd other different techniques.
surfactants and herbicides, and toxic metallicions, among others, Fromthe early times of photocatalysis, metallization of a;TiO
has been successfully achievied® surface with Pt, Ag, Au, or other noble metals was proposed as

Photocatalysis with semiconductors is the result of the away to increase the photoactivdy/Since then, many papers
interaction between charge carriers generated in the solid afterhave investigated the effect of metal incorporafibparticularly
light absorption and the surrounding medium. Thus, the charge platinum, on various commercial titania for several degradation
carriers (electrons and holes) photogenerated in the solid, if theyreactions. Among the most recent results, the following informa-
do not recombine, can participate in oxidation or reduction tion can be extracted. Sun et@khowed that platinization (1.0
and 1.5 wt % Pt loading) increases the activity of Hombikat
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on phenol photodegradation. Sakthivel éffalemonstrated that Table 1. Structural Data of TiO, Samples

0.8 wt % Pt Ioadin_g increase; the activity_o_f P25 on Acid Green phase crystallite Seer pore

16 photodegradation. According to Moonrisi etlthe presence sample composition  size (nm)  (m?g~Y)  diameter (A)

of 1.0 mol % Pt on P25 enhanced the photodegradation rate of pos anatase 79% 22 51.0 315

4-chlorophenol (4-CP) under nitrogen bubbling, while it decreased rutile 21% .

the rate in the presence of dissolved oxygen. 1/P25 A 24 485 300
Recently, some of d&32 studied the influence of UV100, PC50 anatase 100% 29 50.5 210

P25, and TiONa PC50 (Millenium) platinization on structural 6/550500 ana;tase 11(?&;@ 1232 Zgg_g 50248

i 1 anatase 0 . <
parameters and on the degradation of various pollutants such as 1UVI00  anatase 1000% 9 5385 <50

4-CP, dichloroacetic acid (DCA), ethylenediaminetetraacetic acid
(EDTA) and nitrilotriacetic acid (NTA). The results showed that
playnlzatlon does not a_lways enhance the activity, and that an on the evolution of formation and the decay of charge carriers.
optimum amount of platinum has to be found, with these features

. In parallel, the activity of the photocatalysts for phenol
depending on the nature of both the pollutantand the phOtocatalyS’t'photodegradation in water has been studied and correlated to
The most prevalent explanation for the enhancement of the

TiO» activity by blatinum is the influence on charge-carrier charge-carrier dynamics. As phenol photocatalytic degradation
2 activity by p - ; ge-ca mechanism have been establisfgitihas been chosen as a test
separation. However, the previously mentioned works evidence

that the influence of platinum is not clear and that the role of reaction.
the P+TiO; interface needs further investigation. To try to

understand the mechanisms taking place in the system, especially ] _
in the very beginning, and because of very fast processes, it is 2.1. Photocatalysts Sample®ure TiQ samples were commercial

nvenient t rve the charage-carrier dvnami ing nano-Pegussa P25 (P25), Sachtleben Hombikat UV100 (UV100), and
ggaleed tieme-?ez?)ls\?ediecﬁr?iqiegse carrier dynamics using nano Millenium TiONa PC50 (PC50) powders, used as provided by the

nthi K h tactless t ient phot ductivit manufacturers. The platinized compounds were prepared by the
nthiswork, we chose a contactiess transient photoconductivity impregnation of hexachloroplatinic(lV) acid hexahydrate on P25,

method, time-resolved microwave conductivity (TRMC), as & jy100, and PC50, as described previowlPhotocatalysts with
tool for the investigation of the charge-carrier dynamics in2liO 1 wt % Pt loading were used in the present work and will be denoted
materials. This technique has already proved to be very usefulas 1/P25, 1/PC50, and 1/UV100.

in pure and surface-treated Ti€¥ 36 TRMC allows one to follow The structure and microstructure of platinized TiGave also
phenomena such as recombination, trapping, platinum, orbeen previously studied by X-ray diffraction (XRD), scanning
interfacial charge transfer, occurring to UV-light-created charge €lectron microscopy (SEM), and;Ndsorption-desorption mea-
carriers. surements? In this work, the specific surface area and pore size

The charge-carrier dynamics observed by this method, Cc)umeddistribution of PC50 and 1/PC50 were measured by the Brurauer
with structural results, is used to understand the activity o TiO Eg?r:‘“e;t&;elg (Bf?i;;'rd 52:2?‘;c;que('z"'o%irfé‘éBSJ:)ﬁgg‘)Ods
and PtTiOzin phenol photodegradation. Comparing short-time 9 gen phy P . -
relaxation processes in solid after laser-pulsed strong photoex Table 1 lists the structural and microstructural data of platinized

- . . o= : .~""and pure compounds.
citation with stationary processes during photochemical reaction P p

: - - 2.2. Electronic Properties.The charge-carrier lifetimes in TiO
may be daring, but Edge et #lstudied microwave photocon-  4fter Uy illumination have been determined by microwave absorption

ductivity on TiQ; exposed to continuous polychromatic irradiation experiments using the TRMC methét! TRMC measurements
and showed that the mechanisms derived from this in a real-timewere carried out as previously descrifé@he incident microwaves

method are consistent with those reported from TRMC measure-were generated by a Gunn diode in #aghand (28-38 GHz). The
ments. Similarly, Bahnemann et al. pointed out that detailed experiments were performed at 31.4 GHz, the frequency corre-
kinetic analysis of time-resolved spectroscopic data reveals ansponding to the highest microwave power. The pulsed light source
extremely good correlation with independent adsorption mea- Was & Nd:YAG laser providing an IR radiationfat= 1064 nm. The

compared with pure samples to study the influence of platinization

2. Experimental Section

surements of model compounds on 7R®
Additionally, TRMC has already been successfully used to

correlate structural parameters, charge-carrier dynamics, and thg

photodegradation of phenol in Ti®ystemg0-22

full width at half-maximum of one pulse was 10 ns, and the repetition
frequency of the pulses was 10 Hz. UV light (355 nm) was obtained
by tripling the IR radiation. The light energy density received by
he sample was 1.3 mJ cr At energy densities higher than 0.5

mJ cn?, such as those used in this work, it has to be taken into

Platinized UV100, P25, and PC50 samples, synthesized account that recombination phenomena during the pulse are

previously by Emilio et al’? were studied by TRMC and
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important3*

A polymeric sample holder has been specifically designed for
powder measurements.With this design, the sample can be
illuminated in the powder form, inside the waveguide. This allows
the best microwave response.

2.3. Photocatalytic TestsTo test the photocatalytic behavior of
the synthesized Tigpowders and the photodegradation of phenol
in water, a well-known and established model reaction was chosen.
The photocatalytic setup is displayed in Figure 1 and consisted of
a cylindrical reservoir containing 400 mL of a catalyst suspension
and the model compound, in which an ultraviolet mercury lamp
(Cathodeon HPK 125 W) was dipped. This lamp contained a double-
envelope glass used to circulate water for isolation and thermosta-

(39) Sobczynski, A.; Duczmal, L.; Zmudzinski, W. Mol. Catal., A2004
213 225-230.

(40) Kunst, M.; Beck, GJ. Appl. Phys1986 60, 3558-3561.

(41) Warman, J. M.; De Haas, M. P. Puls RadiolysiRuis RadiolysisCRC
Press: New York, 1991; Chapter 6, p 101.
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UV light Table 2. Electronic Properties of Titania Powders Measured by
TRMC
Cooling water . sample Imax(MV) 7172 (NS) 714 (NS) 718 (NS)
0, P25 9.2 35 160 1500
Themmoeouple 1/P25 8.4 25 80 280
Reactioning PC50 8.1 185 3500 >10000
Vessel 1/PC50 5.3 105 8000 >10000
UVv100 7.6 23 55 210
1/UV100 3.4 15 30 35
Suspension ) ) . . .
TiO, + water-phenol solution is due to free mobile electrons in the conduction band and in

e shallow traps>:36

Figure 1. Experimental setup for the photocatalytic degradation of ~ The understanding of the whole decay is not obvious because
phenol over TiQ powder. various processes are taking place simultaneously. In anatase,
o ) ) ~ thereis a competition between a fast recombination process and
tization. Itis a high-pressure mercury vapor arc lamp type, providing g trapping of part of the holes, which, as said, do not contribute
maximum energy at 365 nm, and the glass jacket prevents short UVio the TRMC signal. Thus, this trapping process reduces the
light and IR radiation from entering the reservoir. The phenol was number of holes available fér recombination, thereby increasing

Aldrich 99% added at an initial concentration of 53104 M (50 the lifeti f elect The d fth lect
mg L™1) in deionized water. The photocatalyst concentration was € litetime ot electrons. The decay of (e Excess electrons can

1 g L% The initial measured pH of the suspension was 6, and the thenbe controlle_d by the relaxati_on (_emiss_ion) time of the trapped
pH was allowed to vary freely during the reaction. Before the reaction, holes or by their slow recombination with the trapped holes.
the suspension was ultrasonicated for 30 min with stirring in the According to experimental evidences using surface treatments,
dark. During the reaction, the reservoir was magnetically stirred these traps are probably localized at the surfééé.
(900 rpm), and oxygen was continuously bubbled throughout the  Forty nanoseconds after the beginning of the pulse, it can be
reaction time (20 mL/min). A photon flow per unit volumegj of considered that no more direct influence of the pulse should be
(3.8i0.%)><_1(TSe|nste|nle*_1was determined by the ferrioxalate  opserved on the signal. Therefore, to clearly understand the
meth.o.d‘,‘ using 400 m.L of actinometric solution to keep the same phenomena taking place, the TRMC signal may be analyzed in
conditions as those in the experiments. Samples (4 mL) were . . -

two parts corresponding to different dominant processes. A short-

withdrawn every 10 min for an hour and two additional samples . oo
were taken at 75 and 90 min. After filtration through a Oi@8pore  Ume range decay (0 to about 40 ns after the beginning of the

size poly(tetrafluoroethylene) (PTFE) membrane (TITAN), the Pulse)concerningfastprocesses thatare mainly the recombination
solutions were analyzed by high-performance liquid chromatography of charge carriers, and a long-time range decay (about 40
(HPLC). Analyses were carried out by using a Varian Prostar 230 10 000 ns) that can be related to processes involving trapped
ternary gradient pump combined with a Prostar 330 photodiode species. In this part, the decay of the excess electrons is controlled
array detector (D2 lamp) by a method developed in our laboratories. by their slow recombination with trapped or relaxed héte¥.
For elution, an isocratic mobile phase consisting in 90% 43 End The main data provided by TRMC are given by, andzyy,
10% acetonitril_e (ACN),8a 1 mL mirr® flow rate, was used, with Ty4, andrys. The parametelmay is the maximum value of the
270-nm detection. The column was an Adsorbosphere C18 reverserpy ¢ signal, and reflects the number of excess charge carriers
phase column (m, I: :.LSO mm, ID: 4.6 mm, Alltech) combined reated by the UV pulse that can be detected by this techni
with an All-Guard cartridge system (736 4.6 mm, Alltech). For created by the puise that can be detected by this technique.
data acquisition, Star software was used. It must be noted tha_tthls |nformat|on_|s weighted by the mob|I|t_y
of the charge carriers and by the influence of charge-carrier
3. Results decay processes during the excitation. As the signal decay is not

purely exponential, the general decay shape is characterized by
several halftime lives linked to charge-carrier lifetimes. The
parametersy,, t1/4, andryg are the times necessary to reduce
Imax 10 Imax/2, Imax{4, andlyna{8, respectively.

Imax T1/2, T1/4, @ndtyg are presented in Table 2, and whole
TRMC signals are displayed on Figures£ Each figure shows
signals of the pure commercial compound and of its platinized

3.1. Principles of TRMC and Charge-Carrier Dynamics.
The principles of TRMC and the experimental setup were widely
described in a previous pap&This technique is based on the
measurement of the change in the microwave power reflected
by a sampleAP(t), induced by its laser pulsed illumination. The
relative difference\P(t)/P can be correlated, for small perturba-
tions of conductivity, to the difference of conductivitig(t),

according to eq 19 form. _ )
The TRMC signals of the three pure compounds were different
AP(t) in intensity but mainly different in decay, as can be observed
—— =AAo(t) = AezAni(t)ﬂi (1) from the figures and data of Table 2. PC50 shows the slowest
P T decay, followed by P25 and then UV100, which has a quite fast

decay with a signal not far from the detection limit after 200 ns.

whereAnj(t) is the number of excess charge carriees time Concerning Pt influence, both the short-time and the long-
t, andu; is their mobility. The sensitivity factokis independent  time ranges have to be separately analyzed. In the short-time
of time, but depends on the setup features, the microwaverange, the same effect was observed for the three commercial
frequency, and conductivity of the sample. powders: thelma value was always lower for the platinized

For n-type semiconductors, such as Fj@he TRMC signal  form than for the pure catalyst, decreasing 9% for P25, 35% for
can be attributed to electrons because their mobility is much pcs0, and 55% for UV100 (see Table 2). In addition, it can be
larger than that of the hol&.For low-mobility semiconductors  seen that platinum accelerates the short-time decay in the three
suchas TiQ(10 *—10 °m?V~'s™1), the microwave absorbance  cases, in view of the fact that they, values are always higher

42 Hatohard — P Py for the nonplatinized form.

) o o o Bare rsies acadons Progs. Now Yor! In contrast to the fast processes, different behaviors for charge-
London, 1981. carrier decay due to slow processes in the three commercial
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(V)

Figure 2. Influence of platinization on the P25 TRMC signal. Gray
= P25, black= 1/P25.

1(v)

Figure 3. Influence of platinization on the PC50 TRMC signal.
Gray = PC50, black= 1/PC50.

(V)

Figure 4. Influence of platinization on the UV100 TRMC signal.
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samples can be observed. In Figure 2, a similar long-time rangeof the reaction atlonger times. To characterize the kinetic behavior
decay behavior can be observed for both of the P25-based samplesnore properly, initial photonic efficienci€s and degradation

but detailedry,, 714, andyg values (Table 2) show that the
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Figure 5. Disappearance of phenol over platinized Titalysts
in comparison to that over unmodified samples.

have a slightly shorter lifetime. Figure 3 shows the results of
PC50 and 1/PC50. It can be observed that the long-range time
decay is rather slowin the platinized form. This is also evidenced
by the highery/4value of 1/PC50 depicted in Table 2. Concerning
UV100, Table 2 and Figure 4 indicate that, although both UV100
forms present a fast decay in the long-time range, charge carriers
in 1/UV100 decay much fasterryg is very close toris).
Nevertheless, a residual constant signal is still detectable until
10 000 ns in both Hombikat samples (Figure 4).

3.2. Phenol PhotodegradationThe phenol photodegradation
results of pure and platinized Ti@re displayed in Figures 5 and
6, and in Tables 3 and 4.

Figure 5 displays the degradation profiles of normalized phenol
concentration. These plots show, for all samples, an almost linear
kinetic behavior at initial irradiation times, with a deceleration

degrees at long irradiation times were considered. The initial

platinized form presents a faster decay, that is, charge carriersrates and degradation extent after a 75-min irradiation were
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Figure 6. Evolution of intermediate compounds with platinized Fi€atalysts in comparison to that with unmodified samples.

Table 3. Initial Quantum Efficiencies and Extent of Phenol
Degradation after 75-min Irradiation over TiO , Samples

sample Co (%) % degradation

P25 0.72 100

1/P25 0.45 100

PC50 0.41 84

1/PC50 0.64 100

UVv100 0.17 39

1/UV100 0.33 76
Table 4. Amount of Intermediate Compounds after 50-min

lllumination
benzoquinone hydroquinone catechol

sample (mgL™) (mgL™) (mg L™
P25 0.00 0.47 0.00
1/P25 1.32 2.86 0.51
PC50 0.12 9.35 0.83
1/PC50 0.00 0.00 0.00
uVv100 1.16 1.80 0.00
1/UV100 3.34 1.06 0.00

extracted from the plotsl is the ratio of the initial phenol
photodegradation rate-@dC/dt)—o and the incident light inten-
sity.44 Its validity for a proper comparison of photocatalytic
systems has been experimentally veriffedy was calculated
according to

 (~dcidi),
CO - PO (2)

The main intermediate compounds in phenol or 4-CP pho-
todegradation are hydroquinone, benzoquinone, and cate-
chol 27394647 Figure 6 displays the time evolution of the
concentration of the initial compound and the three intermediates.
In Table 4, the concentrations of the intermediates after 50 min
of illumination time are presented. This time has been chosen
because, after this period, phenol and all intermediate compounds
are totally degraded when using P25.

Concerning the pure catalysts, all the results show differences
between the photocatalytic behavior of the three samples, with
P25 showing the highest efficiency, followed by PC50 and then
by UV100, whose activity is really low. This order is the same
as that found by Sun et &l.and by some of us for 4-CP, but
it is not the same as that found with adsorbing compounds such
as NTA (UV100 > PC50 > P25)32 Figure 6 shows that
benzoquinone is not observed over P25, while catechol is not
detected over UV100.

It can be also observed that the effect of platinization depends
mainly on the nature of the commercial powder. In the case of
P25, all the parameters shown in Figure 5 and in Table 3 indicate
a strong decrease in the activity of P25 after platinization: while
50 min are needed for total phenol degradation in the case of
P25, the same reaction lasts 75 min over the platinized catalyst.
This decrease is also observable in Figure 6 and Table 4. Phenol,
as well as the intermediates are almost totally degraded after 50
min over P25, while they are still present after this time on
1/P25. These kinds of changes in the different ratios of
intermediate compounds due to changing the nature of the
photocatalyst have already been obser?&@bbczyiski et al.2°

The results of, and those corresponding to the degradation in their proposed mechanism of phenol photodegradation, point
extent after a 75-min irradiation are presented in Table 3. As a out that hydroquinone ambenzoquinone reach an equilibrium,
general feature, it is worthwhile to mention that all the values and thatp-benzoquinone can be formed from hydroquinone in
of &o reported are quite low and comparable to values reported three different ways by attacking fre®H, surface trapped holes,

previously for 4-CP photodegradation under similar conditi§ns.

or dissolved oxygen in water. As platinization influences the

These low values can be attributed to the weak adsorption of charge-carrier lifetimes, it could then influence the hydroquinone/

phenol (and 4-CP) onto the TiGurface, in contrast with the

p-benzoquinone equilibrium.

higher results found in the photodegradation of stronger adsorbing  The effect of the PC50 platinization of PC50 is opposite that

compounds, such as EDTA and NTFA.

of P25 platinization. The parameters shown in Figure 5 and

(44) Serpone, N.; Terzian, R.; Lawless, D.; Kennepohl, P.; Sauvel. G.
Photochem. Photobiol., A993 73, 11-16.

(45) Serpone, N.; Sauve, G.; Koch, R.; Tahiri, H.; Pichat, P.; Piccinini, P.;

Pelizzetti, E.; Hidaka, HJ. Photochem. Photobiol., 2996 94, 191—-203.

(46) Theurich, J.; Lindner, M.; Bahnemann, D. VAngmuir1996 12, 6338
6376.

(47) Znaidi, L.; Seraphimova, R.; Bocquet, J. F.; Colbeau-Justin, C.; Pommier,
C. Mater. Res. Bull2001, 36, 811-825.
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Table 3 demonstrate a strong increase in the activity by indicates a high crystalline quality,(zx = 10 mV, 71, = 250
platinization. In this case, at 50 min, phenol is almost completely ns), but its surface area is really low (7.7 gr?). Although
degraded with the platinized PC50, while 30% of phenol is still phenolitselfis quickly degraded over Acros in conditions similar
present with the pure sample. The increase in the activity of the to those of this paper (95% after 60 min of illuminatidh)ts
platinized sample is also evidenced by the evolution of the globalactivity is rather low because a large amount of intermediate
intermediates shown in Figure 6 and Table 4. In 50 min, the compounds are formed. For example, 20 méaf benzoquinone
intermediates are completely degraded on 1/PC50, while, at theand 8 mg ! of hydroquinone are produced after 50 min, and
same time, animportant amount of hydroquinone is still measuredthese intermediates are slowly degraded.
in the system with pure PCS50. Platinization also leads to the |tis difficult to simultaneously control crystallinity and surface
appearance of a large amount of benzoquinone during thearea during the synthesis, and most J@@talysts exhibit either
degradation, while the amount produced on the nonplatinized a low crystallinity and a high surface area or the oppdSite.
sample is very small. The effect of the platinization on UV100 Therefore, PC50 can be considered, from this point of view, as
is less obviousto and the degradation extent after 75 min (Table - a good average compound: itdoes not possess the largest surface
3) show that 1/UV100 degrades phenol faster than does UV100.(50.5 n? g~1), and its TRMC features do not indicate the highest
Nevertheless, in both cases, much more than 95 min will be crystalline quality {max= 8.1 mV,712= 185 ns). A compromise
needed to degrade phenol completely, as can be seen in Figuref these conditions leads to a high photoactivity for phenol
5. Onthe other hand, alarger amount of benzoquinone is produceddegradation (84% after 75 min, Table 3).
during the reaction over 1/UV100 than it is during that over  aAg P25 is not pure anatase but a mixture of rutile and anatase,
UV100, and this intermediate is degraded at a lower rate in the it js difficult to consider this catalyst according to the above
platinized form (Figure 6). model?2 The influence of the rutile phase in P25 has been
. : previously studied, but some points remain unclear. The most
4. Discussion common explanation is that one P25 particle is made of both
4.1. Pure Commercial Compounds.Comparison of the  phases? Therefore, although rutile itself is a low active phase,
TRMC and phenol photodegradation results evidence that thethe junction created by the two semiconductors helps the
activity cannot be directly related to charge-carrier dynamics. separation of the charge carriers because electrons migrate to the
Many other structural and physical parameters are involved andanatase phase and holes migrate to the surface. The rutile phase
have to be taken into account to properly understand the activity. of P25 plays only the role of a charge separator and provides
In previous workg%-22 to correlate the structural, textural, sites for oxidatior?” The influence of rutile on photoactivity is
and electronic properties of Tipowders, the two linked parts ~ obvious because, although P25 surface area is similar to that of
of the photocatalytic mechanism have been considered separately?C50 ¢-50 n¥ g1) and 5-6 times smaller than that of UV100,
The first part, theshoto part,concerns phenomena related to the it presents the highest activity (100% of phenol degradation after
interaction of the semiconducting material with light. Thisincludes 75 min of illumination) of the three pure commercial compounds
the absorption of photons and the creation, dynamics, and surfaceompared here. Nevertheless, it must be noted that this effect of
trapping of charge carriers. The second part,cialysis part, ~ separation is not clearly evidenced by TRMC measurements,
concerns phenomena of the formation of radicals onto the surfacewhich show a rather fast decalgx = 9.2 mV, 71 = 35 ns).
and “surface reactivity”, that is, the heterogeneous interaction Some TRMC details have been mentioned by one of us in recent
between chemical speciesABl, O,, organic pollutants, etc.)and  publication§”48and confirmed in this paper. As the measured
the oxide surface. For the photo part, results of TRMC signal of P25 is the result of the signals of the two phases, the
measurements can be considered indicators of the interaction ofutile signal accelerates the decay of the global signal, because
the material with light. A highmaxvalue and a slow decay indicate  the TRMC signal of pure rutile is really different from the pure
a large amount of created charge carriers having long lifetimes anatase signal for two reasons. First, the mobility of electrons
and, thus, reveal a high crystalline quality. For the catalysis part, in rutile is about 89 times lower than that in anatdseshich
the specific surface area is the most relevant structural parametefeads to a weaker signal intensity. Second, the lack of superficial
because photocatalysis is an interfacial reaction: a higher specifichole traps in rutile leads to a shorter sigffarhe effect of charge-
surface area induces a higher number of accessible active sitesarrier separation then might be hidden in P25.
and, consequently, a better reactivity. 4.2. Effect of Platinization. The results of structural and
This simple model helps one to understand the different microstructural studies show that platinization does not influence
activities observed on pure commercial powders. UV100 shows the crystalline phase. It slightly reduces the surface area and
a high surface area (289°rg~1), but the relatively low TRMC modifies the pore diameter, but these small modifications are not
signal and lifetimelax= 7.6 mV,712= 23 ns) indicates afast  large enough to influence the photoactivity in a significant way.
recombination rate resulting from the presence impurities, defects,Pt exerts a more important effect in the photo part than in the
or small crystal size, all of which lower the crystalline quality. catalysis part.
These results are in accordance with the previous characterization - As platinum similarly influences the three commercial powders
results (XRD, SEM, and transmission electron microscopy (TEM) in the short-time range of the TRMC decay, this influence can
measurementsy. The low number of available charge carriers be commented globally. The decrease ljfy and 71, by
then reduces the photoactivity. The initial quantum efficiency platinization can be interpreted according to three explanations.
and global activity for phenol degradation are not very high The first possibility is that the lower signal can be due to the
(0.17 and 39% after 75 min, respectively; see Table 3), and this creation of a smaller amount of charge carriers during the pulse.
is in agreement with TRMC results. Platinum also absorbs photSf&° but these photons are not
Another commercial compound, TiQ\cros, pure anatase, available for the creation of charge carriers in the semiconductor,
which is not part of this work, was studied earlier by one of and the metal would act as a shield for FiQhis hypothesis
us?48 presenting a quite opposite behavior. Its TRMC signal

(49) Bickley, R. I.; Gonzalez-Carreno, T.; Lees, J. S.; Palmisano, L.; Tilley,
(48) Chhor, K.; Bocquet, J. F.; Colbeau-JustinMater. Chem. Phys2004 R. J. D.J. Solid State Cheni.991, 92, 178-190.
86, 123-131. (50) Li, F. B.; Li, X. Z. Chemospher2002 48, 1103-1111.
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assumes first that Pt nanoparticles behave as a massive metateactions. The effects negative to the activity are dominant, and
and their contribution to the TRMC signal can be neglected, and platinization leads to a reduction of activity. Sun et’arrived
second that superficial Pt does not drastically influence the electronat the same conclusion.
bulk mobility. This effect would be more important on the intensity PC50 is a more simple system since itis purely anatase. Here,
(Imay than on the decay/, of the signal. the experimental data seem to agree with the model of a simple
A second possibility would be that Pt acts as an impufity, ~ Schottky-type barrier between Ti@nd Pt. An increase in the
helping recombination processes during the pulse, and giving lifetime of the electrons in the long-time range is observed, due,
rise to faster recombination processes compared to those in theédS expected, to a better separation of charge carriers caused by

absence of the metal. This effect would decrease hgthand the barrier. This effect, in addition to the activation of electrons
T1/2. by platinum in the short-time range, seems to be dominant. The

The third hypothesis would be that the electrons generated by@Psorption of photons by platinum and fast recombination are
the pulse are deeply trapped in platinum. As superficial platinum then minor effects. The effects positive for photocatalysis are
is an efficient site for @reduction®®5the electrons trapped in ~ dominant here, with platinization increasing PCS0 activity.
Ptare gaining efficiency for @reduction, increasing the activity UV100 presents an intermediate behavior. It is also pure
by accelerating the limiting step of the photocatalytic oxidation. @natase, but, since the particles are small, surface phenomena are
Again, this hypothesis assumes that electrons in the nanosizedMPortant. The experimental data disagree with a behavior due
platinum particles do not contribute to the TRMC signal. Pichat 0 @ Schottky-type barrier. The decay is strongly accelerated by
etal.52in an early paper, analogously observed a decrease in thePlatinum, an_d_thls pointis clearly negative forthe activity. Thus,
photoconductivity of platinized samples in comparison with pure the only positive aspect that superficial Pt can cause to increase
TiO,, due to the flow of electrons from timetype semiconductor  the activity is the activation of electrons, and this gives rise to
into the metal. A recent study of Subramanian etaising a slight increase. This phenomenon may gain importance in
time-resolved absorption spectroscopy on Aufi@noparticles ~ UV100 because of the high surface area of the sample. The
supports this last hypothesis. In this work, the authors measured@ctivation of electrons by platinization can help to degrade phenol
the transient absorption decay/at= 675 nm following UV faster. However, the deterioration of the long-time range signal
pulse illumination { = 308 nm) because of electrons trapped IS influential and may explain the difficulty of UV100 to degrade
by Ti**. A more intense signal was obtained for pure samples _the formed k?enzoqumone. The lack of a\_/gllable charge carriers
in comparison with that of Au-containing samples, and the lower N the long-time range prevents the platinized compound from
intensity in this last case was interpreted as an indication of a degrading the larger amount of benzoquinone created by the

fewer amount of electrons in the TiQarticles due to electrons ~ accelerated degradation of phenol.
lying in the Au-nanoparticles. Itis worthwhile to note that the present TRMC results, related

to the influence of platinization on photoactivity, only explain

To summarize, in the short-time range, platinum acts as ath its of d dati f dsorbi d h
shield, helps recombination, and activates trapped electrons. To € results of degradation of nonadsorbing compounds such as

relate these observations to photoactivity, it must be taken into phenol or 4-CP. Because the activity results are very different

account that these three phenomena occur simultaneously. Thg"Ith gdsot[blpgthpollutants suf(iﬂ as NTA or dED-Ir;A’ IJEMC d
first two are detrimental for the activity (fewer charge carriers eﬁperzlmﬁr}lsm ezlgrr]esgnce(t) esefctc;]mpouP SS fc;u " efn:ﬁ €
and higher recombination, respectively), while the third one would V"¢l Shall reveal the importance of the surface efiects of the

be favorable. Thus, the activity should be considered a result of adsorbed compounds. . . S
these competing phenomena. Vamathevan et &8 studied the influence of silverization on

To understand the complete influence of platinum on com TiO,—P25 on the photodegradation of various adsorbing or
mercigl powders, it is alsopnecelss;ry to disgusls tuhe Iong-tim-eWeakly adsorbing organic compounds such as phenol, salicylic
range TRMC decay. As this influence is different for the three acid, and sucrose. The effect on phenol photodegradation of P25

commercial powders. itwill be discussed separately. Concernin silverization is consistent with our results concerning P25
P25 the resrl)JIts conf’irm those obtained b pSchin(}j/I.eré”tial gplatinization. Furthermore, this work also shows that the
' y : metallization effect depends on the organic compound, and the

the sense that platinization has a subtle effect, accelerating Onlyauthors propose completely different photodegradation mech-

very slightly the decay. The experimental data disagree with a _ . . - . -
prediction based on a model of a simple Schottky-type barrier anisms, depending on the adsorption of the organic species.

between TiQ and Pt because, according to this model, due to 5. Conclusions

a better separation of charge carriers, an increase in electron o

lifetimes would be expected. This can be interpreted as a lack " the present work, three commercial Bi@mpounds (P25,
of additional contribution of the superficial platinum to the UV100, and PC50) and their platinized forms have been studied
separation, since, in P25, an anatasile mixture, a sufficient Py the TRMC method to follow their charge-carrier lifetimes
separation already seems to be made by the junction betweerfind to relate th_e results to the photocatalytic activity for phenol
those two phases. Without a long-time range effect, the effects Photodegradation. o
occurring in the short-time range seem to be dominant. The The activity of pure photocatalystslha.s been explalnedlnterms
superficial platinum absorbs photons, helps recombination, and©f surface area and charge-carrier lifetimes and compared with
may activate a few electrons, but, in the short-time range, the the platinized forms. The results show that platinization has a
predominant effect seems to be produced by the rutile phase. pgifferentinfluence, depending on the nature of the commercial
cannot further increase the efficiency of charge separation in this forms. It decreases the activity of P25, while it increases the
TiO,, whose two-phase composition already provides a very activity of PC50. The influence on UV100 is less obvious, and,

efficient suppression of recombination in liquid photocatalytic With this catalyst, the activity is slightly increased by platinization.
An influence of charge-carrier lifetimes on the photoactivity of

platinized and pure Ti@samples has been evidenced. The

(51) Wang, C. M.; Heller, A.; Gerischer, H. Am. Chem. Sod.992 114
5230-5234.

(52) Disdier, J.; Herrmann, J.-M.; Pichat, R.Chem. Soc., Faraday Trans. (53) Vamathevan, V.; Amal, R.; Beydoun, D.; Low, G.; McEvoy,Chem.
11983 79, 651-660. Eng. J.2004 98, 127-139.
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conclusions are that platinization has a distinct influence on seems to be determined by short-time range effects, while, in
charge-carrier lifetimes. On the three powders, in the short-time UV100 and mostly in PC50, the effects in the long-time range
range of measurement, fewer charge carriers are created in there the dominant ones.

presence of Pt, which recombine faster, but some electrons may ]
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