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Abstract

A thin-film transmission infrared spectroscopy system was designed as an in situ probe for heterogeneous interfacial photocatalytic
reactions. A photocatalyst, TgOsupported on a silicon wafer substrate was located in an airtight cell containingvBadfows. This
supported photocatalyst was simultaneously illuminated with both UV light and the infrared beam. The performance of the cell was
tested using the photocatalytic decomposition of ethanol. The quality of the spectra for a porpfisWid approximately 0.5 microns
of thickness proved to be good for detecting bands of reactant and product species (ethanol, ethoxide, acetaldehyde, and acetate). Thi:
transmission cell was coupled to a gas phase infrared cell for the simultaneous analysis of reactants and products of this photodegradation
of ethanol which appear in the gas phase. The affinity of the surface effdi@vater was investigated under air and argon environments in
both the presence and the absence of UV illumination. In an air environment, UV illumination enhanced the adsorption of wager on TiO
A similar enhanced adsorption occurred in the argon environment without UV illumination. During UV illumination, bands of peroxide
(0-%7) species could be detected on the surface obTiflder the conditions of a dry air flow. Both peroxide-0) as well as superoxide
(O27) species could be detected after several hours in post-irradiated systems.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and reduction reactions which result in the decomposition
of contaminants.
Photocatalytic reactions using Ti@s the semiconductor The concern for improved efficiency and superior reaction

catalyst have been widely investigated for the past couple rates has stimulated investigations concerning photocatalytic
of decades as a potential technique for decomposing tracgeaction pathways. Many analytical techniques have been
contaminants in both air and watfd5]. Due to the strong  employed to identify and quantify reactants and products in
oxidative capacity of this process, contaminants generally this photocatalytic process. While photocatalytic decompo-
end up as harmless products, e.g., carbon dioxide and watersition reactions have been extensively studied, recent con-
When TiG is illuminated with ultraviolet irradiation (UV,  cern has also been focused on influence of UV light on the
shorter than ca. 400 nm in wavelength), electrons in the va- hydrophilicity of TiO, [10-14] This event has been plau-
lence band are excited to the conduction band, leaving pos-sibly elucidated by the photo-stimulated structural changes
itive holes remaining in the valence band. These electronsof the air-TiGQ interface[14-16] By studying the nature
and holes near the surface are trapped by surface speciesf surface in the absence and presence of band-gap irradia-
(e.g., adsorbed oxygen molecules and hydroxyl groups),tion, one might better understand wetting characteristics and
which subsequently form active species (e.g; OOH®, also better elucidate the nature of photocatalytic reactions
07) [6-9]. These active species, coupled with direct charge in general.
injection mechanisms, are capable of performing oxidation  Fourier transform infrared spectroscopy (FTIR) has con-
stituted a powerful tool in studies concerning the nature
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simultaneously to the semiconductor. As some examples ofproduced on the Ti@porous film under controlled humidity

IR technique applied to probing photocatalytic reactions, the conditions.

diffuse reflectance technique has been employed with pow-

dered nano-porous Tidn the presence of UV ligH5,26].

This system was shown to have a good signal-to-noise ra-2. Experimental section

tio (SNR) for adsorbed organic species and is an important

contribution in the in situ analysis of photocatalytic reac- A TiO» sol was prepared via a sol-gel processing proce-
tions. However, since the depth of optical penetration of the dure [3] and was sprayed on one side of a Si wafer (2in.
IR beam into a scattering nano-porous grain of catalyst is in diameter, Silicon Quest International, Santa Clara, CA).
much greater than that of UV, diffuse reflectance IR spectra The supported catalyst was dried at 2@0and subsequently
show chemical bonds of both the fraction which is illumi- calcined at 350C for 3h. This TiQ sol was sprayed five
nated with UV light as well as that corresponding to the more times onto the previous TiGurface and the calcina-
dark fractions of the grain. Thin-film transmission methods tion process was also repeated after the final coat. Based on
have been used for in situ monitoring of surface chemistry measurements with an ellipsometer (Model L2W16C.830,
[27-29] and have been applied to a few photochemical or Gaertner Scientific Corp., Skokie, IL), the thickness of iO
photocatalytic reaction80—-32] The study[32] performing thin-film was shown to be 470 nm, and the refractive index
the photo-oxidation of dimethyl methylphosphonate moni- was 1.72. Assuming dry conditions and that a single crystal
tored with IR transmission method used %iffowder fixed TiO2 has a refractive index of 2.52 (anatase), the porosity
on tungsten grid. Our concern about the optical penetration of the film is estimated to be 52.6%.

of UV light on TiO, mentioned above still remains. At- The thickness of the Si wafer, used as the support for
tenuated total reflection—infrared spectroscopy (ATR-IR) is the TiO, thin-films of interest, influences the quality of the
another potential technique for the in situ analyses of pho- spectra in more than one way. The transmission of IR radi-
tocatalytic reactions. In this technique, a thin-film of 3iO  ation is higher in the case of thinner Si wafers, and SNR of
should be coated onto the internal reflecting element (IRE, the IR spectra becomes larger. However, from a preliminary
e.g., Cak, BaR,, Si). A single bounce ATR-IR accessory experiment where a thin Si wafer (2@ in thickness) was
has been used for in situ studies in liquid phase photocatal-applied, interference fringes were superimposed upon the
ysis[33]. In addition to ATR—IR techniques, there are a few spectra of the sample, and intense fringes of the appropriate
publications concerning surface-enhanced infrared absorp-frequency may greatly decrease the quality of the IR spec-
tion (SEIRA) for in situ analyses of photocatalytic reactions tra. Therefore, all subsequent results were obtained using Si
[34,35] wafers of 615um in thickness as a supporting material.

In our laboratory, sol-gel derived TiQhin-films coated A schematic diagram and photograph of the in situ IR
on supports have been intensively used for studies on thecell are shown ifFig. 1(a) and (b)respectively. The catalyst
photocatalytic decomposition of trace contaminants in air. (TiO2 supported on the Si wafer) was located in the gap be-
For the purpose of understanding our systems better, thistween two borosilicate glass discs, which were separated by
study is addressed to observing photocatalytic reactionsa viton o-ring and fastened with aluminum plates. For con-
occurring at the solid—gas interface using IR spectroscopy venience, this entire assembly is hereafter referred to as “the
in a similar manner, i.e., Ti® thin-film coated system. cell.” Each borosilicate glass disc has a hole (3/8in. in diam-
Hence, we demonstrate IR transmission methods that utilizeeter) in the center that is covered with a Balisc. This ma-

a porous TiQ thin-film supported on a silicon (Si) wafer terial is optically transparent between 10,000 and 700%cm
as a simple and less expensive system with which to probeand serves as windows for the input and output of the IR
photocatalytic reactions. Due to its high transmittance in irradiation in the cell (note that borosilicate glass is opaque
the IR range (4000-6500 cth), Si is commonly used as  below ca. 2000 cm?). In addition to the IR windows, each
an optical window and an IRE material for FTIR studies of the borosilicate discs contains an inserted piece of glass
[36]. It is not hygroscopic and is chemically stable even at tubing (1/4 in. in diameter) that functions as inlet and outlets
temperatures higher than 3%0. This means that Si can for the gas stream.

survive the high temperatures employed during the sintering For collecting IR spectra, the cell was positioned per-
of TiO2 in order to obtain the desired catalyst from sol-gel pendicularly to the direction of the IR beam in the sample
processing. In addition, Si wafers are inexpensive (widely chamber of an IR spectrophotometer (Nexus 670, Nicolet In-
used for computer hard disks). More importantly, the inves- strument, Madison, WI). The spectrophotometer contained
tigation could be performed under a closed environment, an MCT-A (HgCdTe) detector and KBr beam splitter. The
and the system connected to another IR spectrometer foraperture of the beam was chosen to be such that the IR was
simultaneously monitoring gas phase composition. The confined to enter only through the Bawindow. Recorded
decomposition of ethanol has been well investigated and spectra were the result of 100 co-added interferograms with
several reaction pathways of the reaction have been pro-a resolution of 4cm!. The spectral region of our inves-
posed[26]. During photo-activation of Ti@thin-films, we tigations was between 4000 and 700¢maA light source
investigated adsorbed water and oxygenated species that aréor photocatalytic reactions (a 200-W medium pressure Hg
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TiOz2 on Si wafer (Model HM 34, Vaisala, Helsinki, Finland) and the FTIR
=/ FT-IR gas cell detecting water vapor. The humidity was controlled
detector Speat"metef by blending the dry flow with another stream that was hu-

x,mf &agifg ---------- S midified by passing through a water bubbler. After passing
FTIR ——® ‘ dry air over night (air or Ar without C@and H0), a back-

BaF2 window

gas cell ground spectrum was collected. In the last section of this
wellar paper, we also discuss the presence of oxygen species on
bubbler TiO, films. The spectra were obtained in the same way as
in the humidity study, and Ti@films were also observed
(a) dry air/Ar exhaust after the UV irradiation.

3. Results and discussion
3.1. Photocatalytic decomposition of ethanol

IR spectral information on the photocatalytic oxidation of
ethanol was collected using both the thin-film 3i®ans-
mission cell for the surface species as well as the gas sam-
pling cell for gaseous compounds. Although this study did
not provide quantitative information concerning species on
the surface of TiQ, there is the opportunity to perform quan-
Fig. 1. (a) Schematic diagram of the system used for in situ probing tltatl_ve analysis for a_dsorbEd organlcs_ by Pre"'OUS'Y cali-
of photocatalytic reactions using the thin-film transmission IR cell. (o) Prating the transmission cell. If the calibration experiment
Picture taken of the thin-film transmission IR cell in the sample chamber iS performed with a cell of known Ti®film thickness (the
of an IR spectrophotometer. optical path length) the extinction coefficient of these ad-
sorbed species can be calculated. The same can be true for
the reaction products, although, in this case the cell calibra-
tion may be less direct.

Spectra inFig. 2 were recorded with the Si wafer cell.

(b)

vapor lamp, Model 7825-32, Ace Glass, Vineland, NJ) cov-
ered with a cooling jacket of water was positioned in the
chamber. The photocatalyst was fully illuminated with UV

Ilghtdfrtombout5|d6e 0\§Vt/r£a?[etlkl; and .'tt.s 'nt‘:rt‘ﬁ'ty W?s me}a- The spectrum irFig. 2(a)was obtained at equilibrium after
sured to be ca. bm € position of the surtace o providing ethanol to the system before illuminating with UV
the TiO, catalyst using a photo detector (International Light light. The bands observed at 1266, 1093, 1051 and 888 cm
Inc., Newburyport, MA)' . are due to molecularly adsorbed ethanol and those at 1420,
The photocatalytic decom_po;mon of ethanol was con- 1378, 1131 and 1072cm are associated with ethoxide
ducted as a method of confirming the performance of the vibrations[26,37,38] The peak at 1051 cnt has also been
cell. The transmission cell was connected to a reservoir and a tributed to a bridging ethoxy complexia7, 38}, however
pump (IMod(;eI QDI’ Flu'? Metter'lnlg Inlc., SyOfoﬁt, NY)t’ form the presence of free ethanol in the spectrum does not allow
ing a closed-cycle system (total volume of this system was one to definitively describe the formation of this bridging

1.11). The closed-cycle system was also connected to an . .
. : . complex. The band which appears as a negative band at
FTIR multiple reflection gas sampling cell (Model 4.8-PA, P bp 9

Infrared Analysis Inc., Anaheim, CA), which was located
in another FTIR spectrometer (Magna 750 series Il, Nicolet
0 oosI

1443

1555

Instruments, Madison, WI) for determining the nature and
concentration of compounds in the gas phase of the reactor.
Initially, 17.2umol of liquid ethanol was injected into this
system yielding a concentration of ethanol in gas phase of
15.7uM (3.8 x 10~*atm).

The effect of humidity on the surface of the Ti@ata-
lyst was investigated in both the presence and absence of
UV illumination. The experiments (20, 40, 60% relative hu-
midity) were carried in a single pass mode using a stream L A -
of air or Ar, and by adjusting the relative humidity of the 2000 1500 1000
flow. All gases used in the experiments were directly dis- Wavenumber /emt

pensed from _C)_/"nders (zero air; RH 0-2% and Ultra'pure Fig. 2. Thin-film transmission spectra of the photocatalytic decomposition
Ar). The humidity was measured both with a humidity probe of ethanol: (a) before UV illumination, (b) after 3h of UV illumination.

Absorbance
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Table 1 sampling system that is placed in series with the transmission
Assignment of the FTIR bands observed in the photocatalytic decompo- |R cell. Fig. 3(a)was obtained at the same instanEag 2(a)
sition of ethanol on TiQ and likewiseFig. 3(b)was taken at the same moment as that
Species Vibration mode Frequency (chh of Fig. 2(b) Gas-phase ethanol bands at 3677, 2974, 2904,
Experiment Literature 1394, 1242, 1064, and 877 cthdecreased during the course
— Son 1266 26 of the 3h UV illumination. Subsequently, bands attributed
ano v((c_():) 1093 1093 to oxidation reaction products such as acetaldehyde at 2710
H(C-0)/C—C 1051 1042 and 1766cm! and carbon dioxide at 2365 crh started
o(C—H) 885 to appear. By coupling these two tandem IR techniques in
Ethoxide 8(CHy) scissoring - 1473 series, we can simultaneously follow the reaction on the
5(CHs) 1420 1447 surface as well as identify products and reacting species in
8(CHg) 1378 1379 the gas phase
CHp wagging 1357 1356 gas phase.
v(C-0) monodentate 1131 1144
v(C-0) monodentate 1119 g .
Acetate 12{CO0) bridging 1555 1835 3.2. Photo-enhanced water adsorption
v5(COO) bridging 1442 1453
Acetaldehyde  v(C=0) 1740 1715/1718 This section concerns the affinity of Ti@or water under

different conditions and searches for clues to better under-
stand the photo-enhanced wetting ability of FiG@pectra in
Fig. 4(a—d)elong to the same Tigfilm exposed to oxic and
anoxic environments (air and Ar), three different conditions

Literature[26,37,38]

the frequency of the bending mode of adsorbed water,

1623 cnt?, can be attributed to the desorption of water o
caused by the formation of the ethoxide specidg. 2(b)  ©f humidity (20, 40, and 60% RH at 2&) and correspond

belongs to the adsorption spectrum taken three hours aftet® €XPeriments conducted in both the presence and absence
starting UV illumination. This spectral feature is different °f YV illumination. These experiments were performed in
from the spectrum recorded before UV illumination, and 2 Single pass gas stream, and the outlet gas was monitored
the major adsorption bands that now appear at 1555 andW'th atemperature gnd hum|d|ty_ probe. The temperature of
1442 cntl, can be assigned to the by-product acetate ions Fhe sample did not increase during the course of the exper-
that form a bridging bidentate complex with the Bi€urface

iments. It should also be noted that some spectra contained
[37,38] The presence of bands at 1378, 1093, 1079, 1046,MaNy sharp peaks (between 4000 and 36009mue to

and 885cm! suggests that the reactants, mainly ethanol, water molecules in gas phas_e. Considering the short optical
still remain on the surface of TiD We attribute the weak path length of the transmission cell, these peaks are mostly
and unresolved broad band in the region 1740-1620<cm caused by water molecules outside of the cell and have been

to the absorption by carbonyl groups of molecularly ad- '9nored in the present study. , ,

sorbed acetaldehyde molecules and monodentate acetates. !N this study, the tendency for the Ti(porous film to
Acetaldehyde is an expected by-product of photodegradingrEta'n mterfgmal water and/or OH .under. different envi-
ethanol. The band near 1344 chcan be due to thec—o ronments will be measured by the intensity of the bands,

mode of the monodentate acetafable 1presents a sum-

mary of all bands in the above mentioned spectra and also . . . : . :
a more detailed band assignment. o.oosI Air 0_0051 Air / UV
. | 1 eyl |
_Flg. 3shows the gas phase IR spectra of the sy_stem taker 8 60 % 8 60 %
with the second IR spectrophotometer that contains the gas § 40 % £ 40 %
g _’M__ 3 20 %
£ el
T T ™ T T T < L L L < L L d
FR 450 @ 8 D 4000 3500 3000 2500 4000 3500 3000 2500
© Nel o ~ @fo, -1
O.EI- © S ~ 5 ™ s R (@) Wavenumber /cm-! (b) Wavenumber /cm
|1
& | T T T T T T
§ ' O.UOSI Ar 00051 Ar/ UV
g o & 60 %
2 = g 40 %
< £ £ 20 %
2 2
o) £
< : ! . < . i j
4000 3500 3000 2500 4000 3500 3000 2500
(c) Wavenumber /cm-! (d) Wavenumber /cm-’

n ] s I " 1
4000 3000 2000 1000
Wavenumber /cm-! Fig. 4. Spectra showing O-H stretching bands under different conditions
of humidity for the comparison of water adsorption under the condition
Fig. 3. Gas-phase IR spectra of the photocatalytic decomposition of of: (a) in air without UV illumination, (b) in air with illumination, (c) in
ethanol: (a) before UV illumination, (b) after 3h of UV illumination. Ar without illumination, (d) in Ar with illumination.
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in the region of 3700-2800cm. Fig. 4 exemplifies this
spectral region of 40002400 crh for the different con-
ditions studied. All spectra in this figure are plotted on
the same scale. Each section of this figure (a—d) contains
the spectra of the Ti@film under three different humid-

ity conditions (from bottom to top: 20, 40, and 60% RH)
while keeping unchanged the remaining tested variables.
A comparative examination ofig. 4(a) and (b)reveals e i(al)'
that the intensity of bands in the presence of UV illumina- 2000 1500 1000
tion approximately doubles over that in its absence, which Wavenumber /cm-!
m_dlcates that L_JV illumination increased the affinity of Fig. 5. Spectra with interference by UV illumination under the condition
TiO2 for adsorbing water. These results correspond to the o (a) in air without UV illumination, (b) in Ar without illumination, (c)
published reports concerning the photo-enhanced wettingin air with illumination, (d) in Ar with illumination.

ability of water [15—-20] We can now see quite directly

the photo-enhanced adsorption of water using this IR tech-

nigue. A few recent publicatiorf{d2,20] that have reported  the UV-activated TiQ spectrum from those due to reduced
on the photo-enhanced wetting ability of TiQsing FTIR oxygen, we performed experiments in both air and Ar at-
claimed the appearance of a new O-H stretching peakmospheres.

upon UV illumination at 3695 cm* or 3716 cnt. Another Reported frequency values for thgy—o) stretching mode
publication maintained that the maximum in the spectral of metal superoxide complexes range between 1145 and
absorption band of adsorbed water was shifted to lower 1096 cnt! [42]. Corresponding to their lower O—O bond or-
frequency (from 3500 to 3450 cm) upon UV illumination der, metal peroxide complexes absorb at considerable lower
[34]. However, it should be noted that we observed neither frequencies than superoxides. Frequency for theo)

of these events in this present study. It may be because ofmode in peroxide species is in the range from 770t(n

the short of IR path length of Ti®and/or the shifts in fre-  the case of HO,) to even higher than 900 crh for some
guency due to using Si wafer supp@8®], and in order to bridging peroxide$43—-45] The frequency of the o—o) of
minimize these difficulties, the system needs to be improved metal-peroxo species is in inverse relation to the magnitude

associated with the o) vibration modes, that appear I
0.02

Absorbance

such as by providing narrow band-pass filti28]. of charge transfer from the ligand to the mdts]. The fre-
The TiQ, surface in a dark Ar environmerfig. 4(c) ad- quency of this vibration also depends on the density of the
sorbed a larger quantity of water than that in &ig( 4(a) peroxo ligand in relation to the metal (side-on versus end-on

and almost the same quantity as that illuminated with UV types)[42,44,45] Diperoxo (side-on) complexes absorb at
lightin air (Fig. 4(b). In the Ar environment, additional ad-  lower energies than monoperoxo complexes (end-on). Also,
sorption of water upon illumination by UV light was mini-  the protonation of a end-on complex reduces the frequency
mal. (Comparé-igs. 4(c) and (d)Previous reports examined  of the vo—o) vibration.
the desorption behavior of oxygen on Ti@nder UV illu- Fig. 5(a) and (byepresent the 100% line (calculated by
mination[40,41]. Furthermore, some research has suggestedtaking the ratio of two sample spectra under identical condi-
that water strongly adsorbs on the oxygen defg&;ts3,14] tions) of the transmission cell with the T3@ilm before UV
In the current study, the surface in an anoxic environment illumination, under 0% RH, in air and in Ar environments re-
(Ar) had similar O—H features of IR bands to that same,TiO spectively. These 100% lines illustrate the SNR of the spec-
surface in the air under UV illumination. The results lead us tra obtained under these experimental conditions. Spectra in
to believe that oxygen, which adsorbs on the J&hrface Fig. 5(c) and (dyepresent the spectrum of UV-illuminated
prior to supplying water, partially hinders water adsorption. TiO, in air and in Ar atmospheres respectively, using as
a background the spectrum collected before UV illumina-
3.3. Oxygen species tion. The spectra oFig. 5(c) and (d)show an increase in
absorption below 850cnt. Unfortunately, the exact po-

In this section, we investigate the formation of reduced sition of this band is unknown since its absorption maxi-
oxygen species on the Tidji.e., peroxides and superoxides) mum is below the cut-off of this system. The intensity of
upon UV irradiation in air, and their subsequent evolution the band in the spectrum recorded in air is larger than in
after the irradiation. Due to the fact that molecular oxygen the spectrum recorded in Ar. This is particularly obvious
is a good electron scavenger, peroxide and superoxide comin the range between 900 and 850¢mIn addition, the
plexes are expected to form on the surface of UV-activated first derivative peaks centered at 1104 ¢nare only signif-
TiO. In principle, since theipo—o) stretching mode is ac-  icant under UV illumination. The background spectrum of
tive in IR, it should be possible to identify these species by a Si wafer coated with Ti@(not shown) has a sharp edge
vibrational spectroscopy in principle. In order to distinguish centered at 1104 cm}, which is in the exact same posi-
features caused by the separation of holes and electrons irtion as the first derivative peaks. Hence, those peaks were
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presumably caused by the interference of the sharp edge duspecies will react with more £Omolecules to form surface

to UV illumination. superoxides (&8~ (ads)+ 02 (g) — 20, (ads)), and new
Since Aris an inert gas in IR, any features of the spectrum absorption bands associated with these species appear in the

in Ar, Fig. 5(d) (except for water vapor bands associated spectrum,Fig. 6 (10 h). Although the lifetime of the per-

with fluctuations in humidity of the atmosphere outside of oxides (@2") is significantly smaller in water (ca. 3G5)

the transmission cell) should be attributed to differences [8,9], some recent publicatiorjd8-50] have claimed that

in the structure of the Ti@introduced by activation with  the lifetime of electrons and holes are considerably extended

UV light. Separation of holes and electrons upon illumi- under dry conditions or under a vacuum.

nation should generate changes in the bond order of Ti-O

groups (T#—0O). It has been reported that the presence

of oxygen vacancies produces significant broadening and4. Conclusion

high-frequency shifts of the main anatase bdad] (the

major absorption band for non-activated 3i@ expected In this paper we have demonstrated the feasibility of

to appear below 800 cnt). As mentioned above that metal obtaining good quality IR transmission spectra of surface

peroxo complexes absorb between 900 and 750'¢rthe species of UV-illuminated porous Tidilms, having a thick-

formation of peroxo complexes on the surface of the ac- ness in the range of Ojk By increasing the thickness of the

tivated TiG in the presence of air should account for the TiO2 film to 1 (e.g., TiIG films coated on both sides of

larger intensity of absorption below 850 chin spectrum TiOy), the SNR of this particular cell configuration would

of Fig. 5(c)than in the spectrum df¥ig. 5(d) increase without decreasing the effectiveness of UV illumi-
Spectra inFig. 6 were recorded in a dry air environ- nation. The thickness of Si supports influences the quality

ment after stopping UV illumination. The intense absorp- of the spectra. Thicker Si wafers (i.e., §1p in spite of

tion band (around 800 cnt) present in the spectra Bfg. 6 being less IR transparent, avoid the problem of producing

(0O h) decreases rapidly after terminating UV irradiation and interference fringes that would appear as undesired spectral

new bands, 1138, 1028, and 836¢hstart growing-in as  features.

a function of time and are still present in the spectrum after  The use of this transmission cell has provided the oppor-

10 h of flowing dry air past the sample. These bands were tunity to investigate photocatalytic reactions in an in situ

not observed in an Ar environment. When water was sup- fashion. The integration of this cell in series with an in situ

plied, these bands disappeared very quickly. It has been pre-analytical tool for the gas phase (as for example the gas IR

viously reported that superoxides and peroxides are formedcell used in these studies) is feasible and provides simulta-

on the surface of TiQafter being illuminated with UV light neous data from the two phases of the catalytic system. Be-

[7,46,47] Furthermore, as stated above, frequency valuesfore illumination, the species on the surface of the JTéde

for the v(o—0) mode of metal superoxides complexes range molecularly adsorbed ethanol and ethoxy complexes. Also,

between 1145 and 1097 cthand metal peroxides between the adsorption of ethanol provokes the displacement of some

900 and 750 cm! [37,42-45] Supporting these findings, water molecules. After illumination, a bridging bidentate ac-

our IR studies here confirm that, in the presence of air, UV etate complex forms as a major by-product on the surface

illumination of the TiQ generates surface peroxide com- of the TiO,.

plexes (absorption below 850 crt). However, no superox- By using the transmission cell, the photo-enhanced ad-
ide species (absorption bands between 1145 and 109%)cm  sorption of water on the illuminated catalyst surface has been
are appreciable in spectrum &fg. 5(c) during illumina- confirmed. A similar enhanced adsorption of water was re-

tion. After stopping illumination, a fraction of the peroxides alized under an Ar environment without UV illumination.
This fact may suggest that oxygen in air interferes with the

1138 1028 836 adsorption of water and that UV illumination facilitates the
4 TG N W oxygen desorption.
0.002 l“ | WM | J’\J‘l JMINMY As stated above, we have observed the formation of per-
‘_’"M“ L“ |'I.M;,U,_L.J"/ oxides on the surface of Tgdduring the illumination and

superoxides in post-illuminated condition. These findings
show that UV illumination of TiQ thin-films produces, in
addition to the rapid processes associated with the charge
separation, long term modification of the surface of these
materials.

Absorbance
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