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Synthesis and U\~Visible-Light Photoactivity of Noble-Metal —SrTiO 3
Composites

Vaidyanathan Subramanian;*8 Ryan K. Roeder! and Eduardo E. Wolf*-

Department of Chemical and Biomolecular Engineering, Notre Dame Radiation Laboratory, and Department of
Aerospace and Mechanical Engineering, hmsity of Notre Dame, Notre Dame, Indiana 46556

The photocatalytic activity of strontium titanate (Srg)@erovskite films has been examined and compared
with that of commercially available titania (TiPDegussa P25) in the degradation of a model pollutant,
Victoria Blue dye. The effects of pH, synthesis temperature, and Sr/Ti ratio in the synthesis of the perovskite
were examined. SrTiQwas prepared using Ag, Pt, or Au and characterized using optical and surface analysis
methods. We found no clear evidence of substitution of the noble metal into the;J&TtiiCe, and most

metal existed as zerovalent metal deposits. Addition of Ag to Syldwed the most promising catalytic
activity toward dye degradation. Degradation of the dye under-USible light was also observed to be
enhanced only for AgSrTiOs.

Introduction compatible with the lattice size of the perovskite. For example,
. ) ) Ag, Cr, Pt, Ru, and Ta have been incorporated into SgTeO
Photocatalytic processes are environmentally friendly methods promote water splitting Therefore, substitution of the Sr cation
that utilize radiation energy to perform catalysis such as water \yith a metal cation is expected to alter the band-gap charac-
splitting, waste mineralization, and recovery of precious métals. teristics, as it is known that an empty Ti 3tbg orbital
The application of semiconductors, such as titania ¢)i@s contributes to the conduction band. Because photocatalysis in
photocatalysts has been widely studied, but the application of \,,nst semiconductors and TiOnvolves absorption of UV
perovskites as photocatalysts has been primarily studied t0phat0ns (less than 3% of the solar spectrum) to excite eleetron
exami_ne their Water-splitting ability.” Perovskites, such 85 hole pairs, lowering the band gap (by preparing composites)
strontium titanate (SrTig), have been used for water splitting ¢4 help in sensitizing SrTio absorb light in the visible range
because they provide a higher photopotential than, Eou and thus generate more charges to perform redox catalysis.
facilitate hydrogen and oxygen forma'glon. Perovskltes are also Therefore, the purpose of this study was to examine the
observed to be useful for the degradation of organic compoundsyyqing questions: (1) Can the stoichiometry (Sr/Ti) affect
in place of conventional photocatalysts, such aszFi0 the photocatalytic activity of SrTi§? (2) Can doping with noble
Perovskites have the general formula (ABOThe perovskite metals promote visible-light photocatalytic activity of SrEfO
structure provides the flexibility to vary the composition of the 14 answer these questions, Sr3i@as synthesized with varying
A and B sites and/or incorporate a combination of cations at gy/j ratio and Ag, Pt, or Au dopants using a modified Pechini
the A and B sites to form substituted perovskites. In an ABO process! The photocatalytic activity of the catalyst was
perovskite, varying the stoichiometry or doping with a cation gyamined and compared with that of a commercial;Ki@talyst

of a different valence state can, in principle, change the 1y monitoring the degradation of a common textile dye, Victoria
electronic propertie¥ Therefore, unlike Ti@ one can control Blue.

the composition and size of the constitutuent cations and can
potentially alter the electronic structure of a perovskite semi-
conductor. Some typical general formulas of substituted per-
ovskites are AA'1-xBOs, AB«B'1-xOs, etc. Therefore, doping Chemicals.Chemical reagents included hydrogen tetrachlo-
with different cations (Aor B') offers the potential to tailor  roaureate(lll) hydrateX99.9%), hydrogen hexachlorplatinate-
the basic structure and hence the electronic and catalytic(|v) (99.9%), silver nitrate (99.999%), citric acid (anhydrous,
properties of substituted perovskites. >99.5%), ethylene glycolX99%), titanium(lV) isopropoxide

The focus of this work was on the perovskite SrfiSrTiOs (99.999%), strontium acetate (99%), strontium carbonate
has a cubic structure with a band gdf)(similar to that of (>99.9%), acid orange 7 (AO7), and Victoria Blue B (Aldrich
TiO; (Eg = 3.2 eV)? Thus, SrTiQ alone is active only under  Chemical Co.)
UV radiation. The incorporation of a metal cation can alter the  Synthesis of the PhotocatalystsEnhancement of the pho-
band structure of SrTigif the size of the doping metal ionis  tocatalytic activity partly depends on the surface and deep trap
states in a semiconductéfOne way to produce such states is
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63T1 o897. Fax: (574) 631 8366. . ) the composite catalyst. A modified Pechini process was used
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Scheme 1. Flowchart for the Synthesis of SrTi@ Catalysts

0.1M
Ti(C-iPr),
0.1 M l
(CH;CQ,),Sr H,0
| 4 M Ethylene glycol I Cit:icMacid

| Agueous noble metal precursor I—'

| Stir until dissolved (6-8 h) |

l

| Heat to 60-70°C (6-8 h) and reduce volume to <10 ml |

| Yellow > brown { black (10-12 h) |

| Calcine at 450-650°C for 12 h |

precursor in 2-propanol was added to citric acid (CA) dissolved

in water. Strontium acetate was added to this solution to prepare

a Sr/Ti ratio of 0.8:1, 1:1, or 1.2:1 (Scheme 1). The mixture
was stirred until the solution turned transparent and clear.

Ethylene glycol (EG) was added once the solution became

transparent. For noble-metal-substituted SgTi@erovskite

catalyst synthesis, a solution of the metal ions, prepared from

the corresponding metal salts in water, was added following
the addition of the Ti and Sr precursor with EG and CA. The

noble metal and strontium precursors were added stoichiomet-

rically such that the ratio of (metat Sr) to Ti was 1:1. The
amount of noble metal added was 0.5, 1.0, or 2.0 wt % of the

procedure: A slurry of the powder was prepared in ethanol and
deposited using a syringe. (330 wt % SrTiQ was used to
prepare the slurry) The slurry was spread intermittently and
allowed to dry under ambient conditions. Multiple coatings were
deposited before the film was calcined for 30 min at 4G0n

air. The surface morphology of the film was imaged using
atomic force microscopy (AFM) in the tapping mode (Nano-
scope llla, Digital/Veeco Instruments). AFM was used to
examine the morphology of the film with a silicon nitride tip.
An ethanol solution of a dye (Victoria Blue or Acid Orange 7)
was deposited on the calcined film by drop-casting the dye
solution (100uL, 10 mM) over the film and drying at room
temperature. A second glass slide was placed over the catalyst
films to ensure that the films were supported intact and did not
lose mechanical integrity during optical measurements when
they were placed over the slit of a spectrophotometer. For
photocatalytic studies, the dye samples deposited on thin films
of catalysts placed between the glass slides were irradiated for
varying periods of time. UV visible light was generated from

a high-energy (250-W) xenon lamp, and a CyS@lution was
placed between the lamp and the catalyst film to filter high-
UV emissions £ > 300 nm). A blank spectrum (without
catalyst) indicated > 300 nm light passing through to the other
side of the cover glass. The Cugfiter was added to prevent
direct photolysis and ensure selective excitation of the, &
SITiO; films. A UV —vis spectrophotometer (Shimadzu 3101)
was used to monitor changes in the absorbance of the dye in
the diffuse reflectance mode in order to estimate the extent of
dye degradation.

Results and Discussion

SrTiO 3 Photocatalyst SynthesisSynthesis of SrTi@Qusing

total weight of metal added. All precursor solutions were then 5 modified Pechini process was examined with different

stirred for another 30 min and gradually heated over 1 day 10 precursor metal salts. The catalyst obtained using strontium
evaporate most of the water. Heating resulted in the transition 5cetate as the precursor was found to be easier to synthesize,

of the solution from a clear liquid to a yellowish viscous paste
and finally to a brown solid. The solution was thoroughly stirred
until a blackish brown precipitate formed. The precipitate was
calcined in air for 12 h at 400C, followed by an additional 12

h between 500 and 65TC. The calcined solids were ground
into a fine powder prior to characterization and photocatalytic

studies. Scheme 1 shows a flowchart for the synthesis of noble-

metal-substituted SrTiOwith a 1:1 Sr/Ti ratio. The same
method was adapted to synthesize Sghdth different Sr/Ti
ratios.

Characterization and Catalytic Studies.X-ray diffraction

yielding more crystalline SrTi@ with higher purity and
reproducibility, than that using a strontium carbonate (S}CO
precursor. Furthermore, SrG&quired a longer time to dissolve
and occasionally led to the formation of TiGollowing
calcination. Therefore, all catalysts were subsequently prepared
using strontium acetate as the precursor.

The hydrolysis of the precursor is typically much faster in
an acidic medium than in an alkaline medium. This is attributed
to the acid-promoted hydrolysis of the precursor wherein H ions
make the alkoxide more electrophilic and thus susceptible to
attack by the hydroxyl ions. SrTg»ynthesis was thus carried

(XRD) patterns were collected for the as-synthesized powdersout at various acidic (pH adjusted using HG)Gnd neutral

(hereafter referred to as SrT{OAg—SrTiO;, Pt=SrTiOs and
Au—SrTiOs) using Cu ku radiation generated at 40 kV and 30
mA (X-1, Scintag Inc.). Powders were examined ovet80°
26 with a step size of 0.02and step time of 0.5 s. An external

pH’s to examine the influence of the extent of hydrolysis on
SrTiO; synthesis. In addition to pH, the rate of addition of the
catalyst precursor and water evaporation were also examined.
These preparative parameters, however, were found to have little

standard was used for the measurement of lattice parametersgr no effect on the synthesis of the catalyst. XRD patterns for

XRD peaks were fit using a Pseudo-Voigt function. Lattice

SrTiO; synthesized at pH 7 and 1.5 did not exhibit any

parameters were determined by extrapolating measurements fogignificant differences. The only variation observed was in the

the six reflections of highest2versus the NelsonRiley—

time required for the solution to become transparent. At pH 7,

Taylor—Sinclair function, using linear least-squares regression 30 min was required for the solution to turn transparent, whereas

(R? > 0.99) to eliminate systematic errdisMixtures of the
as-synthesized SrTgJpowder and a Ag powder (99.9%, Alfa
Aesar) were prepared for known weight fractions (e.g., 0.15,

0.10, 0.05 wt % Ag, etc.). These known mixtures and the as-

synthesized powders were examined more closely over 37

41° 260 with a step size of 0.02and a step time of 10 s.
SrTiOs, Ag—SITiO;, Pt=SITiOs;, and Au-SrTiO; catalyst

films were cast on thin glass slides, X5 cm by the following

at pH 1.5, 10 min was required. Therefore, in all subsequent
syntheses, the pH of the solution was maintained at 1.5.

We also studied the effect of the calcination temperature on
SrTiOs. Figure 1 shows XRD patterns for SrTiGamples
calcined at 500, 550, and 65 for 12 h, following the
preliminary heating of the photocatalyst to 400 for 12 h in
air. As expected, the results show an increased degree of
crystallization with increasing temperature. All relevant peaks



LA
o
- s
—_ © -
) b
s - « E hd - < e b~
o T g ® o ° o o
= z o < s e 2 SrTio,
= ° o ° °
5 650°C,12 hr
>
)
E waj
= 550°C,12 hr
=
=
<
g WWM%
z 500°C,24 hr
2
£ WMMMM
i 500°C,12 hr
10 20 30 40 50 60 70 80
Two Theta (°)

Figure 1. XRD patterns of as-synthesized SrEiPowders prepared at
different calcination temperatures.

were identified and indexed using the data available from the
Joint Committee for Powder Diffraction Studies (JCPDS).
SrTiO; peaks were identified using standardized data from
JCPDS file 35-734 and literature resulfsNote that small
amounts of TiQ (JCPDS files 21-1272 and 21-1276) were also
observed (Figure 1). The extent of Ti@rmation was found

to depend on the amount of water added, the duration of heating,

and the calcination temperature. The optimum conditions of time
and temperature for the synthesis of the perovskite were 12 h
of heating at 400C followed by 12 h of heating in air at 550
°C.

The stoichiometry of the resulting SrTi@epended on the
Sr/Ti ratio used in the precursor composition. Kutty character-
ized SrTiQ with electron paramagnetic resonance (EPR) and
attributed the hole-trapping ability of SrTi@o changes in the
Sr/Ti ratio}* A Ti-rich phase was suggested to be beneficial
for hole trapping at the surface. In photocatalysis, hydroxyl-
radical- (OH) mediated oxidation of compounds can be traced
to the availability of holes in the photocatalyst as

1)

S,Ti,O;(h" +e) + OH —SKTi,0; (e7) + OH (2)

SK,Ti,0; + hv — Sr,Ti,0; (h")

wherex < vy, x =y, andx > y. Therefore, a higher hole
availability at the surface under Ti-rich conditions can potentially
generate higher OHevels that can provide greater degradation
rates.

Variation of the Sr/Ti ratio can therefore be expected to alter
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Figure 2. XRD patterns of as-synthesized powders of Silé@d SrTiQ
prepared with 2 wt % Ag, Pt, and Au. All reflections correspond to SgTiO
or SrTiG; solid solutions @) and TiG; (O).

Table 1. Lattice Parameters of the Noble-Metat-SrTiO 3 Powders
Obtained from Figures 1 and 2

catalyst lattice parameter
SITiOs 3.908
Au—SrTiO; 3.910
Pt—SrTiOs 3.913
Ag—SITiOs 3.905

Substitution of the noble metal in the perovskite structure was
minimal, if it occurred at all, as shown by the measured lattice
parameters (Table 1). There was only a slight increase in the
lattice parameter for additions of Au and Pt. The lattice
parameter measured for Srhi@as comparable to the JCPDS
standard.

Phase-pure SrTi&was a white crystalline powder. However,
the addition of noble metals Ag, Au, and Pt led to the formation
of colored powders: yellow for AgSrTiO;, pale green for Pt
SrTiOs, and red for Au-SrTiOs. The coloration was attributed
to oxidation of the metal ions. To confirm this observation, YV
vis diffuse reflectance measurements were carried out to
examine the absorption characteristics of AyTiO;, Pt—
SrTiO;, and Au-SrTiOs. Absorbance spectra showed a shift
in the absorbance of SrTinto the visible range upon addition
of Ag, Pt, and Au (Figure 3). A characteristic plasmon
absorbance of the metal (e.g., Au has a plasmon absorbance at
530 nm) was observed for AtSrTiOs. This is an indication of
the presence of Au in the form of Au(0). This suggests that the
main portion of the 2% metal added was present as zerovalent
metal. Thus, the presence of plasmon absorbance and the

the degl’adation kinetiCS Of the phOtocata|ySt. Sr/Tl I’atiOS were neg||g|b|e Change |n the |attlce parameters Suggest that most Of
varied between 0.8:1, 1:1, and 1.2:1 because earlier studies did

not show any change in the activity at closer ratios and to
examine what happens to the catalytic activity if this ratio is
varied beyond the formation of a single phase.

Effect of Noble Metal Doping. XRD patterns for the as-
synthesized powders of SITiOAg—SrTiO;, Pt—SrTiO;, and
Au—SrTiOz with 2 wt % Ag, Pt, and Au revealed the formation
of a SrTiG; solid solution, and small amounts of TiCbut no

crystalline metal deposits were detected (Figure 2). The detection

limit, for example, of Ag was determined by XRD of known
mixtures to be between 0.10 and 0.05 wt % Ag. (Metal particles

of comparable size were used to prepare mixtures to ensure

particle sizes similar to those of the composite oxides.) The
absence of reflections for the noble metals could be due to a
small crystallite size, low concentration, or low crystallinity.

04
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Figure 3. Absorbance spectra of (a) Srii@nd 2 wt % (b) Au-, (c) Pt-,
and (d) Ag-SrTiOs.
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Figure 5. Absorbance spectra of a Victoria-Blue-loaded Srlidm
following (a) O, (b) 15, (c) 30, and (d) 60 min of UV irradiation. The inset
shows photographs of the SrTi@m containing Victoria Blue dye before
(left) and after (right) U\+vis irradiation. The irradiation was carried out
with a 250-W xenon lamp and with a Cus®olution to cut off high-Uv
radiation ¢ < 300 nm).
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Figure 4. AFM image of a SrTiQ@ photocatalyst film deposited on a glass § 04r 4 Yy To
slide showing a surface image (top) and profile (bottom). § :0}8:21 SrTi

& 921/ /a v 1.2:1 Sr.Ti
the metal exists as zerovalent metal deposits instead of substitut- N /AR
ing Sr or Ti sites within the perovskite structure. However, 0 2 4 6 8 10 12
detailed analysis of the surface is needed to reveal the exact Catalyst loading, mg
oxidation state of the metal and the extent of metal ion Figure 6. Comparison of the catalytic activities of Ti@nd SrTiQ with
distribution. Sr/Ti ratios of 1:1, 0.8:1, and 1.2:1. The irradiation was carried out with a

Figure 4 shows an AFM image of a typical SrEi@Im 2150<—Vg/0>8en0n lamp and with a Cug®olution to cut off high-UV radiation

deposited on a glass slide from a slurry of particles calcined at ¢ nm).
550°C. The SrTiQ films consisted of uniformly sized particles
of ~50—-60 nm. AFM images of fiims cast with particles Figure 6 shows the effect of the Sr/Ti ratio on the fractional
calcined at 500 and 65TC showed particle sizes 640 and conversion of the dye. An equimolar Sr/Ti ratio was more active

~65 nm, respectively. All films exhibited rough surfaces, for degradation of the dye than the catalysts with nonequimolar
implying that they are porous when viewed in cross section, ratios. Similar results were also observed with Acid Orange 7.
and no change in particle size was observed before and afterThe photocatalytic activity of various loadings of commercially
calcination at 400C. Films of noble-metatSrTiO; prepared available TiQ (Degussa P25) was found to result in the highest
at 550°C also showed a similar porosity and particle sizes of conversion of Victoria Blue compared to corresponding loadings
~50 nm. of SrTiO; (Figure 6).

Photocatalytic Properties. The photocatalytic activity of Similar photocatalytic degradation rates for both Ti&hd
SrTiO; was examined by monitoring the degradation of the dye SrTiO; were observed in an earlier study with SrEi®
Victoria Blue. Multiple catalyst films loaded with the dye were Hashimoto and co-workers reported a strong oxidizing ability
subjected to UV+vis degradation in air. Spectra of the dye- of holes as the cause of bleaching of Methylene Blue dye on
loaded catalyst films are shown in Figure 5. The dye showed SrTiO; films. The photocatalytic activity of SrTi©presented
an absorbance maximum at 560 nm. BW¥s illumination here, however, is somewhat lower than that of Tithe particle
resulted in a decrease in the absorbance at 560 nm, demonstratize of SrTiQ was~50—60 nm, compared to 2530 nm for
ing that catalytic degradation of the dye occurred during TiO,. Catalytic activity is a function of the active available
illumination. Blank experiments performed without any F7jO  surface area, which decreases with increasing patrticle size. Thus,
SrTiOs, or illumination showed no change in the dye absorbance the larger particle size of SrTielative to TiQ resulted in a
at 560 nm, indicating that the catalyst and light are essential lower surface area and is believed to be the cause of the lower
for photocatalytic degradation. The inset in Figure 5 shows a catalytic activity in the SrTi@films used in this study.
photograph of the catalyst film before and after exposure to  Lower degradation was also observed in the Ti- and Sr-rich
UV light. The complete conversion of the dye by Sr{iO phases compared to the 1:1 Sr/Ti sample. The lower degradation
occurred in the region where the catalyst was present, and noin the case of the Sr-rich phase (Sr&il1.2:1), indicates lower
dye degradation occurred in the absence of the catalyst. hole availability. Under such circumstances, greater recombina-
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Figure 7. Effect of catalyst loading on the degradation of Victoria Blue. Y 40 80 120 160 200
The absorbance at 560 nm was monitoredsfb following different periods Time, min
of irradiation. The irradiation was carried out with a 250-W xenon lamp  Figyre 8. Changes in the absorbance at 560 nm following illumination of
and with a CuS@solution to cut off high-UV radiationi( < 300 nm). noble-metatSrTiOs. The absorbance at 560 nm was monitored for 3 h

following different periods of irradiation with a catalyst loading of 4 mg in
] ) all cases. The irradiation was carried out with a 250-W xenon lamp and
tion between the photogenerated electrbnle pairs, because  with a CuSQ solution to cut off high-UV radiationA( < 300 nm).

of the unavailability of excess hole centers, can indicate
decreased photoactivity. On the other hand, the XRD patterns

revealed that the Ti-rich catalyst contained some;TATthough 10 . SHTIO

the Ti-rich phase is expected to provide greater numbers of e 05 wi% AgSITIO,

surface holes, no benefits in photocatalytic dye degradation were 0.8 ISPy

observed. The lower activity could be attributable to the fraction x\ s

of the photoactive Ti@in the composite. Variation of the Sr/ 2 08

Ti ratio between 0.95:1 and 1.05:1 also showed no change in < \

the catalytic activity. 04r \
The amount of SrTi@loaded in the films could also affect \

the photocataytic activity. The decrease in the absorbance of 0.2 .

the dye at 560 nm following irradiation of varying amounts of
SrTiO; in films (1:1 Sr/Ti ratio) at various intervals of

illumination is shown in Figure 7. Increasing the film loading _. . o
ith SrTiOs from 5 to 8 mg did not significantly affect the dye Figure 9‘. Cha_mges in the absorbance at 560 nm following illumination of
Wi 9 9 Yy Yy Ag—SrTiO; with varying Ag contents. The absorbance at 560 nm was

conversion. At a higher loading of 11.1 mg, the conversion monitored fo 3 h following different periods of irradiation with a catalyst
actually decreased. Because the Sgliildns were porous and loading of 5 mg in all cases. The irradiation was carried out with a 250-W

made up of spherical particles (Figure 4), it is reasonable to Xenon lamp and with a CuSQolution to cut off high-UV radiationA( <

expect that increasing the loading would provide a greater 300 nm).

surface area for the adsorption of the dye and increase the

photocatalytic degradation. On the other hand, an increase inof Victoria Blue in the presence of Ag compared to that over

the film thickness with loading can attenuate light penetration, plain SrTiGs. Although all loadings of Ag showed higher dye

which can contribute to decreased rates of degradation at higherconversion than plain SrTithe highest increase in conversion

catalyst loadings. In our previous studies, we also observed thatwas observed for a loading of 0.1 wt %. The YVisible-light-

the degradation of Acid Orange 7 initially increased and then induced activity of Ag-SrTiO; was observed to increase the

decreased with increased Tidoadingi®l” The kinetics of degradation of the dye by 15%.

Victoria Blue degradation on SrTiOwas also examined. A To examine visible-light activity, the catalyst-coated dye was

preliminary estimate of the rate constant for dye conversion exposed to light at wavelengths above 400 nm. To do this, a

using a 5-mg catalyst loading was established as 0.023%min  yellow 400-nm cutoff filter (allowing blue, green, and red light

assuming a first-order reaction for the 5-mg catalyst loading. It only) was introduced between the CusS6€bplution and the

is worthwhile to mention that the rate data obtained here are catalyst-dye-loaded glass slide. It is worthwhile to mention at

similar to those of a previous work (similar orders of magni- this point that commercially obtained Degussa P25 and S'TiO

tude)!’” TiO, and SrTiQ have similar band gaps of 3.2 eV, do not exhibit any activity toward Victoria Blue degradation

and hence, their photocatalytic degradation activities can bewhen exposed to light with the 400-nm cutoff filter, showing

expected to be of similar orders of magnitude. that visible light does not cause any catalytic activity in the
The activities of Ag-SrTiO;, Pt=SrTiOs, and Au-SrTiO; absence of the noble metals. Moreover, the dye degradation with

films were examined for the photocatalytic degradation of visible light using Ag-SrTiO; resulted in 12% conversion,

Victoria Blue dye under UV-visible @ > 300 nm) and visible- whereas no activity was observed with-3rTiO; and Au-

light (A > 400 nm) irradiation. The metal loadings used were SrTiO; in the presence of the 400-nm cutoff filter. This

0.5, 1.0, and 2.0 wt %. Figure 8 shows a very slight change in confirmed that Ag-SrTiO; was indeed active under visible-

the overall degradation of the dye under YVsible-light light irradiation.

irradiation over P+SrTiO; and Au-SrTiO; catalysts. Although It is important to note that the noble-metal perovskites

the addition of noble-metal ions caused the catalyst to absorbcontained some TiQalong with SrTiQ. Nonetheless, absor-

in the visible region (as observed from the absorbance spectra)bance and XRD spectra of the noble-metafTiO; composite

no benefits in catalytic activity were noticed. showed that the metal ions were indeed deposited as zerovalent
Figure 9 shows the photocatalytic activity of AGrTiOs. It metals with possible, but extremely limited, incorporation in

can be observed that there is a clear increase in the degradatiosolid solution. This is a unique situation that, to the best of our

0 40 80 120 160 200
Time, min



2192 Ind. Eng. Chem. Res., Vol. 45, No. 7, 2006

knowledge, has not been observed in Silpotocatalysts and  that Ag—SrTiO; catalysts showed a 12% enhancement in dye
can be considered extremely interesting. Typically, if a metal degradation over 180 min under BWisible-light illumination.

ion were to exist in a zerovalent state over a photocatalyst
(SrTiO; or TiOy), the metal would facilitate charge separation
after illumination and promote photocatalysis. Note that the
plasmon absorbance at 530 nm is indicative of metal existing This work was supported by the Office of Basic Energy

in the zerovalent staté. For example, earlier investigations Sciences of the U.S. Department of Energy. E.E.W. and V.S.
involving TiO; doping with noble metals showed enhancement acknowledge Gabriel L. Converse for assistance with quantita-

in the photoelectrochemical properties of semiconductor-basedtive XRD analysis. The assistance provided by Prof. Prashant
systems, which was attributed to an increase in the ChargeKamat in the form of laboratory facilities and helpful discussions
separation efficiency in the solid solutidhin other examples, IS acknowledged.

the platinization of SrTi@has been reported to promote water-

splitting reactions? In a recent study, we showed that a  Note Added after ASAP Publication. The initially approved
semiconductormetal interface can be dynamic, wherein the version of this paper was published on the Web on January 11,
metal can be oxidized by the photogenerated holes while the 2006 without corrections from one of the co-authors. Several
oxidized metal can be reduced by the electrons, resulting in antext changes have been made, and a reference has been added.

equilibrium at the interfac The lack of activity enhancement  The corrected version of this paper was published February 24,
in the presence of noble metals (i.e., Au and Pt) points to the 2006.
possibility that the metal can act as a sink for the electrons,
thereby decreasing the recombination of charges. In earlier . .
studies, we also showed that photogenerated holes can oxidize-terature Cited
metal ions in a solid solutiof. Such an oxidation process will (1) Herrmann, J. M. Heterogeneous photocatalysis: Fundamentals and
also decrease degradation of dye. applications to the removal of various types of aqueous pollut@asal.

The visible-light absorbance indicates the presence of inter- T0day1999 53 115-129. _
mediate states that can facilitate the absorbance of light in the _, (2) Serpone, N.; Pelizzetti, EPhotocatalysis. Fundamentals and Ap-
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