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In quest of environmental purification, photocatalysis using also depends on the composition, and the best performance is
semiconductors and sunlight has been attracting tremendous attenrealized on (Ag75S6.25)(Nbo 75Ti0.25)O3 (see Figure S6, Supporting
tion. As a green chemistry technology, photocatalysis is an ambient- Information). Figure 1a shows a typical process of photocatalytic
temperature process that can carry out complete decomposition ofdecomposition of CECHO into CQ over (Ag.7sS1h.25)(Nbg. 75
organic pollutants at low level& The most extensively studied  Tig29O3 under visible light £ > 400 nm). The concentration of
photocatalyst, Ti@ possesses a wide band gagahatasey~ 3.2 initially injected CHCHO was ~300 ppm. After keeping the
eV, eyuuiley ~ 3.0 eV), which can absorb only the UV light reaction vessel in the dark for80 min, the concentration of
accounting for~4% of the total sunlight to generate charge carriers detectable CECHO was decreased to a nearly unchanged value
for promoting the surface redox reactions. This inherent property of ~250 ppm and no COwas evolved, indicating that50 ppm
of TiO restricts its practical applications. _ CHsCHO was adsorbed on the catalyst surface. Upon light

To effectively harvest the visible light that occupieg3% of  jrradiation, the concentration of detectable {LHO quickly
the total sunlight, constructing a photocatalysis system with high decreased to nearly zero, and the concentration of iB@eased
visible-light activity is indispensable. Since the late 1980s, many Jinearly. More than 80% of the C}£HO was decomposed into
efforts have been expended to develop the “second-generatiop” TiO CQ, in the short linear stage. With further increase of irradiation
that can absorb both UV and visible ||ght Such attempts include time, the CHCHO adsorbed on the Cata|yst surface was decom-
(1) photosensitizing with suitable dyes that act as visible-light posed into C@slowly. Finally, the amount of CQwas nearly twice
harvesters but are degraded eventdaind (2) doping with  the initial amount of CHCHO, i.e., the initially injected CECHO
transition metal ions or anions (e.g., N, C, and S)which  was almost completely decomposed into C@aching a total
unfortunately act as recombination centers for the photoexcited carhon balance in the whole reaction. The catalyst was used for
charge carriers or are simply ineffective in aiding the redox seyeral reaction cycles, and its performance was found to repeat
reactions. In recent years, more and more attention has been paidery well. XRD, UV—vis, and EDS analyses confirmed that the
on developing new visible-light-active photocatalystsAmong  catalyst was quite stable upon the aforementioned reaction (Figures
them, the solid-solution semiconductors with tunable electronic g7 ang S8, Supporting Information).
structures are o_f particular inte_rest_because of their_unique properties Using various interference filters (Optical Coatings), the apparent
that are unattainable by the individual end matefial. _ quantum efficiencies of C&evolution were measured and estimated

Recently, we have developed a novel series of perovskite-type o, the basis of the number of incident photons, according to the
solid-solution photocatalysts (ASK)(NbL«Th)Os crystallized in - yotaoxidation process of GBHO proposed by Fujishima et .
an orthorhombic (Q< x < 0.9) or a cubic (0.9 x = 1) system A shown in Figure 1b, the wavelength dependence of quantum
(Figures S1 and S2, Supporting Information). Preliminary results gficiency is essentially consistent with the bVis spectrum. It
show that these mixed valent perovskites are powerful for oxidizing ;g worthy to note that the quantum efficiency of (AeSt 2 (Nbo. 75
H,0 into G, from aqueous AgN_@gqution under visible light, and Tio2905 at Ao = 440 nm (1.48%) was over three times that of
(AQo.7551o 28/ (NDo75Ti029 05 exhibits the best performance. The i, N, (x = 0.0075) atlo = 436 nm (0.42%) reported by Asahi
strong oxidation ability suggests the possibility of photocatalytic et al.52 though the BrunauerEmmett-Teller (BET) surface area
decomposition of some organic compounds. Here, we report that i : _

. ; of (A 10.29(Nbg 75Tig 2903 (~1 m? g~1) was much smaller than
acgtgldehyde (C¥CHO), a common indoor air pollutant, can be theEt %(%7ﬁ822753<l(\1x (()15670'2;%2 3gE1). Weg eipect that the quantum
efficiently decomposed over (Ag:Sto25)(Nbo75Tio 2903 under efficiency of our solid solution could be improved significantly by

visible-light irradiation. ) .
. : . . further increasing its surface area.
Rietveld refinement shows that (8gSro.25)(Nbo 7sTio290s i Photocatalytic decomposition of organics in the presence,of O

Srésg%ggig)'gin_ogg%?f (rg)b"; saﬁ;:eT l(ggazcég)ggp?h\’:wi generally involves (1) photoexcitation of electrons from the valence
\;s .s actrum ’inEica.ltes that (,A&,Sr_s)(N.bo T 5)(') has an band (VB) to the conduction band (CB); (2) oxidation of organic
P "o 0.2 75 0.2 =3 compound directly via the VB holes or indirectly with the surface-

absorption edge at440 nm & ~2.8 eV). It should be pointed . .
- . . . bound hydroxyl radical*OH); and (3) reduction of @by the CB
out that the solid solution (AgrsSto 25/ (NlDy 75Tio 2905 is completely electrons. Clearly, increased over-potentials, i.e., the difference

different from the mixture of (0.75AgNbg+ 0.25SrTiQ) (Figures between VB top potentiabys) and oxidation potential{,) and

S3-S5, Supporting Information). the difference between CB bottom potentibl.{) and reduction

Photocatalytic decomposition of GEHO was carried out in a tential re favorable for the redox reactions. Concernin
cylindrical static reaction vessel (see details in Supporting Informa- potentia H”?d)‘ are favorable for the redox reactions. t.oncerning
the visible-light activity of a photocatalyst, a small band gap is

tion). Similar to Q evolution, the photocatalytic activity of

AG, Nb: .Ti p iti f HO int equally important.
(Aga-St)(Nb1-Ti)Os for decomposition of CkCHO into CQ Usually, the involvement of Ag 4d orbitals moves the VB top

TInternational Center for Materials Nanoarchitectonics. ofan OXIdg semlconducmr_toward the more _n_egatlve position, \_Nh"e
* Photocatalytic Materials Center. the potential of Nb 4d orbitals is more positive than that of Ti 3d

2724 m J. AM. CHEM. SOC. 2008, 130, 2724—2725 10.1021/ja710805x CCC: $40.75 © 2008 American Chemical Society
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Figure 1. (a) Changes of CECHO and CQ concentrations as a function
of irradiation time in the presence of (A@Sro.25)(Nbo 757102503 under
visible-light irradiation £ > 400 nm). (b) Quantum efficiencies of GO
evolution at various light wavelengths, being consistent with the-uig
absorption spectrum. The quantum efficiency of Zil (x = 0.0075) at
Ao = 436 nm (0.42%) was cited from Asahi et®al.
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Figure 2. Schematic band structures of (a) AGNP®) (Ado.7sST.29(Nbo 75
Tio.2503, and (c) SrTiQ.

orbitals. As a consequence, the band gap ofo@A®r0.25)(Nbo 75
Tio2503 is smaller than that of SrTiObut larger than that of
AgNbQ;. On the other hand, the oxidative ability of (Ag-
Sro.29)(Nbo 75Tip 2903 is higher than that of AgNb&but lower than
that of SrTiQ, while its reductive ability is higher than AgNBO
but lower than SrTi@ Figure 2 schematically shows the band
structures of AQNb@ SrTiO;, and (A 7551 25 (Nbo 75T10.29 Os. AS

a result of its large band gap, Sri®ardly shows visible-light
activity, although its CB bottom potential is sufficiently negative
(—0.8 eV vs SHEY. In contrast, the CB bottom of AgNhQs
supposed to be very close to"Hi, (0 eV vs SHE) or @O,
(—0.046 eV vs SHE), indicating that the over-potential is too small
to reduce @ by the photoexcited electrons. Therefore, AgNbO
shows a very low visible-light activity, although its band gap is
small. For (Ag 75525 (Nbg 75Ti0.29O3, the VB and CB are formed

by the hybridized (Ag 4d+ O 2p) orbitals and the hybridized (Ti

3d + Nb 4d) orbitals, respectively, and are supposed to disperse
continuously in a relatively wide energy range. This configuration
is obviously favorable for the charge carrier transportation. Taking
into account the band edges of Sri@hd AgNbQ, we assign the

CB bottom and VB top of (Ag75So.25) (Nbg 75T10 25903 around—0.2

and 2.6 eV (vs SHE), respectively. In no doubt, a good compatibility
between the absorbance of visible light and the redox abilities has
been obtained in (AgrsSro.25)(Nbo 75Ti0.29 O3 with a modulated band
structure, thus giving rise to a significantly enhanced photocatalytic
activity for CH;CHO decomposition. In addition, another popularly
used model organic pollutant, 2-proponal, could also be degraded
efficiently over the reported solid-solution photocatalyst under
visible-light irradiation.

In summary, we have successfully developed a novel highly
active solid-solution photocatalyst (A@Sro.25)(Nbg 75T10.25) O for
efficient decomposition of organic pollutants under visible-light
irradiation. The enhanced photocatalytic activity of (Ag
S1o.25(Nbg 75Ti0.25 O3 is attributed to the modulated band structure
formed by a hybrid conduction band of the empty (Ti 3dNb
4d) orbitals and a hybrid valence band of the occupied (G+2p
Ag 4d) orbitals. The present study proves that making solid-solution
oxides is a feasible approach for developing highly visible-light-
active semiconductor photocatalysts.
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Supporting Information Available: Experimental procedures for
material preparation, characterization, and photocatalytic activity evalu-
ation. Rietveld refinement results of (AgSK)(Nb;—4Tiy)Os. CO; evolu-
tion rates as a function of thevalue in (Ag—xSk)(Nb;—«Tix)Os. Activi-
ties of (Ag.75510.25)(NDo.75Ti0.25) O3, AGNDO;, SrTiO;, (0.75AgNbQ+
0.25SrTiQ), and TiQ (anatase) under various irradiations. XRD, YV
vis, and/or EDS of AgNb@ SrTiO;, (0.75AgNbQ+0.25SrTiQ), and
(Ago.75510.25)(Nbo.75Ti0.25) O3 before and after reaction. This material is
available free of charge via the Internet at http://pubs.acs.org.
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