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Introduction

One-dimensional (1D) semiconducting metal oxide nano-
structures with large surface-to-volume ratios have become
the focus of intensive research, as they provide an excellent
platform for investigating shape- or size-dependent electrical
and thermal transport properties. In particular, 1D semicon-
ducting oxide nanostructures (TiO2, ZnO, SnO2, CeO2,
Co3O4, W18O49) such as nanotubes (NTs),[1,2] nanobelts
(NBs),[3,4] nanowires (NWs),[5,6] and nanorods (NRs)[7,8] have
attracted considerable attention owing to their unique physi-
cal and chemical properties. Titanium dioxide (TiO2) is

a technologically important material that has many promis-
ing applications in areas that range from photocatalysis[9,10]

to solar cells[11, 12] and sensors.[13, 14] The movement of elec-
trons and holes in TiO2 semiconductor nanomaterials is pri-
marily governed by 1D quantum confinement.[15] However,
the photocatalytic activity of TiO2 nanobelts is relatively low
owing to their fewer surface active sites and high recombi-
nation of photogenerated electron–hole pairs.[16] Clearly, the
improvement of the photocatalytic ability of TiO2 nanobelts
is an important issue that needs to be addressed prior to
their applications in photocatalysis.

The growth of heterostructures is one of the most impor-
tant approaches for the development of advanced multifunc-
tional nanomaterials.[17–19] Recently, the fabrication of heter-
ostructures on the surface of 1D metal oxide, such as semi-
conductors (SnO2, MoS2, and CdS)[20–22] and noble
metals,[23–25] has attracted a great deal of research interest.
Liu and co-workers fabricated the controllable binary TiO2/
SnO2 nanofibers with enhanced photocatalytic activity.[20]

Kolmakov et al. reported that the deposition of Pd nanopar-
ticles on SnO2 nanowires enabled the generation of Schottky
barrier-type junctions with dramatically improved sensitivity
toward sensing of oxygen and hydrogen gases.[26] On the
basis of these recent works, it is evident that heterostruc-
tures can effectively modulate charge transfer between two
phases to improve the catalytic performance. The TiO2

nanobelt is a good substrate owing to its dimensionally and
structurally well-defined physical and chemical phenomena.
At the same time, the rough surface of TiO2 nanobelts ob-
tained by acid hydrothermal corrosion (referred to as C-
TiO2) is ideal as a template for heterogeneous nucleation of
metal or metal oxide nanoparticles.
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In this work, we report the fabrication of PdO/C-TiO2 and
Pd/C-TiO2 heterostructured nanobelts by a co-precipitation
method followed by a reduction process. The uniform distri-
bution of palladium oxide (PdO) and palladium (Pd) nano-
particles on the surface of C-TiO2 nanobelts was observed
by transmission electron microscopy (TEM), X-ray photo-
electron spectroscopy (XPS), and UV/Vis absorption spec-
troscopy. The photocatalytic activity and photocurrent were
characterized to study the heterostructure effect. We also
present a mechanistic investigation on PdO/C-TiO2 and Pd/
C-TiO2 nanobelt heterostructures that suggest the energy-
band matching is the dominant factor for the enhanced pho-
tocatalytic activity of nanoparticle-modified TiO2 nanobelts.

Results and Discussion

As reported in our previous study,[23] smooth nanobelts (re-
ferred to as TiO2) and coarse nanobelts (referred to as C-
TiO2) were synthesized by means of an alkali hydrothermal
method followed by an acid corrosion process (see the Sup-
porting Information). The thickness of the nanobelts is
about 20 nm, the width is 50–300 nm, and the length is up to
several tens of micrometers. TEM images of Pd/C-TiO2 and
PdO/C-TiO2 heterostructured nanobelts are shown in
Figure 1. Anatase nanobelts obtained by acid corrosion
treatment have a rough surface (see the Supporting Infor-
mation), which is beneficial to the heterogeneous nucleation
of PdO nanoparticles on the surface of C-TiO2 nanobelts
during the co-precipitation process. Small PdO nanoparticles
with a diameter of (1.3�0.4) nm were observed, which were
evenly distributed on the surface of C-TiO2 nanobelts (Fig-

ure 1a, c). After the reduction reaction, the average particle
size of Pd nanoparticles deposited onto the nanobelts was
found to be slightly increased, which was about (1.6�
0.5) nm (Figure 1b, d). The corresponding size distributions
of PdO and Pd nanoparticles on C-TiO2 nanobelts are
shown in the Supporting Information, respectively. Thus, we
presumed that the reduction reaction from PdO nanoparti-
cles to Pd nanoparticles is a dissolution–recrystallization
process.[27] It is worth noting that the PdO and Pd nanoparti-
cles were firmly integrated on C-TiO2 nanobelts and not
leached off even after ultrasonic treatment. Because of their
low content (2 wt %) and small size, the PdO and Pd nano-
particles were not observed by XRD (see the Supporting In-
formation). However, the existence of elemental Pd in the
PdO/C-TiO2 and Pd/C-TiO2 hybrid nanobelts with loading
contents of 1.7 and 1.65 wt %, respectively, was confirmed
by EDS analysis (see the Supporting Information). To con-
firm the crystalline phase of the heterostructures, increased
amounts (8 wt %) of PdO and Pd were loaded onto C-TiO2

nanobelts. The TEM imaging and XRD characterization are
shown in the Supporting Information. However, only bumps
at 34 and 408 were observed in the XRD pattern of PdO/C-
TiO2 and Pd/C-TiO2, respectively, which correspond to PdO
(JCPDS 43-1024, tetragonal, a=b= 0.3 nm, c= 0.54 nm) and
Pd (JCPDS 65-2867, cubic, a= b= c= 0.39 nm). The crystal
lattices of the PdO and Pd nanoparticles can be seen in Fig-
ure 1c and d, respectively. The interplanar distances of 0.35
(Figure 1c), 0.24, and 0.19 nm (Figure 1d) correspond to the
(101), (004), and (200) crystal planes of anatase TiO2, which
implies that the growth front of TiO2 nanobelt is the (101)
plane. The fringe spacing of 0.26 nm (Figure 1c) corresponds
to the (101) planes for PdO nanoparticles. The lattice spac-
ing of Pd nanoparticles closely matches that of the bulk
metal, which is 0.22 nm for the (111) crystal plane of Pd.
The PdO and Pd nanoparticles are tightly coupled to the
surface of C-TiO2 nanobelts to form PdO/C-TiO2 and Pd/C-
TiO2 heterostructures, which is important for facilitating
charge transfer.

XPS measurements revealed the presence of elemental
Ti, O, Pd, and C in PdO/C-TiO2 and Pd/C-TiO2 nanobelt
heterostructures (Figure 2). The C is ascribed to the adventi-
tious hydrocarbon from the XPS instrument itself. The high-
resolution XPS spectra show that the banding energies of
Pd3d5/2 and Pd3d3/2 in the PdO/C-TiO2 nanobelts are located
at 337.35 and 342.65 eV, respectively, which suggest that Pd
existed as Pd2+ in the PdO/C-TiO2 nanobelt heterostruc-
tures. After the reducing reaction, the binding energies for
Pd3d5/2 and Pd3d3/2 for the Pd/C-TiO2 nanobelts were ob-
served at 334.4 and 339.9 eV, thereby implying the presence
of elemental Pd0. The asymmetric peaks for Pd3d5/2 and
Pd3d3/2 for the reduced nanobelts suggest partial surface oxi-
dation of Pd nanoparticles, typically observed for small Pd
nanoparticles.

To test the photocatalytic activity of PdO/C-TiO2 and Pd/
C-TiO2 nanobelts, methyl orange (MO), methyl blue, rhoda-
mine B, and p-chlorophenol were chosen as they are com-
monly found in most organic dyes. The photocatalytic activi-

Figure 1. a,b) TEM images of C-TiO2 nanobelts modified with PdO and
Pd nanoparticles, respectively. c,d) The corresponding high-resolution
TEM images of PdO/C-TiO2 (2 wt %) and Pd/C-TiO2 nanobelts.
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ty of C-TiO2 nanobelts decorated with PdO and Pd nanopar-
ticles is shown in Figure 3. Under UV-light irradiation, the
photocatalytic performance of common variety TiO2 nano-
belts was poor, and the decomposition of MO only ap-
proached 53.6 % after UV-light irradiation for 20 min (Fig-
ure 3a). The photocatalytic performance of C-TiO2 nano-
belts treated with acid corrosion was improved drastically,
and the degree of MO decomposition increased to 76.8 % in
20 min. The result is attributed to the higher Brunauer–

Emmett–Teller (BET) surface
area of C-TiO2 nanobelts, which
increased from 20.78 m2 g�1 for
TiO2 nanobelts to 29.13 m2 g�1

for C-TiO2 nanobelts. After the
attachment of PdO nanoparti-
cles onto the surface of C-TiO2

nanobelts, the resulting PdO/C-
TiO2 nanobelts gave rise to en-
hanced photocatalytic activity.
A complete degradation of MO
was achieved in 20 min, which
was significantly higher than
that of C-TiO2 nanobelts and
P25 (a commercial TiO2 photo-
catalyst). In contrast to PdO/C-

TiO2 nanobelts, the photocatalytic activity of Pd/C-TiO2

nanobelts obtained by reduction reaction was slightly de-
creased to 97.5 %. However, the photocatalytic activity of
Pd/C-TiO2 nanobelts was also higher than that of the C-
TiO2 nanobelts. Through a zero-order linear fitting, the de-
composition rates of MO for the PdO/C-TiO2

(0.0415 mgmin�1) and Pd/C-TiO2 (0.03 mgmin�1) nanobelts
were measured to be more than threefold and 2.1-fold faster
than that (0.014 mgmin�1) of the TiO2 nanobelts, respective-

ly. Through a first-order linear
fitting, the k values for TiO2

nanobelts, PdO/C-TiO2 and Pd/
C-TiO2 nanobelts, and P25 are
0.0178, 0.03, 0.513, 0.997, and
0.033, respectively, which also
implied that the enhanced pho-
tocatalytic performance was
caused by a heterostructure
effect. UV photocatalytic activi-
ty of the heterostructures with
different loading content of
PdO and Pd nanoparticles is
shown in the Supporting Infor-
mation.

The visible-light photocata-
lytic activity of TiO2 nanobelts,
C-TiO2 nanobelts, and PdO/C-
TiO2 and Pd/C-TiO2 nanobelt
heterostructures was also evalu-
ated by photocatalytic degrada-
tion of MO in aqueous solution
under visible-light irradiation
(Figure 3b). Owing to the large
bandgap energy (about 3.2 eV
for anatase), the photocatalysis
of TiO2 nanobelts only pro-
ceeds at wavelengths shorter
than approximately 400 nm.
Hence, the TiO2 and C-TiO2

nanobelts have low photocata-
lytic activity under visible-light

Figure 2. a) XPS survey spectra of PdO/C-TiO2 and Pd/C-TiO2 nanobelts. b) XPS spectra of the samples show-
ing the Pd3d5/2 and Pd3d3/2 peaks.

Figure 3. Photocatalytic degradation of methyl orange (MO) in the presence of TiO2 nanobelts, C-TiO2 nano-
belts, PdO/C-TiO2 and Pd/C-TiO2 nanobelt heterostructures, and P25 under a) UV light and b) visible-light ir-
radiation. c) Irradiation time dependence of photocatalytic degradation of MO in aqueous solutions over PdO/
C-TiO2 and Pd/C-TiO2 nanobelt heterostructures during repeated photo-oxidation experiments under UV
(20 min) and visible-light irradiation (180 min). d) Photocatalytic degradation of methyl orange (labeled as 1),
methylene blue (labeled as 2), rhodamine B (labeled as 3), and p-chlorophenol (labeled as 4) in the presence
of TiO2 nanobelts, C-TiO2 nanobelts, and PdO/C-TiO2 and Pd/C-TiO2 nanobelt heterostructures under UV-
light irradiation for 4 min.
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irradiation, and the degradation rates are only 7.5 and 9 %
over 180 min, respectively. The photocatalytic activities of
the PdO/C-TiO2 and Pd/C-TiO2 nanobelt heterostructures
are better than that of the pure TiO2 nanobelts. The corre-
sponding degradation rates of MO reach 22 and 16.6 %
under the same conditions, respectively.

The UV/Vis absorption spectra of TiO2 nanobelts, C-TiO2

nanobelts, and PdO/C-TiO2 and Pd/C-TiO2 nanobelt hetero-
structures were used to support the visible-light photocata-
lytic activity results (Figure 4). TiO2 nanobelts exhibit

a steep absorption edge located at about 380 nm and are
consistent with the intrinsic bandgap absorption of pure ana-
tase TiO2 (about 3.2 eV). PdO/C-TiO2 nanobelt heterostruc-
tures show a strong and wide absorption band in the visible-
light region (from 400 to 550 nm), whereas Pd/C-TiO2 nano-
belt heterostructures exhibit the visible-light absorption
band from 400 nm to the near-
infrared region. When the
amount of PdO loading was in-
creased from 1 to 12 wt %, the
photocatalytic degradation rate
changed from 12.3 to 25.6 %
(see the Supporting Informa-
tion). Unlike PdO/C-TiO2, with
the same amount of increase in
the Pd loading content, the
photocatalytic degradation was
improved from 6.5 to 39.6 %
(see the Supporting Informa-
tion). The results were consis-
tent with UV-visible absorption
spectra, which suggests that the
ability of PdO and Pd nanopar-
ticles to sensitize visible light is
key to the enhancement of the
photocatalytic activity of the
TiO2 nanobelt.

To investigate the photocata-
lytic stability of the PdO/C-
TiO2 and Pd/C-TiO2 hetero-
structured nanobelts, the cata-

lysts were separated by membrane filtration, recycled, and
reused six times. Evidently, the PdO/C-TiO2 and Pd/C-TiO2

nanobelts exhibit very stable photocatalytic activity under
UV and visible-light irradiation (Figure 3c). There was no
significant decrease in the decomposition rate of MO after
six cycles. Although commercial titania P25 has been report-
ed to be effective for the photocatalytic degradation of vari-
ous organic contaminants in aqueous solution, their practical
use in aqueous media is limited because of the technical dif-
ficulty of filtration and the recovery of small-sized TiO2 par-
ticles. In contrast, TiO2 nanobelts can be easily recovered
from the dye solution on account of the 1D structure.[17] Fig-
ure 3d shows the degradation results of methyl orange,
methylene blue, rhodamine B, and p-chlorophenol in the
presence of TiO2 nanobelts, C-TiO2 nanobelts, and PdO/C-
TiO2 and Pd/C-TiO2 nanobelt heterostructures upon irradia-
tion with UV light for 4 min. It can be seen that the as-syn-
thesized PdO/C-TiO2 nanobelts show a high photocatalytic
activity for all organic dyes under investigation. The molecu-
lar structures and corresponding UV/Vis absorption spectra
of the dyes are shown in the Supporting Information.

To further understand the heterostructure effect on the
photocatalytic activity, we studied the photoinduced charge-
transfer properties of C-TiO2, PdO/C-TiO2, and Pd/C-TiO2.
Photographs of ITO photoelectrodes composed of C-TiO2,
PdO/C-TiO2, and Pd/C-TiO2 are shown in the Supporting In-
formation. Figure 5a and b show that PdO/C-TiO2 and Pd/
C-TiO2 generate a higher photocurrent than that of C-TiO2

nanobelts under both UV and visible-light irradiation. The
obtained photocurrent result is consistent with the UV and
visible photocatalytic activity of TiO2 nanobelt heterostruc-
tures (Figure 3). The enhanced UV photocurrent of PdO/C-

Figure 4. UV-visible absorption spectra of TiO2 nanobelts, C-TiO2 nano-
belts, and PdO/C-TiO2 and Pd/C-TiO2 nanobelt heterostructures.

Figure 5. Time-dependent photocurrent response of the ITO photoelectrodes composed of C-TiO2, PdO/C-
TiO2, and Pd/C-TiO2, respectively, at a bias voltage of 0.5 V. All the photocurrent intensities were normalized
to the dark current. a) UV-light irradiation, b) visible-light irradiation, and c) monochromatic light irradiation
at 450, 550, and 650 nm, respectively.
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TiO2 and Pd/C-TiO2 is attributed to the inhibition of the
photo-produced electron/hole (e�/h+) recombination by
energy-band matching and the Schottky barrier effect.
Under visible-light irradiation, C-TiO2 nanobelts show a neg-
ligible photocurrent, and the high photocurrent of PdO/C-
TiO2 and Pd/C-TiO2 was produced from the sensitizing
effect of PdO and Pd nanoparticles. To clarify the detailed
sensitizing effect, monochromatic lights of 450, 550, and
650 nm were used as a light source to study the relationship
of photocurrent and wavelength, which is shown in Fig-
ure 5c. For PdO/C-TiO2, the highest photocurrent was ob-
tained under 450 nm-light irradiation, which is consistent
with the UV-visible absorption spectra of PdO/C-TiO2 in
which the strong absorption band at about 450 nm was ob-
served (Figure 4). Surprisingly, the lowest photocurrent ob-
tained by 550 nm-light irradiation among the three irradia-
tion wavelengths was for Pd/C-TiO2. The high photocurrent
of Pd/C-TiO2 under 450 nm can be attributed to the plas-
monic effect of Pd nanoparticles on the C-TiO2 nanobelt,
which can cause the Fermi level of C-TiO2 to shift toward
more positive potentials, and finally effectively capture the
visible light (�420 nm).[28–31] As for the high photocurrent of
Pd/C-TiO2 under 650 nm irradiation, the result is consistent
with the UV-visible absorption spectra of Pd/C-TiO2, which
possess a strong absorption band in the near-infrared region
(Figure 4). Recently, near-infrared-activated photocatalysts
have generated extensive interest among researchers.[32–34]

Defects induced a new energy-level structure in photocata-
lysts such as Bi2WO6 have been proposed as an important
reason for the enhanced infrared-activated photocatalytic
activity. Herein, Pd/C-TiO2 is put forward as a potential
near-infrared-activated photocatalyst, possibly owing to the
semiconductor properties of small-sized ((1.6�0.5) nm) Pd
nanoparticles that is caused by the quantum-size effect.[35]

On the basis of the above results, the mechanisms of the
enhanced photocatalytic activity are proposed (Figure 6).

Clearly, the formation of a conformal contact between the
C-TiO2 nanobelts and PdO or Pd nanoparticles is a prerequi-
site for improving the photocatalytic performance. In the
case of PdO/C-TiO2 nanobelts, energy-band matching and
the P�N junction effect play important roles in reducing the
electron/hole (e�/h+) recombination rate and enhancing the
quantum yield. PdO has been reported as a p-type semicon-

ductor with bandgap values from 0.1 to 2.7 eV.[36,37] Both the
conduction band (�5.27 eV) and the valence band
(�6.29 eV) of PdO nanoparticles lie between those of TiO2

nanobelts (�4.21 versus �7.41 eV). Therefore, the photoin-
duced electron transfer that occurs from TiO2 nanobelts to
PdO nanoparticles prolongs the lifetime of photoelectron–
hole pairs. By comparison, the enhanced photocatalytic ac-
tivity for Pd/C-TiO2 nanobelts can be ascribed to the Schott-
ky barrier effect that features a higher potential gradient.
The Schottky barrier produced at a metal–semiconductor in-
terface serves as an efficient electron trap, thereby retarding
the electron–hole (e�/h+) recombination process. Finally, it
is widely accepted that PdO is a more effective electron ac-
ceptor than Pd,[37,38] which further contributes to its en-
hanced photocatalytic activity. Under visible-light irradia-
tion, the plasmonic and quantum-size effect were deter-
mined to be the main reasons for the enhanced photocata-
lytic activity of Pd/C-TiO2. As for PdO/C-TiO2, the en-
hanced performance was attributed to the sensitizing effect
of the PdO nanoparticles.

Conclusion

In summary, PdO/C-TiO2 and Pd/C-TiO2 heterostructured
nanobelts are constructed by growing small and uniform
loaded PdO ((1.3�0.4) nm) and Pd ((1.6�0.5) nm) nano-
particles on the surface of TiO2 nanobelts. The heterostruc-
ture can dramatically enhance the photocatalytic activity of
C-TiO2 nanobelts by modulating the separation and trans-
port of the photocharge. Among the TiO2 nanobelts (i.e., C-
TiO2 nanobelts, and PdO/C-TiO2 and Pd/C-TiO2 hetero-
structured nanobelts), PdO/C-TiO2 exhibits the highest pho-
tocatalytic activity under UV and visible-light irradiation.
The enhanced photocatalytic activity of PdO/C-TiO2 and
Pd/C-TiO2 nanobelts is attributed to the energy-band match-
ing and P�N junction effect for PdO/C-TiO2 nanobelts and
the Schottky barrier effect for Pd/C-TiO2 nanobelts, respec-
tively, under UV-light irradiation. Under visible-light irradi-
ation, the plasmonic and quantum-size effect of Pd/C-TiO2

were observed.

Experimental Section

General

Titania P25 (TiO2; ca. 80 % anatase and 20 % rutile), sodium hydroxide
(NaOH), hydrochloric acid (HCl), sulfuric acid (H2SO4), palladium chlo-
ride (PdCl2), sodium borohydride (NaBH4), and sodium sulfate (Na2SO4)
were purchased from the China National Medicines Corporation Ltd. All
chemicals were of analytical grade without further purification. Deion-
ized water was used throughout this study.

Preparation of TiO2 Nanobelts

Hydrogen titanate (H2Ti3O7) nanobelts were synthesized by a modified
literature report[23] through the hydrothermal process in 10m NaOH
aqueous solution at 180 8C for 72 h. The as-obtained H2Ti3O7 nanobelts
were acid-corroded by hydrothermal treatment at 100 8C for 8 h with an
aqueous solution of H2SO4 (0.02 m). By annealing the acid-corroded hy-

Figure 6. Illustration of the possible mechanisms of electron–hole separa-
tion and energy-band matching for PdO/C-TiO2 and Pd/C-TiO2 hetero-
structured nanobelts.
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drogen titanate nanobelts at 600 8C for 2 h, anatase TiO2 nanobelts with
a rough surface were obtained, which was referred to as C-TiO2.

PdO/C-TiO2 and Pd/C-TiO2 Nanobelt Heterostructures

PdO/C-TiO2 nanobelt heterostructures (2 wt %) were prepared by a depo-
sition–precipitation method. C-TiO2 nanobelts (0.15 g) were added to dis-
tilled water (50 mL), and the suspension was sonicated for 30 min. Then
PdCl2 (7.68 mL, 5.64 mmol L�1) solution was added to the suspension,
and the mixture was stirred for 30 min. Subsequently, NaOH solution
(0.1 mol L�1) was slowly added to the resulting mixture. In this process,
the sol-like PdO adsorbed onto the surface of C-TiO2 nanobelts at about
pH 7, thus leading to homogeneously dispersed PdO nanoparticles. The
light yellow product (PdO/C-TiO2) was filtered, washed with water, and
dried at 70 8C for 12 h. As for Pd/C-TiO2, prior to centrifugation of the
PdO/C-TiO2 suspension, the superfluous NaBH4 aqueous solution
(0.01 mol L�1) was slowly added into the PdO/C-TiO2 suspension. The
PdO nanoparticles on the surface of C-TiO2 nanobelts were reduced to
Pd nanoparticles by NaBH4. The suspension changed from light yellow to
gray. The gray solution was retained after several washings with deion-
ized water. Finally, the product was filtered and dried at 70 8C for 12 h.

Characterization

XRD patterns of catalysts were recorded with a Bruker D8 Advance
powder X-ray diffractometer with CuKa radiation (l= 0.15406 nm). A Hi-
tatchi S-4800 field-emission scanning electron microscope was used to
characterize the morphologies and size of the synthesized samples. The
chemical composition was investigated by means of energy-dispersive X-
ray spectroscopy (EDS). TEM images were taken with a JOEL JEM
2100F microscope. UV-visible absorption spectra of the samples were re-
corded with a UV/Vis spectrophotometer (UV-2550, Shimadzu) with an
integrating sphere attachment. The analyzed range was 200–800 nm, and
BaSO4 was used as a reflectance standard. XPS was performed with an
ESCALAB 250 instrument.

Evaluation of Photocatalytic Activity under UV and Visible-Light
Irradiation

Methyl orange (MO; 20 mg L�1), methylene blue (MB; 25 mg L�1), rhoda-
mine B (15 mg L�1), and p-chlorophenol (20 mg L�1) were selected as
model chemicals to evaluate the activity and properties of the as-pre-
pared photocatalysts. In a typical experiment, aqueous suspensions
(20 mL) of MO and photocatalyst powders (20 mg) were placed in
a 50 mL beaker. Prior to the irradiation, the suspensions were stirred in
the dark for 30 min to establish adsorption/desorption equilibrium be-
tween the dye and catalysts under ambient conditions. A 350 W mercury
lamp with a maximum emission at 356 nm was used as the UV resource
for UV-light photocatalysis. A 300 W Xe arc lamp through a UV cutoff
filter (�420 nm) was used as the visible-light source for photocatalysis.
At different irradiation intervals, the reaction solution was collected,
then centrifuged to remove the catalyst, which was used to measure the
concentration of MO by monitoring the absorbance with a UV/Vis spec-
trophotometer (UV-2102PC).

Photocurrent Measurements

For the fabrication of the photoelectrodes, ethanol suspensions (1 mL) of
as-prepared photocatalyst powders (20 mg) were coated on indium–tin
oxide (ITO) glass with the cover area of 1 cm2 and allowed to dry under
ambient conditions. The photocurrents were measured with an electro-
chemical workstation (CHI 750E, CH Instruments Inc., Shanghai) by
using a three-electrode mode in 1 m Na2SO4 aqueous solution. The refer-
ence electrode and counter electrode were Ag/AgCl electrode (saturated
KCl) and platinum wire, respectively. The as-prepared photoelectrodes
were used as the anodes for electrochemical characterizations. A 350 W
mercury lamp with a maximum emission at 356 nm was used as the UV
resource with a light intensity of 900 mW cm�2. A 300 W Xe arc lamp
through a UV cutoff filter (�420 nm) was used as the visible-light source
with a light intensity of 650 mW cm�2. The monochromatic light of 450
(208), 550 (215), and 650 nm (228 mW cm�2) were obtained from a 300 W
Xe arc lamp by monochromatic light filter.
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