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ABSTRACT: Fullerene (Cg,) enhanced mesoporous CdS/TiO, architectures were
fabricated by an evaporation induced self-assembly route together with an ion-
exchanged method. C, clusters were incorporated into the pore wall of mesoporous
CdS/TiO, with the formation of Cg, enhanced CdS/TiO, hybrid architectures, for
achieving the enhanced photostability and photocatalytic activity in H, evolution under
visible-light irradiation. Such greatly enhanced photocatalytic performance and
photostability could be due to the strong combination and heterojunctions between
Cgo and CdS/TiO,. The as-formed Cg, cluster protection layers in the CdS/TiO,
framework not only improve the light absorption capability, but also greatly accelerated
the photogenerated electron transfer to Cg, clusters for H, evolution.
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1. INTRODUCTION

Since Fujishima and Honda had reported that hydrogen
evolution could be obtained through photoelectrochemical
water-splitting by using TiO, as electrodes,'* the semi-
conductor-based photocatalysis induced water-splitting route
for hydrogen evolution has been recognized as one of the most
effective methods for solving the energy crisis.’ Also, cadmium
sulfide (CdS) with a band gap of around 2.4 eV matches well
with the visible part of solar-light spectra and exhibits excellent
photocatalytic activity because of its highly effective absorption
of solar energy.6 Thus, it has been applied in different kinds of
fields such as optoelectronics,7 solar cells,® chemical sensors,’
and photocatalysis.'® However, its photocorrosion effect gas
greatly limited its wide application.

In addition, our earlier work proved that ordered
mesoporous TiO, CdS with quantum dots (QDs) implanted
into its framework could be applied in the treatment of both
water and air purification under visible-light irradiation."'
Nevertheless, there still exist some problems in such photo-
catalytic systems, including the low photocatalytic activity
resulting from the low electronic conductivity, low quantum
efficiency, and the inherent photocorrosion problem drawback
for CdS-based photocatalysts.'>'> As is already known, the
sulfide ion could easily be oxidized by photogenerated holes,
and cadmium ions could be reduced by the photoinduced
electrons. Such photocorrosion effects lead to the instability of
CdS, seriously prohibiting its practical application. Thus, it is
key to seek a new approach to inhibit the photocorrosive effect
to the CdS nanoparticles via choosing a surface-modification
route involving loading a thin amorphous-carbon layer around
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Cds,** or forming a heterojunction15 and a Z-scheme'® to

accelerate the photoinduced electron transfer. Thus, carbon
nanostructured materials such as activated carbon, multiwalled
carbon nanotubes,'”™2° single-walled carbon nanotubes
(SWCNTs),*"** fullerenes (Cg),>> and reduced graphene
oxide (rGO)**™*" give us a new space in which to design
nanocomposites with excellent photocatalytic performance in
recent years. Among these carbon nanostructured materials, Cg,
has gained a lot of attention for its novel properties owing to its
special delocalized conjugated structures.”” The most important
role of Cg, in electron-transfer processes lies in that it could
serve as an excellent electron acceptor. This efficiently increases
the photogenerated charge separation and decreases the rate of
charge recombination,”® thus enhancing the photocatalytic
activity. Therefore, combining photocatalysts with fullerene
could provide an excellent route for obtaining rapidly
photogenerated charge separation via facilitating electron
transfer.”*>® Also, C, molecules could be regarded as the
antiphotocorrosion agent.”' Given those advantages, it is highly
necessary to implant Cg, into the mesoporous framework of
CdS/TiO, composites to enhancie the activity and stability.
Herein, we report the fabrication of C4y-decorated CdS QDs
sensitized mesoporous TiO, photocatalysts via an evaporation
induced self-assembly (EISA), together with an ion-exchange
route.'’ CdS QDs and Cg, clusters were well embedded into
the framework of the well-ordered mesoporous TiO, photo-
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Figure 1. Small-angle X-ray diffraction (SXRD) (a) and wide-angle X-ray diffraction (WXRD) (b) of CdS/TiO, and C¢—CdS/TiO,.

catalyst. The Cg, cluster protection layers were distributed on
the surface of both CdS and TiO,. Such layers were favorable
for enhancing the photocatalytic performance in H, evolution
with excellent stability, owing to the photogenerated electron
transfer on the Cg, clusters.

2. EXPERIMENTAL SECTION

2.1. Sample Preparation. 2.7.1. C4z—CdO/TiO,. Poly-
(alkyleneoxide) block copolymer (Pluronic F-127, Sigma-Aldrich, 1.5
g) was dissolved in 19 mL of ethanol (EtOH) containing 0.21 g
Cd(NO;),-4H,0 and different amounts of transparent purplish red
Cgo—toluene solution. Then, 0.015 mol titanium tetrachloride
(Shanghai Aladdin) was added into the above solution with vigorous
stirring for 0.5 h. The mass ratio of C4,/TiO, was changed from 0.25
to 1.5 wt %. The formed solution was then transferred to an open Petri
dish, and gelled at 40 °C in an oven for 4 days. Finally, the as-prepared
transparent solid gel was further calcined at 400 °C for 4 h in air.

2.1.2. C4—CdS/TiO, 03 g C4—CdO/TiO, powders were
introduced in a Na,S aqueous solution (50 mL, 0.2 M). The above
solution was stirred for 10 h at room temperature. The as-obtained
powders were then filtered, washed with DI water, and collected for
further utiliation. For comparison, a pure ordered mesoporous TiO,
and CdS/TiO, was also synthesized by the same method without Cd
source or Cy4—toluene solution addition.

2.1.3. Cy/CdS. 2.135 g CA(NO;),-4H,0 was dissolved in 50 mL
H,O containing transparent purplish red Cyy—toluene solution with
stirring for 24 h. The resulting precipitate was filtered, washed with
water and ethanol, and dried at 80 °C for 12 h. The as-obtained
products were further calcined at 400 °C for 4 h in air to obtain Cg,/
CdO powders. Then, the as-obtained Cg,/CdO (0.3 g) was dispersed
in a Na,S aqueous solution (50 mL, 20.0 g/L) with stirring for 10 h at
80 °C. The as-obtained brown products were filtered, washed with
water and ethanol three times, and dried at 80 °C for 12 h. The mass
ratio of C4,/CdS was tuned from 0.25 to 1.5 wt %.

2.2. Characterization. Both wide and low-angle X-ray diffraction
measurements were performed on a Rigacu Dmax-3C X-ray
diffractometer using a parallel mode. High-resolution transmission
electron microscopy (HRTEM) was measured in a JEOL-2010 at 200
kV. The TEM or HRTEM samples were prepared by grinding and
dispersing the photocatalyst powders in ethanol for 20 s under
ultrasonic irradiation. Carbon coated copper grids were utilized as
holders for loading samples. BET surface area, pore volume, and
average pore diameter of photocatalyst were measured by N,
adsorption at —196 °C using TriStar II 3020 system by Micromeritics
Instrument Corporation. The binding energies of the elements in the
products were investigated by the X-ray photoelectron spectroscopy
(XPS) using a PerkinElmer PHI S000C. The contaminant carbon (C
Is = 284.6 eV) was chosen as a reference for calibrate the binding
energies. The UV—vis diffuse reflectance spectra (200—800 nm) were
recorded by a MC-2530 UV—vis spectrophotometer system equipped
with a Labsphere diffuse reflectance accessory. BaSO, was used as a
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reference. Photoluminescence (PLS) emission spectra were recorded
on a Varian Cary-Eclipse 500 at room temperature using 280 nm light
as the excitation source. Thermogravimetric analyses (TG) were
carried out on a DTG-60H thermogravimetric analyzer with a heating
speed of 2 °C/min under air atmosphere.

2.3. Photoelectrochemical Measurements. The photocurrents
were recorded on an electrochemical analyzer (CHI 660D Instru-
ments, Chen Hua Instrument Co., Ltd.) in a standard three-electrode
system. Platinum sheet (20 X 20 X 0.1 mm?, 99.99%) was used as the
counter electrode, and a saturated calomel electrode (SCE) was used
as the reference electrode. The as-prepared samples electrode was used
as the working electrode. In order to drive the photogenerated
electron transfer from the working electrode to the platinum electrode,
an external bias voltage (0.5 V) was loaded. For preparing the working
electrode, the as-obtained photocatalyst powders (20 mg) were
ground with polyethylene glycol (PEG, molecular weight 20 000, 0.01
g) and ethanol (0.5 mL) to form a slurry. Afterward, the slurry was
spin-coated onto an FTO glass electrode (3 X 1 cm?®) for the
formation of an active area (10 X 10 mm?). The as-formed electrodes
were further heated at 200 °C for 3 h in a ceramic plate heater. A
xenon lamp (300 W, A > 420 nm) was used as the visible-light source,
and the photoelectrochemical cell was positioned 10 cm away from the
xenon lamp. Na,SO, aqueous solution (0.5 mol/L) was used as the
electrolyte.

2.4. Activity Test. 2.4.1. Photocatalytic H, Generation. Hydro-
gen production by photocatalytic water-splitting was carried out at
room temperature in a three flat-bottomed flask reaction cell (100 mL)
sealed with aboral rubber plugs. Typically, ordered mesoporous Cyy—
CdS/TiO, photocatalyst (S0 mg) was suspended in a Na,S—Na,SO;
aqueous solution (80 mL, 0.25 M for Na,S, 025 M for Na,SO;).
Before light-irradiation, nitrogen flow was introduced into the
photocatalyst suspension to remove the dissolved O,. Four low
power UV-LEDs (3 W, 420 nm) (Shenzhen LAMPLIC Science Co.
Ltd, China) were utilized as the light source for driving the
photocatalytic H, evolution. In four different directions, all LEDs
were positioned away from the reactor with a distance of ca. 1 cm.
Each UV-LED possessed a focused intensity (ca. 6 mW-cm™2) and
areas (ca. 1 cm?) on the reaction flask. For keeping the photocatalysts
in suspension status, vigorous magnetic stirring was maintained during
the photocatalytic reaction. 0.5 mL of gas was sampled intermittently
after 1 h of photocatalytic reaction. The evolved H, amount was
determined using a gas chromatograph (GC9800 (N), Shanghai Ke
Chuang Chromatograph Instruments Co. Ltd., China, TCD, nitrogen
as carrier gas, and a S A molecular sieve column).

The apparent quantum efficiency (QE) was very important to
evaluate the photocatalytic performance. And the QE was calculated

according to eq 1:*
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number of reacted electrons
= X 100

" number of incident photons
QE[%]

number of evolved H,molecules X 2
X 100

number of incident photons

(1)

3. RESULTS AND DISCUSSION

For investigating the crystalline phase and mesostructure of the
as-formed Cg—CdS/TiO, samples, both wide-angle X-ray
diffraction (WXRD) and small-angle X-ray-diffraction (SXRD)
were applied in the present work. The small-angle XRD
patterns demonstrated that both CdS/TiO, and Cg—CdS/
TiO, samples exhibited strong peaks indicative of (100)
diffraction, suggesting that the samples possessed a highly
ordered 2D hexagonal mesoporous structure (p6 mm), as
shown in Figure 1a.>*** It revealed that the in situ introducing
Cgo and the transfer from CdO to CdS did not destroy the
framework of the ordered mesoporous structure, although a
slight decrease of (100) diffraction peak was observed upon
coupling Cyy with CdS/TiO,. Wide-angle XRD of CdS/TiO,
and C4—CdS/TiO, samples indicated the diffraction peaks at
260 of 25.3° 36.9°, 38.2°, 38.6°, 48.1°, 53.5°, 55.6°, 62.7°, and
75.0° of an anatase—TiO, structure (JCPDF 21-1272) in
Figure 1b. Meanwhile, there was an additional diffraction peak
at 20 of 43.6°, ascribed to the (110) crystal plane of hexagonal
CdS crystal phase (JCPDF 41-1049). Such low peaks could
result from the high dispersity of the as-obtained CdS QDs.
Other diffraction peaks related to CdS could be overlapped by
the diffraction peaks of anatase TiO,. In addition, the
mesoporous Cg—CdS/TiO,, with a low Cg, content (<2 wt
%), did not exhibit Cg, characteristic diffraction peaks. It could
be ascribed to the high dispersity of Cq in the framework of
CdS/TiO,, as shown in Supporting Information (SI) Figure S1.
For proving the existence of Cg, after 400 °C calcination, TG
was also utilized to analyze to thermal stability of Cg, in the
presence/absence of CdS/TiO, framework. As shown in SI
Figure S2, the weight loss of C4 was observed when the
temperature increased to about 400 °C to the case pure Cg In
the presence of CdS/TiO, framework, only 12 wt % loss was
observed before 200 °C to the case of Cy,—CdS/TiO,. Such
loss was attributed to the removal of water or hydroxyl groups
absorbed on the surface of C4,—CdS/TiO, No obvious weight
loss could be observed over 400 °C. Such excellent thermal
stability could be attributed to the protection of TiO,
framework. As known, the thermal conductivity constant of
TiO, was about 3.8 w/m-k at 400 °C. Upon being calcined at
400 °C, most heat will be absorbed by the framework of TiO,,
thus Cg, layers will be maintained. These results indicated that
the Cq, molecules could be obtained in the framework of CdS/
TiO, even after calcination at 400 °C.

Nitrogen adsorption—desorption isotherms were recorded to
evaluate the effect of C4, on the porous structure of CdS/TiO,
samples. As shown in Figure 2, all samples exhibited a similar
type-IV isotherm, illustrating that these samples possessed
mesoporous structure. As shown in Table 1, CdS/TiO, sample
possessed a specific surface area of 191 m>g™'. It clearly
indicated that both surface area and pore volume decreased
upon increasing the C4 content. Such decrease could be
ascribed to the occupation of Cg, clusters in the pore channels
of mesoporous structures. These results further suggested that
the Cg, clusters and CdS QDs were embedded in the pore wall
of the mesoporous TiO, networks. From the BET results, one
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Figure 2. N,-sorption isotherms of CdS/TiO, and C4—CdS/TiO,
samples.

could draw a conclusion that such mesoporous Cg,—CdS/TiO,
architectures remained opened mesoporous channels and had a
large surface area. Such structure is highly required for catalyst
design, being beneficial to enhance the molecular transport
capacity of reactants and the release of H,.*®

The transmission electron microscopy (TEM) images were
utilized to define the ordered structure and crystal phase of the
as-obtained samples. As shown in Figure 3a, a long-range
ordered structure was readily observed in the CdS/TiO,
composites. Upon introducing Cgy, the long-range ordered
structure was still retained except for a slightly twist, as
illustrated in Figure 3b. Besides, the nanocrystalline nature of
hexagonal CdS and anatase TiO, could be well-resolved in the
HRTEM image of C4—CdS/TiO,, as shown in Figure 3c. It
was noted that there was no change of lattice structure of TiO,
(0.352 nm) and CdS (0.316 nm) after embedding Cq, into the
mesoporous framework of TiO,. It was also found that an
amorphous coverture layer was surrounded on the surface of
TiO, and CdS nanocrystals, and the layer possessed a thickness
of 1-2 nm, about 2—3 times of the diameter of C4, molecular
(0.7 nm). Therefore, it could be estimated that Cg, clusters
were attached with TiO, and CdS indicated by the white dot
cycles, similar to the previous reports.**>” Furthermore, the
existence of C, O, S, Cd, and Ti elements of the mesoporous
Cg—CdS/TiO, nanocomposites could also be proven by the
EDS analysis (Inset of Figure 3c).

The XPS spectra of the as-obtained CdS/TiO, and Cgy—
CdS/TiO, are shown in Figure 4. The introduction of Cg, via
the EISA route did not exhibit obvious influence on the
principal peak position of the Cd 3d, O 1s, and S 2p peaks,
which was an effective evidence to demonstrate the prohibition
of sulfide ion oxidation. This could allow the photostability of
CdS to be maintained well in the utilization in photocatalytic
reaction. Nevertheless, positive shifts of the binding energy of
Ti 2p were exhibited at about 0.2 and 0.4 eV for Ti 2p;/, and Ti
2py/y, indicating the strong interaction between CdS and TiO,.
It should be noted that the C 1s peak at 284.9 eV was assigned
to adventitious carbon from the Cg.>**® The XPS results
further suggest the formation of heterojunctions between Cg,
and CdS/TiO, in the framework of mesoporous TiO,.

As is known, the light absorption capability (LAC) played an
important role in affecting the photocatalytic activity of the
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Table 1. Structural Parameters of All As-Obtained Samples

samples BET surface area (m?/g)” pore volume (cm®/g)® pore size (nm)©
CdS/TiO, 191 0.180 34
0.25 wt % Cg—CdS/TiO, 90 0.0604 3.0
0.50 wt % Cgo—CdS/TiO, 83 0.0646 29
1.0 wt % Cgo—CdS/TiO, 71 0.0532 29
L5 wt % Cgy—CdS/TiO, 41 0.0304 2.8

“BET special surface area calculated from the linear part of the BET plot (p/p, = 0.1—0.2). “The total pore volumes were estimated from the
adsorbed amount at a relative pressure of p/p, = 0.99. “The pore-size diameters (PSD) were derived from the desorption branches of the isotherms
by using the Barrett—Joyner—Halenda (BJH) method.

1)=0.316 nm,

d(101)=0.352 nm

2 3
Energy (KeV)

Figure 3. TEM image of CdS/TiO, (a), 0.50 wt % Cg—CdS/TiO, (b), and the HRTEM image and EDS spectrum (inset) of 0.50 wt % C4—CdS/
TiO, (c).

photocatalysts. Thus, it is highly necessary to keep or improve indicating the increment of surface electric charge and
the LAC of the as-formed CdS/TiO, even after loading the C, electronic interaction between Cg and CdS/Ti0O,>** Such
clusters. In order to evaluate the LAC of samples, UV—visible enhanced light adsorption capability owing to the Cg-
diffuse reflectance spectroscopy (DRS) was used. As shown in introduction would be highly necessary for making the Cg—
Figure Sa, the as-obtained samples exhibited the typical CdS/TiO, mesoporous composites an ideal photocatalyst.
absorption, ranging from 400 to 550 nm in the visible-light For proving the enhancement of the Cg, clusters on the
region. It could be assigned to the embedded CdS QDs in the photoresponse performance of mesoporous Cg—CdS/TiO,
pore wall of mesoporous TiO, Such CdS QDs may change the composites, transient photocurrent techniques were used to
intrinsic band gap absorption of TiO,. Furthermore, the measure and evaluate the performance. As shown in Figure 5b,
introduction of the Cg clusters into the mesoporous CdS/TiO, all of the Cg—CdS/TiO, composites exhibited stronger
framework results in to a high LAC in the visible-light region. photocurrents compared with CdS/TiO, under visible-light
Interestingly, the as prepared Cy4—CdS/TiO, exhibits the (4 > 420 nm) irradiation at an applied potential of 0.5 V vs
stronger absorption along with the increasing Cg, content, SCE. Among all the Cyy-modified samples, the 0.50 wt % Cy,—
4536 DOL: 10.1021/am5088665
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Figure 4. XPS spectra in Ti 2p (a), O 1s (b), Cd 3d (c), S 2p (d) level of CdS/TiO, and 0.50 wt % C4—CdS/TiO,, respectively, and C 1s level (e)

of the C¢,—CdS/TiO,.

CdS/TiO, sample possessed the highest photocurrent density.
Nevertheless, further increasing the loaded amount of Cg
clusters resulted in the decrease of photocurrent density. This
could be attributed to the light shielding effect of excess Cq
coverage on the surface CdS/TiO,, although the light
absorption capability could still be increased upon introducing
excess Cgq, suggested by the UV—vis results (Figure Sa). It
should also be noted that photocurrent responses were highly
reproducible for numerous on—off cycles and remained stable.
As for the 0.50 wt % Cg,—CdS/TiO, sample, Cg, clusters as the
electron acceptor greatly enhanced the photogenerated
electrons transfer velocity from the conduction band of both
CdS and TiO, to Cg clusters based on the photocurrent
results. It could effectively prohibit the direct recombination of
photoinduced electrons and holes, allowing more electrons to
be captured by protons to from H,. Such low electron-hole
recombination rates can also be supported by the photo-
luminescence results. Both CdS/TiO, and 0.50 wt % Cg—
CdS/TiO, displayed peaks at around 560 nm, as shown in
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Figure Sc. An obvious fluorescence peak decrease can be
observed after introducing Cg, clusters. Such decrease of
fluorescence indicated the low recombination rate of photo-
generated electrons and holes in the C4—CdS/TiO, samples,
as well as a favorable (or close) contact among Cg, TiO,, and
CdS.*"* In addition, a time-resolved absorption spectrum was
also utilized to trace the lifetime of the photogenerated charge
carries.**** Tt was proven that Cg, could prolong the lifetime of
charge on semiconductors,*’ thus the Cy, cluster protection
layers could greatly accelerate the photogenerated electron
transfer of CdS/TiO, composites. On the basis of the above
results, it could be acknowledged that the photogenerated
electron fast transfer rate owing to the excellent conductivity of
Cgo clusters would be favorable for both the enhancement of
the photocatalytic activity of C4—CdS/TiO, for H, evolution
and the prohibition of photocorrosion of CdS, not allowing the
reduction of cadmium ions.

For testing the photocatalytic performance of the as-obtained
samples, photocatalytic H, evolution was utilized as the probe
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Figure 6. (a) Photocatalytic activities of the different amount of C4; in C¢—CdS/TiO,. (b) Recycling test of the 0.50 wt % C4—CdS/TiO, for H,
evolution rate in aqueous solution under visible-light (4 = 420 nm) LED light irradiation.

reaction by using a mixed Na,S—Na,SO; aqueous solution
system in the absence of cocatalyst (noble metal Pt). As shown
in Figure 6a, CdS/TiO, exhibited a low photocatalytic activity
for H, evolution rate (0.71 umol-h™). Upon loading Cq,
clusters, the H, evolution rate was greatly enhanced. The
sample of 0.50 wt % C4—CdS/TiO, exhibited the highest H,
evolution rate of about 6.03 ymol-h™, with about 2.0% of QE
under visible light irradiation (4 X 3 W LEDs, single
wavelength at 420 nm). Further increasing Cy, loaded amount
over 0.50 wt % resulted in a lower H, evolution rate. Such
decrease could be attributed to the light shielding effect,
resulting from the over loaded Cq, layers. Such effect could not
allow light to reach the surface of the CdS/TiO,. These results
related to activities were similar to the photocurrent results. For
further proving the enhancement effect of Cg, Cq,/CdS (with
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various Cg4, contents) samples were also prepared as
comparative candidates. The mass ratio of Cg/CdS was
tuned from 0 to 1.5%, same to the mass ratio of Cgy/TiO,.
From SI Figure S3, it could be observed that the optimal ratio
of Cg/CdS (0.5 wt %) resulted in a hydrogen evolution rate of
about 0.11 pmol-h™!, about four times of that of CdS. These
results further proved that Cg, could accelerate the separation
of photogenerated electrons for H, evolution. As a good
photocatalyst for H, evolution, the stability played an important
role for evaluating its photocatalytic performance. Herein, the
sample of 0.50 wt % C4—CdS/TiO, was repeated for H,
evolution from water-splitting via recovering catalysts through
centrifugation. As shown in Figure 6b, the H, evolution rate of
the as-obtained sample could be well maintained even after
three times of usage. The remaining reaction solution after
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reuse was also centrifuged and analyzed with ICP. The results
indicated that nearly no cadmium ions were detected. For
proving the promotion effect of Cg4, on the stability of CdS/
TiO, during the H, evolution, the recyclability of pure CdS/
TiO, was also investigated. As shown in SI Figure S4, an
obvious decrease was observed after 10 h of reaction, suggesting
that Cg played an important role for enhancing both the
activity and stability of the CdS/TiO, composites. Such
excellent stability could be ascribed to the strong antiphoto-
corrosion effect resulted from the protection layer of Cg,
clusters.

A proposed schematic mechanism for the high H, evolution
activity of Cy4—CdS/TiO, is illustrated in Figure 7. Under

Figure 7. Schematic illustration of the charge transfer of Cg—CdS/
TiO, composites working under visible-light irradiation.

visible-light illumination, the electrons on the valence band
(VB) of CdS could be excited to the conduction band (CB),
leaving holes in the VB. And these CB electrons can be further
injected into the CB of TiO,."" Meanwhile, C4, was regarded as
an electron acceptor, and its special electron structure allowed
rapid electron transfer to reduce the combination rate of the
photoinduced electrons and holes pairs. Thus, the loaded Cg,
clusters could act as electron transit stations for both fast
trapping electrons from the CdS/TiO, composites and serving
as H, evolution sites for adsorbing and reducing H* ions.

4. CONCLUSIONS

Cg—CdS/TiO, were prepared using a novel method by
preplanting crystal seeds (Cq4o and CdO) into the pore wall of
ordered mesoporous TiO,, accompanied by an ion-exchange
route for tuning CdO to CdS. Such Cg—CdS/TiO, photo-
catalyst presented excellent photocatalytic activity during the
water-splitting for H, evolution under visible-light irradiation (4
=420 nm) and remarkable photostability owing to the presence
of Cy4 cluster protecting layers in the TiO, framework. Cg,
layers eftectively enhanced the light absorption capability of the
prepared catalysts and greatly accelerated the photogenerated
electron transfer velocity with the formation of antiphotocor-
rosion of CdS. Besides, they could also act as the electron
transit stations for both fast trapping electrons from the CdS/
TiO, composites and serve as H, evolution sites for adsorbing
and reducing H' ions.
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