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ABSTRACT: In our work, ZnO/CdS hybrid photocatalysts were
prepared by a simple and reproducible photodeposition method and
the content of deposited CdS can be varied by irradiation time. The
ZnO/CdS photocatalysts showed good photocatalytic H2 evolution
activities in aqueous Na2S + Na2SO3 solution. When the content of CdS
loading increased to 22.91% after an irradiation time of 120 min (ZnO/
CdS-T120), the highest photocatalytic activity was obtained (1725 μmol
g−1 h−1), which was about 9.2 and 34.5 times than that of single ZnO and
CdS photocatalysts. At the same time, ZnO/CdS-T120 presented stable
photocatalytic ability (no noticeable degradation of H2 evolution in four
repeated runs in 48 h). Compared with other reported H2 evolution
photocatalysts, ZnO/CdS-T120 showed higher H2 evolution activity and
stability. Additionally, ZnO/CdS-T120 has a good natural sunlight driven
H2 evolution ability (2077 μmol g−1 h−1). ZnS was proved to generate on
ZnO/CdS-T120 surface in process of photocatalytic H2 evolution based on structural analyses of recycle ZnO/CdS-T120. The
formation of ZnS enhanced the photocatalytic H2 evolution activity of ZnO/CdS and extended the visible light adsorption
region. Meanwhile, the generation of ZnS increased the transfer interfaces for photogenerated charge carriers and consequently
promoted the separation of photogenerated electrons and holes.
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■ INTRODUCTION

With increasing awareness of the importance of energy crisis
and environmental pollution, the development of green
renewable energy has been greatly promoted. Hydrogen is
regarded as a potential fuel to solve the fossil fuel shortage
problem and environmental issues. Photocatalytic water
decomposition into hydrogen is a valuable approach to utilize
solar energy, which is recognized as a green and promising way
to produce clean energy.1−4 Particularly, developing visible light
photocatalysts has become an attractive topic in the field of
photocatalytic H2 evolution. CdS possesses a narrow band gap
(Eg = 2.4 eV) for visible light response and a suitable
conduction band edge for H2 production, which is a potential
photocatalytic material for H2 generation under visible light
irradiation. Therefore, there have been some reports on CdS as
a photocatalyst for visible light driven H2 evolution.5−10

However, CdS is subjected to serious photocorrosion process
and fast recombination of charge carriers, which largely limits
its scalable application. Fortunately, coupling CdS with another
wide-band-gap semiconductor has been proved to be an
effective strategy to suppress photocorrosion and increase
charge carriers separation efficiency of CdS.11−16 Accordingly, it

is greatly desirable to introduce a proper wide-band-gap
semiconductor to CdS for effective combination.
As one of the wide-band-gap semiconductors, zinc oxide

(ZnO) has attracted widespread attention in photocatalytic
application due to the high electron mobility, exciton binding
energy (60 meV), breakdown strength, and exaction stability.17

In this regard, incorporating CdS and ZnO into an integrated
heterostructure is of great significance because the resulting
products may possess improved physical and chemical
properties. To date, there have been various preparation
methods to obtain ZnO/CdS heterostructures with enhanced
photocatalytic H2 evolution activity, such as thermal replace-
ment synthesis,18,19 microwave synthesis,20 wet chemistry
synthesis,21 cation exchange synthesis,22 precipitation syn-
thesis,23 and electrospinning synthesis.17 However, in these
processes, either a postheat treatment or an additional
equipment are necessary, or the complicated reaction steps
are involved. In addition, we find that all these ZnO/CdS
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heterostructures were developed for enhanced photocatalytic
activity from aqueous Na2S + Na2SO3 solution. The surface of
ZnO can undergo dissolution in alkaline sulfide solution and
generate ZnS on the surface.24 In our recent work, small sized
ZnS particles were photodeposited on ZnO surfaces in the
process of photocatalytic H2 evolution using Na2S + Na2SO3 as
a hole scavenger, and the generative ZnS particles significantly
increased the separation of photogenerated electrons and holes
and were responsible for the adsorption in visible light region.25

It may be expected that ZnS possibly forms on ZnO/CdS
surface due to the presence of ZnO and participates in the
photocatalysis reaction when ZnO/CdS hybrid photocatalysts
are applied in H2 evolution system with Na2S + Na2SO3 hole
scavenger. This point has not attained much attention to date.
However, in ZnO/ZnS/CdS ternary photoelectrochemical
system, the presence of ZnS promotes the separation of
photogenerated electrons and holes and extends the range of
the excited spectrum.26

Herein, in this work, ZnO/CdS nanocomposite was prepared
by a simple and reproducible photodeposition method. The
content of CdS can be varied by the adjustment of irradiation
time. The ZnO/CdS was utilized as a photocatalyst in
photocatalytic H2 evolution from aqueous Na2S + Na2SO3
solution. The photocatalytic H2 evolution activity and stability
for ZnO/CdS under visible light irradiation were investigated.
At the same time, the natural sunlight driven H2 evolution
activity for ZnO/CdS was also evaluated. Furthermore, the
structural analyses of recycle ZnO/CdS confirmed that ZnS
particles generated on ZnO/CdS surface in photocatalytic H2
evolution process, and the effects of generative ZnS on H2
evolution activity and optical adsorption property were
discussed in detail. The possible mechanisms were proposed

for ZnO/CdS in photocatalytic H2 generation system. The
formation of ZnS on the surface increases the transfer interfaces
for photogenerated charge carriers and consequently promotes
the separation of photogenerated electrons and holes.

■ EXPERIMENTAL SECTION
Preparation. The ZnO/CdS nanoheterostructures were prepared

by the following two steps: ZnO nanoparticles were first prepared
according to our previous work.25 CdS particles were subsequently
deposited on ZnO through a photodeposition method. In brief, 100
mg of ZnO particles, 30 mg of S8, and 450 mg of Cd(NO3)2·4H2O
were added in a mixture solution of 30 mL of ethanol and 20 mL of
water. The suspension was bubbled with nitrogen for 2 h in the dark.
Irradiation was carried out for given period of time (0−180 min) with
a 300 W xenon lamp at room temperature. Then products were
filtered, washed with water and ethanol, and dried in air. The resulting
samples were denoted as ZnO/CdS-TX, where X referred to the
irradiation time (min).

Characterization. To identify the composition and phase of
sample, X-ray diffraction (XRD) patterns were recorded on a D8 X-ray
diffractometer (Bruker AXS, German). Transmission electron
microscopy (TEM) imaging was collected on a JEM-2100 trans-
mission electron microscope (JEOL, Japan) to examine the
morphology and size of sample. Energy-dispersive X-ray spectroscopy
(EDX) was taken on the TEM instrument. To detect the chemical
composition and electronic structure of sample, X-ray photoelectron
spectroscopy (XPS) analysis was conducted using an ESCALAB 250
Xi (Thermo, USA) X-ray photoelectron spectrometer with Al Kα line
as the excitation source (hν = 1484.6 eV) and adventitious carbon
(284.6 eV for binding energy) was used as reference to correct the
binding energy of sample. UV−vis diffuse reffectance spectra were
measured on a UV-3600 (Shimadzu, Japan) spectrophotometer.
Inductively coupled plasma atomic emission spectrometer (ICP-AES,
Leeman Prodigy, USA) was used to detect the element content in the
sample. Elemental mapping was examined using EDX analysis on a

Figure 1. (a) XRD patterns of ZnO and ZnO/CdS-T120; (b) TEM image of ZnO/CdS-T120, the inset in panel b is the TEM image of ZnO; (c)
EDX spectrum of ZnO/CdS-T120; (d) HRTEM image of ZnO/CdS-T120.
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Tecnai G2 F20 scanning transmission electron microscopy (STEM,
USA) instrument.
Photocatalytic Hydrogen Production. The photocatalytic

experiments were performed in a 37 mL flask at ambient temperature
using a 300 W Xe lamp equipped with UV cutoff filter (λ > 400 nm).
The intensity of the light source was estimated to be 0.6 W cm−2. 10
mg of ZnO/CdS was added to an aqueous solution (total volume = 10
mL) containing 0.35 M Na2S and 0.25 M Na2SO3. Before each
experiment, the suspension was purged with a gas mixture of nitrogen
and methane (Vnitrogen:Vmethane = 4:1) for 40 min to remove air.
Methane served as the internal standard. Hydrogen gas evolution was
measured by gas chromatography (SP-6890, nitrogen as a carrier gas)
with a thermal conductivity detection (TCD) instrument.

■ RESULTS AND DISCUSSION

Formation and Structural Characteristics. In this work,
CdS was photodeposited on the surface of ZnO by the
reduction of Cd2+ ions to Cd0 followed by the successive
reaction with S8.

27 In the dark, Cd2+ ions were adsorbed on
ZnO surface for equilibrium. Under the light irradiation, ZnO
was excited in which the interband transition was initiated to
generate electron−hole pairs (eq 1.1). Ethanol acted as a hole
scavenger. The valence band holes escaping the recombination
oxidized ethanol to ·C2H4OH radical (eq 1.2) that injected
another electron to the conduction band of ZnO to produce

CH3CHO and H+ (eq 1.3) due to the strong reduction power
for ·C2H4OH radical.27 The electrons accumulated in the
conduction band of ZnO reduced the Cd2+ ions adsorbed
preferentially on ZnO to Cd0 (eq 1.4). The following reaction
of Cd0 and S8 yielded CdS (eq 1.5).

ν+ → +− +hZnO ZnO(e h )CB VB (1.1)

+ → · ++ +C H OH h C H OH H2 5 VB 2 4 (1.2)

· → + ++ −C H OH CH CHO H e2 4 3 CB (1.3)

+ →+ −Cd 2e Cd2
CB

0
(1.4)

+ →8Cd S 8CdS0
8 (1.5)

The XRD patterns of ZnO and ZnO/CdS-T120 are given in
Figure 1a. ZnO/CdS-T120 showed the characteristic diffraction
peaks of hexagonal wurtzite ZnO (JCPDS No. 36-1451) at
31.8, 34.2, 36.3, 47.5, 56.5, 62.9, 66.4, 69.1, 72.6, and 77.0°,
while the weak wide diffraction peaks in the range of 24−30°
were indexed to aggregated (100), (002), and (101) planes of
hexagonal wurtzite CdS (JCPDS No. 65-3414). Different peak
related to impurity was not observed. In comparison with pure
ZnO, the decreased peak intensity of ZnO in ZnO/CdS-T120

Figure 2. Survey scan XPS spectrum in the binding energy range 0−1100 eV (a) and high-resolution spectra of Zn 2p (b), O 1s (c), Cd 3p (d), and
S 2p (e) for ZnO/CdS-T120.
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illustrated that the formation of CdS on the surface tended to
lower the crystallization of ZnO. Additionally, after CdS
loading, the ZnO diffraction peaks shifted to high angle due to
strong phase interaction. The increase of CdS diffraction peaks
and decrease of ZnO diffraction peaks were positively relative
to the irradiation time (see the Supporting Information, Figure
S1). As the TEM image showed in Figure 1b, CdS particles
with size of 10−20 nm were deposited on ZnO surface after
irradiation for 120 min. With the prolongation of irradiation
time, the sizes of deposited CdS particles increased (see the
Supporting Information, Figure S2). According to EDX
spectrum (Figure 1c), the elements Zn, Cd, O, and S were
confirmed and the atomic percents of S and O were similar to
that of Cd and Zn, respectively, further indicating the ZnO/
CdS composite structure. Figure 1d demonstrates a represen-
tative high-resolution TEM micrograph of ZnO/CdS-T120.
The observed lattice fringes with the spacing of 0.25 and 0.36
nm were in good agreement with the interplanar spacings of the
(101) and (100) planes of hexagonal wurtzite ZnO and CdS,
respectively. The weight percent of CdS was determined to be
22.91% in ZnO/CdS-T120 based on the ICP-AES analysis
results. The optical absorption spectra of ZnO/CdS under
different irradiation times (see the Supporting Information,
Figure S3) demonstrated that an increase in the irradiation time
resulted in the enhanced intensities of visible adsorption band
and gradual red shifts in the absorption edge.
The chemical composition and electronic structures of ZnO/

CdS-T120 were analyzed typically by XPS. Figure 2a shows the
scan survey spectra for the representative ZnO/CdS-T120. All
of the peaks on the curve can be ascribed to Zn, O, Cd, S, and
C elements. The presence of C element mainly came from the
hydrocarbon contaminants that commonly existed for XPS.
Therefore, it can be concluded that the sample was composed
of Zn, O, Cd, and S, which was consistent with the XRD results.
The positions of Zn 2p3/2 and Zn 2p5/2 peaks for ZnO/CdS-

T120 (Figure 2b) were at about 1021.1 and 1044.2 eV with a
spin orbit separation of 23.1 eV, which confirmed that Zn
element existed mainly in the form of Zn2+ on the sample
surface. Figure 2c shows the O 1s peak for ZnO/CdS-T120,
which can be fitted into two peaks. The lower energy peak
located at 530.8 eV corresponded to the oxygen atoms
coordinated with Zn atoms, while the higher energy peak
centered at 532.2 eV can be ascribed to the oxygen adsorbed on
ZnO/CdS-T120 surface. The high-resolution XPS spectrum of
the Cd orbital region (Figure 2d) presented the binding
energies of Cd 3d5/2 and Cd 3d3/2 peaks at 404.1 and 410.8 eV,
respectively. The splitting energy of 6.7 eV between Cd 3d5/2
and Cd 3d3/2 was a typical value for Cd

2+ in CdS.17 The S 2p
peak was fitted into two peaks (Figure 2e). Their positions at
about 160.7 and 162.1 eV were indications of S2− in CdS.

Catalytic Performance. Figure 3a shows the photocatalytic
activity of ZnO/CdS-T120 for H2 generation. The H2
production enhanced with the increase of irradiation time.
During 4 h, the corresponding H2 evolution was 6900 μmol g−1

without any cocatalyst. For comparison, the H2 evolution
activities for ZnO/CdS heterstructures with different CdS
loadings were investigated, shown in Figure 3b. The CdS
loading amount increased with irradiation time in preparation
of ZnO/CdS photocatalysts (see the Supporting Information,
Table S1). With the increase of CdS loading amount to 22.91
wt % (ZnO/CdS-T120), the H2 evolution rate enhanced to
1725 μmol g−1 h−1. However, the H2 evolution activity for
ZnO/CdS gradually decreased with the further increasing CdS
loading, which was possibly due to the decreased oxidation
reaction sites on the ZnO surface by postdeposited CdS.
Obviously, ZnO/CdS-T120 demonstrated the highest H2
evolution rate, which was about 9.2 and 34.5 times than that
of single ZnO and CdS, respectively.
In view of practical applications, besides catalytic activity, the

stability and durability are also indispensable to photocatalysts.

Figure 3. (a) Visible light driven photocatalytic hydrogen production by ZnO/CdS-T120; (b) visible light driven photocatalytic hydrogen
production rate by ZnO, CdS, and ZnO/CdS composites with different CdS loading; (c) visible light driven photocatalytic hydrogen production by
ZnO/CdS-T120 during 48 h with evacuation every 12 h (sacrificial agents were also renewed every 12 h); (d) sunlight driven photocatalytic
hydrogen production during 4 h in Wuxi city on July 22, 2014, outdoor temperature, 25−32 °C; time, 10:00−14:00.
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To evaluate the stability and durability of ZnO/CdS-T120, we
performed the time-circle H2 evolution experiment. Figure 3c
presents the H2 evolution as the function of irradiation time.
The total photocatalytic H2 amount of ZnO/CdS after 48 h of
reaction is about 19 818 μmol g−1. No noticeable degradation

of photocatalytic H2 evolution was detected in four repeated
runs for the whole photocatalytic reaction, indicating the good
stability and durability of the ZnO/CdS-T120 sample for
photocatalytic H2 production. In addition, in comparison with
other recently reported H2 evolution photocatalysts (see the

Figure 4. (a) XRD patterns of ZnO/CdS-T120 and ZnO/CdS-T120-R; (b) TEM image of ZnO/CdS-T120-R; (c) EDX spectrum of ZnO/CdS-
T120-R; (d) HRTEM image of ZnO/CdS-T120-R; (e) typical HRTEM images of CdS−ZnS interfaces (e-1), ZnO−ZnS interfaces (e-2), and CdS−
ZnO−ZnS interfaces (e-3); (f) STEM image and EDX elemental mapping images of Zn, O, Cd, and S of ZnO/CdS-T120-R.
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Supporting Information, Table S2), ZnO/CdS-T120 showed
higher H2 evolution activity and stability. These results
illustrated that the ZnO/CdS-T120 was among most robust
photocatalysts for H2 evolution.
The ultimate goal of photocatalyst was high-efficiency

utilization of natural sunlight and solar energy. Therefore, H2

evolution experiment was also conducted with ZnO/CdS-T120
photocatalyst under direct sunlight irradiation outdoors (see
the Supporting Information, Figure S4). As shown in Figure 3d,
the H2 production significantly increased with the prolongation
of sunlight irradiation time. During 4 h, H2 evolution reached
8308 μmol g−1, which was higher than that under visible light
irradiation from Xe lamp. These results indicated that ZnO/
CdS-T120 was a robust catalyst for sunlight-driven H2

evolution. Such heterostructures can be promising candidates
in efficient sunlight photocatalysts and potential technological
applications.
Role of ZnS. The generation of ZnS took place in the

photocatalytic H2 evolution process with ZnO/CdS photo-
catalyst. In our previous work,25 we had reported the in situ
generation of ZnS on the surface of ZnO in the photocatalytic
H2 production process using Na2S + Na2SO3 solution as a hole
scavenger. When visible light was illuminated on the surface of
ZnO/CdS, ZnO/CdS was excited with the generation of the
hole−electron pairs (eq 2.1). The surface of ZnO underwent
dissolution in alkaline sulfide solution for the formation of
ZnS.24 Na2S + Na2SO3 solution acted as a hole scavenger by
three possible routes (eqs 2.2, 2.3, and 2.4).25,28 The
production of S2

2− ions efficiently reacted with SO3
2− ions

with the generation of S2O3
2− and S2− (eq 2.5).29 In the

presence of H+, S2O3
2− ions transformed to HSO3

2− ions and S
(eq 2.6). Finally, the generation of ZnS on the surface of ZnO/
CdS occurred (eqs 2.7 and 2.8).

ν+ → +− +hZnO/CdS ZnO/CdS(e h )CB VB (2.1)

+ + → +− + − +SO H O 2h SO 2H3
2

2 VB 4
2

(2.2)

+ →− + −2S 2h S2
VB 2

2
(2.3)

+ + →− − + −SO S 2h S O3
2 2

VB 2 3
2

(2.4)

+ → +− − − −S SO S O S2
2

3
2

2 3
2 2

(2.5)

+ → +− + −S O H HSO S2 3
2

3 (2.6)

+ →+ −Zn S ZnS2 2 (2.7)

+ + →+ −Zn S 2e ZnS2 (2.8)

To confirm the generation of ZnS, we investigated the
structure of recycle ZnO/CdS-T120 photocatalyst (denoted as
ZnO/CdS-T120-R). Figure 4a shows XRD patterns of ZnO/
CdS-T120 and ZnO/CdS-T120-R. Compared with fresh ZnO/
CdS-T120, a new diffraction peak at 28.7° appeared for the
recycle sample, which was assigned to the (111) plane of
wurtzite ZnS (JCPDS No. 05-0566). In addition, the peak
intensity of ZnO decreased after the formation of ZnS on the
surface. Figure 4b presents the TEM micrograph of ZnO/CdS-
T120-R. It was clearly observed that lots of ZnS particles with
size of several nanometers accumulated on the surface. Figure
4c gives the EDX spectrum of ZnO/CdS-T120-R. Elemental
Zn, O, Cd, and S were found. Meanwhile, the stronger signal
intensity for S element demonstrated that the amount of S was
significantly increased for ZnO/CdS-T120-R, which was mostly
due to the generation of ZnS. Figure 4d depicts a representative
high-resolution TEM micrograph of ZnO/CdS-T120-R. The
new lattice fringe with spacing 0.32 nm was in good agreement
with the interplanar spacing of the (111) plane of ZnS, which
was consistent with XRD analysis. Figure 4e presents the typical
HRTEM images of CdS−ZnS interfaces, ZnO−ZnS interfaces,
and CdS−ZnO−ZnS interfaces. The scanning TEM (STEM)
image and the corresponding EDX elemental mapping images

Figure 5. (a) Photocatalytic H2 evolution rate for ZnO/CdS-T120 and ZnO/CdS-T120-R using sulfur-free triethanolamine (10 vol %) as a hole
scavenger; (b) effect of generative ZnS content on H2 evolution rate using sulfur-free triethanolamine (10 vol %) as a hole scavenger; (c) UV−vis
diffuse reflectance spectra of ZnO/CdS-T120 and ZnO/CdS-T120-R.
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of Zn, Cd, O, and S are presented in Figure 4f. As shown,
elemental Cd was nonuniformly dispersed on the ZnO surface,
which was ascribed to the uncontrollable photodeposition
preparation of CdS. However, elemental S was highly dispersed.
This was because of the generation of ZnS on the ZnO surface
that was not occupied by CdS in ZnO/CdS-T120-R.
To investigate the role of ZnS in photocatalytic H2 evolution,

we compared the H2 evolution activities of ZnO/CdS-T120
and ZnO/CdS-T120-R using sulfur-free triethanolamine (10
vol %) as a hole scavenger. The results are presented in Figure
5a. The photocatalytic H2 evolution rate of ZnO/CdS-T120-R
was about 4.5 times higher than that of ZnO/CdS-T120. At the
same time, to further explore the correlation between the ZnS
content and catalytic activity, the H2 evolution rates for those
with different ZnS contents were discussed in the photo-
catalytic system using sulfur-free triethanolamine (10 vol %) as
a hole scavenger. According to our previous study, it was
confirmed that the content of in situ generative ZnS increased
with the increasing Na2S concentration used.25 Therefore, we
adopted such strategy to control the amount of ZnS generation.
Figure 5b presents the difference values of photocatalytic H2
evolution rate versus the difference values of generative ZnS. As
the weight percents of ZnS increased by 4.00, 8.73, and 17.10%
(determined by ICP-AES), respectively, the corresponding H2
evolution rates increased by 65, 101, and 143 μmol g−1 h−1.
Evidently, an increase of ZnS content contributed to the
enhancement of H2 evolution activity. These results strongly
indicated that the formation of ZnS on ZnO/CdS surface could
enhance photocatalytic H2 evolution activity for ZnO/CdS.
Subsequently, the optical adsorption properties of ZnO/CdS-
T120 and ZnO/CdS-T120-R were compared, as shown in
Figure 5c. ZnO/CdS-T120 had a visible light absorption band
from 400 to ca. 560 nm due to the strong absorption of CdS in
the visible light region. However, in comparison with ZnO/
CdS-T120, ZnO/CdS-T120-R showed a slight red shift and a
more wide visible light absorption band from 400 to ca. 610 nm
was observed. These results can be explained by the presence of
ZnS, which extended the visible light adsorption region of
ZnO/CdS.26

HRTEM images of ZnO/CdS-T120 (Figure 1d) and ZnO/
CdS-T120-R (Figure 4d,e) clearly reveal the intimate contact
among ZnS, ZnO, and CdS particles. Therefore, besides the
transfer of photogenerated electrons and holes that occurred in
the ZnO−CdS interface, ZnO−ZnS, CdS−ZnS and CdS−
ZnO−ZnS interfaces also possibly provided the effective
photogenerated charge carriers transfer. Therefore, as presented
in Scheme 1, in ZnO−CdS interfaces (pathway 1), because
ZnO is visible light inactive and the conduction band edge
potential of CdS is more negative than that of ZnO, a difference
in band potentials between them formed.30−33 Then the
photogenerated electrons were driven from CdS to ZnO under
visible light irradiation by the electric field created at their
interfaces for water reduction, while the generated holes
remained in CdS would be subjected to quenching by the
sacrificial agents. In ZnS−CdS interfaces (pathway 2), ZnS has
both a higher conduction band and a deeper valence band,34,35

CdS can be effectively photogenerated under visible light
irradiation, and ZnS is visible light inactive. The photo-
generated electrons were used for water reduction. The holes
could be transferred from CdS to the localized acceptor states
above the valence band of ZnS though the conduct band and
valence band of ZnS were higher and lower than those of CdS,
respectively. The localized acceptor states were caused by zinc

vacancies (VZn) and interstitial sulful (IS) existed in ZnS
crystal,36 which had been confirmed based on the luminescence
study on ZnO/CdS-T120-R in this work (see the Supporting
Information, Figure S5). The acceptor states of VZn were higher
than those of the IS atoms.

37 In ZnO−ZnS interfaces (pathway
3), the electrons at the ZnO−ZnS interfaces could be excited
under visible light irradiation from the bent valence band level
to the conduction bend of ZnO for water reduction while the
photogenerated holes trapped by ZnS-surface-states were
subjected to quenching by the sacrificial reagent, which have
been reported in our previous study.25 In CdS−ZnO−ZnS
interfaces (pathway 4), a Z-scheme mechanism was developed
that was consistent with previously reported studies.21,23 Under
visible light irradiation, ZnO (the presence of ZnS-surface-
states) and CdS were photogenerated. The conduct band
electrons from ZnO combined with the valence band holes of
CdS. The remaining conduct band electrons in CdS were for
further reaction to generate H2 gas. Meanwhile, the valence
band holes in ZnO trapped by ZnS-surface-states were
subjected to quenching by the sacrificial reagent. Obviously, it
was concluded that the formation of ZnS increased the transfer
interfaces for photogenerated charge carriers and consequently
promoted the separation of photogenerated electrons and
holes.

■ CONCLUSIONS
In conclusion, a novel preparation strategy for ZnO/CdS
hybrid photocatalysts was designed and realized by a simple
and reducible photodeposition method. The content of CdS
loading can be adjusted by the change of irradiation time. ZnO/
CdS-T120 showed the highest H2 evolution rate (1725 μmol
g−1 h−1), which was about 9.2 and 34.5 times than that of
compared ZnO and CdS photocatalysts. Additionally, ZnO/
CdS-T120 presented stable photocatalytic H2 evolution activity
and good natural sunlight driven H2 evolution ability.
Compared with other H2 evolution photocatalysts, ZnO/
CdS-T120 showed higher H2 evolution activity and stability.
ZnS formed on ZnO/CdS-T120 surface in the photocatalytic

Scheme 1. Graphical Representation for the Photocatalytic
H2 Production Mechanism
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process, which enhanced the photocatalytic H2 activity of ZnO/
CdS and extended the visible light adsorption region.
Meanwhile, the generation of ZnS increased the transfer
interfaces for photogenerated charge carriers and consequently
promoted the separation of photogenerated electrons and
holes. This work may be significant to provide an insight into
investigating the high photocatalytic H2 activities for ZnO/CdS
hybrid photocatalysts deeply and preparing CdS based
composite photocatalytic materials with high activities for
application in solar energy utilization and conversation.
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fitted by four Gaussian curves in the range from 460 to 400 nm
for ZnO/CdS-T120-R at the excitation wavelength of 285 nm.
This material is available free of charge via the Internet at
http://pubs.acs.org/.
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