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Abstract
Au nanoparticles sensitized ZnO nanorod@nanoplatelet (NR@NP) core–shell arrays have been
synthesized via a facile hydrothermal method followed by a further modification using Au
nanoparticles. The resulting Au–ZnO NR@NP nanoarray exhibits promising behavior in photo-
electrochemical (PEC) water splitting, giving rise to a largely enhanced photocurrent density,
photoconversion efficiency as well as incident-photon-to-current-conversion efficiency (IPCE),
much superior to those of pristine ZnO nanorods arrays and ZnO NR@NP. This is attributed to the
coordination of ZnO core–shell hierarchical nanostructure and the surface-plasmon-resonance
effect of Au nanoparticles, which facilitates the exposure of active sites and utilization of
visible light. Density functional theory (DFT) calculations further confirm that the photo-
generated electrons of ZnO transfer to Au, which suppresses the recombination of electron–hole
pairs. Therefore, this work provides a facile and cost-effective strategy for the construction of
hierarchical metal/semiconductor nanoarrays, which can be potentially used in the field of
energy storage and conversion.
& 2014 Elsevier Ltd. All rights reserved.
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Introduction

With the reduction of global fossil fuels and increasing con-
cern on the climate change, considerable efforts have been
committed to exploit alternative energy sources in the past
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decades [1–5]. Photoelectrochemical (PEC) water splitting,
using metal oxide semiconductors (such as ZnO, [6,7] TiO2

[8–11] and Fe2O3 [12–15]) as well as their composite materials
(such as ZnO/TNTs, [16] WO3/Fe2O3 [17]) as photoelectrodes,
provides a renewable and environmentally friendly energy
conversion method. Among the photoanode materials, ZnO is
regarded as one of the most promising photocatalysts owing to
its lower cost, non-toxic and efficient photoelectrocatalysis
performance. However, the pristine ZnO electrode usually
suffers from the limited surface area, less efficiency in light
capture and unsatisfied electron–hole separation [18–21]. To
solve this problem, many strategies have been carried out, e.g.,
the synthesis of branched ZnO nanotetrapod, [22] “Caterpillar-
like” ZnO nanostructures [23] with a largely enhanced photon-
to-hydrogen conversion efficiency. It is believed that the fine
control over photoanode nanostructures would increase the
exposure of active sites, facilitate carrier transfer property and
definitely improves their PEC water splitting performances.

In addition to nanostructures, light absorption of the
photoanode materials is another key factor for the design
of PEC water splitting systems due to the large band gap for
most of the metal oxide semiconductors. In recent years,
many efforts have been devoted to expanding light absorp-
tion spectrum of metal oxide semiconductors into the visible
and even infrared light region. Non-metal doping and dye-
sensitization are the most commonly used methods [24–28],
even though the reduced electron–hole separation and poor
photo-stability in these two cases, respectively. Alterna-
tively, the incorporation of noble metals (especially Au) can
be employed to improve the visible light absorption of metal
oxide semiconductor, based on the surface plasmon reso-
nance (SPR) property of noble metals [29–32]. Nevertheless,
how to construct plasmonic metal nanoparticles sensitized
hierarchical nanostructures with desirable stability and high
efficiency in PEC water splitting remains a challenging goal.

Herein, we demonstrate a facile and effective method to
fabricate Au sensitized ZnO nanorod@nanoplatelet (denoted
as ZnO NR@NP) core-–shell nanoarrays via a two-step proce-
dure: (1) the synthesis of hierarchical ZnO NR@NP core-–shell
arrays via a hydrothermal method; (2) the grafting of Au
nanoparticles onto the surface of ZnO NR@NP by a photo-
reduction strategy. The ZnO NR@NP core-–shell arrays were
prepared with fine control over the shell thickness and
morphology. After the modification with Au nanoparticles,
the as-obtained Au–ZnO NR@NP array exhibits promising
behavior in PEC water splitting, with a photocurrent density
of 1.17 mA/cm2 at 0.6 V. DFT calculations reveal that the
Fermi level of Au is located in the forbidden zone of ZnO,
which induces the transfer of photogenerated electron from
the covalent band of ZnO to Au and therefore suppresses the
electron–hole recombination. This work demonstrates a
desirable paradigm based on the synergistic effect of plas-
matic nanoparticles as visible light absorbent and hierarch-
ical semiconductor arrays as photoanode.
Experimental section

Materials

Analytical grade chemicals including Zn(CH3COO)2 � 2H2O, Zn
(NO3)2 � 6H2O, HAuCl4, sodium citrate and methenamine (HMT)
were purchased from the Beijing Chemical Co. Limited and
used without further purification. The deionized and decarbo-
nated water was used in all the preparation processes.
Preparation of ZnO NR@NP core–shell arrays

Firstly, self-supported ZnO nanorods on fluorine-doped tin
oxide (FTO) glass substrate were prepared by a facile
hydrothermal synthesis method according to previous report
[33]. ZnO NR@NP core-–shell arrays were further synthe-
sized as follows. Briefly, zinc acetate in absolute ethanol
solution (0.06 M, 100 mL) was prepared with ultrasonic
agitation. A thin layer of ZnO seeds were deposited onto
the ZnO nanorod substrate by spin-coating of the above
solution, followed by annealing at 350 1C for 30 min. The
substrate was suspended horizontally in a solution contain-
ing zinc nitrate (0.06 M), sodium citrate (0.0006 M) and HMT
(0.06 M) in a Teflon vessel, sealed in an autoclave and
heated at 110 1C for 2 h for further growth of ZnO nanopla-
telets on the surface of ZnO nanorods. The ZnO NR@NP
arrays were removed from the autoclave, washed thoroug-
hly with distilled water and dried in air.
Preparation of Au–ZnO NR@NP core–shell arrays

A photo-reduction method [34] was used to deposit Au
nanoparticles on the surface of ZnO NR@NP. Briefly, 1 mL of
aqueous HAuCl4 (0.3 mM) was dispersed in 100 mL of
deionized water in a Pyrex Petri Dish, then the ZnO NR@NP
grown on the FTO substrate was immersed in the Petri Dish,
followed by an irradiation with a 150 W Xe lamp for several
hours to reduce Au3+ to Au0. The HAuCl4 concentration and
irradiation time were optimized to obtain Au nanoparticles
with a size less than 10 nm.
Characterization

Powder X-ray diffraction patterns of the samples were
collected on a Shimadzu XRD- 6000 diffractometer using a
Cu Kαsource, with a scan step of 0.021 and a scan range
between 101 and 801. X-ray photoelectron spectra (XPS)
were recorded on a Thermo VG ESCALAB 250 X-ray photo-
electron spectrometer at a pressure of about 2� 10�9 Pa
using Al Kα X-rays as the excitation source. The morphology
of the microspheres was investigated using a scanning
electron microscope (SEM; Zeiss SUPRA 55) with an accel-
erating voltage of 20 kV, combined with energy dispersive X-
ray spectroscopy (EDX) for the determination of metal com-
position. Transmission electron microscopy (TEM) images
were recorded with Philips Tecnai 20 and JEOL JEM-2010
high-resolution transmission electron microscopes. The acc-
elerating voltage was 200 kV in each case. Solid-state UV–vis
absorption spectra were recorded at room temperature in
air by means of a PerkinElmer Lambda 950 spectrometer
equipped with an integrating sphere attachment using
BaSO4 as Background. The fluorescence spectra were rec-
orded on a Shimadzu RF-5301PC spectrofluorometer with an
excitation wavelength of 345 nm.
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Photoelectrochemical tests

All PEC studies were operated on an electrochemical work-
station (CHI 660E, CH Instruments Inc., Shanghai) in a home-
built three-electrode optical cell using Hg/Hg2Cl2 as the
reference electrode and a Pt wire as the counter electrode.
Measurements were performed in a 0.5 M Na2SO4 (pH 6.8)
solution as supporting electrolyte medium. The pristine ZnO
NR array, ZnO NR@NP arrays and Au–ZnO NR@NP arrays were
respectively used as photoanode with an area of 3 cm2.
Current–voltage (I–V) curves were measured with a scan rate
of 10 mV s�1. The water splitting photoelectrode was illumi-
nated at 100 mW cm�2 from a 150 W xenon lamp within
entire solar spectrum. The visible-light PEC performance was
also measured by using the light source with λZ400 nm.
Amperometric I�t curves of ZnO NR array, ZnO NR@NP array
and Au–ZnO NR@NP array were recorded under chopped light
irradiation (light on or off cycle: 100 s) at an applied
potential of 0.6 V vs. Hg/Hg2Cl2. Impedance measurements
(EIS) were performed in the dark and light (100 mW/cm2) in
0.5 M Na2SO4 solution at open circuit voltage over a fre-
quency range from 105 to 10�2 Hz.

Computational details

Model construction. The model of bulk ZnO was built with
the space group of P63MC. The lattice parameters were set
as follows: a=b=3.25 Å, c=5.21 Å, α=β=901, γ=1201. The
supercell of ZnO was 2� 2� 2 in the a-, b- and c- directions.
For the calculation of ZnO work function, the (002) facet
was cleaved with a vacuum layer of 15 Å. When calculating
the work function of Au, the (111) facet of Au was cleaved,
also with a vacuum layer of 15 Å.

Computational method. All the calculations are perfor-
med with the CASTEP code in the Materials Studio version
6.1 software package (Accelrys Software Inc.: San Diego,
CA). The density functional theory (DFT) calculations are
carried out using a plane wave implementation at the gen-
eralized gradient approximation (GGA) RPBE level. The stru-
cture optimizations are based on the following points: (i) an
Fig. 1 A schematic diagram for the fabrication of Au na
energy tolerance of 1� 10�5 eV per atom; (ii) a maximum
force tolerance of 0.03 eV/Å; (iii) a maximum displacement
tolerance of 1� 10�3 Å.

Results and discussion

The fabrication strategy for the Au–ZnO NR@NP core–shell
arrays is shown in Fig. 1. The ZnO NR grown on FTO was
prepared by a solvothermal method as described previously
[33]. As shown in Fig. 2A, the ZnO NR was vertically aligned
to FTO substrate with an average diameter of �90 nm and a
length of �3.6 μm, respectively. After coating a thin layer
of ZnO nanoplatelets (NP) by a hydrothermal method, 3-
dimentional ZnO NR@NP core–shell arrays with uniform size
and morphology were obtained (Fig. 2B and Fig. S-1). The
cross-sectional SEM image of ZnO NR@NP (Fig. 2B, inset)
shows that ZnO NPs are decorated uniformly on the surface
of ZnO NR. The core–shell structure was further demon-
strated in the TEM image of the resulting ZnO NR@NP arrays
(Fig. 2D), from which the shell thickness of 30–40 nm is
clearly identified. Fig. 2C shows a typical SEM image of the
Au–ZnO NR@NP array, with the maintenance of the same
morphology of ZnO NR@NP after the introduction of Au
species. Moreover, it can be seen that Au nanoparticles are
homogenously deposited on the surface of ZnO NR@NP with
a uniform size distribution (5–7 nm) (Fig. 2C, inset).

HRTEM shows that the diameter of Au nanoparticles is
�5 nm (Fig. 2E). Two kinds of interplanar fringe distances
are measured (0.26 and 0.24 nm), which correspond to the
spacing for (002) plane of wurtzite ZnO and (111) plane of
fcc Au, respectively. EDX analysis of Au–ZnO NR@NP arrays
(Fig. 2E, Table S1) verifies the uniform presence of Zn, O
and Au (with an Au/ZnO molar ratio of �0.19%). The phase
structures of ZnO NR, ZnO NR@NP and Au–ZnO NR@NP arrays
were determined by XRD patterns (Fig. 2G). Both ZnO
NR@NP and Au–ZnO NR@NP arrays exhibit rather similar
XRD pattern to ZnO NR, all of which can be indexed to
wurtzite structure of ZnO. It should be noted that a
crystalline Au phase is not observed in Au–ZnO NR@NP, as
a result of its tiny loading. The presence of dominant (002)
noparticles sensitized ZnO NR@NP core–shell arrays.
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reflection (Fig. 2G, curve b) for all these three samples
confirms their preferential anisotropic growth along the
[001] direction of FTO [35].

Time-dependent experiments were carried out to study
the formation process of such ZnO NR@NP core–shell
hierarchical arrays. Fig. S2A shows that after spin-coating
a thin layer of ZnO seeds on the ZnO NR substrate, no
obvious change in morphology is found compared with the
bare ZnO NR. After 0.5 h of hydrothermal reaction, the
surface of ZnO NR becomes somewhat rough (Fig. S2B). As
the reaction time increases from 1 h to 2 h, the epitaxial
growth of ZnO NP onto the exterior surface of ZnO NR can be
observed with gradually enhanced density (Fig. S2C and D).
Upon further elongation of the reaction time from 3 h to
6 h, the appearance of ZnO NP is increasingly predominant
and even overlays the whole sample surface (Fig. S2E and
F). Subsequently, a photo-reduction method was used to
deposit Au nanoparticles onto the surface of ZnO NR@NP
core–shell arrays. The irradiation time for ZnO NR@NP in
HAuCl4 solution was studied, so as to investigate the for-
mation process of Au nanoparticles. Herein, dense Au
nanoparticles were obtained on the surface of ZnO NR@NP
as the irradiation time increased from 2 h to 6 h (Fig. 3).
However, it should be noted that the particle size of Au
almost maintains the same value (�6 nm) along with the
increase of irradiation time. The results suggest that the
density of Au nanoparticles on the surface of ZnO NR@NP
can be easily tuned by altering the irradiation time in the
photo-reduction process.

The light absorption ranges of ZnO NR, ZnO NR@NP and
Au–ZnO NR@NP were determined by UV–vis spectra (Fig. S3A).
Both the ZnO NR and ZnO NR@NP exhibit a distinct absorption in
ultraviolet region (o400 nm) because of the large band gap of
ZnO (�3.37 eV). However, an enhanced absorption in 500–
600 nm is observed for Au–ZnO NR@NP, which can be attributed
to the surface plasmon resonance of Au nanoparticles. UV–vis
Fig. 2 SEM images of (A) ZnO NR arrays, (B) ZnO NR@NP core–shell
(E) HRTEM image of Au–ZnO NR@NP; (F) EDS spectrum of Au–ZnO NR@
Au–ZnO NR@NP arrays.
absorption spectra of Au–ZnO NR@NP with different photo-
reduction time in HAuCl4 solution are shown in Fig. S3B, from
which the absorption of Au–ZnO NR@NP in the range 500–
600 nm increases gradually along with the enhancement of Au
loading.

The hierarchical Au–ZnO NR@NP core–shell arrays were
subsequently investigated as photoanode in PEC water
splitting. As shown in Fig. 4A, dark scans for all the three
samples from �0.6 to 1 V only show a rather small back-
ground current density. Under illumination however, the
photocurrent density of Au–ZnO NR@NP arrays increases
significantly in a potential window from �0.3 to 1.0 V vs.
Hg/Hg2Cl2 with a photocurrent density of 1.47 mA/cm2 at
0.6 V, much large than that of pristine ZnO NR (0.89 mA/
cm2) as well as ZnO NR@NP core–shell arrays (1.17 mA/cm2).
The results suggest both the core–shell hierarchical nanos-
tructure and the modification by Au nanoparticles play a
positive role in enhancing the activity of Au–ZnO NR@NP
photoelectrode. The photocurrent responses toward light
ON–OFF cycling of ZnO NR@NP with different shell growth
time are shown in Fig. 4B, from which a steady and prompt
photocurrent generation can be observed during ON and
OFF cycles of illumination. The photocurrent of ZnO NR@NP
array firstly enhances gradually along with the increase of
shell growth time and reaches a maximum with the reaction
time of 2 h, followed by a significant decrease with further
elongation of time. This result demonstrates that coating of
ZnO NP shell onto ZnO NR core at a suitable level can
effectively enhance its photocatalytic activity; while an
excess of shell incorporation with a dense packing of ZnO NP
on the electrode may hinder the photon absorption and
charge transfer.

To further reveal the effect of Au nanoparticles deposited
on ZnO NR@NP, a series of photocurrent measurements were
carried out on Au–ZnO NR@NP photoanodes with various
deposition time of Au (from 0.5 to 6 h). The corresponding
arrays, (C) Au–ZnO NR@NP arrays; (D) TEM image of ZnO NR@NP;
NP; (G) XRD patterns of FTO substrate, ZnO NR, ZnO NR@NP and



Fig. 3 SEM images of Au–ZnO NR@NP with different irradiation time for ZnO NR@NP in HAuCl4 solution: (A) 0 h, (B) 2 h, (C) 3 h, and
(D) 6 h.
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photocurrent responses to light ON–OFF cycling are dis-
played in Fig. 4C. It is observed that the photocurrent
undergoes an increase firstly and then decrease along with
the elongation of deposition time of Au from 0.5 to 6 h, and
the largest photocurrent presents in the sample with 2 h.
This indicates a suitable Au loading would enhance the
photocatalytic performance of ZnO NR@NP array. A similar
result has been reported in the study on Au nanoparticles
modified TiO2 surface [34]. Fig. 4D shows the I�t curves
recorded under chopped light illumination at 0.6 V vs. Hg/
Hg2Cl2. Upon illumination at 100 mW cm�2, a spike in the
photoresponse is observed for all the three samples owing to
the transient effect in power excitation, and the photo-
current then returns quickly to a steady state. The Au–ZnO
NR@NP array photoanode gives the highest photocurrent,
which is consistent with the results of the I–V tests (Fig. 4A).
Therefore, the introduction of Au nanoparticles on the ZnO
NR@NP array increases the light absorption and facilitates
the charge transfer to the electrode/electrolyte interface,
accounting for the largely enhanced PEC behavior.

Fig. 5A shows the I–V curves of ZnO NR, ZnO NR@NP and
Au–ZnO NR@NP arrays under the illumination of visible light
with λZ400 nm. For the ZnO NR@NP, the photocurrent
intensity is 0.04 mA/cm2 at a potential of 0.6 V vs. Hg/
Hg2Cl2, which is higher than the pure ZnO NR (the photo-
current intensity is 0.01 mA/cm2). In contrast, Au NPs
modified ZnO NR@NP photoelectrode exhibits the highest
photocurrent density (0.06 mA/cm2) at 0.6 V. This result
further verifies the essential role of Au nanoparticles in
enhancing the photoactivity of ZnO NR@NP photoelectrode.
It is noted that the photocurrent increases 1.5 times with
visible light illumination after the sensitization of ZnO NR@NP
by Au nanoparticles, which is larger than illumination by UV–
vis light (1.25 times). This can be ascribed to the reason that
introduction of Au nanoparticles on the surface of ZnO
NR@NP photoelectrode enhances the visible light-harvesting
efficiency via the SPR effect (Fig. S3). The photocurrent
response to light ON–OFF cycling is shown in Fig. 5B, from
which a steady and prompt photocurrent generation is obs-
erved during ON/OFF cycle of illumination. Electrochemical
impedance spectroscopy (EIS) study provides information
about the interfacial property of photoanodes. The semicir-
cle diameter of EIS equals the electron transfer resistance
(Ret), which controls the electron transfer kinetics of the
redox probe at the electrode interface. It can be seen that
the semicircles for all the samples are much larger in the
dark than under illumination (Fig. 6), demonstrating that
the photogenerated charge carriers substantially lower the
charge-transfer resistance. Furthermore, the semicircle dia-
meter (Ret) of these samples under illumination increases
with the following sequence order: Au–ZnO NR@NPoZnO
NR@NPoZnO NR. The results are in high agreement with
their photoelectrochemical behavior, which clearly demon-
strate that the Au modified ZnO NR@NP array possesses lower
resistance and thus allows for much faster electron transfer.

The photoelectrochemical conversion efficiencies (η) of all
the three photoanodes based on different ZnO nanostructures
were evaluated (See Supporting Information for details). As
shown in Fig. 7A, the maximum efficiency for the Au–ZnO
NR@NP arrays is �0.69% (at 0.42 V vs. Hg/Hg2Cl2), 1.3 times
higher than the ZnO NR@NP arrays (0.54% at 0.40 vs. Hg/
Hg2Cl2) and even 1.5 times higher than the pure ZnO NR
arrays (0.45% at 0.34 vs Hg/Hg2Cl2). Furthermore, incident-
photon-to-current-conversion efficiency (IPCE) was measured



Fig. 4 (A) I–V curves of ZnO NR, ZnO NR@NP and Au–ZnO NR@NP; (B) I–V curves of ZnO NR@NP with different growth time of ZnO NP;
(C) I–V curves of Au–ZnO NR@NP with different deposition time of Au nanoparticles; (D) I–t curves of ZnO NR, ZnO NR@NP and Au–ZnO
NR@NP at an applied potential of 0.6 V vs. Hg/Hg2Cl2 during ON/OFF cycles within 1000 s.

Fig. 5 (A) I–V curves of ZnO NR, ZnO NR@NP and Au–ZnO NR@NP; (B) I–t curves of ZnO NR, ZnO NR@NP and Au–ZnO NR@NP at 0.6 V
vs. Hg/Hg2Cl2 during on/off cycles within 1000 s under visible light illumination (λZ400 nm).
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to evaluate the enhanced PEC water oxidation performance
(Fig. 7B). In the UV light region, the Au–ZnO NR@NP arrays
show the highest IPCE performance. For instance, the IPCE
values of ZnO NR, ZnO NR@NP and Au–ZnO NR@NP at the
incident wavelength of 365 nm are 1.7%, 2.9% and 3.3%,
respectively. In the visible light region, the ZnO NR and
ZnO NR@NP arrays nearly give the same IPCE. After the
introduction of Au nanoparticles on the surface of ZnO
NR@NP arrays, an enhanced visible-light IPCE is obtained
owing to the SPR effect of Au nanoparticles.

The semiconductor properties of Au and ZnO are further
studied by density functional theory (DFT) calculation for
better understanding the synergetic effect between ZnO
and Au nanoparticles. To obtain the band edge placements
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of ZnO, two parameters are needed: the Fermi level of ZnO
relative to the conduction band minimum, and the work
function which is defined as the energy difference betw-
een the Fermi level and vacuum level. As shown in Fig. 8A,
the Fermi level of ZnO lies 1.49 eV below the conduction
band minimum. According to the work function of 5.44 eV
(Fig. S4) for ZnO, the conduction band minimum is deter-
mined to be 3.95 eV below the vacuum level. On the other
Fig. 6 Nyquist plots of electrochemical impedance spectra of
ZnO NR, ZnO NR@NP and Au–ZnO NR@NP in the dark and light,
respectively.

Fig. 7 (A) Photoelectrochemical conversion efficiency (η) and (B) I

Fig. 8 (A) The band structure of ZnO and (B) a scheme for unders
arrays as photoelectrode.
hand, the Fermi level of Au lies 4.73 eV below the vacuum
level, as shown in Fig. S5. Therefore, the conduction band
of ZnO is higher than the Fermi level of Au. The photo-
generated electrons of ZnO can transfer to Au, which
thereby inhibit the recombination electron–hole. Based on
the results above, the largely enhanced PEC water splitting
in this hierarchical metal/semiconductor photoelectrode
system can be understood as follows (Fig. 8B): the hier-
archical core–shell nanostructure facilitates the exposure of
ZnO active sites and improves the light capture ability; the
photogenerated electrons of ZnO transfer to Au nanoparti-
cles while holes are exhausted by water oxidation with
enhanced PEC performance. Simultaneously, the hot elec-
trons generated from surface plasmons photoexcition of Au
nanoparticles by visible light illumination are injected into
the conduction band of ZnO, collected by current collector
and transferred to the cathode. The synergistic effect of Au
nanoparticles decreases the band gap of ZnO and thus
enhances the efficient utilization of visible light. In addi-
tion, due to the different work functions of Au and ZnO (as
demonstrated in the DFT results), a Schottky barrier was
created as a trap for electrons, [35] improving the separa-
tion of electron–hole pairs. Therefore, the construction of
Au–ZnO NR@NP core–shell arrays demonstrates an efficient
approach to couple noble metal sensitization with a hier-
archical semiconductor photoanode for sustainable and
affordable solar fuel technologies.
PCE spectra of ZnO NR, ZnO NR@NP and Au–ZnO NR@NP arrays.

tanding the enhanced PEC water splitting using Au–ZnO NR@NP
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Conclusions

In conclusion, plasmonic metal/semiconductor composite
photoelectrodes were fabricated via modifying ZnO NR@NP
arrays by Au nanoparticles. The resulting core–shell Au–ZnO
NR@NP arrays exhibit significantly enhanced efficiency in
PEC water-splitting, much superior to pristine ZnO arrays
and ZnO NR@NP. The introduction of Au nanoparticles on the
surface of ZnO NR@NP photoelectrode enhances the light-
harvesting efficiency by the SPR effect and suppresses the
recombination of the photogenerated electron–hole pairs. In
addition, the hierarchical nanostructure of core–shell array
facilitates the exposure of ZnO active sites and improves the
light capture ability. It is expected that this method can be
extended to the preparation of other noble metal/semi-
conductor composite photoelectrodes which have potential
applications in energy storage and conversion field.
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