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ABSTRACT: Traditionally, Cu ion-based oxide materials are
considered not functional as photocatalysts owing to their
instability in the photoelectrochemical processes. Here, we
report on the light-induced photochemical synthesis of Cu,O
microcubes utilizing CaWO, as the precursor. It was found
that under light irradiation and in the presence of glucose
CuWO, could be reduced in situ into Cu,O with its
morphology reassembled from irregular bulk particles to
hollow microcubes. Similar morphology transformation could
not be observed when CuO or Cu(NOs), were used as
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precursors. More importantly, the in situ photochemical-synthesized Cu,O naoncubes showed both high activity and excellent
stability for glucose reforming under visible light, which overcame the general barrier of Cu,O instability in photochemical
processes. The activity could be remarkably enhanced when 0.1 wt % Zn was doped into the Cu,O. The excellent performances
of the material were related to the existence of hollow microcubes and the modified band structure due to Zn doping.
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B INTRODUCTION

Photocatalytic hydrogen production under solar light has been
considered as one of the most promising routes for renewable
energy conversion.' > It is well accepted that the key to this
promising technology is the development of suitable photo-
catalysts. In view of practical applications, high activity with
visible light response, good durability with low toxicity, and low
cost are the general requirements for the design of photo-
catalysts. A large number of photocatalysts have been
developed since the first report of this technology by Fujishima
and Honda.* Binary, ternary, and even more complicated metal
oxides and sulfides have been studied. However, few of them
simultaneously meet all the requirements mentioned above.’
We thus pay our attention back to the traditional semi-
conductors having been considered not suitable as photo-
catalysts owing to their various inherent drawbacks.

Cuprous oxide, Cu,O, is an attractive p-type oxide
semiconductor with a direct bandgap of 2 eV and a theoretical
light-to-hydrogen conversion efficiency of 18%.° p-type Cu,O
has a conduction band edge of about —1.35 V vs Ag/AgCl at
pH 7, which is sufficiently more negative than the reduction
potential of water (about —0.61 V vs Ag/AgCl at pH 7). This
means a large overpotential available for hydrogen production.
The valence band edge of Cu,O is at about +0.65 V vs Ag/
AgCl at pH 7, also more positive than the oxidation potential of
water (about +0.62 V vs Ag/AgCl at pH 7). According to the
energy levels, photocatalytic water sglitting over Cu,O under
visible light is principally feasible.”® However, the direct
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evidence showing H, evolution from illuminated 0p-type Cu,O
has been far less than theoretically expected.® '° The reason
could be the inherent instability of Cu'* ions in the
photoelectrochemical processes. For instance, the oxidation of
Cu,O itself to CuO is thermodynamically more favorable than
water oxidation. On the contrary, CuO could also be reduced
to Cu,O and finally metallic Cu under photochemical reaction
conditions.""

To make Cu,O a stable photocatalyst, the hydrogen
production reaction should be kinetically more favorable than
other competing side reactions possibly leading to Cu,O
decomposition. Our strategy is to synthesize Cu,O from a
photochemical reaction environment that is similar to the
photocatalytic reaction conditions in which Cu,O is used as a
photocatalyst. It is assumed that the Cu,O obtained in such a
strong redox photochemical reaction environment has the
inherent advantage to withstand photocorrosion in a kinetically
more favorable way. Moreover, modification of the band
structure of Cu,O by appropriate metal ion doping is supposed
to make it thermodynamically more favorable for hydrogen
production.

To this end, we have chosen glucose both as the precursor
material for Cu,O photochemical synthesis and the sacrificial
reagent for photocatalytic hydrogen production. Here, glucose,
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as a model compound of the biomass most versatile on earth,
was employed as the electron donor for water reduction
ensuring that the whole energy conversion process was
completely renewable. The feasibility of photocatalytic hydro-
gen production from glucose has been demonstrated as early as
1980 by Kawai et al. and has undergone tremendous
growth.'”'® For instance,Yu et al. reported on Pt/TiO,
nanosheets with exposed (001) facets and found high
photocatalytic hydrogen generation activity under UV-—vis
light reaching 134 umol/h."* Up to now, most of the studies
have been conducted under UV light, which accounts for only
about 4% of the solar spectrum. From the viewpoint of
thermodynamics, oxide photocatalysts would be more favorable
than sulfides and nitrides."> Unfortunately, many oxide
semiconductors either have wide band gaps or low conduction
band positions that greatly restricted their availability as a
visible light-responsive photocatalyst.'® In previous work, we
reported a Biy Y, VO, photocatalyst with a high activity of 10
pumol/h under the irradiation of visible light.l To the best of
our knowledge, the highest activity of hydrogen generation in
the process of glucose reforming under the irradiation of visible
light was performed by Li and his co-workers, which was as
high as 36 pmol/h, utilizing Cd,sZnysS as the photocatalyst,
showing significant progress forward.'®

Not long before, we reported a kind of shape-controlled
Cu,O. Through artifical control of its exposure plates, we
realized charge separation on the surface of Cu,O favorable for
improving its visible light response. But unfortunately, the
activity of Cu,O was still low in the process of hydrogen
generation of glucose reforming, which is only 1.88 gmol/h."
In this report, Zn-doped Cu,O with hollow microcube
morphology was prepared by a facile in situ photochemical
method in the presence of glucose. Steady photocatalytic
reforming of glucose under visible light over the as-synthesized
Cu,O photocatalyst was realized. A very low amount of Zn
doping, i.e., 0.1 wt %, was found to remarkably enhance the
activity of the Cu,O hollow microcubes. The effects of the Zn
doping on the photochemical photophysical properties, crystal
structure, and photocatalytic performances were then discussed
in detail.

B EXPERIMENTAL SECTION
Synthesis of CuWO, and Zn-Doped CuWO, Precursors. All

chemicals were of analytical grade and used without further
purification. Typically, certain amount of Cu(NO;),-6H,0 were
dissolved in deionized water and precipitated by slow addition of
aqueous solution of Na,WO, under continuous stirring. The
precipitate was washed with deionized water and dried in an oven at
75 °C for 5 h. The collected product was then calcined at 500 °C for §
h to obtain CuWO, as precursor. Various amounts of Zn(NO;),:
6H,0 was added into the initial solution for the preparation of Zn
doped CuWO,.

In Situ Photochemical Preparation of Cu,0 and Zn-Doped
Cu,0. The CuWO, or Zn-doped CuWO, precursors were then
dispersed in a side irradiated photoreactor containing an aqueous
solution of glucose (0.05 mol/L) and NaOH (0.1 mol/L). The
photochemical reactor was irradiated by a 300W Xe lamp from 1 to 20
h. The precipitate was then repeatedly washed with deionized water
and dried in an oven at 60°C for 10 h to obtain the final Cu,O and Zn-
doped Cu,O product. The as-prepared samples were denoted as
CZOn where n is the molar percent of Zn in Cu,O. It is further
denoted as CZOn-h, depending on the photochemical reaction time
“h” ranging between 3 and 20 h. For comparison, Cu,0 was also
prepared by a similar method with commercial CuO and Cu(NOs), as
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precursors, respectively, by a photochemical reaction of 20 h
irradiation.

Material Characterization. The X-ray diffraction (XRD) patterns
of catalysts were recorded on Panalytic X'pert Pro X-ray diffractometer
equipped with Cu Ka irradiation. All the samples were scanned with a
step size of 0.033° 26. Diffuse reflectance UV—vis spectra were
measured on a Hitachi U-4100 spectrometer, equipped with a lab-
sphere diffuse reflectance accessory. The crystallite morphologic
micrograph was determined on a field emission scanning electron
microscopy (SEM) JSM-7800F (Japan) and a transmission electron
microscope (TEM) FEI Tecnai G2 F30 S-Twin. The X-ray
photoelectron spectroscopy (XPS) measurements were conducted
on a PHI-550 multifunctional spectrometer. Photoluminescence (PL)
spectra were recorded on a Hitachi F-3010 fluorescence spectropho-
tometer with an integrated time of 0.1 s/nm. Infrared spectroscopy
(IR) was measured by time-resolved spectroscopy using a FT-IR
spectrometer of the VERTEX series S510. The elemental analysis was
completed on a Bruker S4 PIONEER X-ray fluorescence spectrum
(XRF), using a Rh target and 4 KW power.

Evaluation of Photocatalytic Activity. For photocatalytic
hydrogen evolution, 0.01 g of photocatalyst powder was dispersed
by a magnetic stirrer in a side irradiated photocatalytic reactor
containing an aqueous solution of glucose (0.0S mol/L) and NaOH
(0.1 mol/L). The reaction cell was connected to a gas circulation
system, and the hydrogen evolved was analyzed by an online TCD gas
chromatograph (NaX zeolite column, argon as carrier gas). The
photocatalysts were irradiated with visible light from a 300W Xe lamp,
and the UV part of the light was removed by a cutoff filter (1 > 420
nm). Apparent quantum yields were measured and calculated as
described in our previous report, using a 420 nm band-pass filter and
an irradiatometer.'® In the experiment, the irradiation power after the
band-pass filter was determined to be 0.792 mW/cm?. The gas product
was automatically sampled and analyzed by GC every 10 min during
photocatalytic reaction. Before the photocatalytic reaction, the reactor
was alternatively evacuated by a vacuum pump and flushed by argon
for several times to ensure complete removal of oxygen. As a co-
catalyst prompting proton reduction, 0.5 wt % Pt was in situ
photodeposited on the evaluated photocatalyst from HPtCl,.

B RESULTS

Crystalline Structures for Zn-Doped CuWO, precur-
sors and Cu,O. Figure 1 shows the X-ray diffraction (XRD)
patterns of Zn-doped CuWO, precursors and various CZOn
samples. As shown in Figure 1a, all the peaks in the diffraction
patterns can be ascribed to the triclinic structure of CuWO,.*°
It was also noticed that diffraction peaks for Zn-doped CuWO,
shifted to lower degrees compared with the pure CuWO,. As
shown by the magnified region around 26 of 15°, even a small
amount of Zn doping, i.e., 0.1 wt %, led to a significant shift of
XRD peaks. The successive shift of diffraction peaks is
attributed to the larger ionic radius of Zn** than Cu*" ion.
XRD patterns for the samples after in situ photochemical
preparation from this CuWO, precursor were then recorded.
As shown in Figure 1b, all the diffraction peaks can be indexed
to the standard cubic phase Cu,O (JCPDS file no. 0S-
0667),>"** with no other crystalline phase observed. The fact
that no diffraction peaks ascribed to CuWO, could be found in
the XRD patterns of the final Cu,O products proved that all the
CuWO, precursors, regardless of Zn doping, have transformed
into Cu,O. Moreover, no diffractions attributed to ZnO could
be found even for 5 wt % Zn doping, indicating successful
doping of Zn ions into the matrix of Cu,O.

It is noteworthy from Figure 1b that the (111) diffraction at
26 of about 43° for CZ0O0.1-20 obviously shifts to a lower
degree compared to the other samples. However, for Zn doping
of more than 0.1%, the (111) diffraction shifts to higher angle
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Figure 1. XRD patterns of Zn-doped CuWO, precursor (a) and
various CZO samples reacted for 20 h (b).

again. We have repeatedly prepared Zn-doped Cu,O samples
and obtained similar XRD results. This indicated that the

unusual diffraction shift for CZ00.1-20 is not due to
experimental errors. At this stage, it can be concluded that a
small amount of Zn doping could exert significant effects on the
crystal structure of Cu,O. It is known that Zn** has a similar
ionic radius of 60 A with Cu* when the coordination number is
4, and cell distortion due to heteroatom substitution is
therefore impossible. However, one Zn** ion should substitute
for two Cu" for charge balance if a Zn ion could be successfully
doped into Cu,O. We believe that the unusual diffraction shift
for CZ00.1-20 is due, at least in part, to the different valence
states between Zn** and Cu'*. The band gap of CZOO to
CZOS were calculated as 1.97, 1.89, 1.82, 1.77, and 1.67 eV
respectively, according to the Kubelka—Munk function (Figure
S4, Supporting Information). Zn doping changed the band gap
of Cu,O undoubtedly. However, the relationship between Zn
doping and the modification of the Cu,O crystal structure
needs further investigation.

Morphology Evolution for the Zn-Doped Cu,O
Hollow Microcubes. Morphology evolution for Zn-doped
Cu,O (with CZ00.1—20 as a representative material) was
investigated by emission scanning electron microscopy (SEM).
As shown in Figure 2a, the CuWO, precursor is the bundle of
aggregates of irregular particles. As a contrast, CZ00.1-20 in
Figure 2f shows well-defined hollow microcubes with diameters
of around 400 nm. To understand the growth process of the
hollow microcubes, SEM characterization was conducted on
the CZOO0.1 samples collected at different stages of the
photochemical synthesis processes. As shown in Figure 2b, at
the reaction time of 1 h, the cubic morphology was already
formed. As the reaction proceeded, some smaller particles grew
at the surface of microcubes, and in the meantime, the inside of
the cube began to dissolve.

As shown in Figure S1 of the Supporting Information, the
hollow cubic microstructure could not be formed in the
absence of light irradiation or using other precursor like copper
oxide, and only irregular bundles of Cu,O were found when
copper oxide and Cu®* were utilized as precursor. It becomes

"

Figure 2. TEM images for CZOO0.1 at different stages of the photochemical synthesis process (a) before reaction, (b) 1 h, (c) 2 h, (d) 4 h, (e) 6 b,
and (f) 20 h. Corresponding SEM patterns are inset. All scale bars for SEM patterns are 200 nm.
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clear that Cu,O with hollow microcubic morphology can only
be prepared with a CuWO, precursor. It is assumed that due to
limited solubility Cu*" in CuWO, will be gradually released into
the reaction solution by dissolution of CuWO,, which in turn
results in the gradual reduction and final formation of hollow
Cu,O microcubes.

Photophysical and Photochemical Properties of
Various Cu,0 Samples. Figure 3a shows the Fourier
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Figure 3. FTIR spectral of reaction solution (a) and XPS pattern of
Cu,O (b) during the photocatalytic synthesis process.

transform infrared spectroscopy (FTIR) patterns for the
reaction solution taken at various stages of photochemical
synthesis of CZ00.1. The C=O0O peak around 1700 cm™
disappeared after 6 h of reaction. At the same time, a new peak
appeared at the wavenumber of about 1600 cm™, which is the
characteristic peak of skeletal vibration of aromatic ring. It is
clear that glucose was eventually converted into a kind of
aromatic compound after a series of reactions. Although the
final state of glucose remains unclear, we believe that the
glucose is now in an oxidized state due to the reduction of
Cu*.

Figure 3b shows X-ray photoelectron spectroscopy (XPS)
patterns for CZ00.1 samples collected at different stages of the
photochemical synthesis. After 1 h of visible light irradiation,
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the binding energies of Cu 2p3/2 and Cu 2p1/2 peaks were at
932.4 and 952.3 eV, respectively, which are the typical values
for Cu’. Meanwhile, a shakeup line around 945 €V can be
observed, which is the paramagnetic chemical state of Cu®"
from CuO.”® It can be concluded that after only 1 h of
photoreaction, most of the Cu’* released from CuWO, has
been reduced to Cu’. Combined with transmission electron
microscope (TEM) images in Figure 2, the material at this
stage should be solid Cu,O microcubes containing a small
amount of CuO. After 6 h of reaction, the XPS peaks owing to
Cu®" become even weaker, indicating almost complete
consumption of Cu** at this stage. The reoxidation of some
Cu' into Cu®" is considered also inevitable at this stage. The
concentration of Cu** in the reaction solution rapidly decreased
with continuous reaction as determined by elemental analysis
with XRF (Figure SS, Supporting Information). After 20 h of
reaction, all the Cu®*was reduced into Cu". It is assumed that
after a long period of a reduction—reoxidation—reduction
process, the Cu" in the final Cu,O should be now in a
kinetically stable state that can effectively withstand a strong
photocorrosion environment before efficient photocatalytic
hydrogen production is achieved.

Fluorescent emission spectra of various CZO samples were
further recorded. As shown in Figure 4, a photoluminescence
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Figure 4. Fluorescent emission spectra of CZO doped with various
amount Zn.

(PL) emission peak at 445 nm and a smaller fluorescent
emission peak at 612 nm were noticed for pure Cu,O (CZOO0).
The former is considered to be due to the band gap excitation,
and the latter is assumed to be from the impurity energy level.
With 0.1% Zn doping, the PL emission at 612 nm disappeared,
but the peak at 445 nm shows a dramatic increase. Further Zn
doping gave rise to a significant decrease in this peak. The PL
emission at 445 nm was almost quenched with 5 wt % of Zn
doping. The strong PL for CZ00.1—-20 indicates that it can be
easily excited by light irradiation and produce a large amount of
photoexcited charges for subsequent PL emission. It can be
concluded at this stage that although the crystalline structure of
Cw,0 is not strongly affected by Zn** doping (Figure 1), the
band structure and therefore the photophysical properties of
the material could be significantly altered. It seems that an
appropriate amount of Zn** could remarkably improve the
lifetime of the photoexcited charges in CZO.
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Photocatalytic Reforming of Glucose under Visible
Light. The performance of photocatalytic hydrogen production
under visible light irradiation for Cu,O prepared by in situ
photochemical processing has been evaluated. Samples by two
other methods were also evaluated as a comparison. Sample A
was synthesized by a hydrothermal method. Samples B and C
were synthesized by a photocatalytic method with CuWO, and
commercial CuO as the precursors, respectively. Their
corresponding XRD patterns are given in Figure S2 of the
Supporting Information. As shown in Figure S5a, Cu,O
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Figure S. Photocatalytic hydrogen production under visible light
irradiation for Cu,O prepared by various methods. Sample A was
synthesized by a hydrothermal method. Samples C and B were
synthesized by a photocatalytic method with CuWO, and commercial
CuO as the precursors, respectively. (a) The performance of
photocatalytic hydrogen production under visible light irradiation
over CZO with different amounts of Zn doping (b).

synthesized by a photochemical method with CuWO, as the
precursor showed a preferential growth of the (200) crystal
plane. Especially, it showed much higher activity for photo-
catalytic reforming of glucose and also a very good stability
compared to the other two samples. As shown in Figure S3 of
the Supporting Information, negligible Cu** could be found for
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Cu,O synthesized by the photochemical method with CuWO,
as the precursor after a long photocatalytic reaction. For Cu,O
synthesized with CuO as the precursor, however, a certain
amount of Cu* has been oxidized into Cu**.

Photocatalytic activity of CZO with different amounts of Zn
doping was then investigated under visible light. As shown in
Figure Sb, after 360 min of reaction, total hydrogen production
amounts were 10.9, 229, 105, 36.4, and 0.675 umol,
respectively, for CZO with increasing Zn doping in the
presence of 0.5 wt % Pt as co-catalyst. Only 10.9 pmol of
hydrogen could be observed over the pure Cu,O sample. The
activity showed a dramatic increase in CZ0O0.1, 21 times that
for pure Cu,O. The apparent quantum vyield for hydrogen
generation over CZO0.1 at 420 nm was determined to be
38.95%, much higher than our previous report of hydrogen
production over BiysY,VO,>® With a further increase in the
Zn-doping amount, however, the hydrogen production
drastically dropped. The activity for CZOS is even lower than
for pure Cu,O. The photocatalytic activity performance is in
well agreement with the PL results as shown in Figure 4,
indicating that a certain impurity energy level introduced in the
Cu,O energy band will exceedingly increase the lifetime of the
excited electrons, which in turn leads to the improvement of
hydrogen production activity. It should be also pointed out that
the photocatalytic hydrogen production over CZOO0.1 is quite
stable without showing noticeable deactivation after 360 min of
reaction. Recycling hydrogen production experiments were
performed. When one round was completed, the gas in the
reactor was flushed by argon, and a new round of tests began.
From Figure 6, it is shown that CZ00.1 has good stability
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Figure 6. Photocatalytic hydrogen production under visible light
irradiation over 60 mg of CZO0.1.

during the three reaction rounds. The obtained CZO is
therefore more favorable than Cu,O prepared by traditional
methods that often show the problem of long-term stability in
long-time operations.

B DISCUSSION

So far, Cu,O with octahedral,** cubic,*® spherical,26 multi-
shelled spherical,”” and nanocage®® shapes have been studied.
Among the various Cu,O crystal morphologies, the controlled
syntheses of cubic and octahedral structures are perhaps the
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most important. This is because many other structural forms of
Cu,O crystals have been reported to derive from these two
basic geometric shapes.”” There are two major traditional
approaches for preparing hollow structures. The most common
method involves the use of templates that serve as cores for the
subsequent growth of the shells. The cores need to be removed
by dissolution, etching, or thermal treatment. Another approach
for fabricating hollow structures is the templateless synthesis by
self-construction, which is based on the ability of spherical
crystallites to stabilize certain crystallographic planes as they
undergo two-dimensional (2D) and then 3D aggregation.
Obviously our approach represents a completely different
approach for Cu,O synthesis. According to the above
discussion, it is speculated that the hollow cubes were formed
by the following three steps:

CuWOQ, < Cu’* + WO,*~  Firststep (1)
Cu®" + 2NaOH + 2H,0 — [Cu(OH),*” + 2Na™
+ 2H*  Second step ()

hv
2[Cu(OH),]*” + Glucose = Cu,O + Oxidized Glucose

(©)

The first step should be slow due to gradual dissolution and
release of Cu®* ions from CuWO,,. In the second step, Cu** ion
in an aqueous solution first forms Cu(OH), and then
[Cu(OH),]*" in the excessive presence of OH™. In the third
step, due to the strong reducing property of glucose, Cu®* was
reduced into Cu,O. The formation process of the hollow Cu,O
microcubes is schematically illustrated in Figure 7. The

Third step

[ A K CgHuOlo
e % —— —
ey
sd\ <
Cu(OH), =
i Cu(OH),
particles w"!fe )2 Cu(OH), cube & Cu,0
Cu,O particles particles

Figure 7. Schematic illustration for the formation of the hollow
structures of CZO.

spherical nanocrystallites first undergo 2D and then 3D
aggregation to form a microcube. After the surface of the
microcube was fully covered with nanoparticles, the microcube
dissolved from inside and finally formed a hollow microcube.
The hollow microcube morphology is believed to be especially
beneficial for photocatalytic reforming of large organic materials
such as glucose. In this case, the porous microcube can act as a
microreactor for photocatalytic reaction, and the light
irradiation can penetrate into the inside of the microreactor
due to its porous structure. The obtained hollow microcube is
also expected to be available as a microreactor for other
extended applications. The principle pattern of the photo-
catalytic reaction is shown in Figure 8.

In our work, both the Cu,O and 0.1 wt % Zn-doped Cu,O
showed quite stable activity for hydrogen production.
Especially, the latter one showed very high activity for glucose
photocatalytic reforming. Traditionally, the instability of Cu*
ions in photoelectrochemical processes is thermodynamically
inevitable. For instance, the oxidation of Cu,O itself to CuO
has a redox potential of —0.05 V, which is more favorable than
water oxidation. On the contrary, CuO could be reduced to

1451

H,

H*

Glucose

Figure 8. Mechanism for photocatalytic reaction over one single
hollow CZO microcube.

Cu,O and finally metallic Cu under photochemical reaction
conditions. During our in situ photochemical synthesis of CZO,
however, it is believed that a certain amount of Cu* could be
reoxidized. Due to the existence of excessive glucose, it will be
reduced again. As shown by the XPS result in Figure 3b, after
20 h of reaction, only Cu® exists. It is supposed that after a long
period of a reduction—reoxidation—reduction process, the Cu*
in the final Cu,O should be now in a configuration that is
kinetically favorable for the strong photocorrosion environ-
ment. Comparatively, Cu,O synthesized by the traditional
hydrothermal method was quite instable after 20 h of reaction
as is shown in Figure 3s by XPS results, in which the satellite
peak of CuO is clearly observed. Therefore, the in situ-formed
Cu,O from CuWO, should be kinetically more favorable for a
hydrogen production reaction than other competing side
reactions that could possibly lead to Cu,O decomposition, as
shown by egs 4 and 5.°

Cu,0 + H,0 + 2e < 2Cu + 20H™

E = 0.47 Vvs NHE 4)
2Cu0 + 2H,0 + 4e < Cu,O + 40H~
E = 0.60 VvsNHE (%)

Here, we reported the in situ photocatalytic synthesis of
Cu,O microcubes with CuWO, as the precursor, considering
that traditionally Cu ion-based oxide material was not suitable
as a photocatalyst due to the instability of Cu** ions in
photoelectrochemical processes. It was found that under the
light irradiation and in the presence of glucose, CuWO, was
reduced in situ into Cu,O with its morphology reassembled
from irregular bulk particles to hollow microcubes. The strong
photocorrosion environment for the Cu,O in situ crystal
growth is believed to be crucial for its stability in the following
photocatalytic reaction. It was further found that a small
amount of 0.1 wt % Zn doping could remarkably enhance the
activity of Cu,0. Cu,O with 0.1 wt % Zn doped showed
remarkable photocatalytic activity with an apparent quantum
yield of 38.95%. Although the rate of hydrogen generation is
still lower than that of Pt/TiO, nanosheets performed under
UV—vis light, it is the highest value reported for photocatalytic
hydrogen generation over oxide materials in a glucose system
and under visible light. Our finding is believed to be useful for
development of Cu*-based photocatalysts and provides a new
synthetic method. The obtained hollow microcubes are also
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expected to be available as microreactors for other extended
applications.
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