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A facile and green route was introduced to synthesize Pt nanoparticles (PtNPs) immobilized
on Cu2O octahedrons to form Cu2O�Pt hierarchical heterostructure. Transmission electron
microscopy (TEM), ¯eld emission scanning electron microscopy (FE-SEM), high resolution
transmission electron microscopy (HRTEM), X-ray photoelectron spectroscopy (XPS) and X-ray
di®raction (XRD) were employed to study their morphology, chemical and crystallographic
properties of the Cu2O�Pt hierarchical heterostructure. These novel Cu2O�Pt hierarchical
heterostructures show fascinating degradations of methylene blue (MB), due to the suppressed
electron/hole recombination phenomena and the e±cient ability to capture the light.
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1. Introduction

Up to now, the heterostructure with multilayer
components is of signi¯cant interest and have been
synthesized by several groups using Ag, Co, Te, Ni
and Cu2O nanostructures as templates usually via
the galvanic replacement method.1�3 In such con-
structions, each material retains its original pro-
perties, on the other hand, several new properties
may be created due to its multiple heterostructure.

Therefore, these researches are of importance in
discussing the components and have the oppor-
tunity to get multifunctional materials. A great
quality of research e®orts have been studied in the
synthesis of these multistory structures and in
studies of the optical properties. Meanwhile the
plasma resonance properties of these nanostructu-
res and the application in surface-enhanced raman
scattering (SERS) were explored widely.4�6
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In this study, we choose Cu2O as sacri¯cial
template. Cu2O is a p-type semiconductor with a
direct bandgap of 2.17 eV, and it has a maximum
theoretical solar conversion e±ciency of �12% in a
single layer photovoltaic cell.7,8 As a result of the
special properties, Cu2O has been considered as the
promising material with potential applications in
chemical reaction catalysis,9 photocalysis,10,11 gas
sensors,12 solar energy conversion,13 templates,14�17

antibacterial activity,18 metal�insulator�metal
resistive switching memory,19 cancer therapeutic
agent. In the past decade, numerous scienti¯c
workers have paid great attention to the develop-
ment of the noble metal-Cu2O,20 meanwhile, to
understand the mechanism of the progress within
the reaction. Galvanic replacements have taken a
vitally important role during the development of
heterostructure nanocrystals. As we known, the
redox pair value of PtCl2�6 /Pt (0.735V) is much
higher than Cu2O/Cu (�0.36V), therefore, the
Cu2O crystals can be potentially used as the can-
didate for templates for the synthesis of multistory
structure.21 But most important, it does not need
any additive chemicals in this reaction progress. The
formation process of heterostructure can be illus-
trated in Scheme 1.

Cu2O was widely employed in photocatalysis,
energy conversation, biosensor, etc. In our work,
Cu2O was introduced as the template for the growth
of Pt to enhance the properties of the bi-layers

structure. As described above, the PtCl2�6 /Pt redox
pair value is much higher than that of Cu2O/Cu and
it is easy for PtNPs loading onto the facets of
Cu2O�Pt due to the galvanic reactions. Semi-
conductor materials (e.g., Cu2O) can produce elec-
tron�hole pairs when exposed to light. In order
to eliminate the electron�hole recombination
phenomenon, PtNPs were controllably deposited
onto the facets of Cu2O to create Schottky barrier.
Lots of holes were formed on semiconductor when
electrons transferred from semiconductor to metal,
which are linked with the di®erence of the Fermi
energy. These electron�holes have capability of
oxidizing and can be applied to photodegradation.
Our study involve two primary mission: Growth of
Cu2O crystals with octahedron, and then the for-
mation of Cu2O/Pt core/shell hetrostructure in
the H2PtCl6 aqueous solution. The method of the
formation of Cu2O crystals refer to previous
researches.22�24 Hydrazine hydrate was employed
to reduce Cu2þ to Cuþ immediately in the water. Pt
nanoparticles were obtained for the di®erence of the
redox pair value between the PtCl2�6 /Pt and Cu2O/
Cu, and covered on the surface of Cu2O, which is
the key success of the formation of this novel
structure. For the sake of structural stability of the
template, we investigated the relationship between
the amount of reductive agent and the morphology
of Cu2O, and then found optimum morphology
for loading progress. Then, the galvanic reaction

Scheme 1. Schematic illustration of the growth of PtNPs on Cu2O octahedron (color online).
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between Cu2O and Pt metal ions in H2PtCl6 sol-
ution was performed rapidly without any additive
chemicals such as cetyltrimethyl ammonium bro-
mide (CTAB). In our present work, Cu2O�Pt
hierarchical heterostuctures with di®erent amount
of Pt precursor are obtained and their morphology,
chemical and crystallographic properties were stu-
died. In addition, in order to prove the improvement
in photocatalysis of Cu2O�Pt special structure,
we make a contrast experiment for as-prepared
Cu2O and Cu2O�Pt with varied concentration for
the degradation of methylene blue (MB).25 This
phenomenon, maybe due to these heterostructures,
can lead to photoinduced charge separation more
e±ciently.26,27 In our work, the purpose of this
research is to develop a facile and green route to
synthesize Cu2O�Pt structure and study the role
and mechanism toward the degradation of dye.
The enhanced photocatalytic activity and the photo
induced charge separation in these Cu2O�Pt hier-
archical heterostructures were demonstrated.

2. Experimental Method

2.1. Materials

Anhydrous copper (II) chloride (CuCl2Þ and hy-
drazine hydrate (N2H4 � 2H2O) were obtained from
Aladdin Chemistry Co., Ltd. Chloroauric acid
(H2PtCl6 � 6H2O, 99.9%) was acquired from
Shanghai Civi Chemical Technology Co., Ltd. MB
was purchased from Tianjin Yongda Chemical Re-
agent Co., Ltd. Ethyl alcohol was manufactured by
Hangzhou Gaojing Fine Chemical Co., Ltd. Deio-
nized water was used for all solution preparations.

2.2. Synthesis of various morphologies
of Cu2O nanocrystals

The shapes of the Cu2O nanocrystals that changed
from octahedral to corrosive-octahedral structures
were obtained through the reduction of CuCl2 by
N2H4 � 2H2O. About 3mL of 0.5M CuCl2 solution
was added to each beaker rapidly with the aid of
vigorous stirring. A few minutes later, 3mL of 5.0M
NaOH solution was added to the Cu2þ solution.
Suddenly, the color of the solution turned to deep
blue, indicating the formation of Cu(OH)2. Then,
15, 45, 85, 125, 210 and 320�L of N2H4 � 2H2O were
quickly added into the blue solution. The solution
changed to brownish yellow and these beakers were

kept stirring at room temperature for 10min. The
as-prepared Cu2O nanocrystals were centrifuged at
7000 rpm for 6min and deionized water was used
to remove the unreacted chemicals by washing for
3 times. Finally, the chemical product was washed
with 10mL ethanol, and the precipitate was dispersed
in 4mL ethanol for the following characterizations.

2.3. Synthesis of Cu2O�Pt hierarchical
heterostructures with various
Pt nanostructures

Cu2O was used as template for the fabrication for
the Cu2O�Pt hierarchical heterostructures. Cu2O
octahedrons were dissolved in 50.0mL deionized
water, and then 0.0, 0.2, 0.5, 0.7 and 1.00mL of
5.0mM H2PtCl6 solution were, respectively drop-
wise added into the samples and labeled sequen-
tially. Moreover, the beaker should be sealed to
prevent O2 penetrating into beaker. The solution
changed from brownish yellow to black immedi-
ately, indicating the formation of Cu2O�Pt het-
erostuctures. The product solutions were placed on
a magnetic stirrer at room temperature with vigor-
ous stirring for 12 h. The Cu2O�Pt heterostuctures
solution were centrifuged at 8000 rpm for 5min and
washed 3 times with deionized water to remove the
impurity. Finally, the precipitate was dispersed in
4mL ethanol for the following analysis.

3. Photocatalytic Activity

Measurements

The photocatalytic degradation of MB aqueous sol-
ution was conducted at room temperature (25�C).
The as-prepared Cu2O�Pt hierarchical hetero-
structures were labeled a, b, c, d and e, meanwhile,
4mg of the labeled Cu2O�Pt hierarchical hetero-
structures were dispersed into 20mL of MB aqueous
solution (10�4M), respectively. The mixture was
magnetically stirred in the dark for 2 h to guarantee
the absorption equilibrium of MB on the surface
of the photocatalyst. About 4mL solution was
taken out for absorption measurements to obtain
the initial data. As assist-catalyst, in the present
experiment, H2O2 can easily be absorbed on the het-
erostructures surface and amplify the photoresponse
to visible light. H2O2 was dropwise added into the
solution as assist-catalyst. The H2O2 was dropwise
added into the solution as assist-catalyst. A 20W
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lamp was used as the light source, while the distance
was kept about 20 cm away from the solution. About
4mL solution was taken out and centrifuged at
12 000 rpm to eliminate the photocatalyst for UV-
Vis absorptionmeasurements when the time interval
was set. Finally, the 4mL solution after the catalytic
experiment was poured into the mother liquor.

4. Instrumentation

Field emission scanning electron microscopy (FE-
SEM) images of the synthesized Cu2O and Cu2O�Pt
hierarchical heterostructures were obtained using a
JSM-6700F FE-SEM (JEOL, Japan). Transmission
electron microscope (TEM) characterization was
performed on a JEOL JEM-2100 electron microscope
operating at 200 kV. X-ray di®ractometer using a
CuK� radiation source at 35 kV, with a scan rate
of 0.02� 2� s�1 in the 2� range of 20�90�. UV-Vis
absorption spectra were acquired with the use of a
Lambda 900 UV-Vis spectrophotometer (Perkin
Elmer, USA). An X-ray photoelectron spectrometer
(XPS) (Kratos Axis Ultra DLD) with an aluminum
(mono) K� source (1486.6 eV).

5. Results and Discussion

The present growth progress of the novel structure
is schematically illustrated in Scheme 1. Due to the

di®erence of the redox pair value between PtCl2�6 /
Pt and Cu2O/Cu, the PtCl2�6 attached on the Cu2O
cuboctahedrons were reduced to Pt nanoparticles
through Galvanic reaction. With more and more Pt
nanoparticles deposed onto Cu2O cuboctahedrons,
¯nally this novel semiconductor�metal hetero-
structures were obtained. A series of morphologies
of Cu2O templates were obtained by changing the
concentration of reductants in the progress of syn-
thesizing the Cu2O template. As shown in Fig. 1,
clearly morphological evolutions of Cu2O are obtai-
ned through changing the concentration of reduc-
tant. The Cu2O cuboctahedrons were obtained at
low amounts of reductive about 15�L, while 45�L
and 80�L of reductants gave rise to Cu2O octa-
hedrons. As shown in Fig. 1, some wire-like products
are observed at low concentration of reductants, and
Cu2O octahedrons with smooth facets and crystal
edges are obtained when the amount of N2H4 � 2H2O
increased to 125�L. According to the literatures,
these wire-like products are also Cu2O crystals.28,29

With the further increase of the reductants, the facets
of the Cu2O octahedrons become irregular and rough
with some holes and ¯ssures.30�33 Bigger holes
emerge and the facets of octahedral are damaged
gradually when the amount increased to 320�L. In
our previous reports, these phenomena are attributed
to the excess amount of N2H4 � 2H2O with the Cu2O
converting to Cu partially.34

Fig. 1. FE-SEM images of the Cu2O nanocrystals synthesized with morphological evolution by using di®erent amounts of
N2H4�2H2O. (a) 15�L,(b) 45�L,(c) 85�L,(d) 125�L, (e) 210�L, (f) 320�L.
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As exhibited in Fig. 2, octahedrons with smooth
edges and corroded octahedrons bounded by eight
f111g facets, cuboctahedrons bounded by eight
f111g facets and six f110g facts are obtained and
the SAED patterns show the orientations of the
corroded octahedrons [see Fig. 2(d)]. From Fig. 2(c),
the surfaces and crystal edges of corroded octa-
hedrons became rough and indistinct, which are
according with Figs. 1(e) and 1(f). The HRTEM
image shows that the lattice fringes with a spacing
of 2.4 �A are ascribe to (111) lattice planes of Cu2O,
which are accordance with previous literatures.24

The morphologies of the Cu2O�Pt hierarchical
heterostructures with various amounts of H2PtCl6
and the growth process were investigated by TEM
and FE-SEM characterization. Figure 3 shows the
Cu2O�Pt hierarchical heterostructures with the
morphological evolutions by increasing the amount
of H2PtCl6. From Figs. 3(a) to 3(d), with the amount
of PtCl2�6 increasing from 0.20mL to 1.00mL, gal-
vanic reaction between Cu2O and PtCl2�6 become
su±cient. With the continuous increasing amounts
of H2PtCl6, the Cu2O octahedrons were encapsu-
lated by PtNPs gradually and when the concen-
tration arrived at 1.00mL, the Cu2O octahedrons

were completely surrounded by PtNPs tightly [see
Figs. 3(e)�3(h)].

On the other hand, the PtNPs are very small
with average diameter of 5 nm. The morphological
evolution of these hierarchical heterostructures was
presented from the TEM images [see Figs. 3(i)�
3(l)]. Moreover, from these TEM images, a large
amount of PtNPs ranging from 5nm to 10 nm were
densely grown on the Cu2O facets to form shells
about 30�50 nm.

To further con¯rm the presence of the PtNPs and
analyze the crystal phase structures, the Cu2O and
Cu2O�Pt power were characterized by XRD. XRD
of the Cu2O and Cu2O�Pt were shown in Fig. 4. As
shown in Fig. 4(a), all the di®raction peaks similarly
located at 29.55, 36.42, 42.30, 61.34 and 73.53� can
be considered as Cu2O nanocrystals (JCPDS: 05-
0677) and meanwhile, the peaks are according with
the (110), (111), (200), (220), (311) crystal facets of
Cu2O. There is no other impurity peaks, indicating
the pure phase of the Cu2O nanocrystals.35,36 All the
new emerging peaks, approximately locating at 40�,
46�, 67� and 81� and these new peaks were ascribed
to Pt nanocrystals (JCPDS: 65-2868), which corre-
spond to the (111), (200), (220) and (311) planes,

Fig. 2. TEM images of the square regions of (a) cuboctahedron, (b) octahedron and (c) corroded octahedron, (d) SAED patterns
and HRTEM image of Cu2O octahedron. The inset is the corresponding image of Cu2O octahedron. The amounts of N2H2 � 2H2O are
10 �L, 120 �L and 200 �L.
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suggesting the successful formation of PtNPs.37 It is
conjectured that with the increasing volumes of
H2PtCl6, large numbers of PtNPs covered the sur-
face of Cu2O, resulting in the low-intensity signals of
Cu2O and the strong-intensity signal of Pt.21

XPS was further used to probe the surface
chemical compositions and chemical oxidation state
of the as-prepared Cu2O octahedrons and Cu2O�Pt
hierarchical heterostructures (see Fig. 5). The core-
level spectra of Cu 2p peaks were investigated by
XPS [see Fig. 5(a)]. The Cu 2p peaks at binding
energies of 932.1 eV and 952.1 eV were observed in
the both the samples, which can be attributed to the
binding energy of Cu 2p3/2 and Cu 2p1/2, res-
pectively.38�40 This con¯rms that the main compo-
sition of the hierarchical structure is Cu2O. The peak
at about 942.9 eV located at higher binding energy
cannot be observed, which can be assigned to Cu2þ.
The O 1s XPS spectra shown in Figs. 5(b) and 5(c)

Fig. 3. FE-SEM images, TEM images of the surface growth of PtNPs on Cu2O octahedron with increasing amounts of H2PtCl6:
(a), (e) and (i) 0.2mL, (b), (f) and (j) 0.5mL, (c), (g) and (k) 0.7mL, (d), (h) and (l) 1mL.

Fig. 4. XRD patterns of the Cu2O�Pt heterostructures of the
surface growth of PtNPs on Cu2O octahedron with increasing
amounts of H2PtCl6: (a) 0.2mL, (b) 0.5mL, (c) 0.7mL, (d)
1mL (color online).
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also provide more information about the galvanic
reaction. As Fig. 5(c) shows, the broad peak of O 1s
can be ¯tted by two peaks at binding energies
of 531.8 eV and 530.6 eV. The peak at 530.6 eV is
a characteristic of oxygen in metal oxide such as
Cu2O, CuO, and the 531.8 eV is assigned to other
oxygen components such as OH, H2O on the sur-
face.38 Comparing Fig. 5(b) with Fig. 5(c), it is
obvious that the binding energy shift of O 1s from
530.6 eV to 530.1 eV in Cu2O before and after gal-
vanic reaction was attributed to the strong coordi-
nation between PtNGs and oxygen.41 Figure 5(d)
shows the XPS spectrum in the Pt 4f region of the
Cu2O�Pt heterostructures. The two peaks at
74.3 eV and 70.9 eV are consistent with the binding
energies of Pt 4f5/2 and Pt 4f7/2, respectively.42 The

XPS results provide more details about the galvanic
reaction and con¯rms that the Cu2O�Pt hierarchical
heterostructures have been prepared successfully.

A Schottky barrier can be created at the semi-
conductor�metal junction when controllably depos-
iting metal nanoparticle onto semiconductors. When
the electrons of Cu2O were stimulated through light,
the continuous transfer of electrons from semicon-
ductor to metal nanoparticles will occur. Based on
this theory, we believe that the novel semicon-
ductor�metal heterostructures have excellent ac-
tivity toward to the degradation of dye. In order to
understand the role of Pt in enhancing the electron�
holes separation and the photocatalytic of Cu2O
octahedrons and Cu2O�Pt hierarchical structures
were successfully prepared. A controlled comparative

Fig. 5. (a) Cu 2p XPS spectra of Cu2O octahedrons and O 1s XPS spectra of (b) Cu2O octahedral, (c) Cu2O�Pt hierarchical
structures. (d) Pt 4f XPS spectrum of Cu2O�Pt hierarchical structures (color online).
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experiment toward the degradation MB was con-
ducted to explore the improvement of Cu2O�Pt
hierarchical heterostructure in degradation.

Firstly, the Cu2O octahedrons and Cu2O�Pt
hierarchical heterostructures were labeled with b, c,
d, e and f, respectively. Then, the solutions including
photocatalysts were utilized to degrade MB under
visible light. Figure 6(a) shows the degradation plots
of MB with di®erent photocatalysts after visible
light irradiation for 2 h. From Fig. 6(c), as expected,
the photodegradation of MB was increased to 50%
obviously with the presence of Cu2O octahedrons,
which is in accordance with the reports that Cu2O
have the ability to facilitate the degradation of MB.
Meanwhile, due to the di®erences in the concen-
tration of PtNPs, 78% to 96% of MB is photo-
degraded by Cu2O�Pt with di®erent concentration

of H2PtCl6, indicating that the photodegradation
was mainly attributed to Cu2O and Cu2O�Pt.
Therefore, the semiconductor�metal structure can
improve the photodegradation activity due to the
Schottky barrier and we can get the activity order of
catalyst: Cu2O�Pt (depend on concentration of
H2PtCl6)>Cu2O>H2O2. The color changes of the
solutions are shown in Fig. 6(d).43 Meanwhile, a cycle
test was operated to test the recyclability of the novel
catalyst. As the degradation C/C0 and photo-
degradation shown in Figs. 6(A) and 6(D), the
excellent recyclability of catalyst was demonstrated.

6. Conclusions

In summary, a facile approach was demonstrated to
synthesize PtNPs immobilized on Cu2O octahedrons

Fig. 6. (A) Degradation plots of MB with di®erent photocatalysts: (a) H2O2 without any photocatalyst; (b) Cu2O octahedral;
(c) 0.20 mL, (d) 0.50 mL, (e) 0.70mL, (f) 1.00mL, (g) 1.00mL H2PtCl6 (Cycle Test). (B) FE-SEM images of the corresponding
photocatalysts. (C) Percentage photodegradation of MB of photocatalysts with di®erent amounts. (D) Photographs of the MB
solution after irradiation for 2 h (color online).
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to form Cu2O�Pt hierarchical heterostructures. FE-
SEM, TEM, XPS and XRDwere applied to study the
morphology and the crystal structure of these pro-
ducts and explore the relationship between the
amount of PtNPs and the morphology. In order to
demonstrate the activity of semiconductor�metal
structure in photodegradation, a comparative exper-
iment was conducted. These Cu2O�Pt hierarchical
heterostructures showed enhanced photocatalytic
activity due to the separation of electron/hole pairs.
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