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A facile one-pot synthesis of Cu-Cu2O concave cube 
hybrid architectures  

Caijin Huang,a Zhen Long,b Masahiro Miyauchi,*c Xiaoqing Qiu*a  

Novel Cu-Cu2O concave cube hybrid architectures are prepared via a facile solution method. The 

spherical Cu particle is intimately attached to the surfaces of the truncated Cu2O cube that is enclosed 

by {110} edges, {111} corners, and {100} facets with truncated pyramid-like pits to form the hybrid 

architecture. The formation of the concave hybrid architectures involves over-reduction and 

caramelization of glucose under strong alkaline condition. As an anode, the hybrid architectures show 

superior electrochemical performance for lithium-ion batteries to truncated Cu2O cubes and irregular 

Cu2O crystals. 

Introduction  

Multicomponent composites comprising different type 
materials represent a new approach towards materials design.1 
Such composites offer novel properties beyond the individual 
components, and are quite attractive due to their tailorable 
structures via hybridization. Metal-semiconductor hybrid 
structures, especially, have attracted much attention, because of 
their potential applications in diluted magnetic semiconductors, 
optoelectronic devices, sensors, photocatalysis, and lithium-ion 
batteries.2-9 However, Compared with the significant progress 
achieved in the single-component nano/microcrystals 
synthesis,10-13 the formation of well-controllable hybrid 
structures has been lingering for behind. The most strategies 
available to synthesize metal-semiconductor hybrid structures 
often require multistep procedures, which generally involve the 
sequential deposition or epitaxial growth of a second material 
on the surfaces of presynthesized nano/microcrystals in harsh 
conditions.1,5 It remains a great challenge to develop a simple 
and effective method for one-pot solution synthesis of the 
metal-semiconductor hybrid structures.14 
 Cuprous oxide (Cu2O), an important p-type semiconductor 
with a direct band gap of 2.17 eV, has attracted great interests 
due to its unique properties and wide applications in 
catalysis,15,16 biocide,7,17  gas sensors,18 solar energy 
photovoltaics,19 and lithium-ion batteries.20 Moreover, Cu2O 
nano/microstructures with a diversity of well-defined 
morphologies have been successfully synthesized using various 
methods, including cubes, octahedrons, spheres, stars and 
hollow structures.21-24 Following the shape modulation of Cu2O 
structures, the hybrid combination of Cu2O 
nano/microstructures with the metal presents interesting 
fundamental issues related to the chemistry of the process, and 
concerning the improved properties in the metal-semiconductor 

hybrid structures compared to each component. Recently, a 
series of hybrid structures with metal core and Cu2O shell were 
obtained by growing Cu2O on the metal seed beforehand such 
as Pt, Au, Pd, and Ag.25-28 It has been reported that significant 
enhancement of electrical property and expanded plasmonic 
tenability can be achieved in the Au-Cu2O core-shell 
structures.26,29 In addition, it has also been demonstrated that 
discharge capacity of Cu2O was much improved by the 
hybridization with conductive carbon nanotubes.30 It is well 
known that metal copper is one of the best conductors of both 
heat and electricity, which has a key role to play in many 
reactions and energy efficiency.31 Therefore, much effort has 
been devoted to combine the advantageous properties of Cu 
with semiconductors.14,32-34 For example, Wang et al., found 
that a minor amount of metal Cu led to an obvious 
enhancement of conductivity of the Cu/Cu2O hollow 
microspheres.35 However, since Cu belongs to the light 
transition metal, the oxides of Cu normally form on the surfaces 
of copper particles,18 accounting for that the most developed 
Cu-based hybrid structures with the Cu core and semiconductor 
shell rather than the Cu-decorated semiconductors.32,36 To 
maximize the synergy effect, it is highly desirable to synthesize 
structurally well-defined metal-decorated semiconductor 
particles by exposing the active sites of both metal component 
and semiconductor component as well as the interface of hybrid 
structures,8,37 particularly with respect to large-scale 
preparation and shape monodispersity and uniformity. 
Herein, we report an efficient gram-scale synthesis of Cu-Cu2O 
concave cube hybrid architectures by a facile one-pot solution 
process. The highly monodisperse Cu2O cubes were decorated 
with Cu particles originated from the over-reduction of Cu(II) 
with glucose in strong base solution. These Cu2O cubes and 
Cu-Cu2O concave cube hybrid architectures were used as anode 
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materials in lithium ion batteries. It was found that the 
electrodes containing Cu-Cu2O concave cube hybrid 
architectures delivered a reversible capacity of 241 mAhg-1 
with a high Coulumbic efficiency of 99% after the 50th cycle. 

Experimental 

All the chemicals were analytic grade reagents and used as 
received without further purification. The scheme of the 
experimental procedure is presented in Fig. S1. In a typical 
synthesis, 0.01 mol CuCl2·2H2O was firstly dissolved in 100 
mL distilled water using a glass flask with stirring at 60 oC to 
form a clear green solution. 20 mL of NaOH water solution (0.1 
mol) was added drop-wise into the above CuCl2 solution. The 
resulting dark suspension was stirred with a magnetic stirrer at 
60 oC for 20 min. Then, 30 mL of glucose solution (0.01 mol) 
was added as a reducing agent. The reaction was kept at 60 oC. 
After a desired period reaction time, the brick red products 
were collected by filtrating, washed thoroughly with distilled 
water, and dried in air at ambient condition. For comparison, 
the control experiment was also performed under N2 protection 
for 4 h after the addition of glucose at 60 oC.   
The structural characteristics of the obtained products were 
measured by X-ray diffraction (XRD) at room temperature on a 
Rigaku SmartLab 2080B202 diffractometer. The data were 
collected from 2θ = 10-70o in a step-scan mode. The 
morphologies of the samples were investigated by a field-
emission scanning electron microscopy (SEM) using a JEOL 
JSM-6700 apparatus and transition electron microscopy (TEM) 
on a Hitachi HF-2000 instrument under an acceleration voltage 
of 200 kV. The absorption spectra of the thin were recorded 
using a UV-2550 spectrophotometer (Shimadzu). 
The anode materials were fabricated by mixing active materials 
(Cu-Cu2O hybrid architectures or pure Cu2O), acetylene black, 
and PVDF at a weight ratio of 60:20:20, respectively, using N-
methylpyrrolidone (NMP) as a solvent. The resulting slurries 
were cast onto copper foil, and then dried at 120 oC under 
vacuum for 12 h to remove the solvent. The electrode foils were 
then cut into disks (12 mm in diameter). CR2025 coin-type 
cells were assembled in an argon-filled glovebox (H2O and O2 
concentration < 1 ppm) by using metal lithium foil as the 
counter electrode, 1 M LiPF6 in a 1:1:1 (in volume) mixture of 
ethylene carbonate (EC), ethyl methyl carbonate (EMC), and 
dimethyl carbonate (DMC) as electrolyte, and porous 
polypropylene film separator. The cells were charged and 
discharged galvanostatically using a battery tester (Shenzhen 
Neware Electronic Ltd., China) in a potential range between 
0.01 and 3.0 V. The electrochemical impedance spectroscopy 
(EIS) were measured using an electrochemical workstation 
(CHI660B). 
 
 
 

Results and discussion 

 
Fig.  1  (a)  Low‐magnification  SEM  image  of  Cu‐Cu2O  concave  cube  hybrid 

architectures  obtained  from  the  reaction mixture  after  30 min  reaction  with 

glucose  at  60  oC.    (b)  A  gallery  of  individual  hybrid  architecture.  (c)  The 

corresponding  TEM  image.  (d)  SAED  pattern.  (e)   HRTEM  image.  (f)  The  ideal 

model of a Cu‐Cu2O concave cube hybrid architecture. 

Well-developed Cu-Cu2O concave cube hybrid architectures 
were obtained on a large scale from the reaction mixture after 
30 min reaction with glucose at 60 oC. Field-emission scanning 
electron microscopy (SEM) images provided insight into the 
morphological features of the hybrid architectures. As shown in 
Fig. 1a, there exist two types of particles: one is spherical 
particles, and the other is truncated cubes with pits in facets. 
The truncated cubes are monodisperse and rather uniform in 
edge length of 980 nm. The high magnification SEM images of 
single hybrid structure are depicted as a gallery in Fig. 1b. As 
can be clearly seen, the truncated pyramid-like pits are located 
at the centre of six {100} facets of the truncated cubes. The 
spherical particles are intimately attached to the corner or the 
edge of the truncated concave cubes. The average size of 
spherical particles is about 390 nm. Notably, Most of the hybrid 
architectures are composed of one truncated concave cube and 
one spherical particle, while more than one spherical particle 
per cube is also observed. Consistent with the SEM 
observations, transmission electron microscopy (TEM) images 
(Fig. 1c) show the hybrid architectures are comprised of 
spherical particles and cubes. The concavity features can be 
easily distinguished with a contrast. Unlike the conventional 
hollow structures such as nanocages and nanoframes,38 the 
concave holes do not go through the cubes. The corresponding 
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selected area electron diffraction (SAED) pattern (Fig. 1d) 
taken on the edge of truncated cubes shows that they are perfect 
Cu2O single crystals, in which the spots reveals that the edges 
of truncated Cu2O cubes exclusively exposing {110} planes. A 
high-magnification TEM image of individual hybrid structure 
(Fig. 1e) shows that the regular spacing of the lattice planes for 
the spherical particle is 0.209 nm, in good agreement with the 
(111) lattice spacing of metal Cu, while the interplanar spacing 
of the truncated cubes is 0.248 nm, which is compatible with 
that of Cu2O (111) planes, the corner facet of the truncated 
cubes. Additionally, as shown in Fig. 1e, the hybrid junction 
between the Cu metal particles and Cu2O truncated cubes is 
evidenced by intimate contact of the clear lattice fringes, a 
property that might be beneficial for the improved 
electrochemical performance for lithium ion battery. The 
location of Cu particles on the edge and corners of Cu2O cubes 
is probably due to the structural similarity and lattice match 
between the (111) lattice of Cu spheres and the Cu2O (111) 
planes of the cube corners.  An ideal model of our novel hybrid 
architecture is illustrated in Fig. 1f. The spherical Cu particle is 
attached to the surfaces of the truncated Cu2O cube that is 
enclosed by {110} edges, {111} corners, and {100} facets with 
truncated pyramid-like pits. 

 
Fig. 2 SEM images of samples obtained from the reaction mixture after reaction 

with glucose at 60 oC for various time. (a) 3min. (b) 5 min. (c) 10 min. (d) 15 min. 

(e) 30 min. (f) 60 min. 

To clarify the formation mechanism of the hybrid architecture, 
we examined its composition and morphological evolution 
process with the reaction time by SEM observations in 
combination with the x-ray diffraction (XRD) technique. 
Generally, various copper precursors can be reduced by glucose 
to form Cu2O precipitates, where the copper precursor is a key 
parameter influencing size and shape of Cu2O crystals.39 For 
full understanding the subsequent hybrid structure growth, the 
black precursor in our experimental is therefore collected prior 
to glucose reduction (Fig. S1 and S3, Supporting Information). 
The XRD pattern (Fig. S2) suggests that the precursor is 
actually pure CuO with a monoclinic crystal structure (JCPDS 
No. 89-5899). SEM images (Fig. S3) shows the CuO precursor 
consists of many nanosheet-like grains. Remarkably, these 
nanosheet-like CuO grains were quickly transformed to 

uniform and regular truncated cubes, when the reductant 
glucose was introduced into the reaction mixture. As shown in 
Fig. 2a and Fig. S4, highly monodisperse truncated cubes were 
obtained on a large scale after reaction with glucose at 60 oC for 
3 min. The mean particle size of the cubes estimated from the 
SEM analysis is about 1.02 µm, a value that is compatible to 
those of truncated concave cubes component in the above 
hybrid architectures. The related XRD of such truncated cubes 
shows a typical reflection pattern of pure Cu2O crystals (Fig. 
S5, JCPDS No. 77-0199). According to fcc structure of Cu2O 
crystals, the truncated cubes with well-defined edges and 
surfaces actually have 26 facets, including 6 {100} basal 
planes, 12 {110} edge surfaces, and 8 {111} corner surfaces 
(Fig. 2a and Fig. S4). The crystal structure and morphology of 
the cubes remain nearly unchanged when the reaction time was 
prolonged to 5 min (Fig. 2b, Fig. S5 and Fig. S6). Interestingly, 
as the reaction time reached 10 min, shallow pits formed in the 
middle of the basal {100} planes (Fig. 2c and Fig. S7). 
Simultaneously, the truncated Cu2O cubes were decorated by 
small particles on the {111} corner, which have been 
demonstrated to be metallic Cu particles by XRD analysis (Fig. 
S5). When the reaction time was extended to 15 min, as 
indicated in Fig. 2d and Fig. S8, the sizes of Cu particles and 
pits increased, and the XRD diffraction peaks from metallic Cu 
become stronger in intensity (Fig. S5). When the reaction time 
was prolonged to 30 min, well-developed Cu-Cu2O concave 
cubes hybrid architectures were achieved, as displayed in Fig. 
1. The relative metallic Cu content in the hybrid architectures is 
calculated to be 27.6 wt% by Rietveld-based XRD analysis 
(Fig. S5b). Surprisingly, the sizes of these Cu particles and the 
pits reduced as further prolonging the reaction time to 1h (Fig. 
2e and Fig. S9). The vast majority of the Cu particles and pits 
diminished, when the reaction time was extended to 2h (Fig. 
S10). Finally, the pure Cu2O crystals with irregular shape, a 
common member to the Cu2O family, were obtained (Fig. S11), 
when the reaction time was increased to 4h. These experimental 
observations demonstrate that Cu-Cu2O concave cubes hybrid 
architectures can be successfully obtained by simply tuning the 
reaction time, and provide new insights into the over-reduction 
of Cu(II) in alkaline system by glucose.  

 
Fig. 3 UV‐visible spectra of the residual solution accompanying the evolution of 

Cu‐Cu2O  hybrid  architectures  in  composition  and  morphologies;  Inset:  the 

corresponding  photographs.  (b)  Schematic  illustration  of  the  formation 

mechanism and the shape‐evolution processes. 
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Unlike in the case of strong reducing agent such as hydrazine 
hydrate,40 over-reduction of copper oxide involving glucose is 
little reported. To understand the total reaction, the UV-visible 
spectra of the residual solutions collected at different stages of 
the formation process is explored. The photographs of the 
residual solutions (Inset of Fig. 3a) show the time-course of 
color changes accompanying the evolution of Cu-Cu2O hybrid 
architectures in composition and morphologies (Fig. 2). The 
residual solution turns slight yellow, then orange and finally 
brown. The corresponding UV-visible spectra are given in Fig. 
3a. The residual solution before adding glucose is almost 
completely transparent without any absorption above 250 nm, 
suggesting that negligible Cu(II) species in the residual 
solution.41 After the reaction with glucose for 3 min, the 
residual solution exhibits two well-resolved diagnostic peaks of 
glucose42,43around 285 and 316 nm as well as a set of weak 
peaks above 400 nm, indicating the survival of reductant 
glucose in the reaction system. As the reaction time prolonging, 
the set of peaks above 400 nm becomes stronger, and an 
evident red-shift of the absorption band edge is observed. The 
time evolution of the optical absorption edge of the residual 
solution is similar to the well-known caramelization of sugar.44 
The caramelization process involves condensation, 
isomerization, dehydration, fragmentation, and polymerization 
reactions to various non-reductive high molecular weight 
coloring components under high temperature.45,46 It is also 
reported that the hot strong alkaline condition can induce the 
caramelizaiton.47 In our study, the considerable amount of 
excess NaOH gives a strong alkaline condition. It is, therefore, 
believed that the color changes in our study originated from the 
caramelizaiton of glucose. Thus, based on the above results, we 
propose a three-stage growth mechanism for the Cu-Cu2O 
hybrid architectures evolution. That is, nanosheet-like CuO 
grains were firstly fast reduced by glucose to form truncated 
Cu2O cubes. As discussed above, the truncated Cu2O cubes 
have 6 {100} basal planes. Among the {100}, {110}, and 
{111} low-index surfaces of Cu2O, copper atoms in {100} 
surfaces undergo a drastic surface reconstruction, resulting in 
the outermost surface copper atoms to form Cu-Cu dimers.48 
These Cu-Cu dimers are then readily over-reduced by the 
survival of glucose to form the Cu-Cu2O concave cubes hybrid 
architectures. Along with the caramelizaiton of glucose, the 
reductibility of the reaction system gradually decreased, thereby 
ceasing the over-reduction and prohibiting the formation of the 
conventional hollow structures. On the other hand, the 
oxidation of metallic Cu particles can occur involving the 
oxygen under the strong alkaline condition.49 To further 
understand the pits feature elimination as the reaction time 
extending, a control experiment under N2 condition was 
preformed. As shown in Figure S12, the metallic Cu peaks were 
evidently observed when the reaction time was even extended 
to 4 h under N2 protection. However, the only pure Cu2O 
samples were obtained when the experiment was conducted in 
air for 4 h. The SEM observations (Figure S13) reveal that N2 
protection can maintain the morphology of Cu-Cu2O concave 
cubes hybrid architectures even the reaction was extended to 4h,     

which further confirmed that the oxidation of Cu spheres was 
involved in the pits feature elimination as the prolongation of 
the reaction. As a consequence, the Cu particles and the pits in 
the {100} surfaces slowly disappeared with the further 
prolongation of the reaction, leading to the final formation of 
irregular Cu2O crystals. The proposed the reaction process and 
the formation and evolution mechanism of Cu-Cu2O hybrid 
architectures can be schematically illustrated in Fig. 3b. 
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Fig.  4  (a)  The  discharge‐charge  curves  for  Cu‐Cu2O  hybrid  architectures.  (b) 

Cycling performance of  truncated Cu2O  cubes,  irregular Cu2O  crystals, and Cu‐

Cu2O hybrid architectures. 

Since the pioneer work of Tarascon’s group,20 transition-metal 
oxides have become a promising class of anode materials for 
lithium ion batteries.50,51 However, poor electronic conductivity 
of metal oxides leads to the low columbic efficiencies and 
cycling stability and restricts their application in high-
performance lithium ion batteries.52 Based on the above 
discussion, the Cu-Cu2O hybrid architectures with the 
conductive Cu particles on the corners were successfully 
achieved by controlling the over-reduction of glucose. 
Consequently, we next examined the electrochemical property 
as anode materials for Li-ion batteries. Electrochemical 
property of Cu-Cu2O hybrid architectures was evaluated by 
galvanostatic charge-discharge cycling at a current density of 
380 mA g-1 (about 1C), as shown in Fig. 4. For comparison, the 
electrochemical properties for Cu2O truncated cubes and 
irregular Cu2O crystals measured under the same 
electrochemical conditions were also measured. Fig. 4a gives 
the charge-discharge curves of the electrode fabricated using 
the Cu-Cu2O hybrid architectures in the initial three cycles. In 
the first discharge step, Cu-Cu2O electrode show an abrupt drop 
in potential down to about 1.2 V, followed by a long voltage 
plateau between 1.2 and 0.8 V and a tilt curve down to the 
cutoff voltage of 0.01 V, which are typical characteristics of 
voltage trends for Cu2O film53 and also the same with those of 
Cu2O truncated cubes and irregular Cu2O crystals (Supporting 
Information, Fig. S14). The long voltage plateau between 1.2 
and 0.8 V corresponds to the electrode reaction:30 Cu2O + 2Li+ 
+ 2e- ←→ Li2O + 2Cu, as confirmed by ex situ XRD pattern of 
the electrode after the charge-discharge cycling (Fig. S15). The 
first discharge and charge capacities are 728 and 327 mAh g-1 
for Cu-Cu2O electrode. Compared to the theoretical capacity of 
Cu2O (375 mAh g-1), the initial extra discharge capacity is 
generally attributed to surface phenomena such as the 
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decomposition of electrolyte accompanying the formation of 
the solid electrolyte interface (SEI) layer, possibly interfacial 
lithium storage, as well as efficient transport of lithium ions 
granted by the hybrid structure. The first charge capacity is 
much less than the first discharge capacity, which may result 
from the incomplete conversion reaction and irreversible 
lithium loss due to the formation of SEI layer.53  
Fig. 4b shows the cycling performance for the electrodes of Cu-
Cu2O hybrid architectures, Cu2O truncated cubes, and irregular 
Cu2O crystals. It is seen that Cu-Cu2O electrodes exhibit a 
much better electrochemical performance compared to the 
Cu2O truncated cubes or irregular Cu2O crystals. After 50 
cycles, the reversible capacity of Cu2O truncated cubes rapidly 
dropped from 799 to 129 mAh g−1, while irregular Cu2O 
crystals only delivered a reversible capacity of 140 mAh g−1. 
Comparatively, Cu-Cu2O hybrid architectures still delivered a 
reversible capacity of 241 mAh g−1 with a high Coulumbic 
efficiency of 99% after the 50th cycle. In order to understand 
the better electrochemical properties of Cu-Cu2O hybrids, 
electrochemical impedance spectroscopy (EIS) was carried out. 
As shown in Figure S16, all Nyquist plots show a semicircle 
together with an inclined line, which is associated with the SEI 
film resistance and charge transfer kinetics between the 
electrode-electrolyte interface.53 The semicircle of Cu-Cu2O 
hybrids is much smaller than that of pure Cu2O, indicating that 
Cu component in the hybrids can efficiently improve the 
electronic conductivity. Therefore, the superior electrochemical 
performance for Cu-Cu2O concave cube hybrid architectures 
may be due to three factors: 1) the pit structure of the hybrid 
architectures leads to larger quantity of active sites for the 
reaction of Li ions that is necessary for higher capacity;54 2) the 
special concave structure can provide buffer space to 
accommodate the volume change and thus the strain associated 
with the volume variations can be relieved, accounting for the 
good cycle performance; and 3) The existence of Cu particle in 
Cu-Cu2O hybrid architectures enhances electronic conductivity 
and has a catalytic effect for the decomposition of Li2O.40 

Conclusions 

 
In conclusion, Cu-Cu2O hybrid architectures were prepared via 
a facile one-pot solution method. The controlled over-reduction 
of Cu(II) under the strong alkaline condition yielded truncated 
monodisperse Cu2O cubes, uniform Cu-Cu2O hybrid 
architectures, irregular Cu2O crystals, through a sequential 
reduction, caramelization of glucose, and oxidation process. 
Along with the over-reduction of Cu-Cu dimers in the {100} 
surfaces of truncated Cu2O cubes, the metallic Cu particles 
grew on the corner and edge surfaces, resulting in the novel Cu-
Cu2O concave cubes hybrid architectures. The Cu-Cu2O hybrid 
architectures exhibited superior electrochemical performance 
for lithium-ion batteries to the truncated Cu2O cubes and 
irregular Cu2O crystals. The concave hybrid structures can play 
an important role in the intercalation and deintercalation of Li 
ions, and the metallic Cu component leads to an enhanced 

electronic conductivity and a catalytic effect which facilitates 
the decomposition of SEI layer, thereby improving the 
performance of lithium-ion batteries 
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