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Abstract: Four shapes of Cu2O particles as sphere, cube, truncated octahedron and octahedron were prepared via glucose reduction 
of Cu(Ⅱ) under alkaline condition. The products were characterized by XRD and SEM. The effects of the precursor (CuO, Cu(OH)2), 
reaction temperature and glucose concentration on morphology of Cu2O particles were investigated, and the mechanism of 
morphology control was discussed on the basic theory of crystal nucleation and growth. It is found that the Cu+ supersaturation is 
remarkably influenced by the precursor kind, reaction temperature and glucose concentration, and the morphology of Cu2O particles 
can be controlled by the Cu+ supersaturation. 
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1 Introduction 
 

Cu2O is widely used as the additive of 
corrosion-proof coating, colorant of glass and bactericide. 
Cu2O is a p-type semiconductor with a small band gap of 
about 2 eV, which makes it a promising material in the 
application of solar energy conversion[1−5]. Because of 
the strong correlation of the properties with the structure 
and shape, it is essential to investigate the shape- 
controlling of Cu2O for its industrial applications. 
Recently, the preparations of Cu2O with different 
crystallinity, particle size and morphology have been 
reported by several researchers. DONG et al[6] 
synthesized cubic and spherical Cu2O using hydrazine as 
the reducing agent and CTAB and glucose as the 
modifiers. WU et al[7] reported stellar Cu2O crystals 
synthesized under microwave irradiation in the presence 
of surfactant p-octyl polyethylene glycol phenylether. 
LUO et al[8] reported the synthesis of tubular, cubic and 
hollow cubic Cu2O particles in simple liquid-phase 
reduction systems using nonionic surfactant octylphenyl 
ether (Triton X-100) as solvent. LIANG and ZHU[9] 
synthesized uniform Cu2O crystals with star-like and 
flower-like morphologies. YANG et al[10] prepared 
cubic Cu2O in water/oil (W/O) microemulsions by 
γ-irradiation in the presence of ethylene glycol and 

discussed the morphology control mechanism. Spherical, 
cubic, polyhedral, star-like, and octahedral Cu2O 
particles were synthesized by ZHAO et al[11] via 
reducing Cu(OH)2 by glucose. 

However, most of the methods mentioned above 
utilize organic additive as modifier, irradiation of 
microwave, poisonous hydrazine, or under hydrothermal 
conditions. Those processes are inconvenient and 
complex. In this work, Cu2O particles were prepared via 
the reduction of CuSO4 by glucose under alkaline 
condition, and four shapes and crystallinities of Cu2O 
particles were obtained through changing the reaction 
conditions without any template or surfactant. 
Furthermore, the mechanism concerning morphology 
control was discussed. 
 
2 Experimental 
 
2.1 Materials 

Copper sulphate (CuSO4·5H2O), sodium hydroxide 
(NaOH), glucose (C6H12O6·H2O) and solvents are of 
analytical grade purity and were used without further 
purification. 

In all the experiments, 1.0 mol/L CuSO4 and 5.0 
mol/L NaOH were prepared respectively, and 2.0 mol/L 
glucose was prepared except the case of special 
explanation. The volumes of CuSO4, NaOH and glucose 
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solutions were kept constant at 200, 100 and 200 mL for 
any experiment. 
 
2.2 Preparation procedure of Cu2O particles 
2.2.1 CuO precursor route 

The basic route of preparing Cu2O by CuO 
precursor route was CuSO4→Cu(OH)2→CuO→Cu2O. 
The Cu(OH)2 was precipitated by mixing the CuSO4 and 
NaOH solutions in a 1 000 mL beaker, and transformed 
to CuO by aging it at 70 ℃ for 30 min. Then, CuO was 
reduced by glucose at a constant temperature. After the 
reaction being completed, the yielded powder was 
collected, washed with distilled water and ethanol, and 
then dried at 45 ℃ in vacuum. 
2.2.2 Cu(OH)2 precursor route 

The basic route of preparing Cu2O by Cu(OH)2 
precursor route was CuSO4→Cu(OH)2→Cu2O. The 
difference from the CuO precursor route was that the 
glucose solution was added to the Cu(OH)2-suspended 
solution immediately after precipitating Cu(OH)2 in the 
Cu(OH)2 precursor route. 
 
2.3 Characterization of Cu2O particles 

The X-ray diffraction (XRD) of the powder was 
carried out on a Rigaku D/Max 2550 X-ray 
diffractometer, using Cu Kα radiation (λ=1.541 8 Å). The 
operation voltage and current were 40 kV and 300 mA, 
respectively. The morphology and particle size of Cu2O 
particles were investigated by SEM (JSEM-6360LV, 
Japan). 
 
3 Results 
 
3.1 Preparation of Cu2O particles via CuO precursor 

route 
The effect of reaction temperature on morphology 

of Cu2O particles was investigated via CuO precursor 
route. Fig.1 shows the SEM images of Cu2O particles 
prepared with CuO at different temperatures. It can be 
seen from Fig.1 that the yielded particles are cubic when 
CuO is used as the precursor. Cu2O obtained at 50 ℃ is 
uniform cubic particles, but Cu2O obtained at 70 ℃ 
shows a wide particle size range. 
 
3.2 Preparation of Cu2O particles via Cu(OH)2 

precursor route 
3.2.1 Effects of reaction temperature 

The effect of reaction temperature on morphology 
of Cu2O particles was investigated via Cu(OH)2 
precursor route. Fig.2 shows the SEM images of Cu2O 
particles prepared with Cu(OH)2 at different 
temperatures. It can be seen from Fig.2 that the Cu2O 

particles prepared at a relative low temperature (50 ℃, 
60 ℃) are in a spherical shape with smooth surface as 
well as high dispersity, but both spherical and cubic 
Cu2O particles are obtained at 70 ℃. 
 

 
Fig.1 SEM images of Cu2O particles prepared with CuO as 
precursor at 50 ℃ (a), 60 ℃ (b) and 70 ℃ (c) 
 
3.2.2 Effects of glucose concentration 

The effect of glucose concentration on morphology 
of Cu2O particles was investigated at reaction 
temperature of 50 ℃ via Cu(OH)2 precursor route. The 
SEM images of products are shown in Fig.3 when the 
glucose concentration is 0.25, 0.35, and 0.45 mol/L, 
respectively. It can be seen from Fig.3 that the shape of 
Cu2O particles changes from octahedron, truncated 
octahedron, mixture of cube and sphere to sphere with 
increasing glucose concentration. 
 
3.3 XRD analysis of Cu2O with different morphologies 

The XRD patterns of Cu2O with different shapes are 
shown in Fig.4. All the XRD patterns can be indentified 
to a single phase of crystalline Cu2O. But, it can be seen 
that the peak of CuO appears in the XRD pattern of 
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Fig.2 SEM images of Cu2O particles prepared with Cu(OH) 2 
as precursor at 50 ℃ (a), 60 ℃ (b) and 70 ℃ (c) 
 
octahedral Cu2O particles (Fig.4(a)). The result means 
that the reduction of Cu(OH)2 is uncompleted under the 
conditions of deficient glucose, then surplus Cu(OH)2 

dehydrates into CuO. No other impurity phase is 
observed in the XRD patterns. 
 
4 Discussion 
 
4.1 Shape-controlling mechanism 

In this work, different shapes of Cu2O crystal 
particles were obtained via changing the reaction 
conditions such as the precursor, the glucose 
concentration and temperature. The change of Cu+ 

supersaturation resulted from these reaction conditions is 
the true reason of Cu2O shape variety. 

When solution reaches a critical saturation 
condition, crystal embryos will overcome energy barrier 
to form nuclei. At an extremely high supersaturation, 
nucleation is an extraordinarily non-linear and fast 
process. As the results of effective collision among 
single-nuclei, molecule clusters, and primary particles 

 

 
Fig.3 SEM images of Cu2O particles prepared with Cu(OH)2 as 
precursor at different glucose concentrations: (a) 0.25 mol/L;  
(b) 0.35 mol/L; (c) 0.45mol/L 
 

 
Fig.4 XRD patterns of Cu2O with octahedral (a), spherical (b) 
and cubic (c) shapes 
 
under the actions of Brownian motion and fluid shear 
motion, aggregation becomes the main growth mode and 
spherical polycrystal particles finally form. 

At an extremely low supersaturation, the solute 
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supersaturation will rapidly reduce and nucleation 
potential will rapidly become weak as soon as the 
nucleation begins in the system. In this case, the solute 
will mainly precipitate on crystal in a manner of 
molecular scale growth and monocrystal particles finally 
form. In an aqueous solution system, the main growth 
modes of monocrystals are dislocation growth and 
two-dimensional growth[12], and the former is always 
priory to the latter[13]. The relation between the energy 
barrier (∆G) of two-dimensional nucleation and 
supersaturation is as follows[14]: 
 

σ
γ

kT
OG

2π
=∆                                 (1) 

 
where γ is the step edge free energy; Ο is the area of 
single molecule; k is the constant of Boltzmann；T is the 
absolute temperature；σ is the supersaturation. It can be 
seen from Eq.(1), energy barrier of two- dimensional 
nucleation becomes small with increasing 
supersaturation. Thus, the two-dimensional growth only 
exists in a relatively high supersaturation system. In an 
extremely low supersaturation system, the crystal will 
grow up in dislocation mode. 

Provided three-dimensional and two-dimensional 
critical supersaturations are σ1 and σ2 respectively, the 
relation of nucleation and growth mode to 
supersaturation σ is as follows: 

1)As σ＞ σ1, the aggregation growth mode is 
dominant; 

2) As σ2＜σ＜σ1 and σ is close to σ1, the two- 
dimensional growth mode is dominant; 

3) As σ2＜σ＜σ1 and σ is close to σ2, the two- 
dimensional and dislocation growth modes are 
accompanied with each other; 

4) As σ＜ σ2, the dislocation growth mode is 
dominant. 

According to the crystal growth theory, the 
morphology of monocrystal is determined by the relative 
growth rate of different crystal faces[15]. For cubic Cu2O 
monocrystal, when face (111) grows relatively fast, the 
shape of Cu2O crystal tends to cube. When face (100) 
grows relatively fast, it tends to octahedron. When 
growth rate of face (111) is close to the growth rate of 
face (100), the shape of crystal tends to truncated 
octahedron [16]. Generally, face (111) must grow via the 
two-dimensional growth mechanism[13], so, different 
shapes of Cu2O crystal can be obtained via controlling 
the Cu+ supersaturation which determines the growth of 
face (111) and face (100). 
 
4.2 Analysis of factors influencing morphology of 

Cu2O particles 
During the glucose reductions of Cu(OH)2  or CuO 

to Cu2O particles, there are four reactions as follows: 
 
Cu(OH)2=Cu2++2OH− (or CuO+H2O=Cu2++2OH−) (2) 
2Cu2++3OH−+C6H12O6=2Cu++C6H11O7

−+2H2O    (3) 
 
Cu++OH−=CuOH                            (4) 
 
2CuOH=Cu2O+H2O                          (5) 
 

Consequently, any factor that gives impacts to 
above reactions will affect the morphology of Cu2O 
particles. 
4.2.1 Effects of precursor 

As shown in Figs.1 and 2, the formation rate of Cu2+ 
is a key factor when glucose is excessive in the 
experiment. When CuO is used as the precursor, Cu+ 
supersaturation in the solution is also relatively low and 
situated at the two-dimensional growth mode because the 
formation rate of Cu2+ is slow, therefore, the Cu2O 
crystal is cube. When the precursor is Cu(OH)2, the 
formation rate of Cu2+ is very fast and Cu+ 
supersaturation in the solution is very high. In this case, 
the aggregation growth mode becomes dominant and so 
the Cu2O crystal is sphere. 
4.2.2 Effects of reaction temperature 

It can be seen from Figs.1 and 2 that the 
morphologies of the particles do not change at different 
temperatures except the case of Fig.2(c). This illustrates 
that the change of temperature does not change the 
growth mode of Cu2O. As shown in Fig.2(c), when 
Cu(OH)2 is used as the precursor at 70 ℃, both spherical 
and cubic particles are obtained. The reason is that when 
the temperature is 70 ℃, a part of Cu(OH)2 dehydrates 
into CuO immediately, and so both Cu(OH)2 and CuO 
work as the precursors together. In addition, as shown in 
Fig.1(c), the size distribution becomes wide. The reason 
is possibly that the reduction rate of Cu2+ and the Cu+ 
supersaturation rise with rising temperature, therefore, 
nucleation and growth progress simultaneously. 
4.2.3 Effects of glucose concentration 

With the glucose concentration rising, the reduction 
rate of Cu2+ is accelerated, and the Cu+ supersaturation 
rises gradually. The dominant growth mode of Cu2O 
crystal converts from dislocation growth to two- 
dimensional growth and aggregation growth. As a result, 
the morphology of Cu2O particles ranges from 
octahedron through truncated octahedron, mixture of 
cube and sphere to sphere. 
 
5 Conclusions 
 

1) When Cu(OH)2 is used as the precursor with 
excessive glucose, Cu+ supersaturation is high and Cu2O 
forms into spherical particles via aggregation growth 
mode. 

2) When Cu(OH)2 is used as the precursor with 
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deficient glucose, Cu+ supersaturation is low and Cu2O 
forms into octahedral particles with face (100) oriented 
growth via dislocation growth mode. 

3) When CuO is used as the precursor with 
excessive glucose, the Cu+ supersaturation is moderate, 
and Cu2O forms into cubic particles with face (111) 
oriented growth. 

4) When growth rate of face (111) is close to the 
growth rate of face (100), the shape of crystal tends to 
truncated octahedron. 
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