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In this paper, it was firstly realized that the control morphology of Cu2O under 

the condition of microwave by simply adjusting the volume ratio of the solvents in 

reaction medium.Various morphologies of Cu2O microcystal, including octahedral, 

truncated octahedral, cuboctahedral, truncated cubic and cubic microcrystals, were 

successfully synthesized. 
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Cuprous oxide (Cu2O) microcrystals with systematic shape evolution were successfully synthesized via a 
facile microwave-assisted heating technique. The monodispersed Cu2O was synthesized using copper 
acetate as a starting material, ethylene diamine tetraacetic acid (EDTA) as a reducing agent and surface-
regulating agent and the mixture of water and n-butyl alcohol as reaction solvent. Various morphologies 10 

of Cu2O microcrystal, including octahedral, truncated octahedral, cuboctahedral, truncated cubic and 
cubic microcrystals, were obtained by altering the volume ratios of n-butyl alcohol to water. The 
morphologies and optical properties of the synthesized Cu2O microcrystals were characterized by XRD, 
SEM, TEM, HRTEM, SADE and UV-Vis/DRS. The growth mechanism of these crystals was thereby 
proposed. The volume ratio of n-butyl alcohol to water in the reaction medium was a critical factor to 15 

precisely control the morphologies of the microcrystals. Furthermore, their comparative photocatalytic 
activities for the degradation of methyl orange were tested.

Introduction 

Many properties of an inorganic material are highly dependent on 
its shape and size. Thus, efforts have been made to control the 20 

shape and size of various synthetic inorganic materials by varying 
synthesis conditions.1-8 Cuprous oxide (Cu2O) is an important P-
type semiconductor with a direct band gap of about 2.2 eV. It has 
attracted extensive attention due to its unique structure rendering 
its potential applications in solar energy conversion,9 gas 25 

sensing,10 photocatalytic degradation of organic pollutants,11-15 
and as electrodes of lithium ion batteries.16 In the past decade, 
much progress has been made to the shape-controlled synthesis of 
micro- and nanocrystals of Cu2O. For example, Choi et al. 
prepared Cu2O crystals with systematic shape evolution from 30 

cubic to octahedral by tuning the deployed electrochemical 
parameters in their electrodeposition processes.17-21 Huang et al. 
synthesized a series of Cu2O nanocrystals with systematic shape 
evolution from cubic to rhombic dodecahedral by varying 
amounts of reductant for the reaction.12-15 Yang et al. synthesized 35 

the Cu2O crystals with different morphologies from cubes to 
nanospheres with the addition of different amounts of poly vinyl  
(PVP) during the reaction.22 These methods require unfavorable 

pyrrolidone conditions such as electrodeposition processes, soft 
templates, toxic reducing agents and/or long reaction time. 40 

Therefore, it remains a great challenge to develop a facile, 
effective and green synthetic method of systematically 
controlling the shape of Cu2O particles. 

With increasing interest in renewable energy and energy 
efficiency in recent years, “green” synthesis techniques have been 45 

explored in curbing industrial energy usage and waste.23 As a 
quick, facile, uniform, energy efficient and green heating 
technique, microwave irradiation has been widely applied in the 
syntheses of various products.24-29 Compared with conventional 
heating techniques, microwave heating is a promising rapid 50 

volumetric heating technique, which can increase reaction rate 
and shorten reaction time. Despite its wide applications in 
synthetic chemistry , microwave heating was mostly used to 
control the morphologies of the products.30-32 

Determination of structural symmetry and growth behavior of 55 

crystals is necessary to effectively control their shapes and sizes. 
It is known that the growth of inorganic crystals is determined by 
the relative order of its surface energies under equilibrium 
conditions.21 The fastest crystal growth occurs in the direction 
perpendicular to the face with the highest surface energy, by 60 

which higher-energy surface area is eliminated and lower-energy 
surface area increased. Thus, the specific Cu2O facets can be 
passivated by controlling the thermodynamics and kinetics of 
nucleation and crystal growth. The shape and size of Cu2O 
particles can be controlled through adjusting the growth velocity 65 

order of the Cu2O facets. All these can be realized by controlling 
the experimental conditions.33-34 The heating efficiency of 
reactants or the reaction medium is one of the factors that 
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influence the growth rates in different crystal directions. 
Therefore, the dielectric properties of the reaction medium, such 
as a specific material or solvent, should be considered under 
microwave irradiation. It has been proven that a reaction medium 
with high dielectric loss (δ) at the standard operating frequency of 5 

a microwave reactor (2.45 GHz), corresponds to higher efficiency 
under microwave irradiation.35-36 In this work, water and n-butyl 
alcohol, with different dielectric constants of 78.4 and 17.5 at 25 
°C respectively, were selected as the reaction solvent for the 
synthesis of Cu2O microcrystals. 10 

Herein, micro- and nanocrystals of Cu2O with various 
morphologies were synthesized using microwave heating. A 
series of monodispersed Cu2O microcrystals with various 
morphologies, including octahedra, truncated octahedra, 
cuboctahedra, truncated cubes and cubes were obtained by 15 

varying the volume ratios of n-butyl alcohol to water in the 
reaction solvent. The growth mechanism of these Cu2O 
microcrystals was proposed based on the electron microscopy 
(SEM) analysis. The photocatalytic activities of the as-
synthesized Cu2O microcrystals were also analyzed using methyl 20 

orange (MO) as a substrate. This work not only improves existing 
synthesis pathways of Cu2O microcrystals, but also opens up a 
new synthesis pathway for facile production of Cu2O 
microcrystal with desired morphology. Morphology control of 
Cu2O crystals under microwave irradiation were for the first time 25 

achieved by simply adjusting the volume ratios of the solvents in 
the reaction medium with no need for surfactants. 

Experimental Section 

Materials and Measurements 

All the reagents and solvents for the synthesis were purchased 30 

from commercial sources and used as received without further 
purification. Chemicals used in this study included, 
Cu(Ac)2·2H2O (99.5 %, Guangdong Xilong Co., China), 
EDTANa2·2H2O (99.0 %, Nanjing Chemical Company, China), 
NaOH (96 %, Beijing Co., China), n-butyl alcohol (99.5 %, 35 

Nanjing Chemical Company, China), and ethanol (AR, Beijing 
Fine Chemical Company, China).  

The resulting phases of the samples were characterized by X-
ray diffraction (XRD, Cu Kα1 radiation, Rigaku D/max2550 VB, 
Japan). The morphologies and structures of samples were 40 

analyzed using a scanning electron microscopy (SEM, JSM-6700 
F, JEOL, Japan) and transmission electron microscopy (TEM, 
JSM-3010, JEOL, Japan), respectively. The selected area electron 
diffraction (SAED) patterns were measured on a JEOL-2010 
microscope with an accelerating voltage of 200 kV. A 45 

spectrophotometer (Model 2501 PC, Shimadzu) was used to 
record the UV-Vis diffuse reflectance spectra of the samples. 
Total organic carbon (TOC) analyzer (Vario TOC cube, 
Elementar) was employed for the determination of TOC. Methyl 
orange (C14H14N3NaO3S, MO) was used as a model pollutant to 50 

investigate the adsorption and photocatalytic activities of the 
Cu2O microcrystals with different shapes. Briefly, 0.025 g Cu2O  
was dispersed in 50 mL of 15 mg/L MO solution and the solution 
was vigorously stirred in the dark for 6h. The photodegradation 
process was carried out at room temperature in a double-layer 55 

reactor thermostatted with running water. The solution was 

irradiated using a 500 W xenon lamp equipped with a filter cutoff 
of 400 nm. The MO concentration was determined from its UV-
Vis absorption at 435 nm. 

Preparation of seven Cu2O microcrystals 60 

Seven Cu2O microcrystals were prepared and the reaction 
conditions are listed in Table 1. In a typical synthesis, 0.744 g 
EDTANa2·2H2O and 0.32 g NaOH were dissolved in 3.5 mL 
water followed by  the addition of 0.11 g Cu(Ac)2·2H2O and 6.5 
mL n-butyl alcohol. The volumes of water and n-butyl alcohol 65 

were altered to produce different microcrystals. After sonication 
for 30 s, the solution was transferred into a microwave glass 
vessel. The vessel was then put into a single-mode Microwave 
Synthesizer (Biotage AB, Sweden) and irradiated for 15 min at 
100 °C under magnetic stirring. The final Cu2O products were 70 

filtered and washed with distilled water and ethanol each for three 
times.  
 
Table 1. Volume ratios of n-butyl alcohol and water in the synthesis of 
Sample a-g. 75 

Results and discussion 

The phase and purity of the as-obtained products were 
determined by X-ray diffraction (XRD). Fig. 1 shows the XRD 
patterns of products obtained in an n-butyl alcohol /water solvent 
with different volume ratios. All the diffraction peaks were 80 

indexed using the standard cubic structure of Cu2O (lattice 
constant α = 0.427 nm, JCPDS file No. 05-0667) as a reference. 
No peaks of impurities such as copper or cupric oxide were 
detected, suggesting the high purity of the as-obtained products. 
It was concluded that this method yields impurity-free Cu2O. The  85 

intensity ratios of (111) to (200) for cubic and octahedral Cu2O 
were 2.9 and 3.8, respectively. The higher (111) diffraction 
intensity of octahedral Cu2O suggests that the surfaces of the 
octahedral Cu2O products have {111} crystal planes. 

The SEM images of the Cu2O microcrystals reveal different 90 

morphologies of the crystals prepared in the n-butyl alcohol/water 
reaction medium with various volume ratios (Fig. 2). The detailed 
structure of individual Cu2O microcrystals particle is shown in  

No. 

N-butyl 
alcohol 

(ml) 

Water 

(ml) 

a 6.5 3.5 

b 5.8 4.2 

c 5.4 4.6 

d 4.9 5.1 

e 4.2 5.8 

f 4 6 

g 0 10 
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Figure 1. Powder X-ray diffraction patterns of the different morphologies 
of Cu2O microcrystals. (a) octahedra, (b) type I truncated octahedra, (c) 
type II truncated octahedra, (d) cuboctahedra, (e) 26-facet polyhedra, (f) 
truncated cubes, and (g) cubes. 5 

the magnified SEM images. The uniform octahedral Cu2O 
microcrystals (sample a) were obtained in a medium of n-butyl 
alcohol/water at a volume ratio of 6.5: 3.5 as shown in Fig. 2a. 
Cu2O microcrystals with 8 truncated triangular faces and 6 square 
faces were produced when the n-butyl alcohol/water volume ratio 10 

decreased to 5.8:4.2 (Fig. 2b). These two shapes had truncated 
corners from the ideal octahedral structure and denoted as type I 
truncated octahedra herein. Sample c was prepared in the medium 
of n-butyl alcohol/water at a volume ratio of 5.4:4.6. The 
particles had 8 regular hexagonal faces and 6 square faces, which 15 

was caused by an increase in the area of {100} facets as shown in 
Fig. 2c. They are denoted as type II truncated octahedra in this 
work. Cuboctahedra Cu2O microcrystals with 8 regular triangular 
faces and 6 square faces (Sample d) were produced in the n-butyl 
alcohol/water medium at a volume ratio of 4.9:5.1 as shown in 20 

Fig. 2d. Further decreasing n-butyl alcohol/water volume ratio to 
4:6 leads to the formation of edge truncated cubes (Sample e) as 
shown in Fig. 2e. Perfect cubic Cu2O microparticles (sample f) 
were obtained in water without any n-butyl alcohol, e.g. at a n-
butyl alcohol/water volume ratio of 0:10. Therefore, the 25 

morphology control of Cu2O products was achieved by 
controlling the volume ratio of n-butyl alcohol to water. 

The shape evolution of Cu2O microcrystals from octahedra to 
cubes produced by simply varying the volume ratios of n-butyl 
alcohol and water is illustrated in Scheme 1. The volume ratio of 30 

n-butyl alcohol to water present in the reaction medium plays a 
crucial role in directing the overall morphologies of these 
intermediate structures. It has been reported that crystal growth 
behavior is determined by the relative strength of surface energies 
under equilibrium conditions.37 The fastest crystal growth occurs 35 

in the direction perpendicular to the face with the highest surface 
energy, by which higher-energy surfaces are eliminated and  
lower-energy surfaces increased. Many factors may affect the 
relative surface energies during crystal growing. For example, the 
presence of chloride ions in the reaction system can selectively 40 

low the surface energy of {100} facets of Cu2O nanostructure 
rather than that of its {111} facets. This stabilizes {100} facets 
and induces the formation of single-crystal nanocubes.38 

 
Scheme 1. The summary of the influence of different volume ratios of n-45 

butyl alcohol and water on the morphology of as-prepared products. 

Moreover, Wang et al. demonstrated that the ratio (R) of the 
growth rates along the <100> and <111> directions determined 
the geometrical shape of a crystal.39 The shape of Cu2O 
nanocrystal evolved sequentially from a perfect cube (R = 0.58) 50 

to a cuboctahedron (R = 0.87), a truncated octahedron (0.87 < R 
< 1.73), and finally to a perfect octahedron (R = 1.73) with the 
increase of R. 

 
Figure 2. SEM images of the Cu2O microcrystals with various 55 

morphologies: (a) octahedra, (b) type I truncated octahedra, (c) type II 
truncated octahedra, (d) cuboctahedra, (e) truncated cubes, and (f) cubes. 
Scale bar = 500 nm. Insets show the enlarged views of individual 
microcrystals. 

Microwave heating converts microwave irradiation into 60 

thermal energy and the value of the dielectric loss tangent (tan δ) 
of the substrate is used as a parameter to evaluate its heating 
efficiency. Generally, the substance with a larger tan δ exhibits a 
higher efficiency in converting irradiation energy into heat. The 
dielectric constants (δ) of water and n-butyl alcohol at 25 °C are 65 

78.4 and 17.5, respectively. Thus, the heating efficiency of the 
reaction medium increases with the increase of water content due 
to the higher tan δ value of water. Here, it is assumed that the 
heating efficiency determines the growth rates in different crystal 
directions. The growth rate ratio along the <100> to <111> 70 

directions was calculated to be over 1.73 at an n-butyl 
alcohol/water volume ratio of 6.5:3.5. Thus, octahedral Cu2O 
microcrystal was formed with the relatively faster growth of {111} 
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facets. With the decrease of volume ratio of n-butyl alcohol to 
water, the growth rate ratio along the <100> to <111> directions 
was reduced and the shape of Cu2O microcrystals evolved in a 
sequence from octahedron (R = 1.73), type I truncated octahedron 
(R = 1.0 < R < 1.73), type II truncated octahedron (0.87 < R < 5 

1.15), cuboctahedron (R = 0.87), truncated cube (0.87 < R < 0.70) 
and finally to perfect cube (R = 0.58).  

Fig. 3 shows the TEM images of their relevant of SAED 
patterns and representative SEM images of individual Cu2O 
microcrystals with different morphologies. TEM images of the 10 

Cu2O crystals were captured along the [111] direction of a 
octahedral crystal (a1), the [111] directions of a type I truncated 
octahedral crystal (b1), the [100] directions of a type II truncated 
octahedral crystal (c1), and the [100] direction of a cuboctahedral 
crystal (d1). The single crystalline nature and sharp faces of these 15 

particles can be clearly confirmed in their SEM images. 

 
Figure 3. TEM images, their corresponding SAED patterns, and 
representative SEM images of the various morphologies of Cu2O 
microcrystals synthesized. TEM images of the Cu2O crystals viewed 20 

along (a1) the [111] direction of a octahedron, (b1) the [111] directions of 
a type I truncated octahedron, (c1) the [100] directions of a type II 
truncated octahedron, and (d1) the [100] direction of a cuboctahedron are 
shown. Their corresponding SAED patterns are shown along the (a2, b2 
and c2) [111] and (d2) [100] zone axes of the cuprite crystal.  25 

Fig. S1 shows the UV-vis absorption spectra of Cu2O products 
with different morphologies. The absorption spectra of all 
samples are dominated by strong light scattering bands due to 
their relatively large sizes. Truncated octahedral Cu2O crystals 
showed a strong absorption at 491 nm. Octahedral, truncated 30 

cubic and cubic Cu2O crystals were distinguished by a strong 
absorption at 501 nm. The calculated band gap energies of these 
samples are in the range of 2.47-2.52 eV, which is higher than 
that of bulk Cu2O (2.17 eV). 

The relative adsorption ability and photocatalytic activity of 35 

the synthesized Cu2O microcrystals were investigated using 
methyl orange (MO) dye as a model. Total concentration of MO 
was determined by its UV absorption at 455 nm. The absorption 
spectra of MO solution in the presence of the prepared Cu2O 
products indicate that octahedral, truncated octahedral, 40 

cuboctahedra, truncated cubic and cubic Cu2O microcrystal 
adsorbed ~ 33 %, ~ 23 %, ~16 %, ~12 % and ~ 7 % of MO, 
respectively (Fig. 4). The photodegradation of MO vs. time in the 
presence of the synthesized Cu2O products are also shown in Fig. 
4. After irradiation for 3 h, the percentage of remaining MO in 45 

solution in the presence of octahedral, truncated octahedral, 
cuboctahedral, truncated cubic and cubic Cu2O microcrystals 
were 0 %, 24 %, 72 %, 64 % and 83 %, respectively. The 
corresponding adsorption spectra andphotocatalytic activity of 
octahedral, truncated octahedral, cuboctahedral, truncated cubic 50 

and cubic Cu2O microcrystals are shown in Fig. S2. As expected, 
octahedral Cu2O microcrystals with {111} facets show a much 
higher photocatalytic activity than cubic. The absorption ability 
and photocatalytic activity of both octahedral and truncated 
octahedral Cu2O particles are much higher than those of the other 55 

Cu2O particles. The results suggest that octahedral Cu2O particles 
formed entirely with {111} surfaces are more efficient for 
photocatalysis reactions than the particles of other morphologies 
containing partial {100} and {110} surfaces. 22-25  The TOC was 
used to further illuminate the photocatalytic ability of Cu2O 60 

microcrystals. After irradiated 3 h, 60.1 % of TOC was removed 
with octahedral Cu2O microcrystals. Figure S3 are the SEM and 
TEM images of the octahedral and truncated octahedral Cu2O 
microcrystals after the photocatalytic experiments(See 
Supporting Information), which show that the morphologies of 65 

Cu2O microcrystals have no obvious change, compared with 
these before the photocatalytic experiment.  

 
Figure 4. Extent of photodegradation of methylene orange (monitored at 
455 nm) as a function of the irradiation time for the octahedra, truncated 70 

octahedra, truncated cubes, cuboctahedra and cubes, respectively. 

Conclusion 

In conclusion, we reported a facile microwave-assisted heating 
technique for the synthesis of Cu2O microcrystals with systematic 
shape evolution. Monodispersed octahedral, truncated octahedral, 75 

cuboctahedral, truncated cubic and cubic microcrystals were 
synthesized directly by varying the water/butyl alcohol ratio in 
the reaction medium. Due to the different dielectric losses of 
water and n-butyl alcohol, the heating efficiency of the reaction 
medium changed with the n-butyl alcohol/water volume ratio. 80 

The heating efficiency seemed to determine the growth rates of 
different crystal directions and thus affect the morphologies of 
Cu2O. The absorption ability and photocatalytic activity of the 
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synthesized Cu2O microcrystals were investigated using MO dye 
as a model. The results demonstrate that both octahedral and 
truncated octahedral Cu2O particles have much higher activity 
than the other Cu2O particles. This investigation may provide a 
guidance for the shape-controlled synthesis of Cu2O 5 

microcrystals and also their application in the treatment of 
organic pollutants. 
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