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ABSTRACT

Flower-like and plate-like CuO nanopowder has been successfully synthesized using a facile microwave-assisted synthetic

route. The morphology and size of the final products strongly depended on microwave power. The phase, structures and morphol-

ogies of the as-prepared products were investigated in detail by BET surface area analysis, X-ray diffraction (XRD) analysis, and

scanning electron microscopy (SEM). In addition, the chemical oxygen demand of polluted lake water was employed for charac-

terization of these new photocatalysts. The results showed correlations between the morphology of CuO micro-crystals and their

catalytic properties. 
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1. Introduction

t is widely accepted that the fundamental properties of

nanostructures are closely related to their morphologies.

Therefore, research on the shape control of various nano-

structures has been widely carried out because of their mor-

phology dependent properties. Copper oxide (CuO), a well-

known photovoltaic material, is a p-type semiconductor hav-

ing a narrow band gap of 1.2 eV. It could be widely used in

many fields, such as gas sensors, electrode materials, mag-

netic ceramics, hydrogen storage materials, solar cells, and

photocatalysis.1-6)

Considerable effort has been devoted to the fabrication of

CuO nanomaterials with enhanced fundamental properties

to broaden their potential applications. CuO nanomaterials

with various morphologies, such as nanorods,7) nanowires,8)

nanoribbons,9) and nanobelts10) have been synthesized

during the past few years. Different kinds of CuO nanos-

tructures could be prepared by different methods such as

hydrothermal,11) electrochemical,12) sol-gel,13) sono-chemical,14)

photochemical,15,16) and microwave-assisted methods.17,18) The

results of these previous works show that the choice of prepa-

ration method has a role in determining the structure and

properties of CuO nanomaterials. 

Among these methods, microwave-assisted synthesis,

which is generally quite fast, simple, and energy-efficient, is

widely used in various fields. The power, heating time, and

on/off irradiation cycles are the main heating parameters of

a microwave oven, and each of them may have a strong

effect on the structure and properties of the products. To the

best of our knowledge, there have been few reports on the

synthesis of CuO nanopowder which have considered the

potential relations between the microwave power and the

morpohology of materials.

In this work, flower-like and plate-like CuO nanopowder

was microwave-assisted synthesized using copper sulfate as

the precursor without any template or surfactant. The

phase, structures, and morphologies of the as-prepared

products were investigated in detail by BET surface

areaanalysis, X-ray diffraction (XRD) analysis, and scan-

ning electron microscopy (SEM). The influence of micro-

wave power on the structure and properties of CuO were

investigated, and the photocatalytic activity of these nanop-

owders was characterized by testing the chemical oxygen

demand (COD) of polluted lake water. 

2. Experimental Procedure

2.1. Synthesis of CuO nanopowder

Cupric sulfate pentahydrate (CuSO
4
· 5H

2
O ) and sodium

hydroxide (NaOH) were purchased and used without fur-

ther purification. In a typical reaction, 6 g CuSO
4
· 5H

2
O

were dissolved in 80 mL of distilled water to form a homoge-

neous blue solution. Then, 140 mL 0.5 mol/L NaOH aque-

ous solution was added to the above solution, and stirred for

15 min. The working zone size of the microwave oven used
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in this study (P70D20TP-C6) was 220 × 315 × 34(mm), and

its frequency was 2450 MHz. The resulting solution was

heated at various microwave powers (low: 140 W, low-mid:

280 W, mid: 420 W, mid-high : 560 W and high : 700 W) for

7 min and cooled down to room temperature. As a qualita-

tive comparison, the reaction temperatures after the micro-

wave was closed were measured in time by a mercury

thermometer. The final product was separated by centrifu-

gation, washed with distilled water and absolute ethanol

four times, and then dried at 40oC for 24 h.

2.2. Characterizations

The obtained powder samples were characterized by X-ray

powder diffraction (XRD) using a Y-2000 X-ray diffractometer

with Cu Kα radiation (λ = 0.15418 nm). The morphologies of

the as-prepared samples were observed using a scanning elec-

tron microscope (SEM, SIRION200). Chemical oxygen

demand (COD) testing is commonly used to indirectly mea-

sure the amount of organic compounds in water. Most applica-

tions of COD determine the amount of organic pollutants

found in surface water (e.g. lakes and rivers) or wastewater,

making COD a useful measure of water quality. The strong

oxidizing agent potassium permanganate (KMnO
4
) was used

to measure chemical oxygen demand in the study.19) 

2.3 Photocatalytic activity of samples

Photocatalytic degradation was tested using the as-pre-

pared CuO and polluted Yihai lake water (Location: the

south campus of Anhui University of Architecture, China)

in a 50 mL glass container. The CuO powder (0.1 g) was

suspended in 50 mL of the polluted Yihai lake water. Exper-

iments were then carried out under various conditions.

Solutions were withdrawn regularly from the reactor by 1 h

and the COD value was tested. Then, the degradation per-

centage could be calculated as

.

3. Results and Discussion

The average pore sizes and BET surface area values of the

CuO structures prepared at various microwave powers are

listed in Table 1. The nitrogen adsorption isotherm mea-

surements reveal a specific surface area of approximately

20-27m2/g, and the average pore size decreased with an

increase of microwave power. Moreover, the BET surface

area of the as-prepared CuO decreased gradually with an

increase of microwave power. Possibly, the changes observed

in the average pore size and BET surface area are caused by

the increased length of nanoplates as a result of microwave

radiation. Also, we believe that these morphologic character-

istics are probably related to the low specific surface area

value of CuO plates.

The structure and phase purity of the obtained products

were characterized by XRD. A typical XRD pattern of CuO

prepared using mid-high microwave power is shown in Fig. 1.

All of the diffraction peaks can be clearly indexed to the

monoclinic phase CuO (JCPDS No. 41-0254). No impurities

were detected by XRD, which shows that CuO can be suc-

cessfully obtained by such a facile microwave-assisted route.

The morphologies of the various CuO structures prepared

at various microwave powers was detected by scanning elec-

tron microscopy (SEM). The SEM micrographs of the sam-

ples (Fig. 2) show that the CuO structures prepared at

various microwave powers consist of flower-like and plate-

like CuO crystals, of which the majority are plate-like CuO

crystals and the minority are flower-like CuO structures.

The microwave power has no obvious influence on the mor-

phology of the samples, except the formation of the flower-

like CuO structures at mid-high power. With the increase in

reaction temperature from 6oC(low microwave power) to

90oC(mid-high microwave power) the plate-like CuO crystal

evolves to flower-like CuO crystal (Fig. 2(d)); however,

plate-like CuO crystal is clearly seen at 95oC(high micro-

wave power) (Fig. 2(e)), which indicates that the reaction

temperature also has an influence on the morphology of

CuO crystals. It could be assumed that the formation of the

flower-like structure was determined not only by the growth

thermodynamics, but also by the growth kinetics. The for-

mation process could be purposely divided into several pro-

cesses: (i) formation of the primary nanocrystals, (ii) growth

of the secondary structure, and (iii) formation of the three-

order structure. These nanocrystals grew into pristine

plate-like shapes through the dissolution/crystallization

Degradation% = 
CODbefore CODafter–

CODbefore

---------------------------------------------------- 100%×

Table 1. Average Pore Size and BET Surface Area of Various
CuO Structures Prepared at Various Microwave Powers

Sample Average pore size(Å) BET surface area (m2/g)

Low 10.8 27.70

Low-mid 10.9 23.29

Mid 11.6 22.55

Mid-high 11.8 21.22

High 12.2 20.48 Fig. 1. Typical XRD pattern of an as-prepared CuO sample.
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process, and the small plate-like shapes further grew into

large ones. At the same time, nanocrystals grew on these

plate-like shapes and formed small flower-like structures.

The attainment of flower-nanostructures is affected by pro-

cessing variables, including temperature, pressure, and

microwave absorbers. This occurs because copper oxide,

which is a component of the precursor, is a strong micro-

wave absorber at 2450 MHz. 

The photocatalytic performance of the CuO nanopowders

prepared at various microwave powers was tested by visible

light excitation, and the results are shown in Fig. 3. The

COD value of the polluted Yihai lake water without CuO

catalyst is 13.79.  After using CuO catalyst, the COD value

of the polluted Yihai lake water for all as-prepared CuO

catalysts decrease to the range of 10.42 to 12.65. The degra-

dation% of polluted Yihai lake water using various CuO

structures prepared at various microwave powers is in a

range from 8.27 to 24.04. The sample prepared at the mid-

high microwave power exhibited higher photocatalytic

activity under visible excitation. 

The COD value and degradation% of the polluted Yihai

lake water using CuO structures prepared at the mid-high

microwave power in solutions with various pH values are

shown in Fig. 4. When the pH value of the solution was

equal to 10, the COD decrease to 2.68, and the degrada-

tion% of the polluted Yihai lake water reached 80.56. This

clearly indicates that a higher pH value can improve the

photocatalytic performance of the CuO nanopowder. 

Fig. 2. SEM images of various CuO structures prepared at
various microwave power: (a) low, (b) low-mid, (c)
mid, (d) mid-high, and (e) high.

Fig. 3. COD value and degradation% of polluted Yihai lake
water using various CuO structures prepared at
various microwave powers.

Fig. 4. COD value and degradation% of polluted Yihai lake
water using CuO structures prepared at mid-high
microwave power at various pH values.

Fig. 5. COD value and degradation% of polluted Yihai lake
water using CuO structures prepared at mid-high
microwave power with various recycle times.
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To examine the stability of CuO catalyst, recycling experi-

ments were carried out (Fig. 5). For each new cycle, the pho-

tocatalyst is filtrated, washed, and dried at 100oC for 2 h by

keeping other reaction conditions constant. After three

cycles, the degradation percentage of the polluted Yihai lake

water is found to decrease by only approximately 13%, and

the COD value only increased by 1.7. These results indicate

that the photocatalytic activity of CuO catalyst has repeat-

ability. The slight declines in the percentages among the

cycles may be explained by the formation of by-products and

their accumulation on the active surface sites of the cata-

lyst. Also, heat treatment may cause catalyst aggregation

and a decrease in catalyst surface area for both photon

absorption and polluted lake water adsorption.

4. Conclusion

In this study, flower-like and plate-like CuO nanopowder

has been successfully fabricated by a facile microwave-

assisted method. The results show that microwave power

plays an important role in the formation of CuO crystals

with different morphologies. Flower-like CuO nanocrystals

were prepared with mid-high power, while with increase in

the intensity of power, the morphology of the CuO crystals

changed from flower-like to leaf-like. The photocatalytic

performance results indicate that the sample prepared with

mid-high microwave power showed higher photocatalytic

degradation for polluted lake water under visible light irra-

diation. Also, a higher pH value can improve the photocata-

lytic performance of CuO nanopowder. Moreover, the

photocatalytic activity of CuO catalyst has repeatability.

This simple method might also be used to synthesize other

metal oxides with controlled morphologies in a short time.
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