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Semiconductor cupric oxide nanoparticles are of great interest due to their
numerous applications in many important fields of science and technology
such as pigments, semiconductors, sensors, catalysts and solar cells. In
this work, nanoparticles of semiconductor cupric oxide with an average size
of 52 nm have been successfully synthesized via ultrasonic-assisted ther-
mal decomposition of the ethanedioate precursor at 400 °C. The nanoparticles

were characterized by powder X-ray diffraction (XRD), FT-IR spectroscopy,
scanning electron microscopy (SEM), transmission electron microscopy
(TEM), colorimetric analysis (L*a*b* color parameters), diffuse reflectance
spectroscopy and UV-Vis spectroscopy. Our results confirmed the forma-
tion of the pure single-phase monoclinic cupric oxide (space group C2/c)
with the monoclinic structure. The FT-IR spectrum displays the typical vi-
bration of cupric oxide at 536 cm-1. Also the optical absorption spectrum
indicates that the cupric oxide nanoparticles have a direct band gap of 1.95
eV, which is larger than the reported value for the bulk cupric oxide (1.85 eV).
 2012 Trade Science Inc. - INDIA

INTRODUCTION

Metal oxide nanoparticles have been actively stud-
ied for their size- and shape-induced novel properties.
In recent years, the synthesis and production of semi-
conductor metal oxide nanoparticles has received much
attention due to their excellent physical and chemical
properties in comparison to their bulk counterparts, and
also their potential applications in nanoscale devices as
interconnectors for nanoelectronics[1-3].

Among these materials, cupric oxide, a p-type semi-

conductor with a narrow band gap, has been studied
intensely because of its numerous applications in ca-
talysis, pigments, semiconductors, batteries, sensors and
field transistors[4-7]. On the other hand, the large frac-
tions of surface area, excellent stability and good elec-
tric properties have guided to new studies to determine
its applicability as a suitable material for solar cells, in
particular due to its photoconductivity and photochemi-
cal properties[8]. Also nanocrystalline p-type semicon-
ductor cupric oxide is of special interest because of its
efficiency as nanofluids in heat-transfer applications. It
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has been reported that 4% addition of this compound
improves the thermal conductivity of water by 20%.

Ultrasound is a very effective processing method in
the generation and application of nanosized materials.
In general, ultrasonic cavitation in liquids may cause fast
and complete degassing: initiate various chemical reac-
tions by generating free chemical ions (radicals); accel-
erate chemical reactions by facilitating the mixing of re-
actants; enhance polymerization and depolymerization
reactions by temporarily dispersing aggregates or by
permanently breaking chemical bonds in polymeric
chains; increase emulsification rates; improve diffusion
rates; produce highly concentrated emulsions or uni-
form dispersions of micron-size or nanosized materials;
assist the extraction of substances such as enzymes from
animal, plant, yeast, or bacterial cells; remove viruses
from infected tissue; and finally, erode and break down
susceptible particles, including micro-organisms[2].

Today, many nanomaterials are produced in a dry
process. As a result, the particles need to be mixed into
liquid formulations. This is where most nanoparticles
form agglomerates during the wetting. Therefore effec-
tive means of deagglomerating and dispersing are re-
quired to overcome the bonding forces after wettening
the micropowder or nanopowder.

Some methods for the preparation of
nanocrystalline p-type metal oxide semiconductors have
been reported recently such as sol-gel technique, one-
step solid state reaction method at the room tempera-
ture, electrochemical method, thermal decomposition
of precursors and co-implantation of metal and oxygen
ions[7-10]. Conventional methods for the preparation of
cupric oxide include one step solid state reaction at the
room temperature, mechanical milling of commercial
powders, and so on. However, none of these methods
seems to be suitable for the preparation of highly dis-
persed cupric oxide nanoparticles, which has been found
to be an obstacle to many applications, especially in
catalysts and electrodes.

Despite considerable efforts have been devoted to
the preparation of nanocrystalline p-type semiconduc-
tor cupric oxide[4-10], there is a lack of information about
the preparation of the semiconductor cupric oxide via
ultrasonic-assisted decomposition of the ethanedioate
precursor.

In the present work, we report on the synthesis

and characterization of semiconductor nanoparticles via
a novel method based on the ultrasonic-assisted de-
composition of the ethanedioate precursor. Some ad-
vantages of the method are mild conditions of reaction
and non toxic aqueous solvents.

EXPERIMENTAL

All the reagents were analytical grade and were
used without further purification. In a typical process,
Cu(NO

3
)

2
.3H

2
O was dissolved in deionized water to

form a transparent solution, and then used the ultra-
sonic irradiation for 30 min. Subsequently 5 mmol
ethanedioate acid dissolved in an equal volume of deion-
ized water and added dropwise to the above solution
under the ultrasonic irradiation. The suspension cooled
in the room temperature. After washed with deionized
water and ethanol for three times to purify the product,
the precipitate of the precursor was centrifuged and
dried at 55 ºC for 14 h. Then cupric ethanedioate pre-

cursor was heated to 400 ºC (rate of 5 ºC min-1) and
calcined at this temperature for 3 h in the ambient at-
mosphere.

The ultrasonic irradiation processor was a Hielscher
UP400S (400W, 24 kHz). FT-IR spectra (500-4000
cm-1) were recorded on a Perkin Elmer Spectrum One
spectrophotometer with KBr pellets. Thermal analyses
(TG-DTG-DTA) were carried out using a Perkin Elmer
simultaneous thermal analyzer (STA Pyris Diamond
Model) with the heating rate of 5C/min in flowing air.
X-ray diffraction (XRD) was performed on a Philips
PNA-analytical diffractometer using CuK radiation.
The SEM micrograph was obtained on a LEO 1455VP
scanning electron microscope. The transmission elec-
tron microscopy (TEM) image was obtained using a
Philips CM-120. Measurement of L*a*b* color param-
eters and diffuse reflectance spectrum were carried out
on a spectrophotometer CE-7000A, in the 350-750
nm range using the D65 illumination.

RESULTS AND DISCUSSION

In Figure 1 XRD pattern for cupric oxide
nanoparticles is displayed. All of diffraction peaks cor-
responds to the cupric oxide monoclinic phase and are
agreement with JCPDS 41-0254 card. There are not
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any peaks of impurity in the XRD pattern. The average
crystalline size of the prepared cupric oxide particles is
estimated to be 45 nm according to the Debye-Scherrer
equation (1).






cos
9.0

t (1)

where t is the crystallite size,  the wavelength of
X-ray radiation (CuK),  the Bragg angle and  is the
full width at half maximum (FWHM) of the most in-
tense diffraction peak.

metric í
s
(COO) stretching vibration of COO groups,

respectively which corroborate the coordination of metal
ions by carboxylates groups to form a complex. This
gives rise to a large difference between í

as
(COO) and

í
s
(COO), í (í

as
(COO)-í

s
(COO)) of about 263 cm-

1, characteristic of the monodentate coordination of car-
boxylate groups to the metal ions[10] which confirms the
ethanedioate precursor.

While, in the FT-IR spectrum of the cupric oxide
nanoparticles (Figure 4), the absence of some of the
organic bands could be ascribed to the complete de-
composition of the organic compounds. There is an
obvious absorption peak at around 536 cmÎ1 that was
the result of overlap of two peaks, which can be as-
signed to the vibrations of Cu-O bands.

SEM image of the as-prepared cupric oxide
nanoparticles is presented in Figure 5, showing that the
morphology of particles was nearly spherical and regu-
lar in the shape.

Figure 6. demonstrated the TEM micrograph and
selected area electron diffraction (SAED) pattern of

Figure 1 : XRD pattern of cupric oxide nanoparticles.

Figure 2 shows the simultaneous thermal analyses
(TG-DTG-DTA) of the as-prepared cupric
ethanedioate precursor. The thermogravimetery (TG)
and derivative thermogravimetery (DTG) curves show
the weight loss. There is a weight loss step in the tem-
perature ranges 270-330 C. which may be ascribed
to the decomposition of the ethanedioate accompanied
by the exothermic peak in the differential thermal analy-
sis (DTA) curve. The weight loss is about 45 %, which
is close to the theoretical value. Above 400 C the
weight loss is negligible. The DTA curve exhibits a large
exothermic peak around 300 C which can be ascribed
to the burn out of the ethanedioate. It confirms that the
majority of the mass loss occurs under 400 C and
allows for optimization of the heat treatment program.

The FT-IR spectra of the cupric ethanedioate pre-
cursor and cupric oxide nanoparticles were shown in
Figure 3 and 4. In the FT-IR spectrum of the precursor
(Figure 3), peaks observed at around 1626 and 1363
cm-1 are related to the asymmetric í

as
(COO) and sym-

Figure 2 : Thermal analyses of the cupric ethanedioate pre-
cursor (a) TG-DTA and (b) TG-DTG.



.18 Synthesis and characterization of semiconductor CuO nanoparticles

Full Paper
MSAIJ, 8(1), 2012

An Indian Journal
Materials ScienceMaterials Science

cupric oxide nanoparticles, presetting that the product
composed of almost spherical nanoparticles with the
average particle sizes of 52 nm, which is in good agree-
ment with that estimated by the Scherrer equation from
XRD pattern. The different lattice planes in the SAED
patterns (Figure 6b) are in good agreement with the
present monoclinic system.

The optical absorption spectrum of cupric oxide

nanoparticles showed in Figure 7. For measurements,
the cupric oxide product is dispersed in the deionized
water by the ultrasonic irradiation. There is a broad
absorption peak at about 360 nm which is in good agree-
ment with the previous reports[9, 11].

The absorption band gap E
g
 can be determined by

Figure 3 : FT-IR spectrum of the cupric ethanedioate precur-
sor.

Figure 4 : FT-IR spectra of cupric oxide nanoparticles.

Figure 5 : SEM micrograph of cupric oxide nanoparticles.

Figure 6 : TEM micrograph (a) and SAED pattern (b) of cu-
pric oxide nanoparticles.



Ahmad Rahnama and Mehrnaz Gharagozlou 19

Full Paper
MSAIJ, 8(1), 2012

An Indian Journal
Materials ScienceMaterials Science

Figure 7 : Optical absorption spectrum of cupric oxide
nanoparticles.

Figure 8 : (h)2 versus h curve of the semiconductor
sample. Figure 9 : Diffuse reflectance spectrum of cupric oxide

nanoparticles.the following equation (2):
(h)n = B(h � E

g
) (2)

where h is the photo energy, á is the absorption

coefficient, B is a constant relative to the material and n
is either 2 for a direct transition or 1/2 for an indirect
transition[12]. The band gap of the as-obtained cupric
oxide is estimated to be 1.95 eV that is larger than the
reported value for the bulk cupric oxide (1.85 eV). Fig-
ure 8 shows the (h)2 versus h curve for the sample.
Compared to previous reports[9] in our ultrasonic-as-
sisted preparation method the band gap significantly
decreased to 1.95 eV.

The color of cupric oxide was evaluated from L*a*b*

colorimetric coordinates and diffuse reflectance spec-
troscopy. The CIE-L*a*b* colorimetric method as rec-
ommended by the Commission Internationale Í Eclairage

(CIE) standards was used to measure the L*a*b* color
parameters of cupric oxide. In this method, L* varies
from black (0) to white (100), b* from blue (-) to yel-
low (+) and a* from green (-) to red (+). Values of the
colorimetric data L*, a* and b* were found to be 11.01,
1.92 and 4.51, respectively.

The diffuse reflectance spectrum of cupric oxide
is shown in Figure 9. Results from diffuse reflectance
spectroscopy revealed nearly complete light absorp-
tion due to the very low intensity of the reflection in
the 350-750 nm range. This was further confirmed by
the colorimetric coordinates. The relatively low val-
ues of L*, a* and b* suggested full light absorption and
confirmed the black color of cupric oxide which are in
agreement with the color matched with the obtained
L*a*b* color parameters.

CONCLUSION

In summary, nanoparticles of semiconductor cupric ox-
ide have been successfully synthesized via ultrasonic-
assisted thermal decomposition of ethanedioate pre-
cursor at 400 °C. The average size of nanoparticles

was about 52 nm with the almost spherical morphol-
ogy. The optical absorption band gap of the sample is
determined to be 1.95 eV, which is larger than the re-
ported value for the bulk material (1.85 eV). We hope
that this ultrasonic-assisted synthesis route can be ex-
tended to prepare other systems involving other metal
oxides.
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