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Abstract : We report the synthesis of copper oxide
nanowires via a facile mechanochemical technique fol-
lowed by low thermal treatment. The precursors of
copper acetate monohydrate and acetamide were em-
ployed to grow this one dimensional morphology. The
scanning electron microscopy images (SEM) revealed
the formation of desired NWs with a diameter range of

INTRODUCTION

One-dimensional nanoscaled structures such as
nanowires (NWs) and nanorods have been known as
an important building block of the various nano-sys-
tems and nano-devices due to their unique physical and
chemical properties[1]. Amongst nanostructures, semi-
conducting metal oxide nanowires are considered as
an attractive and applicable group because of their sur-
prising electrical, optical and magnetic properties and
potential applications, which are dependent on size of
particles. Copper oxide, CuO, is an important p-type
semiconducting metal oxide having a narrow optical
absorption edge of 1.0 to 1.7 eV, which is widely em-
ployed in nano-systems such as magnetic ceramics,
electronic devices, hydrogen storage materials, batter-

ies, gas sensors, superconductors, solar cells and cata-
lysts[2-8]. Based on wide applications, there is an in-
creasing demand for the synthesis of CuO one dimen-
sional nanostructures such as nanorods and nanowires
by using facile, economic and environmentally friendly
techniques[9-11]. The most of reported methods for the
synthesis of CuO nanowires or nanorods are based on
the physical thermal oxidation and the chemical meth-
ods have been observed, rarely. Amongst applied tech-
niques, a few works have been reported about the syn-
thesis of the special nanostructures by mechanochemi-
cal procedure, while this process is an efficient and simple
grinding method accompanying a chemical reaction and
can be successfully applied in large quantities[12]. To the
best of our knowledge, the fabrication of CuO
nanowires by this method has not been reported, yet.

19 � 76 nm and lengths of several micrometers. The

high quality of the resulting product can draw a useful
outlook for industrial mass production of NWs by this
way. Global Scientific Inc.
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In present study, we report the preparation of CuO
nanowires by utilizing mechanochemical procedure for
the first time. In addition, there are no reports for the
synthesis of this nanostructure using organic molecule
of acetamide. We designed a simple solid state method
for the synthesis of Cuo nanowires using copper ac-
etate as the metal source in the presence of acetamide
molecules as a driving agent.

EXPERIMENTAL

All chemicals were purchased from Merck Co. and
used without further purification. Double distilled water
was used in all experiments.

The reagent materials of copper acetate dihydrate
(Cu(CH

3
COO)

2
.H

2
O) and acetamide (CH

3
CONH

2
)

were mixed together with a molar ratio of 1:1 and then
were put in a stainless steel milling container (10 mL)
with two small stainless steel balls (10 mm in diameter)
using a mass ratio of 8:1 ball-to-powder. The grinding

process was carried out in a vibratory Mixer Mill (Retsch
MM�400) apparatus at the frequency of 1800 rpm for

30 min at the ambient conditions. The obtained bluish
powder was collected and calcined at 350 C for 2 h in
a furnace.

The X-ray diffraction (XRD) pattern was obtained
on a PHILIPS PW 1800 diffractometer with
monochromatized Cu Ká radiation (ë = 1. 542 Å).

Fourier transform infrared (FT�IR) spectra were re-

corded on a Shimadzu-8400S spectrometer in the range
of 400�4000 cm-1 using KBr pellets. Scanning elec-
tron microscopy (SEM) images obtained on a
VEGA\\TESCAN with gold coating.
Thermogravimetric analysis (TGA) was carried out on
a TA Instruments 931 apparatus with the heating range
of room temperature to 800 C under flowing N

2
 as an

inert environment with a flow rate of 10 °C min-1. Dif-
fuse reflectance spectrum (DRS) was obtained using
UV�Vis spectrophotometer (Shimadzu- MPC � 2200

spectrophotometer).

(b)

Figure 1 : (a) TGA curve of the precursor and (b) FT-IR spectra of (1b�i) the precursor and (1b�ii) the product after heating
at 350 C for 2 h in air.

(a)
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RESULTS AND DISCUSSION

To determine the calcination temperature, the ob-
tained precursor after milling was processed by a
TGA. The TGA curve shown in Figure 1a clearly rep-
resents two-step pattern of the weight loss at the tem-
perature range of 125�290 °C. A weight loss of 23%,

which is rather mild, occurs up to 175 °C that is at-

tributed to the release of the adsorbed water mol-
ecules. The weight loss (71%) between 175 and 290
°C occurs with a rapid weight loss rate because of

decomposing the organic groups of the prepared pre-
cursor. It can be said that the main weight loss is in the
second step of weight loss pattern up to 290 °C and

then, reaches to a steady level about 300-350 C.
Therefore, the complete decay of organic section and
achieving to the inorganic product (calcination tem-
perature) occurs about this temperature.

FT-IR spectra and XRD pattern were planned

to characterize the composition of product. Figure
1b shows the FT�IR spectra of (1b�i) the precursor

and (1b�ii) the product after heating at 350 C for 2
h. The appeared peaks at 3433, 3332, 1649, 1600,
1431, 1128 and 684 cm-1 are related to the stretch-
ing vibration frequencies of the functional groups be-
longing to the precursor (Figure 1b�i)[13,14]. As a re-
sult of heating treatment, the all of organic sections
of the prepared precursor were removed and only
one rather broad band at 532 cm-1 remained, which
is an evidence for the formation of CuO compound
(Figure 1b�ii)[15].

The XRD pattern of product is indexed to a mono-
clinic phase of CuO in a good according to JCPDS
card no. 5-0661 (Figure 1b). The diffraction peaks at
2è values of 32.52°, 35.55°, 38.73°, 46.31°, 48.76°,
53.41°, 58.32°, 61.57°, 65.81°, 66.23°, 68.14°,

72.42° and 75.02°, matching with the (110), ( 111 ),

(a)

(b)

Figure 2 : (a) XRD pattern of the product and (b) SEM images of CuO NWs at (2b�i) low magnification and (2b�ii) high
magnification.
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(111), ( 121 ), ( 022 ), (020), (202), ( 131 ), (022),

( 113 ), (220), (311) and (004) confirm the formation of
CuO phase with a high quality and the pure phase. The
morphology and size of the product were investigated
by SEM images (Figure 2b). Figure 2b reveals the SEM
images of the CuO NWs with low magnification (2b�i)
and high magnification (2b�ii). These images represent

the fine NWs with the diameter of 19 � 76 nm and the

length several µm.

Meanwhile, the optical absorption of the final prod-
uct was investigated in the wavelength range of 190 �
800 nm (Figure 3a) by DRS of the CuO NWS. The

absorption band gap, E
g
, can be determined by the

equation (1)[16].
(áhí)n =â(hí�E

g
) (1)

Where, hí is the photo energy, á is the absorption co-
efficient, â is a constant relative to the material and n is
either 2 for a direct transition or 1/2 for an indirect tran-
sition. To determine the band gap, we have plotted
(áhí)2 versus hí curves. According to Figure 3b, the
band gap for CuO NWS was found to be 1.65 eV.
The observed difference between the calculated band
gap and the reported values in the literatures is origi-
nated from the size and density of CuO NW

S
.

Figure 3 : (a) DRS spectrum and (b) the plot (áhí)2 versus hí curve for CuO NWs.

CONCLUSIONS

In a summary, the fine CuO nanowires with the di-
ameter of 19 � 76 nm and lengths of several microme-

ters were successfully synthesized by mechanochemi-
cal process using acetamide and copper acetate with-
out any additives, for the first time. The structural analy-
ses of the obtained product revealed a high purity of
crystalline phase of CuO NWs having a band gap of
1.65eV. The synthesis feasibility of the CuO nanowires
by mechanochemical method, which is a simple, green
and solvent free technique, can be a fitting approach
for manufacturing the industrial scale of the various metal
oxide nanowires.

ACKNOWLEDGEMENTS

The financial support of this work, by Iran Univer-
sity of Science and Technology and Iranian
Nanotechnology Initiative, is gratefully acknowledged.

REFERENCES

[1] D.D.Arhin, M.Leoni, P.Scardi; Mol.Cryst.Liq.Cryst,
555(1), 17-31 (2012).

[2] G.Chen, H.Zhou, W.Ma, D.Zhang, G.Qiu, X.Liu;
Solid State Sci., 13(12), 2137-2141 (2011).

[3] A.Rahnama, M.Gharagozlou; Opt.Quant.Electron.,
44(6), 313-322 (2012).



29

Original Article
ChemXpress 6(1), 2014

[4] V.Safarifard, A.Morsali; Ultrason Sonochem.,
19(16), 823-829 (2012).

[5] R.Wu, Z.Ma, Z.Gu, Y.Yang; J.Alloy Compd.,
504(1), 45-49 (2010).

[6] I.Singh, R.K.Bedi; Solid State Sci., 13(11), 2011-
2018 (2011).

[7] L.Liu, K.Hong, T.Hu, M.Xu; J.Alloy Compd.,
511(1), 195-197 (2012).

[8] Y.Yu, J.Zhang; Mater.Lett., 63(21), 1840-1843
(2009).

[9] M.Sabbaghan, B.Mirzaei Behbahani; Mater.Lett.,
117(4), 28-30 (2014).

[10] S.K.Lee, W.H.Tuan; Mater.Lett., 117(4), 101-103
(2014).

[11] Y.H.Ko, G.Nagaraju, S.H.Lee, J.S.Yu; Mater.Lett.,
117(4), 217-220 (2014).

[12] C.Chen Ding, L.Hong-Yan, X.Shu-Ren; Ceram.Int.,
38(1), 821-825 (2012).

[13] K.Nakamoto; Infrared and Raman Spectra of In-
organic and Coordination Compounds, Part B, 6th
Edition, John Wiley & Sons, New Jersey, (2009).

[14] D.L.G.L.Pavia, G.S.Kriz, J.R.Vyvyan; Introduction
to Spectroscopy, 4th Edition, CA, Belmont, (2009).

[15] Yong Cai Zhang, Jing Yuan Tang, Gen Lin Wang,
Ming Zhang, Xiao Ya Hu; J.Cryst.Growth, 294(2),
278-282 (2006).

[16] R.Al Gaashani, S.Radiman, N.Tabet, A.Razak
Daud; J.Alloy.Compd., 509(35), 8761-8769 (2011).


