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ABSTRACT

CuO nanowires were successfully made through a simple wet chemical method at room temperature by immersing on copper sheets in a 4 M ammonia 
solution for 4 days and then subjecting it to heat treatment. Immersion time and heat treatment have an important effect on the length, diameter, and density of 
the CuO nanostructures. X-ray powder diffraction (XRD) patterns indicated that the samples are composed of a single phase, CuO. Scanning electron microscopy 
(SEM), transmission electron microscopy (TEM), and Raman spectroscopy studies showed that the wet-treated samples consisted of nanofiber-like structures of 
monoclinic CuO, while the heat-treated samples consisted of well-defined nanowires which also exhibited the monoclinic phase.
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INTRODUCTION
One-dimensional (1D) nanomaterials, such as nanotubes, nanowires, 

and nanobelts or nanoribbons have received much attention because they are 
considered to be the key structural components of future electronic, optical, and 
mechanical devices1. Their unique properties can be harnessed for the design 
and fabrication of nanosensors, solar cells, field emitters, and transistors2-4. 

Among the materials based on 3d transition metals, cupric oxide (CuO) 
is of great interest due to its catalytic properties and also because of its 
close connection with high-temperature superconductors5,6. CuO is a p-type 
semiconductor with a band gap of 1.2 eV, and since this gap is smaller than 
1.85 eV, this compound is being studied for its field emission properties7. 
On the other hand, the large surface area, excellent stability, low production 
cost, and good electric properties of nanostructured CuO have fueled new 
studies to determine its applicability as material for solar cells, in particular 
due to its photoconductivity and photochemical properties8-10. Based on these 
applications, many methods have been developed to prepare CuO with various 
morphologies11-15. 

Recent research indicates that 2D and 3D structures of CuO nanomaterials 
have been extensively studied. In particular, self-assembled complex CuO 
architectures, such as 3D peanut-like patterns16, picky microspheres17, 
nanodendrites18, chrysanthemum-like architectures19, dandelion-shaped20, 
hollow structures21, have attracted considerable attention due to their 
fundamental importance and potential future applications.

Very recently, few reports demonstrated that CuO architectures with 
higher dimensionality and complexity could be synthesized on Cu surfaces in 
a controlled fashion22. However, the obtained morphology (ellipsoid, flower, 
dendrite) in these reports was limited and the preparation process usually 
involved surfactants or additives. The realization of novel morphology such as 
those observed in natural materials or biominerals on Cu foils by a surfactants-
free route will be of fundamental and practical importance23.

On the other hand, direct and simple thermal oxidation methods have been 
used to synthesize Cu(OH)2 and CuO nanofibers and nanorods. Using this 
convenient route, with no catalyst and template assisted, many research teams 
successfully prepared CuO nanowire by oxidizing copper plates under different 
conditions such as different annealing temperatures, times, or atmospheres24-28. 

In this paper we report the synthesis of well- defined CuO nanowire on 
copper sheets using a simple wet chemical method at room temperature, and 
the effect of heat treatment on the final surface morphology. The morphology 
and dimensionality of CuO nanoarchitecture can be tuned by simple variation 
of reaction parameters.

EXPERIMENTAL SECTION

In a typical experiment, duplicate 1 cm × 1 cm copper sheets (TCL., 
purity:99.98%, thickness:0.4 mm) were washed with 1 M HCl solution for 15 
min and subsequently with deionized water to remove surface impurities. The 
washed copper foils were then immersed in 20 mL of ammonia solution 4 M 
for different times (from 2 to 5 days) at room temperature.

After the reaction, the copper sheets were removed from the solution, 
rinsed with deionized water, and air dried. A sample of each sheet was heated 

at 120 ºC for 1 h and then at 180 ºC for 1 h. After the furnace had cooled to 
room temperature, the copper sheets had a black film on the surface.

The as-prepared samples were characterized by X-ray powder diffraction 
(XRD on a Siemens D5000 diffractometer with CuKa radiation (40 kV, 30 
mA). The morphology of the samples was examined using a Low Vacuum 
Scanning Electron Microscopy (LV-SEM, JSM-6360LV) equipped with an 
EDX detector. Transmission electron microscopy (TEM) studies were made on 
a Tencai F20 FEG-TEM operated at 200 kV equipped with an EDS detector. 
The TEM samples were prepared by suspending the powder in ethanol and 
then collecting it on a carbon grid. The samples were ultrasonically dispersed 
in isopropanol for TEM. Raman Spectra were recorded on a WITEC model 
CRC200 using a 5.5 mW laser with a wavelength of 514.5 nm.

RESULTS AND DISCUSSION.

The surface morphology of the CuO on the copper sheet after immersion 
in the ammonia solution and subsequent heat treatment were investigated by 
Scanning Electron Microscopy (SEM), as shown in Fig. 1. The dependence of 
surface morphology on immersion time and was studied to gain a clear view of 
the nanofiber formation process.

As shown in Fig. 1a, there was no presence of any nanostructure on the 
copper sheets by day 2 of treatment. Only a few nanofibers were observed by 
day 3 (Fig. 1b). As immersion time increased, by day 4 the surface coverage of 
nanofibers became denser (Fig. 1c). However, when growth time was extended 
to day 5, CuO nanofiber growth became much slower and more compacted, as 
shown in Fig. 1d. From these results we concluded that immersion time has 
an important influence on the length, diameter, and density of the nanofibers.
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Figure 1. The surface morphology evolution of the CuO at different 
duration times (days): (a) 2 d, (b) 3 d, (c) 4 d and d) 5 d, respectively.
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To investigate the effect of heat treatment on the final surface morphology 
of the copper samples, SEM images of a copper sheet after heat treatment at 
200 ºC are shown in Fig. 2. By day 4, Fig. 2a, the treated sample shows that the 
CuO nanofiber array has a width of 90 nm to 100 nm and a length of several 
micrometers. Fig. 2b shows that the heat treated sample has undergone slight 
modifications on the surface, with the width of nanofibers decreasing to ~60 
nm.

Figure 2. SEM image of CuO nanostructures grown on copper sheets 
treated at 4 days. (a) without and (b) with heat treatment.

Typical XRD patterns of the synthesized CuO samples are shown in Fig. 
3. Curves 3a and 3b correspond to samples treated at 4 days (4D) without and 
with heat treatment, respectively. All the XRD peaks shown can be indexed 
as monoclinic CuO (space group C2/c; JCPDS cards no. 48-1548). The XRD 
pattern of the heat treated sample has sharper peaks than the sample without 
heat treatment. Peak broadening in diffraction lines of the sample under heat 
treatment may be related to a size reduction of CuO crystals. According to the 
standard XRD pattern of the CuO powder, the peaks at 35.5º, 38.7º, 48.8º and 
58.4º can be attributed to the Miller indexes of (-111), (200), (-202) and (202). 
Notice that the peaks at 2q values (43.3 º and 50.4º) are due to the copper 
substrate (marked with an asterisk). No reflections from impurities (Cu(OH)2 
or Cu2O) were detected in the samples.

Figure 3. XRD pattern of CuO nanostructures grown on copper sheets 
treated at 4 days. (a) without and (b) with heat treatment. 

Fig. 4 presents the Raman spectra of the CuO powder prepared on the 
copper sheets after immersion and subsequent heat treatment.

CuO belongs to the C2h
6 space group with two molecules per primitive cell. 

One can find for the center zone normal modes ΓRA =4Au+5Bu+Ag+2Bg. There 
are three acoustic modes (Au+2Bu), six infrared actives modes (3Au+3Bu), 
and three Raman active modes (Ag+2Bg). 

It is seen that there are three Raman active optical phonons at 278, 321 
and 608 cm-1 in Fig. 4a. We can assign the peak at 278 cm-1 to the Ag mode 
and the peaks at 321 and 608 cm-1 to the Bg modes. The Raman peak positions 
of CuO are dependent on the method of preparation [29-30]. When the CuO 
powder was thermally treated, the Raman peak became stronger and sharper 
and shifted slightly to higher frequencies: 287, 332 and 625 cm-1 (Fig. 4b).

Figure 4. Raman spectra of CuO nanostructures grown on copper sheets 
treated at 4 days. (a) without and (b) with heat treatment.

Fig. 5 shows TEM images of a sample treated at 4 D without heat treatment. 
Fig. 5a is a bright field image showing an agglomerated of nanoparticles together 
with rod-like structures, which lies on the zone indicated by the arrow. TEM 
Images at higher magnification (not shown) revealed particles sizes around 
7 nm with shapes not faceted. Fig. 5b is a selected area electron diffraction 
(SAED) pattern coming from Fig. 5a. This SAED pattern shows the formation 
of diffraction rings, whose weak intensities reveal the low cristallinity of the 
sample. The indexed diffraction rings can be attributed to (002), (200) and 
(-113) planes of monoclinic CuO, corroborating the XRD and Raman results.

Figure 5. TEM images of a sample treated at 4 days without heat treatment. 
(a) Bright field image and (b) SAED pattern.

Fig. 6 shows TEM images of a sample treated at 4 D with heat treatment. 
Fig. 6a is a bright field image showing interlinked nanowires mixture with some 
agglomerated particles with widths that not exceeds the 10 nm. Fig. 6b is the 
SAED pattern corresponding to bright field of Fig. 6a. This pattern depicts more 
defined diffraction rings, and its stronger intensities compared with the rings 
of the SAED pattern of Fig. 5b, is due to the higher cristallinity of the sample 
that has been thermally treated. In this case, the indexed diffraction rings can 
be again attributed to (-111), (-202), (202) and (022) planes of monoclinic CuO. 
Fig. 6c is a high resolution TEM (HRTEM) image, of the framed part in Fig. 6a, 
which displays lattice fringes with different crystallographic orientations and 
corroborate that the formation process of the wires-like structures is produced 
by a coalescence phenomenon stimulated by the heat treatment undergoes for 
this sample. The HRTEM image shows, moreover, a zone whose lattice fringes 
displays an interplanar spacing of 2.51 Å, this value match the interplanar 
distance (-111) of monoclinic CuO.      
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Figure 6. TEM images of the sample treated at 4 days with heat treatment. 
(a) Bright field image, (b) SAED pattern of the wire shown in (a) and (c) 
HRTEM image.

The formation mechanism of CuO involves a simple process which can be 
illustrated as follows:

Cu + O2 +H2O + NH3 → [Cu(NH3)4]2+	                                 (1) 
Cu[(NH3)4]2+ + 2OH- → Cu(OH)2	 	 (2)
Cu(OH)2 → CuO + H2O			   (3) 

Reactions (1) and (2) were used previously for the synthesis of Cu(OH)2. In 
this experiment, the solution used is much more basic, and therefore Cu(OH)2 
turns unstable and immediately decomposes into CuO. This process allows 
excellent adhesion of the CuO nanostructures to the Cu substrates.

CONCLUSION

In summary, we have successfully synthesized CuO nanowire in situ on 
copper substrates through a simple solution-immersion step and a subsequent 
heat treatment. It can be concluded that the effect of the heat treatment on the 
CuO has an important influence on the diameter and density of the nanowires, 
but no obvious effect on their length. The advantages of our methods include 
low temperature, uniform size, superior adherence, and homogeneous coverage. 
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