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ABSTRACT
A new method has been presented for the synthesis of copper (Cu)/copper oxide (CuO)-nanoparticles (NPs), based on
the process of corrosion and oxidation of Cu-NPs on the surface of the gold electrode by nitric acid. Cu-NPs were
deposited on the surface using potentiometric method. The high concentration of Cu-NPs was estimated by Differential
Pulse Voltammetry (DPV). The process of growth and distribution of CuO-NPs on the surface of Cu-NPs using
structural analysis of Fourier Transform Infrared Spectroscopy (FTIR) and X-ray diffraction (XRD) showed that nitrate
was well absorbed and a sharp hydroxyl peak appeared and a phase of CuO NPs formed on the electrode surface. The
surface morphology indicated that the average size reduced from about 150 nm to 50 nm in the presence of nitrate. This
can be due to the oxidation of Cu nanoparticles on the surface and reduction of particle size compared to the absence of
nitric acid. This simple and low-cost method can be used as a surface modification of antibacterial and active catalyst

electrodes.

Keywords: Copper nanoparticles, Nitric acid, Electrochemical, Surface morphology, Oxidation.

1. INTRODUCTION

Copper nanoparticles have special properties, such as
high electrical conductivity and surface plasmon
resonance [1]. Cu-based nanoparticles are usually
composed of metallic Cu and Cu oxides (CuO/Cu,O)
[2]. CuO nanostructures are considered as the suitable
material for surface modification because of lower
toxicity and a more stable thermodynamic phase than
Cu-NPs [3]. Synthesis of CuO nanostructures has
been reported by various factors, such as applying a
temperature of 300°C and a polymer on the copper
surface [4]. In this research, CuO nanoparticles have
been applied based on nitric acid using a low-cost
method at room temperature. Recently, the effect of
nitric acid on various nanomaterials such as graphene
and Ag has been reported [5, 6].

In the present study, the synthesis of Cu/CuO-
NPs core/shell nanoparticles on the electrode by
chemical oxidation method was reported for the
first time. So, Cu-NPs were electrochemically
deposited on the surface of the gold electrode
followed by synthesis of Cu/CuO-NPs on the
surface using nitric acid.

*: rana.bagheri@ma.iut.ac.ir

2. MATERIALS AND METHODS

The electrochemical deposition process on the
gold electrode was performed in nitrogen gas
atmosphere at the scan rate of 20 mV.s™! for 300 s
at room temperature. An electrolyte consisting of
0.03 M CuSO4 and 1.0 M sulfuric acid solution
was used as reported in our previous research [7].
Nitric acid (1.0 mM, 1.0 pL) was dropped on Cu-
NPs coated surface.

Electrochemical measurements were
performed by a  potentiostat—galvanostat
equipment (PARSTAT 2273 Model, Ame. Tek
company) containing three electrode cells of
Ag/AgCl, platinum wire, and Au as reference
electrode, counter electrode, and working
electrode, respectively. X-ray diffraction pattern
(XRD, X Pert Pro X-Ray Diffractometer, Phillips,
Netherlands) was employed with Cu Ka radiation
(k= 0.154 nm) in 20 range of 20°-100°.
Morphology of the Cu/CuO-NPs was evaluated
using a Scanning Electron Microscope (SEM,
model Philips, XL30). The formation of
functional groups was characterized by Tensor27
Fourier Transform Infrared Spectroscopy (FTIR).
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Figure 1. a) DPV curves of Cu-NPs, and b) The

calibration curve at different concentrations
(pH 7.4 and 50 mV. s™")

3. RESULTS AND DISCUSSION

3.1. Electrochemical

Differential Pulse Voltammetry (DPV) in various
concentrations of Cu (2.0 mM -0.07 M) was used
to estimate the amount of Cu deposited on the
electrode surface (Figure 1). The results showed
that the amount of current was increased with
increasing the concentration of Cu ions. The
effect of Cu ion concentration in the calibration
curve with a correlation coefficient of 0.984 and
the linear regression equation was obtained as
Ipc=-1.2868C-0.03363 (A/dm?), where C is the
concentration of Cu ions and Ipc is the current
intensity. The amount of current of the gold
electrode after the deposition process in the old
solution (0.03 M) was obtained via the DPV
method. The Cu concentration in the solution was
estimated 0.061 M based on the calibration curve.
The real amount of Cu deposition on the electrode
surface was calculated 0.012 M indicating an
acceptable amount of Cu on the electrode surface

[8].
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Figure 2. a) XRD patterns of Cu-NPs electrode in
the (I) absence and (II) presence of nitric acid, and
b) FTIR spectra of Cu-NPs electrode in the
presence of nitric acid

3.2. Structural and morphological study of
the electrode surface
The XRD patterns of Cu-NPs electrode in the
absence and presence of nitric acid demonstrated
characteristic peaks of Cu (200) and Cu (111) at
20=43.47° and 50.37°, respectively, confirming the
Cu deposition (Figure 2.a). In addition, new peaks
have appeared at 42.20°, 59.21°, and 74.62°
indicating CuO phases. Scherrer equation
calculations revealed that the size of Cu nanocrystals
was reduced from about 45 nm to 7 nm in the
presence of nitric acid indicating the oxidation of
copper particles under the influence of nitric acid on
the Cu (111). The FTIR spectroscopy of electrode in
the presence of nitric acid indicated a new peak of
N-O group vibrations at 1724 cm [9] compared to
the previous report (Figure 2.b) [7]. The sharp peak
of hydroxyl was detected at 1324 cm due to the
effect of the oxidation process of Cu particles [6].
The SEM image of the Cu-NPs and Cu/CuO-
NPs electrodes determined the formation of
uniform and spherical particles on the whole
surface (Figure 3). Their average size reduced
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Figure 3. SEM images of (A) Cu-NPs, and (B) Cu

/CuO-NPs electrodes (insert: small magnification of
image).

from 150 nm to 50 nm on Cu/CuO-NPs electrode
indicating the oxidation process of Cu-NPs with
low thermodynamic resistance and conforming
formation of CuO nanolayers.

4. CONCLUSION

A novel synthesis of Cu/CuO-NPs core/shell by
chemical oxidation method on a gold electrode
was determined. The process of deposition of Cu-
NPs on the electrode surface was obtained. The
real amount of Cu-NPs on the electrode surface
was found 0.012 M. The XRD patterns were
indicated new peaks of CuO phases due to
oxidation of Cu-NPs on the electrode surface.
Therefore, Cu/CuO-NPs core/shell can be easily
synthesized at room temperature on the electrode
surface which would be effective for surface
modification.
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