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Abstract

Copper (Cu) was one of the first metals to be excavated and used by humans.
Cu NPs have a lot of attention due to their high electrical conductivity, high
melting point, low electrochemical migration, and low cost. It also demonstrated
antiviral activity such as a recent study showing that the coronavirus survives for
several days on glass, plate, and stain-less steel, but dies within a few hours on Cu.
It was observed that controlling particle size expands the range of innumerable
applications. Several methods have been employed for the synthesis of Cu NPs
such as physical, chemical, biological, and green synthesis. In the present work,
NPs were successfully synthesized by a facile electrochemical deposition method.
In which, copper sulfate pentahydrate (CuSO,.5H,0), was used as a precursor
and sodium hydroxide (NaOH) used to maintain pH during the deposition in
deionized water (DI) as a solvent. The structural and optical characterization of
NPs were performed by X-ray diffraction (XRD), field effect scanning electron
microscope (FESEM), and Ultraviolet-Visible (UV-Vis) Spectroscopy. The face-
centered cubic (FCC) structure of Cu NPs has been analyzed by XRD and the
size varies from 65 nm - 30 nm by controlling pH of electrolyte solution. In the
optical studies, it was observed that the bandgap was varying in the range of 2.98
eV to 4.97 eV, calculated by Tauc’s plot.
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Introduction

Cu is the most attractive material because of its high natural abundance
in nature and cost-effective [1]. This metal found as a native metal and in the
mineral’s cuprite, malachite, azurite, chalcopyrite, and bornite [2]. Cu metal
exhibited excellent electrical conductivity, high meting temperature, low
electrochemical migration behavior, low coast, and excellent solderability [3-5].
These characteristics are frequently influenced by their size, shape, composition,
crystallinity, and structure, it is generally acknowledged. Therefore, one of the
most efficient approaches to get desired qualities is to carefully manage the
synthesis of nanomaterials with precise shape and consistent size. Cu have
been used for electromagnetic devices [6]. It also demonstrates extra ordinary
performance as antibacterial and antimicrobial agent [7, 8]. NPs size and shape is
important for electronic, catalytic, magnetic, sensing, and biological applications
[9-10]. Cu particles exhibits novel physical and chemical properties due to their
nano size. Various synthesis techniques have been employed for preparing NPs.
In which most of the methods, require high-end equipment and the production
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of yield were very less. The preparation of Cu NPs by chemical
method is more challenging compared to other noble metals
because, it’s easily oxidized at ambient temperature. In most
of the wet chemical processes for synthesizing metallic NPs,
utilized chemicals are toxic and flammable. Whereas in the
electrodeposition method chemicals as well as procedure are
non-toxic, easy, and cost effective [11]. The size and shape of
Cu NPs depends on the synthesis processes and chemicals.
'The various shapes of Cu NPs are reported like cubic, prism,
and spherical due to different techniques and parameters. The
Cu NPs size is measured from 20 nm to 7 pm while preparing
electrodeposition method [12], but the particle size found is
70 nm while using the same method on applying voltage on
electrodes as 8 volts, for 4 ms and 8 ms plus on time and plus
off time, respectively [13]. By this method, the particle size
was also found to be 24 nm with electrode power of 15 volt at
6A [10]. The size of Cu NPs was found to be 1.5 nm using the
polyol method by combining ethylene glycol, copper chloride,
polyvinylpyrrolidone, sodium citrate, and ascorbic acid all in
one solution [14]. Ultrafine Cu NPs prepared from an organic
solventwhose particle size canbe controlled down to 1 nm using
poly (N-vinylpyrrolidone) (PVP) as a stabilizer and sodium
borohydride as a reducing agent in an alkaline ethylene glycol
(EG) solvent [15]. The average size was 20 nm when soybean
was used as a chelating agent. These NPs had a spherical form
and were not aggregated [16]. Therefore, a size of 40 nm is
necessary for synthesis using the polyol technique [17]. These
NPs are used as light-collecting NPs and conductive ink. In
the present study, we have optimized the synthesis of Cu NPs
through an electrodeposition method. NPs were deposited on
Cu-tape without any template. We have investigated that, by
changing voltages and pH of solution, the size of Cu NPs can
be controlled.

Materials and Methods

Copper sulfate pentahydrate (CuSO,.5H,0) and sodium
hydroxide (NaOH) were procured from Rankem and used
for electrodeposition without any further purification.
Electrodeposition setup (Figure 1) was carried out with a
conventional two electrode system. Cu strip used as an anode
electrode and Cu tape used as a cathode electrode. Both
electrodes kept in beaker with 5 cm distance and connected
with power supply. The electrolyte solutions with different
molar concentration were prepared in DI water. The optimized
CuSO,.5H,0 aqueous electrolyte solutions were prepared
with two molar concentration 0.1 M (solution C,) and 0.05
M (solution C,). Another, two more electrolyte solutions
were prepared with adding NaOH 2 M in C, and C, and
called CN, and CN,. All four electrolyte solutions were used
for electrodeposition process. Varying voltage 0.2 V- 0.4 V
applied on electrodes to deposit Cu NPs. After deposition of
NPs, Cu tape was removed from the solution and clean several
times by DI water. As-synthesized NPs were characterized by
FESEM, XRD, and UV-Vis spectroscopy for their structural

and optical studies.

Power supply | J
Anode ——— +«—— Cathode
e Cu NPs

Electrolyte solution

Electrodeposition setup

Figure 1: Electrodeposition set-up.

Results and Discussion
X-Ray diffraction

The XRD patterns were recorded on a Rigaku, Cu Ka =
0.154 nm by X-ray diffractometer. The XRD peaks of Cu NPs
appeared at 43.3°,50.4°,74°,89.9°,116.8°,117.3°,and 136.4°
correspond plane (111), (200), (220), (311), (222), (400) and
(331) planes of FCC crystal structure (JCPDS 04-0836) of
metallic Cu, respectively (as shown in Figure 2). The sharp
diffraction peak (200) reveals that Cu NPs highly orientated
and crystalline in phase [18, 19]. The crystallographic planes
of FCC phase matched with JCPDS No 04-0836 and ASTM
03-1005 standard powder diffraction card. These diffraction
peaks are in good agreement with reported literatures [16,
20-22]. 'The intensity of peaks reflects the high degree of
crystallinity of the Cu NPs. This crystalline size was calculated
by Debye Scherrer formula as follow in equation number (1).

0.894

D= cosd

Where A is wavelength, 0 is diffraction angle, B is full
width half maxima (FWHM) and D is crystalline size [23].
The details of FWHM, d-spacing, lattice parameter and crys-
tallite size was tabulated in Table 1 and 2 for sample C1 and
CNI1, respectively. It has been observed that Cu NPs syn-
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Figure 2: XRD pattern of Cu NPs (a) use electrolyte C1 (b) use
electrolyte CN1'
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thesized by chemical method when pH was increased then
observed grain size also ir{creased [24]. The theoretical lattice
parameter of Cu is 3.615A [25]. This value was calculated by

the formula given in equation number (2).

A= —=7T e, 2)

2
Where r is the radius of Cu atom 0.128 nm and a is lattice
constant, the calculated value for lattice parameter is 3.6211
A. Both theoretical and experimental observed values of
lattice constant are comparable.

Field emission scanning electron microscopy

'The surface morphology of nanoparticles was observed by
FESEM as shown in Figure 3. The pH variation on particle
size of all four types of samples were prominent (Table 3).
As per the observation, when pH was increased, particles size
was decreased [26]. On applying 0.4 V on electrodes with
same molar concentration (0.1 M CuSO,.5H,0), particle size
decreased from 65 nm to 30 nm in C1 and CN1, respectively.
Similarly, the particle size decreased from 64 nm to 52 nm in

C2 and CN2, respectively. The pH plays an important role to
control size of the particle [12, 26]. Cu NPs were found to be
spherical in shape as reported by another researcher [23].

Ultraviolet-visible spectroscopy

'The optical characterization performed by Shimadzu UV-
2600 spectrometer ranges between 200 nm to 800 nm. The
absorption peak of synthesize Cu NPs were observed between
220 and 310 nm. NPs absorption peak observed at 587 nm
prepared by other physical methods [23,27]. Band gap of NPs
were calculated by Tauc’s plot on linear fitting. The formula
used for the optical band gap calculation given in equation (3).

ahv = A(hd- E,)"

Where, A is a constant, hv is photon energy, Eg is the
allowed energy gap, for allowed indirect transition, n = 2. It has
been calculated that band gap decrease with increasing pH of
electrolyte solution (4.63 €V to 2.98 €V) as shown in Figure
4.The calculated band gap was having higher value than the
reported study on Cu NPs [20]. Because, in current synthesis
process, the electrolyte solution was solidified on the Cu tape

Table 1: Details of Sample C,.
20 (bkl) FWHM Crystallite size d-spacing Lattice parameter
43.35 110 0.336 25.15997518 2.08517 2.949
50.44 200 0.31 28.01216209 1.8076 3.615
74.168 220 0.288 34.1933739 1.27746 3.613
89.885 311 0.24 46.24564951 1.0904 3.616
116.9167 400 0.288 52.14470141 0.9038 3.615
136.47 331 0.384 55.17354585 0.82941 3.615
Avg. Lattice parameter 3.3488 A
Table 2: Details of Sample CN1.
26 (hkl) FWHM Crystallite size d-spacing Lattice parameter
43.28 111 0.312 27.0887862 2.08859 2.9537
50.31 200 0.096 90.4076915 1.8121 3.6242
74.05 220 0.336 29.2858275 1.27919 3.618
89.928 311 0.384 28.9143612 1.09 3.6151
116.86 400 0.288 52.1027065 0.9041 3.6164
136.486 331 0.336 63.0775404 0.82938 3.6151
Avg. Lattice parameter 3.50708 A
Table 3: Details of particle size distribution of C1, C2, CN1, and CN2. with the deposition of Cu NPs on Cu tape.
. Concentration |Voltage | Particle
Sample | Electrolyte Solutions ™) (Volt) | size (nm) C on Clu sion
1 CuSO,5H,0 01 04 65 In conclusion, a simple and cost-effective technique have
2 Cu80,5H,0 0.05 04 64 been used to synthesize Cu NPs by electrodeposition method
CN1 | CuSO,.5H,0+NaOH 0.1 0.4 30 at room temperature. The synthesized NPs were spherical in
CN2 | CuSO,.5H,0+NaOH 0.05 0.4 52 shape and could be used for various applications in pure or
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Figure 3: Surface morphology of synthesized Cu NPs (a) electrolyte C1,
(b) C2, (c) CN1 and (d) CN2. Particle size distribution of (e) C1, (f) C2,
(g) CN1 and (h) CN.

composite form. The size and shape of NPs can be controlled
by electrolyte solution concentration and applied voltage on
electrodes. The structural and optical characterization shown
prominent results by varying pH of the electrolyte solution.
It has been also observed that agglomeration was decreasing
with increasing pH value.
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