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In this study, copper oxide nanostructures were created using argon plasma
jets. Many methods include X-ray diffraction (XRD), Fourier transform infrared
(FTIR), and ultraviolet and visible spectroscopy. The XRD pattern of the
prepared CuO NPs, and the peaks obtained from CuO nanoparticles were
detected at (26 = 32.69°, 35.73°, 38.92°, 46.49°, 49.06°, 51.62°, and 53.71°)
58.66°, 61.86°, 66.12°, 66.74°, 68.50°, 72.93°, and 75.40° for levels (110) (1117)
(111) (1127) (2027) (112) (020) (202) (1137) (022) (3117) (220) (311) (004). These
obtained peaks correspond to the crystal structure monoclinic type with lattice
constants (a = 4.6350, b = 3.4100, and ¢ = 5.1080 A°), space group (C 12/C 1 no.
15), and crystalline angles (o= y= 90°, B= 99.48°) that closely matched the
standard data (JCPDS 96-101-1149). The obtained XRD results of prepared
CuO nanoparticles confirmed that the typical crystalline size of CuO
nanoparticles is about (24.36 nm). FTIR spectrum showed the main vibration
characteristic peaks at 424, 574, 1635, 2352 and 3268cm™! of the synthesized
CuO NPs. The obtained broad bands referred to the structures of copper oxides
consisting of nanocrystals. The detected CuO nanostructures' UV-Vis findings
showed a wide peak of absorption within the wavelength extending from 300
cm to 400 cm™!, and calculated band gap energy equal to (1.4 eV).
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1. Introduction
The photovoltaic,
electrochemaical,

electrical,
photocatalytic

[4, 5]. Compared with other methods of creating
nanoparticles, plasma provides several benefits,
including reduced operating and maintenance costs,

thermal,
catalytic

magnetic,
and

properties of oxides have led to significant progress
in the use of non-thermal plasmas in many fields and
applications, including photovoltaics (solar cells and
diagnostic  sensors), conductive applications
(conductive inks), and cosmetics. Among the
nanoparticles, copper oxide nanoparticles (CuO NPs)
have received much attention in this regard [1].
Atmospheric pressure non-thermal plasma jets
(APPJs) have low gas temperatures and are therefore
called cold plasmas. Reactive species are present in
the plasma plume generated by the inert gas flow
that creates a glow in the surrounding air. Due to
their beneficial properties, they have shown great
potential in industrial fields, such as those involving
tissue processing, low-temperature sensitive cells,
polymers and electronics [2-3].The non-thermal
plasma is an ecologically benign alternative to the
chemical synthesis of metal nanostructure materials

shorter processing time, and the absence of waste or
hazardous substances [6]. Considering that the
characteristics of metal oxide nanoparticles are
frequently different from those of bulk materials,
scientists and users are interested in them [7]. This
work aims to study part of copper oxides' optical and
structural characteristics nanostructures and
explain the mechanism by which these
nanostructures are created via plasma interaction
with copper in the presence of water.

2. Materials and Method

A plasma jet was used to create CuO NPs. (Figure 1)
the plasma system diagram is shown with a picture
of the discharge. The device was a stainless steel tube
(anode) with an internal diameter of (0.6 mm) and a
tube length of (7 cm) and located three centimeters
from the front of the cathode. A copper plate of width
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(3 cm) and length (7 cm) was used as the positive
electrode and immersed in a vacuum (2cm?) with a
distance of 3 mm separating the needle tip from the
surface of the liquid (deionized water). The syringe
attached to the argon is discharging gas. The reaction
was an acquired glass vessel (5.5 cm in width and 8.5
cm in length), after which distilled water was used to
clean the polished copper electrode. The copper strip
was subsequently immersed in an electrolyzer, where

an AC power source provided a voltage of 10 kV at a
frequency of 8.4 kHz to initiate the discharge current
used for discharge was 4 to 8 mA. The copper strip
was immersed in distilled water for approximately 20
mL and then bombarded with plasma at different
times until a slight color change in the water
appeared. That is, the electrolysis system was
exposed for (3 minutes). As seen in (Figure2), the
electrolyte's color altered.

Cathode (Hollow mre';’;
stainless steel needle) —¥
31 » O—ﬂ— D &
V% 4
% DC Power supply / — 2
o
Ar plasma jet j 2
Anode (Cu in
deionized w
Movable stage sample-holder -

Figure 1. Schematic of plasma jet.

Figure 2. (Online color) Discharge duration (3 minutes). 5 mA is

the discharge current. The distance is 3 mm.

3. Results and Discussion

The detected XRD peaks at the diffraction angle (26°)
verified the prepared nanoparticles using the argon
atmospheric plasma jet (AAPJ), to determine the

crystal structure type and phase purity, and
compared with the JCPDS standard card. Figure 3
presents the characteristic XRD peaks of synthesized
CuO NPs.
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Figure 3. XRD pattern of the prepared copper oxide nanoparticles (CuO NPs)

The obtained detected at (26 = 32.69°, 35.73°, 38.92°,
46.49°, 49.06°, 51.62°, and 53.71°) 58.66°, 61.86°,
66.12°, 66.74°, 68.50°, 72.93°, and 75.40° for levels
(110) (1117) (111) (1127) (2027) (112) (020) (202)
(1137) (022) (3117) (2200 (311) (004). These
characteristic peaks corresponded with the
monoclinic type structure, space group (C 12/C 1 no.
15), and lattice constants (a = 4.6350 A°, b = 3.4100
A° and ¢ = 5.1080 A°®), and crystalline angles (CuO
NPs' peaks were a= y= 90°, B= 99.48), these detected
peaks were consistent with the reference data
(JCPDS 96-101-1149). The observed XRD results for
the prepared CuO NPs proved that no impurity peaks
were detected; indicating high-purity CuO NPs.

From the Debye-Scherrer formula, the crystalline
size was estimated for the synthesized CuO NPs.

K2
FWHM (26) = (L — 0) (D)

where K is a unitless constant that depends on the
shape of the crystal and is often of the order of =0.9...
L/ peak width at average height... 6/ Bragg angle. 1/
Wavelength (nm). Furthermore, CuO NPs'
crystalline size is about (24.36 nm). Table 1
represents the XRD calculations of the synthesized
CuO NPs. The FT-IR, or Fourier transform infrared
spectroscopy, was used to examine the functional
groups within the prepared CuO NPs in this work.
The formation of chemical bonds within the CuO NPs
structure was detected.

Table 1. The XRD calculations of the synthesized CuO samples.

20 20 .
S| Bxprmena | PPN | Lo | dome | Gl |
(deg) (deg)
Co Oxide Nanoparticles (CuO NPs)
35.73 35.96 0.2749 2.5108 2.4954 27.51 (002)
38.92 39.17 0.3246 2.3117 2.2985 23.07 (111)
49.06 49.21 0.2821 1.8553 1.8553 25.61 (-202)
61.86 61.98 0.3206 1.4985 1.4986 21.25 (-113)
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The FT-IR spectrum was recorded inside the 400
wavenumber range to 4000 cm (see figure 4). The
FT-IR peak was acquired, and the spectrum
presented the vibrations bonds of the O-H bond, C=C
bond and Cu-O bond within the CuO structure.
Therefore, CuO nanoparticles were successfully
fabricated using the plasma (jetting) method. The
characterization of the surface functional groups of
the biotinylated copper nanoparticles is presented in
(figure 4). The characteristic vibration bands were
detected at (424, 574, 1635, 2352 and 3268 cm™). The

strongest bands at (3268 and 1635 cm® due to the
vibrations of the copper-oxide bond [11]. The peak at
(710 cm™) is ascribed to Cu-O bond vibrations, which
proved the existence of the metal oxide group within
the prepared CuO NPs. The presence of a hydroxide
group in the sample was confirmed by the vibration
peak at (3268 cm?). This finding can be attributed to
water, it is a chemical by-product that adheres to the
surface of copper nanoparticles and can be vaporized
by further heating.
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Figure 4. CuO NPs' FTIR spectra.

The UV spectroscopy was utilized to investigate the
optical characteristics of synthesized CuO
nanostructures by the (AAPJ) preparation approach.
The optical characterisation reveals the specifics of
the band gap energy and absorption of CuO
nanoparticleThe band gap energy is considered one of
the most important features, in addition to the
absorption aspect when studying the optical
characteristics. The band gap energy was estimated
using Planck's formula, which can be found in

equation (1) [5].
hc 1240

g e T (2)
where (h) represents the Planck's constant of (6.626
x 1073* J.s), (Eg) is the energy band gap, (c) explains
the velocity of light (3 X 108 m/s), and () represents
the wavelength that can be estimated from the linear

portion of the absorbance spectrum. From the
obtained UV—Vis spectrum of prepared CuO NPs, A
wide-ranging absorption band extending from the
wavelength (300 nm) to (400 nm) (Figure 5). The
optical absorption band moved to a longer
wavelength (red shift) compared with the absorption
band of the bulk CuO [10]. The CuO nanoparticles'
absorption coefficients were visually computed using
Tauc's relation, as presented in equation (2), for
direct transitions [9].
(ahv)" = A(hv — E;) ...(3)

The band gap energy is represented by (Eg), whereas
(o) explains the absorption coefficient, (r) is the value
of direct transition (r = 2), (v) is photon frequency and
(A) is a constant of (0.9). A common method for
determining the band gap energy is illustrated in
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Figure (6), where the (x) axis is used to intercept the
linear extrapolation portion and consider the
relationship between (ahv)” And photon energy (hv).
Energy of The spacing between the bands was
estimated to be (1.4 eV), this value is lower than the
band gap observed in the literature [8, 9].

1.0

381nm CuO
0.9 4

0.8 4

0.7

0.64

Absorbance (au)

0.5+

0.4+

200 300 40 500 600 700 800 900 1000
Wavelength (nm)
Figure 5. CuO nanoparticles' optical absorption

spectrum.
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Figure 6. CuO nanoparticles' band gap energy

4. Conclusions

Argon plasma jetting has successfully produced pure
and crystalline CuO NPs, with an average crystalline
size is (24.36 nm). The synthesized CuO NPs in this
report demonstrated that the nanoparticles recorded
high activity in the visible light for photovoltaics, and
showed excellent absorption and band gap energy

characteristics. Based on XRD and FTIR, CuO found
in nucleophilic compounds has mass transfer.
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