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In this study, cupric oxide nanoparticles was synthesized by chemical precipitation
method. Relevant unique structural, surface morphology with chemical composition and
optical properties are investigated.
purification can be further attained by post calcinations process. The most two
prominent intense peaks (-111) and (111), were found, indicated a crystalline form of
CuO. The SEM images showed that the distribution of crystalline particles which are
agglomeration with cluster shape. The EDX analysis of chemical composition

The improvement in their crystallinity and

percentage found to be the copper is completely oxidized with containing of dual
element (Cu and O).

1. INTRODUCTION

The major development of nanoscale to microscale of
transition metal oxide nanoparticles have showing their
excessive field of catalysis, sensing, supercapacitors due to
their combination formation of nano to bulk creation.
The growth and uses of metal oxide nanoparticles in
consumer products and the release of these metal oxide
nanoparticle into the environment is inevitable [1]. Therefore,
there is a high demand for sensitive and rapid systematic
methods for the detection of metal oxide nanoparticles.
Due to the electroactivity of most of the metal oxide
nanoparticles, electrochemistry represents a facile and
suitable method that could be used for this purpose [2].
The electrochemistry of metal oxide nanoparticles for direct
determination of particle in solution with in the electrode
surface and interface as well as detecting and measuring
redox potential value of the nanoparticles [3]. There is a
nanoparticle based electrochemical capacitors are improved
the higher capacitive value which has leads to improve the
properties of longer life cyclic, very much power density
storage, charge-discharge properties compared normal
capacitors and batteries. Although the supercapacitors make
ultracapacitor and it involves for energy storage device due
to its huge range of application in various fields, such as
electric vehicles, electric utilities, load cranes, factory power
backup and forklifts [4,5]. Therefore, the growth of energy
storage equipment is the significant to the effective use of
energy while improving its structure and function.
The lithium-ion batteries and zinc-ion batteries are a current
market place for energy storage because of their increasing
lightness, portability, and columbic efficiency of cyclic
life[6.7]. The aqueous metal ion batteries are still in initial
stage and mainly focused on the development of cathode
materials. The Al, Zn, Cu, Ni and Co metals are deliveries a
high volumetric energy density and has outstanding
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theoretical capacitance of Ni 3750 (F/g) [8] and Co have
3560 (F/g) [9]. The copper electrode layers used to be a high-
capacity for Li-ion batteries due to the lower surface potential
barrier for diffusion of electron-hole [10] as well as the
copper oxide enhances the viscosity and thermal conductivity
of nanofluids. The challenge with copper oxide is that it is
a more desirable material to synthesis, has controllable
size and shape, and is effective and affordable.

2.Synthesis and characterization

The CuO nanomaterials was synthesized through
chemical co-precipitation method [11,12]. The 50 ml of de
ionized water is used to dissolve 0.02 M cupric acetate
monohydrate Cu(CH3.COO),.H,O) and the solution was
continuously heated upto 80°C and stirred at the temperature
for 30 mins until its pH adjusted upto 8 + 0.2. After cooling
down the solution aged for 24 hours to settled precipitation of
CuO. The precipitate was filtered and the obtained yield was
washed with anhydrous ethanol and deionized water more
than three times to remove the excess of impurities.
Afterward the obtained powder was dry air at 24 hours and
annealed at 500°C at furnace for 4 hours. The formation
Copper Oxide is takes place according to the following Eq’s
(1) and (2)

Cu(OAc), + NH,OH — Cu(OH), +2NH" + H,0

€]
Cu(OH); rapdily converted to CuO on heating

Cu(OH), - CuO + H,0 )
X-ray diffraction pattern was carried out to analyze the

phase and crystallite natue of the Copper Oxide nanoparticle.

The surface morphology along with composition n was
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attained using scanning electron microscopy. . Ultraviolet
Visible NIR spectroscopic measurements was carried out to
estimate the percentage of absorbance and transmittance for
the prepared samples..

3.Result and Discussion
3.1.Structural properties

X-ray diffraction pattern was carried out to find out the
structural features with crystalline nature of syntheszed CuO
nanoparticles. There is no peak response to elemental Cu and
O present in the sample. The peaks for the diffraction angles
that correspond to the Miller indices of the monoclinic (110),
(-111), (111), (-2 0 2), (020), (202), (-113), (-311), (220),
(311) and (-222) planes,respectively [11-13]. The two most
intense peaks corresponds to (-111) and (111), indicated a
crystalline form of CuO with 26 values of 35.53 and 38.75.
As a result of this method, the calculated lattice parameters
for the monoclinic CuO space group C2/c are (a = 5.5005 A
and b = ¢ = 4.9658 A). The peaks of FWHM indicating that
the CuO is a very small crystal and the average particle size
of prepared CuO nanoparticles is calculated with the help of
Debye-Scherrer formula.

0.94

= 3
pcosd
where A is the wavelength of X-rays used (CuKa = 1.5406
A), B is the full width half maximum value in terms of
radians, 0 refers to diffraction angle, the calculated particle
size was 22.65 nm.
The dislocation density is calculated as following equation
1
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Figure 1. X ray diffraction pattern of CuO nano particles
synthesized by Co-preciptitation method

The particle size (D), dislocation density (8) and strain
(e) of the nanoparticles is evident that the micro strain values
decrease with increase in particle size. The calculated
dislocation density indicates intermediate crystallization of
the CuO nanoparticle. The definition of strain is the restoring
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force that can be applied to a material surface to prevent
growth of crystallites along the surface. The following
equation is used to determine the amount of strain in the
produced CuO.

o fcosb

(%)
4

The calculated value of crystallite size, strain and
dislocation density was found to be 22.65 nm, 0.1084 X 103
line? metre™, 2.5 X 104cm™

3.2.Morphology and composition

The surface morphological view with composition of
synthesized CuO nanoparticles was analyzed using Energy
dispersive X-ray analysis attached with scanning electron
microscopy. The clustering of small grains by
coprecipitations approach is shown in Figure 2.
Similar beaviour of surface morphology CuO nanoparticles
nanoparticles synthesized using chemical co-precipitation
reported by Rajeshwari Sivaraj et al [14].The sizes of the
grains is found to be in the range 500 nm. EDX analysis
attached with scanning electron microscopy used to find out
the elements present in the sample. The atomic percentage in
the EDX results demonstrated that the sample's phase
belongs to CuO, and the results are consistent with X-ray
diffraction analysis with phase corresponds to CuO

Figure 2. Scanning electron microscopic image of CuO
nanoparticles sythesized by Co-precipitation method

It confirms that the produced CuO nanoparticles contain
all of their constituent elements, including copper (Cu) and
oxygen (O) which is given in Table 1. The presence atomic
percentage in  the synthesized sample confirmed the
toichiometry.The strong peaks of the EDX data showed that
the produced CuO nanoparticles had an excellent crystalline
phase and that the EDX peak positions were consistent with
CuO. The observation CuO diffraction with strong intensity
and narrow width in the EDX spectrum, show that the
resultant products have crystalline in nature. As a result, we
can draw the conclusion that co-precipitation significantly
influenced particle size. These results are very consistent
with previous research.
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Figure 3 Typical EDX spectra of Copper Oxide
nanoparticle synthesized by Co-Precipitation method

Table 1 Atomic percentage of CuO nanoparticle prepared by

Co-
Element line Mass % Atom %
O K 18.84+ 0.16 | 47.97 +0.42
Cu K 81.16 £ 0.61 | 52.03 +0.39
100.00 100.00
Spc_004 Fitting ratio 0.2219

3.3.0ptical properties

The UV-Visible absorption spectra of CuO nanoparticles
shows maximum absorption peak in UV region at 549 nm is
shown if Figure 4.
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Figure 4 Optical absorbance spectra of CuO nanoparticles
sythesized by Co-Precipitation method

The Tauc plot helps us to calculate the band gap energy in
a crystalline semiconductor. The band gap of the CuO
nanoparticles was obtained by plotting absorptivity (ahv)? as
a function of energy (hv). Extrapolating the linear portion of
the curve to absorption axis gives the band gap energies of
CuO nanoparticles which were 2.1 eV. This band gap energy
value for CuO nanoparticles is slightly higher than theoretical
bandgap value 1.8 eV. Generally, the band gap increases with
decreasing particle size due to quantum confinement [15].
But the band gap does not follow the same trend always, and
it can be affected by other parameters, also like defects
present in the oxides. In the present study, defects prompted
effects are dominating over particle size effect. As a result, a
slightly higher band gap is obtained for as-synthesized CuO
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nanoparticles [16]. For direct transition,

absorption near the band edge follows the equation.
(ahv) = A(hv — E,)"? )

where a, h, v, Eg, and A are the absorption coefficient, Plank
constant, light frequency, band gap energy, and constant a
respectively. The band gap energy was obtained by
extrapolating the linear portion of the (o h v) ™ curve versus
hv to zero. Figures 5 illustrate the UV—Visible diffuse spectra
as well as the Tauc plot of the CuO where the bandgap is
found to be 1.4 eV [17].
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Figure 5. Plot of (hv) versus (chv)? for CuO nanoparticles
synthesized by Co precipitation method

4. CONCLUSIONS

Synthesis and characterization of nano-sized copper
oxide powders via co precipitation method using Cupric
acetate precursors was reported. X-ray diffraction with
Prominent peaks around 20 values 35.53 and 38.75 which are
combinations of (-111) and (111) respectively, have been
identified as the characteristics of monoclinic CuO.
Furthermore, the crystallite size calculated from XRD data
through Debye-Scherrer method produced average size of
22.65 nm for the nanoparticles. The distribution of CuO
crystalline particles was visible in SEM pictures, which were
agglomerations of cluster. Optical properties showed an
absorption band at 549 nm, which is the characteristic band
for Cu completely oxidized and the energy gap value around
2.1 eV with slightly higher than theoretical band gap value
due to the formation of crystal defect.
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