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Abstract
Cupric oxide nanoparticles CuO NPs can be produced by sol-gel. The copper oxide nanocomposite
(CuO/PAG) was prepared by added suspension solution of CuO NPs to polymer blend (PAG) which
was prepared by mixing poly acetal resin with gelatin. The nanoparticles morphology is categorized
through powder X-ray diffraction (XRD) along with scanning electron microscopy (SEM). Using the
Scherrer formula, the average crystallite size of CuO nanoparticles can be computed. The analysis
of powder XRD shows a formed monoclinic CuO phase with 15 nm average particle size. There is
good agreement between the data obtained by XRD and microscopic measurements. The
electrochemical characteristics for synthesized nanocomposite have been examined. The dielectric
performance for a sample involving dielectric loss, AC conductivity and dielectric constant has been
recorded under numerous frequency levels.
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INTRODUCTION
Generally, numerous metal oxides are obtainable in
the nature, but several metal oxides have been in higher
practicality based on their regular applications in their
scientific and technological fields. The transition metals
in the periodic table have been copious based on
copious application fields. Several transition metal
oxides examples are ZnO, TiO2 and Fe3O4, etc. They
turned out to be potential candidates for so many
applications. Similarly, CuO has been as well one of an
advantageous metal oxides with countless applicable
fields. The distinctiveness for CuO nanoparticles is that,
while they have been metallic plentifully, they act similar
to semiconductors in term of nanometric size.
Semiconductor materials are predominantly remarkable
due to their huge applied significance in optoelectronic
and electronic devices like electrochemical cells (Rai et
al. 2019) gas sensors (Katti et al. 2003) , magnetic
recording devices (Liu et al. 2012; Olayiwola, et al,
2015), field emitters (Hsieh et al. 2003),
superconductors high tc (Sagadevan et al. 2018) , nano
fluid (Chang et al. 2011) and catalysts (Zhang et al.
2019) , etc. As a result of potential CuO, it behaves as a
catalyst. Nonetheless, all metal oxides have been not
advantageous for catalytic actions. The manufacture of
super capacitors with CuO has been highly practical. It
has a broadband gap almost equivalent to ZnO within
nano range. A favorable band separation of CuO of
about 2.6 eV creates it suitable for the solar energy

conversion, and it is feasibly employed as a solar cell
window material. Nano-fluids stands for applicable
refrigerant in refrigerators. These nanofluids are
integrated with the carrier liquid for improving energy
transfer as compared to the carrier liquid lonely. CuO is
feasibly employed as a refrigerant material, and it
effectively acts as temperature controller as similar as
other TiO2 refrigerants, silver and alumina particles, etc.
The nanomaterials characteristics rely mainly on the
nanopowders size, the morphology and the particular
surface area of the primed materials. Several features
depend very much on the preparation approaches.
Previous studies on CuO nanocrystals had given
different physical, chemical and electrical binding
features. Lattice tension and structural disorder feasibly
varies the material properties in diverse applicable fields
of chemical engineering. There are several approaches
for manufacturing CuO nanoparticles. Among those who
have chosen the sol-gel method for the preparation of
CuO nanoparticles. One of them has been in higher
preference and extensively adopted in synthesizing the
nano particles. The particle size of the various preparing
methods are listed. For MOCVD [metal-organic
chemical vapor deposition], the size of CuO
nanoparticles is ranged from 0.05 to 8 μm (Condorelli et
al. 1999). The sonochemical method has been around
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Fig. 1. XRD Patterns of CuO NPs and CuO/PAG

10 nm to some microns (Vijaya et al. 2001). Several
consequences have shown in several reported papers
within CuO nanoparticles range of 18-20 nm in the solgel method (Aparna et al. 2012). An average diameter
for CuO nanoparticle in solid state reaction is reported in
the range of 15-20 nm (Cao et al. 2004). Smaller CuO
nanoparticles have practiced by electrochemical
process with a size of about 4 nm (Borgohain et al.
2000).

MATERIAL AND METHODS
Preparing CuO Nanoparticles
CuO nanoparticles have prepared through sol-gel
method. An aqueous solution of CuNO3.6H2O (0.1 M)
was put in round bottom flask, then was heated to 65ºC
with continuous stirring. About 0.5 M NaOH has inserted
to above heated solution until pH is reached to 12. The
solution color is changed to dark blue green
instantaneously. The precipitate was centrifuged and
washed three to four times with deionized water. The
gotten precipitate turned to black after drying it in oven
for complete day at 100ºC. This CuO powder was
employed for the material characterizing (Aparna et al.
2012, p. 157).
Synthesis of Resin
The resin was prepared from dissolved (1.38)g of
Pentaerythritol [C5H12O4]with (0.31) g Glutaraldehyde
[C5H8O2] in the presence of a catalyst drying agent
[ZnCL2] in (15ml of benzene, 4ml of ethanol and two
drops of HCL acid) and heat under reflux at 70ºC for 72
h. The polyacetal formed has precipitated in the mixture
of cold solvent of Et3N: MeOH (2: 5). Subsequently, the
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precipitate has filtered, bathed and dried at 50 ° C
overnight under vacuum (Cohen et al. 1962).

Synthesis of Film Blended (PAG)
Poly acetal resin was blended with gelatin (1:1) to
prepare thin film (PAG). Solution of resin was prepared
by dissolved (0.5)g in 100ml distillated water. After that,
0.5 g of gelatin was added with mixture by mechanical
stirrer for 1h at room temperature and poured into the
mold of (5x5)cm2.
Synthesis of Copper Oxide Nanocomposite
(CuO/PAG)
Suspension solution of CuO NPs was dispersion by
ultrasonic. The same method used as prepared PAG
except added suspension of CuO NPs (1%).
The crystalline phases of CuO nanoparticles and its
composite have investigated based on X-ray
Diffractorometer (XRD) using CuKα as radiation source
(40 kV, step size 0.020, scan rate 0.50 min – 1). The
morphology of the prepared samples was carried out
through scanning electron microscope (SEM, HitachipSEM S- 3400n, Germany).
RESULTS
XRD Analysis
The XRD analysis has given sequential diffraction
peaks at 2θ of 32.56, 35.54, 38.73, 48.81, 53.52, 58.15,
61.53, 66.22, 67.92, 72.23, and 74.77 which can be
consigned to (110), (–111), (111), (–202), (020), (202),
(–113), (–311), (220), (311), and (004) planes,
respectively (Fig. 1). All diffraction peaks well matched
the monoclinic CuO phase (standard JCPDS File No.
45-0937). The average crystallite size of CuO NPs has
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Fig. 2. SEM Images of a: CuO NPs, b: PAG, and C: CuO/PAG

computed using the Scherrer formula: D = 0.9λ/βcosθ,
where D stands for a crystallite size (nm); β represents
a full width at half maximum of the peak; λ has been the
X-ray wavelength of CuKα = 1.54 A, and θ is the Bragg
angle (Klug and Alexander 1974) . The same peak was
appeared in XRD pattern for CuO/PAG but with law
intensity which indicated the existence of an amorphous
structure (Aleksandrov et al. 2015). An average grain
size computed through Debye-Scherrer formula is about
15 nm.
SEM Analysis
The SEM images of CuO have been explained by
Fig. 2a. The recorded SEM images in 2 μm
magnification have shown a distinct and interesting
particles shapes with seamless arrangement. The CuO
nanoparticles have been as jasmine buds. During

looking at close up, it was given many details concerning
the rearrangement and structure. The buds like particles
have been satisfactorily disconnected from each other.
Fig. 2b gives clear depiction about surface morphology
of PAG while 2C image for CuO/PAG surface at similar
magnification, shows a modification of surface texture
for PAG.
Study of Electrical Properties
Conductivity investigations and dielectric behavior in
Fig. 3, explain the behaviour of dielectric constant έ with
frequency for CuO, PAG and CuO/PAG at room
temperature. Accordingly, it is perceptible that the real
amount of dielectric constant always drops swiftly as
frequency increases. As frequency increases, έ reaches
constant value. CuO explains the highest magnitude of
dielectric constant than CuO/PAG. However, PAG was

2971

EurAsian Journal of BioSciences 14: 2969-2974 (2020)

Farooq et al.

Fig. 4. Dielectric Loss (ἕ) vs log Frequency for CuO,
CuO/PAG, PAG
Fig. 3. Dielectric Constant (έ) vs log Frequency for CuO,
CuO/PAG, PAG

in a performance of the insulating material with raised
frequency. The electron interchange between a polymer
chain and CuO provides a limited electrons shift that
generates polarization in a blend nanocomposite.
Nanostructured CuO stands for the carrier dominated
dielectric and gives frequency dispersion as a result of
space charge polarization. The interfaces with huge
fractions in dielectric nanostructured samples have
many defects including vacancies, dangling bonds,
micro porosities and vacancy clusters that result in
changed positive and negative space charge distribution
in interfaces (Kumar and Ravinder 2002). In the case of
it is subjected to the electric field, these space charge
will be moved. As they have been trapped by defects,
numerous dipole moments can be established. In low
frequencies, these dipole moments are straightforwardly
go along with the electric field change. Henceforth, the
dielectric constant has been huge at low frequency. In
typical dielectric performance, the dielectric constant
stays practically constant at high frequency. This is due
to intrawell hopping becomes prominent and the charge
carriers don’t have sufficient time for extensive range
hopping before field reversal beyond certain frequency
for the electric field. Consequently, only intrawell
hopping occurs in the high-frequency region owing to an
average hopping distance for intrawell hopping with
single lattice space. intrawell hopping has been within a
few nanometers. In consequence, polarization lessens
as the signal frequency has been raised (Patil et al.
2000).Dielectric loss (ἕ) as a frequency function ranged
from 20 –106 Hz under room temperature for the
CuO,CuO/PAG, and PAG are plotted in Fig. 4. It is
revealed that the dielectric loss as well lessens
precipitously as frequency raises (Yang et al. 2020).A.C.
electrical Conductivity (σ) in Fig. 5, describes the AC
conductivity of CuO, CuO/PAG and PAG at dissimilar
frequencies. It has been obvious from Fig. 5 that AC
conductivity of CuO has considerably greater as
compared with the CuO/PAG. The conductivity has been
raised with frequency. The composite conductivity is
subjected
to
macroscopic
and
microscopic
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Fig. 5. AC Conductivity (σ) vs log Frequency for CuO,
CuO/PAG, PAG

conductivities. The microscopic conductivity is subjected
to an interacted molecules, chain length and conjugation
length. The macroscopic conductivity is subjected to
homogeneities in the composites, pellets compactness,
microparticles orientation, etc. In the current research
article, a nanocrystalline behavior of CuO particles is
possibly given rise to upsurge in composites orderliness
that is set by XRD and SEM. This orderliness raises the
smallness and molecular orientations with increased
macroscopic conductivity (Ramesan 2012).

CONCLUSIONS
An uncomplicated and economical strategy was
developed in this study for obtaining CuO/PAG
nanocomposites. Homogenous dispersion of CuO with
monoclinic phase has detected over the PAG surface.
Surface morphological properties based on shape and
particle size have demonstrated through SEM analysis.
The PAG electrochemical performance has been
boosted as a result of copper oxide nanoparticles in its
matrix. Therefore, the electrochemical fallouts put
forward that CuO/PAG nanocomposite has been a
noticeable choice for efficient supercapacitor devices.
The dielectric loss, dielectric constant and AC
conductivity have investigated, and the magnitudes
have estimated at diverse frequencies and room
temperature. The dielectric constant and dielectric loss
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magnitudes have been inversely proportional with the
increased frequency.
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