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ABSTRACT

Published: 30-12-2016

Nanocomposite consists of Copper Il oxide embedded in poly isopropanol has been synthesized by refluxing
method using CuCl2 as a precursor, KMnOys as an oxidising agent and isopropanol act as both solvent and polymer. The
surface morphology of the nanocomposite were characterized by SEM and XRD. The optical properties were characterized
by UV/Vis and PL studies and the dielectric properties of the nanocomposite material was calculated through capacitance
and impedance values from AC impedance technique. The size of the synthesized nanocomposite was found to be in the
range of 28 nm to 60 nm. The calculated energy gap from UV/Vis spectrum was 5eV which falls in the range of insulator.
The calculated dielectric constant for CuO nanocomposite was found to be 21.47 and hence it may be used in gate dielectrics

and passive components.
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1.INTRODUCTION

Copper Oxide (CuO) generally has the
characteristics of stable oxides of copper, but its
nanocomposite has change in its physical, chemical and
magnetic properties (Rehman et al. 2011). It has many
spectrums of applications such as electro-optical
properties, catalysis, sensors, solar cells and conducting
film etc,. Mostly many researcher reported that the CuO
nanoparticles as P-type semi conducting materials
(Sanjay Srivastava et al. 2013; Jiji Koshy et al. 2015)
with relatively small band gaps and show many attractive
properties that can be used for variety of applications.
Raja and Deepa (2015) and Nadaf et al. (2015) have
synthesized and characterized polyaniline-copper oxide
nano-composite materials by wet chemical and
polymerization techniques and found that the synthesized
polyaniline-copper oxide nano-composite exhibit
unexpected properties that is lying in between
semiconducting and conducting properties and XRD
studies reveals that more crystalline nature of the
composite materials.

There are many fabrication techniques reported
(Sanjay Srivastava et al. 2013; Jiji Koshy et al. 2015;
Pravanjan Malik, 2014; Kumar et al. 2001, Hly-
Cherrey et al. 2002; Yu et al. 2007; Wijesundera, 2010;
Wang et al. 2012) that are available for the preparation
Copper Il Oxide nanocomposite such as, Sol-gel,
chemical precipitation methods, combustion method and
refluxing method. Among these methods, refluxing
method has been chosen for the present study of synthesis

of CuO nanocomposite, because this method regulate
constant energy in chemical reaction and it can regulate
constant temperature on fixing suitable solvent for the
synthesis of CuO nanocomposite. In this paper, we
describe the synthesis of CuO nano-composite materials
embedded in Poly-isopropanol by reflux method. The
prepared samples and its electronic properties were
characterized by UV/Vis, PL and Impedance spectrum
and their size, shape and crystalinity properties were
characterized by X-ray diffraction (XRD) and scanning
electron microscopy (SEM) and finally the existence of
polymer was also confirmed by FTIR spectrum.

2. EXPERIMENTAL PROCEDURE

All the chemicals which are used in this
experiment were of AR grade. The preparation of CuO
composite nanoparticles were carried out using refluxing
method (12) at 83°C temperature and in this method 0.5
g of CuCl, mixed with excess of solvent isopropanol
(100 mL) and the mixer was heated at 83 °C and then
KMnO, (0.94 g) solution was added slowly to the parent
solutions. The mixture was carried out for 4 hrs in
refluxing process, after 4 hrs refluxing we got a
nanoparticles of black colour, that confirm the formation
of Copper Il oxides (CuO) and in presence large volume
of solvent isopropanal it forms nanocomposite and the
synthesized CuO nanocomposite was kept in microoven
for 24 hrs. The sample was taken out from the oven and
then air dried.
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3. RESULTS & DISCUSSION

3.1 Electronic Properties of CuO Nanocompsite
by UV/Vis Spectroscopy

The UV/Vis optical absorption spectrum of
grown CuO nanostructures embedded in poly
isopropanol was taken as shown in fig.1. In this the
spectrum optical absorption was analysed to get the
energy band gap of the material.
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Fig. 1: UV/Vis absorption spectra of copper oxide
nanocomposite synthesized by refluxing method

The material has a good optical absorption in the
UV region and the cut off wavelength (Acut) iS Observed
to be at 248nm which is more towards blue shift. The
band gap energy (Eg) was calculated using the following
well known equation.

E=hC/ 1 eV (1 eV = 1.602176565x 101%))
Eq=1240/) eV
where,
E4- Bandgap energy (eV)
A- Absorption wavelength (nm)

Band gap of copper oxide nanocomposite value
was found to be 5eV. Thus ascertain that the
nanocomposite was insulator.

3.2 Electronic Properties of CuO Nanocompsite
by Photoluminescense Spectroscopy

The photoluminescence spectrum display
emission band with a maximum 362.92nm and a shoulder
at 522.69 nm (as shown in fig.2), which could arise from
inhomogeneous size of copper oxide nanocomposite. The
copper oxide exhibit a strong emission peak in the near
UV region and a broad band in the visible region. The
strong peak seen at 362.92nm corresponding to the near
band edge (NBE). The intensity of the NBE emission of
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CuO nanoparticle is dependent on the nano crystalline
structure.
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Fig. 2: Photoluminescence spectra of copper oxide
nanocomposite synthesized by refluxing method

3.3 Functional Group Characterization of CuO
Nanocomposite by FTIR study

The spectrum of CuO nanocomposite powdered
specimen was taken in the range of 400-4000 cmwave
length as shown in fig.3. For the peaks in the range of
580-990 cm* are attributed to the C-H bending vibration
of —~HC-CH- bond. The two absorption peaks that appear
at 1730 and 1135 cm™ are due to the O-H bending and C-
O stretching.
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Fig.3: FTIR spectra of copper oxide nanocomposite
synthesized by refluxing method

The bands observed at 3452 cm? are
characteristics of O-H stretching vibrations. The peak in
the range 724-860 cm is attributed to the C-H bending
vibration of the —-HC-CH- bond. This study confirm
existence of the polymer isopropanol along with grown
CuO nanoparticles.
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3.4 Dielectric Properties of CuO Nanocomposite
by AC-Impedance Study

The dielectric properties of CuO nanocomposite
was calculated by Impedance Spectroscopy (of Model
VERSA STAT MC) with the frequency range of 1 Hz to
1MHz. The study of  impedance spectrum of CuO
nanocomposite as shown in the fig.4 Nyquist plot. From
the plot the impedance value, capacitance value and
dielectric properties of the nanocomposite  were
calculated. The impedance spectra of CuO
nanocomposite exhibited semicircle indicate that the
electrical conductivity value was very low compared
with bulk and nanomaterial of CuO.

Dielectric properties was calculated from AC-
Impedance spectrum by substituting the calculated values
of capacitance (0.1106 nF) and impedance (10k.Ohms)
in the following equation:

C=¢g e Ald

where C= Capacitance
A = Area of the sample
d = dimeter of the sample
€ = permittivity of the vacuum
&r = Dielectric constant

Dielectric constant = 21.
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Fig.4: Nyquist plot of copper oxide nanocomposite
synthesized by refluxing method.

3.5 Characterization of Surface Morphology by
SEM

Surface morphological characteristics such as
particle size, shape has been characterized by Scanning
Electron Microscopy (SEM) (Model ZEISS). The SEM
image of CuO embedded in polymer isopropanol was
shown in fig 5. From the SEM image it was observed that
the synthesized CuO composite nanoparticles were in
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crystal form. The morphology of the prepared CuO
nanoparticles in polymer composite is looks like pollen
grain with a non uniform size of 28 nm to 60 nm.
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Fig. 5: SEM image of CuO Composite nanoparticles with
polymer isopropanol

3.6 Characterization of Surface Morphology by
XRD

X-ray diffraction study of copper oxide
nanocomposite synthesized by refluxing method was
observed to be in purely crystalline in nature and it was
shown in fig.6. Average particle size of copper oxide
nanoparticle was found to be in the range of 28.41nm.

The XRD spectra showing the intense peak at
28.41° is having plane (020) which is the crystal plane of
CuO. The low intensity peak at 16.27°, 32.41°, 39.82°,
40.5°, 50.29° and 53.69°which match well with the plane
(001), (02-1), (11-1), (111), (003) and (130) indicates that
the prepared CuO composite is highly crystallines
characteristic of pure monoclinic crystals and well
arrange in specific orientation. The size of the copper
crystals were estimated from the Debye-Scherer
equation.

D = KACOSO/B

Where, K is the Scherer constant, which is
related to the crystallite shape and are the radiation
wavelength and Bragg’s angle, respectively and is the
full width at half maximum of the diffraction peak. The
crystal size of the products as calculated by Scherer
formula was 28.41nm.

Grain Size Calculation

The average grain size is calculated from the
Scherer’s formula,

D=0.9Cos0 /B
where,
A is the wavelength of copper k line (1.54056A)
0 is the diffraction angle
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B is the full width at half maximum of the peak
D is the average particle size

Dislocation Density

The dislocation density was calculated from the
grain size using the following equation:

8 =1/D?
Strain
The strain was calculated by the formula,
e=pCOS0/4
Where,

B is the half width full maximum
Inter Planar Spacing (hkl)

The inter planar spacing (hkl) was calculated using
the formula,

1/d?=h?/a’sin?y+k?/b%sin%y-2hkcosy/absin?y+1%/c?
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Fig. 6: Powder XRD spectra of CuO nanocomposite

Table 1. Characterization of surface morphology

Grain Dislocation Micro
Material size Density strain
(nm) Kg/m?®
CuO 28.41 0.00349 0.075511

4. CONCLUSION

Copper 1l Oxide nanomaterials embedded in
Polyisopropanol has been synthesized by refluxing
method. The electronic properties of this nanocomposite
by UV/Vis and PL studies confirmed that it has large
band Gap value of 5 eV. The FTIR spectrum reveals that
the existence of polymer (poly-isopropanol) on the CuO-
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Polymer composite matrix. The XRD studies
characterizes the crystalline nature of CuO
nanocomposite. The SEM study observed that the size of
the grown CuO in the polymer has non uniform size in
the range of 28nm-60 nm. The AC-Impedance study
confirmed the composite material has dielectric property
and the calculated dielectric constant was 21. From these
above studies conducted it was concluded that the CuO-
polymer nanocomposite possess crystalline nature along
with dielectric properties.

FUNDING

This research received no specific grant from
any funding agency in the public, commercial, or not-for-
profit sectors.

CONFLICTS OF INTEREST

The authors declare that there is no conflict of
interest.

COPYRIGHT

This article is an open access article distributed
under the terms and conditions of the Creative Commons
Attribution (CC-BY) license
(http://creativecommons.org/licenses/by/4.0/).

OMOM

REFERENCES

Illy-Cherrey, S., Tillement, O., Dubois, J. M., Massicot,
F., Fort, Y., Ghanbaja, J. and Begin-Colin, S,
Synthesis and characterization of nano-sized
nickel(1l), copper(l) and zinc(Il) oxide nanoparticles,
Mater. Sci. Engg. A., 338(1-12),70-75(2002).
https://doi.org/10.1016/S0921-5093(02)00057-6

Jiji Koshy, Soosen Samuel, Anoop Chandran, Pournami
Vijayan and George K. C., Dielectric properties of CuO
nanoparticles prepared by precipitation method, Int. J.
Chem. Phy. Sci., 4(2), 71-77(2015).

Kumar, R. V., Elgamiel, R., Diamant, Y., Gedanken, A.
and Jochen Norwig, Sonochemical preparation and
characterization of nanocrystalline copper oxide
embedded in poly (vinyl alcohol) and its effect on
crystal growth of copper oxide, Langmuir, 17(5),
1406-1410(2001).
https://doi.org/10.1021/1a001331s

Nadafi, L. I. and Venatesh, K. S., Polyaniline-Copper
oxide nano-composites: synthesis and characterization,
Mater. Sci. Res. India, 12(2), 108-111(2015).
https://doi.org/10.13005/msri/120204


http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/S0921-5093(02)00057-6
http://dx.doi.org/10.13005/msri/120204

V.Shanmugam et al./ J. Environ. Nanotechnol., Vol. 5(4), 34-38 (2016)

Pravanjan Malik, Synthesis of copper oxide
nanocomposite  (Cu,O/CuO) by Sol-gel Route,
Proceeding of the national academy of science, India
Section A: Phy. Sci., 84(3), 387-389(2014).
https://doi.org/10.1007/s40010-014-0131-y

Raja, S. and Deepa, M., Synthesis and characterization of
polyaniline-copper(ll) oxide nanocomposite by wet
chemical route, Ind. J. Adv. Chem. Sci., 3(2), 198-
203(2015).

Rehman, S., Mumtaz, A. and Hasanain, S. K., Size
effects on the magnetic and optical properties of CuO
nanoparticles, J. Nanopart. Res., 13,2497-
2507(2011).
https://doi.org/10.1007/s11051-010-0143-8

Sanjay Srivastava, Mahendra kumar, Arvind Agrawal
and Sudhanshu Kumar Dwivedi, Synthesis and
characterisation of copper oxide nanoparticles, J. App.
Phy., 5(4), 61-65(2013).

38

Wang, S. L., Li, P. G, Zhu, H. W. and Tang, W. H.,
Controllable synthesis and photocatalytic property of
uniform CuO/Cu,O composite hollow microspheres,
Powder Technol., 230, 48-53(2012).
https://doi.org/10.1016/j.powtec.2012.06.051

Wijesundera, R. P., Fabrication of the CuO/Cu,0O
heterojunction using an electrodeposition technique
for solar cell applications, Semicond. Sci. Technol.,
25(4),045015(2010).
https://doi.org/10.1088/0268-1242/25/4/045015

Yu, H., Yu, J., Liu, S. and Mann, S., Template-free
hydrothermal synthesis of CuQ/Cu,O composite
hollow microspheres, Chem. Mater., 19(17), 4327-
4334(2007).
https://doi.org/10.1021/cm070386d



