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Abstract:- A simple method for the synthesis of Nano-rod like
copper oxide nanostructure has been reported using sodium
hydroxide (NaOH) and ultrapure deionized (DI) water and
ethanol as precursor. Efforts were made to see effort of sodium
hydroxide amount of different properties of the materials thus
three sample were synthesized with different amount of sodium
hydroxide precursors. The as-prepared sample was
characterized by X-Ray diffraction (XRD), field emission
scanning electron spectroscope study. Also the samples were
characterized further with the help of Fourier-Transformed
infrared (FTIR) spectroscopic study as well as Raman
Spectroscopic study taken in reflection mode. XRD conforms
the proper Phase formation of the sample whereas the
microscopic analysis has given an idea about the morphological
as well as dimensional information. FTIR study gives the
information regarding the different bonding present in sample.
Reflection study shows that, due to the change in the precursor
amount, there is a marked difference in the reflection spectra
as well as optical gap of the sample.
Keywords: Microscopic Study, Nano Structures, Copper Oxide,
Optical Property, Electrical Property.

INTRODUCTION
Nano scale metal oxide materials have been attracting much
attention because of their unique size- and dimensionalitydependent physical and chemical properties as well as
promising applications as key components in micro/Nano
scale devices. Cupric oxide (CuO) nanostructures are of
particular interest because of their interesting properties and
promising applications in batteries, super capacitors, solar
cells, gas sensors.
Copper oxide is a semiconductor material and has a natural
abundance of starting material (Cu). It is non-toxic and
easily obtained by the oxidation of Cu. Copper oxide is one
of the important metal oxide which has attracted recent
research because of its low cost, abundant availability as
well as its peculiar properties. It is used in the fields like
catalysis, superconductors, ceramics as a kind of important
inorganic materials etc.
CuO has been used as a basic material as the
superconductivity in these classes of systems is associated
with Cu-O bonding. Among all metal oxide nanoparticles,
copper oxide has gained the most interest because of its wide
applications, such as in solar cell technology, field emission,
magnetic storage media, lithium ion batteries, gas sensing,
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drug delivery, magnetic resonance imaging, and field
emission devices.
Applications
CuO first attracted attention of chemists as a good catalyst
in organic reactions but recently discovered applications of
CuO such as high-Tc superconductors, gas sensors, solar
cells, emitters, electronic cathode materials also make this
material a hot topic for physicists and materials science
engineers. Some of the most interesting applications of CuO
Nanomaterial’s are sensing, photo catalyst, and super
capacitor.
CuO Nano-materials have wide range of applications in the
several fields i.e.
In very first huge application in electrical and electronics
devices.
Super-capacitors and Electrodes for Lithium Ion Batteries
Sensing Applications
Photo catalyst and Solar Energy Conversion Field Emission
Effect [6]
EXPERIMENTAL
Materials
Copper chloride (Cu), Sodium hydroxide (NaOH) and
Ultrapure Deionized (DI) water and ethanol. All materials
were purchased and used without further purification.

Synthesis procedure
CuO nanostructure was synthesized by precipitation method
using copper chloride (Cu). First. Copper chloride was
dissolved in 100 ml deionized water to form (0.1M)
concentration, NaOH solution (0.1M) was slowly dropped
under vigorous stirring until pH reached to 10, 12 and 14
respectively, So there are three different precursor ratio are
taken i.e. pH10, pH12 and pH14. Black precipitates were
obtained and repeatedly, washed by ultrapure deionized
water and absolute ethanol sequentially added till pH
reached [7]. Subsequently, the washed precipitates were
dried at 80 °C for 16 h. [13]
Cucl2 + 2NaOH → CuO + 2Nacl2 + H2O
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All the diffraction peaks in the pattern can be indexed to a
single phase monoclinic structure was obtained. [3,18] No
peaks of impurities other than CuO were detected, which are
indicate high purity of synthesized CuO. The sharp peaks
indicate the well-crystallized single phase CuO Nano
crystals. The highly diffracted peak is observed at angle
=35.54corresponding to the (002) lattice orientation. [15]
The various all other peaks i.e. (111), (020) and (202) are
observed for CuO Nano rods. The broadening of the XRD
peaks provides a convenient method for the measurement of
average crystallite size. The average crystallite size was
calculated by using Scherrer's formula,

Finally, the precursors were calcined at 500 °C for 4 h.
investigated by X-Ray Diffractrometry (XRD). The
morphology was monitored by Fourier transformation
scanning electron microscope (FESEM). Chemical
properties were investigated by Fourier transform infrared
spectroscopy and the optical properties were obtained by the
Raman spectroscope.
RESULTS AND DISCUSSIONS
The as prepared samples were characterized by X-ray
diffraction (XRD Bruker, D8 Advance, Cu K α Radiation),
field emission scanning electron microscope (FESEM,
Hitachi, S-4800). FTIR spectrophotometer (Shimadzu
FTIR-8400S)

𝜏 = 𝑘𝜆/𝛽𝑐𝑜𝑠2𝜃 (1)
Where, is average crystallite size or grain size, k is shape
factor (usually taken as 0.89 but at this time taken is 0.89), λ
is the wavelength of the X-ray beam used (λ=0.154 nm), is
width at half maximum (FWHM) and is the angle of
diffraction.
The grain sizes we have obtained from the scherrer formula
these three are 3.1 nm, 3.2 nm and 3.4 nm at the angles (2θ)
of 35.530, 38.830 and 48.810 respectively. So that the average
particle size is 23 nm for CuO polyclinic structure.
SEM Study
Scanning electron microscopy is proved to be a unique
method to analyze the morphological properties of
nanostructure.
Fig 3 shows the FESEM image of CuO morphology of the
CuO is Nano rods. Morphological properties have a strong
influence on the optical properties of the nanostructure. It
can be observed that the ethanol have substantial impact on
the growth of CuO synthesized using NaOH as a complex
agent showed the formation of CuO nanostructure like rod.

Characterizations
XRD analysis
Fig. 2 shows the XRD pattern of the CuO powder prepared
by precipitation method.

Fig 3 FESEM image of CuO nanorods for all samples.

Fig 2 XRD patterns of CuO powder

The morphological properties have a strong influence on the
optical properties of the nanostructure.
After calcinations at 500
product of CuO tends to
agglomerate with increasing rod size and clustered form
clearly occurred in the product prepared.[1]

The phase evolution and microstructure were characterized
by X-ray diffraction method taken between 100 -700 with
normal -2 scanning to determine the phase and crystallinity
of the powder samples.
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the range of 3300-3400 corresponds to stretching O-H
bond.[15]

FTIR Study
FTIR is particularly useful for identification of different
functional groups and compounds due to their absorption of
energy in different range. FTIR used on the fact that the most
molecules absorb light in the infra-red region of the
electromagnetic spectrum. This absorption corresponds
specifically to the bonds present in the molecule. The
frequency ranges are measured as wave numbers typically
over the range 400 – 3500 cm-1. [17]
The background emission spectrum of the IR source is first
recorded, followed by the emission spectrum of the IR
source with the sample in place. The ratio of the sample
spectrum to the background spectrum is directly related to
the sample's absorption spectrum. The resultant absorption
spectrum from the bond natural vibration frequencies
indicates the presence of various chemical bonds and
functional groups present in the sample.

Fig 4 b) FTIR spectrum of CuO nanorods in the range between 4003500

Raman Analysis
Raman spectroscopy, which is a sensitive probe to the local
atomic arrangements and vibrations of the material, has been
also widely used to investigate the microstructural nature of
the Nano-sized materials in general and CuO nanomaterial
in particular. Raman scattering also provides useful
information about the structures and bonds of materials.
Raman scattering also provides useful information about the
existence of unintended phase such as Cu2O or Cu(OH)2 or
show the crystallinity of the product.
The space group of CuO is with two molecules per primitive
cell so the zone center Raman active normal modes of CuO
are. Among these vibration modes, there are three acoustic
modes (), six infrared active modes (3Au + 3Bg), and three
Raman active modes (Ag + 2Bg). Three well known bands of
CuO are Ag (296cm-1), (346cm-1) and (631cm-1). Fig.5
Raman spectra of CuO nanostructures prepared by
microwave irradiation method with three typical modes.

Fig 4 a) FTIR spectrum of CuO nano rods bond absorbtion

Fig 4 shows the FTIR spectra of CuO Nano rods powder
absorption peak of 498 and 585 correspond to the
characteristic stretching vibrations of Cu-O bond in the
monoclinic CuO. And the absence of observation peak at
610 corresponding to the infrared active mode of confirms
that synthesized product is pure CuO [18].
Absorption peak observed in the range between 2850-2950
corresponding to the anty-symmetric and symmetric
vibration of V-H bands. Also absorption peak observed in
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Fig 5 RAMAN Spectrum of CuO Nano Rods
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Xu et al. studied Raman spectra of CuO nanocrysrals with
different grain size at room temperature and temperatures up
to 873 K. They reported that Raman intensity is related to
the grain size. Samples of smaller grain sie show stronger
and sharper Raman Peaks which also shift to smaller
wavenumbers. The red shift could be explained by the
phonon confinement effect in nanometer size materials.[6]
It should be noted that crystal defects, of which number
increase rapidly as the grain size decreases due to the large
surface/volume ratio, could contribute significantlyto
Raman spectra as all of three Raman modes in CuO relate
only to the vibration of oxygen atoms as was pointed out by
Irwin and Wei.
Apart from the three main vibration modes above, Wang et
al. reported multiphonon band of CuO nanostructure, which
appears at wavenumber of 1130 cm -1 and relates to the
inharmonic coupling between phonons in polar solid. In
particular, the multiphonon band CuO was suggested to be
the stretching vibration in the - plane, induced by the
electronic density variation in this layer.
The intensity of multiphonon Raman peak is much weaker
than that of the one phonon band and varies with morphogy
and the size of the as prepared nanostructures. The authors
reported that the multiphonon band of the as prepared CuO
nanostructures with belt-like morphology possesses higher
intensity than that of the CuO nanostructures with stuttlelike morphology, while Raman intensity than that of CuO
nanostructures with shuttle-like morphology, while Raman
intensity of multiphonon band of the stuttle-like morphology
is higher than that of the CuO nanostructures with bamboo
leaf-like morphology.
The difference in the Raman intensity of different
morphology was explained by anisotropy of different
nanostructures. The electronic movement along the - plane
becomes significant in - plane and promotes the intensity of
2Bg mode in belt-, stuttle-, and bamboo leaf-like
nanostructures. Another expiation for the variation in the
Raman intensity of this mode is the Phonon-Plasmon
coupling due to high local density of anisotropic carriers in
CuO nanostructures. The variation in the multiphonon
intensity shows a finite size and crystallinity effect of CuO
nanostructures.

applications in solar cells and capacitors and other devices
i.e. semiconducting devices.
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