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Recent developments of nanosize materials of metal and metal oxide particles are intensively pursued
because of their prominence in different fields of applications. Among all the transition metal oxides, CuO
is a potential candidate for the application of magnetic storage devices, solar energy transfer, sensors, and
super capacitors etc. Moreover CuO nanoparticles act as a good catalyst in some of the chemical reactions.
CuO nanoparticles were prepared by novel sol-gel method. In this technique CuClz26H20 is added with ace-
tic acid and heated to 100 °C with continuous stirring. To control the ph of the above solution, NaOH is
added to the solution till ph reached desired value. The color of the solution changed from blue to black
with precipitation. The black precipitation was washed 3-4 times with distilled water. Finally the solution
was centrifuged and dried in air for one day. The CuO nanoparticles were characterized by studying their
structure with X-ray diffraction and composition by energy dispersive X-ray analysis. The size of the nano-
particles is estimated by particle size analyzer and transmission electron microscopy. The optical studies

were carried out with Uv-Vis spectrophotometer.

Keywords: CuO nanoparticles, Sol-gel method, Catalytic activity.

1. INTRODUCTION

In general there are number of metal oxides are
available in nature but some of the metal oxides are
most useful in accordance with their applications in
day to day life in science and technology. In the period-
ic table transition metals are large in number and have
number of applications in different fields of applica-
tions. Some transition metal oxides like ZnO, TiOgz, and
Fe304 etc. proved as potential candidates for so many
applications. In the same way CuO is also one of the
useful metal oxides and which has so many applica-
tions in various fields. The uniqueness of CuO nano-
particles is even though they are metallic in bulk they
behave like semiconductors when they are in nanosize.
Semiconducting materials have been particularly in-
teresting because of their great practical importance in
electronic and optoelectronic devices, such as electro-
chemical cell [1], gas sensors [2], magnetic storage de-
vices [3], field emitters [4], high-tc super conductors [5],
nano fluid [6], and catalysts [7] etc. Due to the potenti-
ality of CuQ, it acts as a catalyst; whereas all metal
oxides are not useful for the catalytic activity. In the
fabrication of super capacitors also CuO is very useful
and in nano range it has the wide band gap nearly
equal to ZnO. The favorable band gap of CuO around
2.6 eV makes it useful for solar energy conversion and
it can be used as solar cell window material. It is very
well established fact that the application of nanofluids
acts as a coolants in refrigerators. These nanofluids
mixed with carrier liquid then it enhance the energy
transfer comparatively carrier liquid alone. CuO can be
used as coolant material and it can control temperature
effectively like other coolants TiOz2, alumina and silver
particles etc. The properties of nanomaterials will de-
pend mostly on the nanopowders size, morphology and
specific surface area of the prepared materials. Some
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aspects are strongly depends on the preparation meth-
ods. Our present work on CuO nanocrystals shows dis-
tinct structural, chemical bonding and electrical char-
acteristics. Lattice strain and structural disorder can
change the properties of materials in the applications
of different fields in science and technology. There are
number of methods for the fabrication of CuO nanopar-
ticles. Among those we have chosen sol-gel method for
the preparation of CuO nanoparticles.one that is more
preferable and widely used in the synthesis of nano
particles. The size of the particles from the various
preparation methods listed as fallows. In case of
MOCVD [metallo-organic chemical vapor deposition]
CuO nanoparticles size is 0.05 to 8 um [8], sonochemi-
cal method is around 10 nm to several microns [9].
Some results shown in some references is in the range
of 1-10 nm CuO nanoparticles in sol-gel method [10].
The average diameter of the CuO nanoparticle in solid
state reaction is reported in the range of 15-20 nm [11].
Smallest CuO nanoparticles were prepared by electro
chemical method and the size is around 4 nm [12].

2. EXPERMENTAL DETAILS

CuO nanopowders were prepared by sol-gel method.
The aqueous solution of CuCl2.6H20 (0.2 M) was pre-
pared in cleaned round bottom flask. 1 ml of glacial ace-
tic acid was added to above aqueous solution and heated
to 100 °C with continuous stirring. 8 M NaOH is added
to above heated solution till pH reached to 7. The color of
the solution turned from blue to black immediately and
the large amount of black precipitate is formed in the
bottom of the flask. The precipitate was centrifuged and
washed 3-4 times with deionized water. The obtained
precipitate was dried in air for 24 h. This CuO powder
was used for the characterization of the material.
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The crystalline phases of CuO nanoparticles were
determined by X-ray Diffractorometer (XRD, Brukerd8
Advance, Germany) using CuKa as radiation source
(40 kV, step size 0.020, scan rate 0.50 min-1,
200 < 800) and composition analysis was done by Ener-
gy Dispersive X-ray Analysis (EDAX). The nanoparticle
size and zeta potential is estimated by particle size
analyzer (SZ-100 nanoparticle, Horiba, Germany) data.
The sizes of the particles are estimated by using
transmission of electron microscopy. The morphology of
the prepared nanoparticles particle were carried out by
scanning electron microscope (SEM, Hitachip-SEM S-
3400n, Germany).

3. RESULTS AND DISCUSSION
3.1 Structural analysis

Figure 1 shows the XRD pattern of prepared CuO
nanoparticles. All the peaks in diffraction pattern
shows monoclinic structure of CuO, and the peaks The
average grain size calculated by using Debay-Scherrer
formula is approximately 18.0967 nm are comparable
with Jepdf card no .[89-5895]. The lattice parameters
were calculated from XRD data is as follows.
a=0.466 nm, b =0.343 nm, ¢ = 0.507 nm. The average
grain size calculated by using Debay-Schrer formula as
given below is approximately 18 nm.

Debye Scherrer formula

D=0.94/ fcosé,

where £ is full width at half maxima of the peak in
XRD pattern, 8- angle of the peak, 1 — wavelength of
X-rays.

Elastic strain is also calculated from XRD results.
The strain results suggested that if the particle size is
less than 20 nm than they have more strain and great-
er than 20 nm particles have less strain. It clearly
shows that the smaller particles have high strain and
bigger particles have less strain. These values are in
agreement with the literature values [13]. Morphology
index was calculated from XRD full width at half max-
ima values and it is found that if the size of the particle
increases, then the morphology index is also increases.
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Fig. 1 - XRD pattern of CuO nanoparticle
3.2 Compositional analysis
Figure 2 shows Energy Dispersive X-ray Analysis of

CuO nanoparticles and the data indicates that the na-
nopowders are nearly stoichiometric. The wt. % of cop-
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per and oxide are calculated from EDAX data is as fol-
lows: O 9.03wt. % and Cu 90.97wt. %. There are no
traces of other impurities like carbon etc. We can con-
clude from the EDAX data that the formation of pure
CuO nanoparticles.
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Fig. 2 - EDAX of the CuO nanoparticles

3.3 Size analysis
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Fig. 3a — Histogram of particle size analyser

Table 1 - Caliculations of particle size analyser

Count Rate ; 3356 KCP§

Calculation Results
Peak No. | 5.P.Area Ratio Mean 5.0 Mode
1.00 88.7 nm 108.4 nm 329 n0m
0.00 921.5 nm 52.3 nm 810.7 nm
= —nm —nm —nm
Total 1.00 90.7 nm 123.4 nm 32.9 nm
Histogram Operations

Size (Median)

1 47.9 nm

: 10.0 (%) - 20.8 (nm)
1 50.0 (%) - 47.9 (nm)
: 90.0 (%) - 199.2 (nm)

% Cumulative (2)
% Cumulative (&)
% Cumulative (10}

Mean : 90.7 nm
Variance : 15236.9 nm?
5.D. 1 1234 nm
S.P.Area g oo
Cumulant Operations

Z-Average : 0.1 nm

Pl 1 0.304

The size distribution of the nanopowders in this pre-
sent study is estimated with nanoparticle size analyser
(SZ 100). The size distribution of nanoparticles is esti-
mated from Fig. 3, Table 1 & is around 47.9 nm. Fig. 4
shows TEM micrograph of CuO nanoparticles. The actu-
al size of nanoparticles is estimated from TEM micro-
graph. Most of the nanoparticles have size around less
than 50 nm and which is in correlation with the particle
size analyzer data. The TEM graph is also showed that
the copper oxide nanoparticles are spherical in shape
and nearly uniform in size.
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Fig. 4 - Transmission electron microscope image of copper
oxide nanopowder

3.4 Calculation of Zeta Potential
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Fig. 5 — Zeta potential of CuO nanoparticles

Table 2 — Data of zeta potential of CuO nanoparticles

A4 1149200002t
Measurement Results
Date ¢ Fricay, February 24, 2002 11:4235 AM
Measurement Type : Teta Potential
Sample Hame : Cudr Zeta
Temperature of the Holder 1 R+
Dispersion Medium Yisposity | 0835 mPas
i + 0,074 mSkem

ERctrode Voltage AR
Calculation Results
Faak % | Poln Potestial | Ebotoitepie Blobaaty
[+ [ cesev T oseme—e ]

2 — = GEINE

] —= =
Zeta Potential (Mean) D =SEBmY

Elzctrepharetic Mobility Mean -0000285 cmifVs

The Figure 5 and Table 2 show the variation of Zeta
Potential with intensity. Fig.5 shows maximum at
—36.8 mV. The negative value of zeta potential sug-
gests that the copper oxide particles are negative parti-
cles and moderately stable [14]. The negative nature of
zeta potential prevents the particle coming together.
Due to that nature there is a good dispersion stability
in CuO nanoparticles and powder attains stable condi-
tion. Good dispersion and stability made CuO nanopar-
ticles as good catalyst in chemical reactions. The cata-
Iytic nature of CuO is also tested in some chemical re-
actions and it proved as good catalyst [15].

3.5 Optical properties:

The optical analysis was done with UV-Vis spectro-
photometer. Fig. 6 shows the wavelength vs. absorp-
tion. CuO nanoparticles showed good absorption at
wavelength 472 nm. The energy gap estimated from
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absorption studies is 2.6 eV and in close agreement
with literature values.
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Fig. 6 — UV-Vis spectrum of CuO nanopowder

3.6 Morphology studies
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Fig. 7- SEM image of copper oxide nanoparticles

Fig. 7 represents SEM image of CuO nanoparticles
prepared by sol-gel method. SEM data revealed that
the tendency of agglomerations of CuO nanoparticles.

4. CONCLUSIONS

Structural analysis revealed that the copper oxide
nanoparticles are monoclinic in nature. Stain of the pre-
pared CuO nanoparticles calculations concluded that the
small particles have high strain and big particles have
low strain. EDAX analysis shows that the copper oxide
nanoparticles are pure, free from impurities and nearly
stoichiometric. The average particle size determined
from Particle Analyzer is given by 47.6 nm. TEM image
of CuO nanoparticles are spherical in nature and size of
the CuO is also in good agreement with particle analyzer
data. Zeta Potential represents good dispersion and sta-
bility nature of CuO nanoparticles. The absorption wave
length of CuO nanopowder shows the blue shift region
and there is enhancement in the b band gap value of
CuO nanoparticles when compared with bulk copper
oxide. SEM micrograph represents agglomeration of
some of CuO nanoparticles.
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