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Abstract

Annealing effects on particle size of the prepared CuO nanoparticles studied
successfully. The prepared samples were annealed at different temperatures
and analyzed using X-ray diffraction and UV-Vis absorption spectroscopy.
The morphology of the as prepared product was analyzed using Scanning
Electron microscopy(SEM). It was found that an increase in particle size with
the increase in annealing temperature. The band gap of CuO nanoparticles
determined with the help of Tauc plot and was cleared that band gap decreases
with the increase of annealing temperature.
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1. INTRODUCTION

The study of nanomaterials is of great interest in science. It is great challenge to the
researchers that the synthesis of uniform nanomaterials by simple procedures. Metal
oxides nanoparticles such as CuO, ZnO, TiO; etc have attracts much interests due to
their potential and technological applications [1, 2]. They exhibit properties that differ
strongly from those of their bulk phases. CuO nanoparticles attracted much more
attention than any other metal oxide nanoparticles because copper oxide is the
simplest member of the family of copper compounds. It has excellent catalytic
activity and is used in environmental catalysis [3, 4]. Copper oxide nanoparticles are
used in wide range of applications which includes optoelectronic devices,
microelecrochemical systems, field effect transistors, electrochemical cells, gas
sensors, magnetic storage media, solar cells, field emitters and nanodevices for
catalysis[5-11].

The reduced crystallite size of nanostructures influence the structural properties
such as lattice symmetry and cell parameters. The quantum confinement effect in
nanostructures are also the effect of their small size. By decreasing size particles
change the colour, semiconducting materials exhibit metallic properties and
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nonmagnetic particles become magnetic [12]. Nanomaterials show high surface to
volume ratio and quantum size effect due to their size [13]. CuO is a p-type
semiconductor which exhibits a narrow band gap(1.2 eV). Monoclinic CuO belongs
to a particular class of materials known as Mott insulator and their electronic
structures cannot be explained using conventional theory [14, 15]. CuO composites
such as Cu0O/ZnO, CuO/Cu,0 and CuO/SnO, could be employed in humidity and
gas-sensors applications [16, 17]. Also copper oxide systems also attracted much
interest due to their superconducting properties [18,19].

With the miniaturization of crystallite size, the fraction of suface atoms dominated
and hence many features of the material were no longer constant and can be tunable
with size [20]. The band gap of nanostructures can be tuned, which is of intense
importance due its application in optical devices such as light emitters and laser
diodes. Thermal annealing is one of the best methods to tune the band gap and grain
size of nanostructures. The main objective of the present study is to investigate
correlation of annealing temperature-grain size-bandgap of CuO nanoparticles.

2. EXPERIMENTAL

2.1. Materials

All the reagents were of of analytical grade and were used without further
purification. All the solutions were prepared using double distilled water.

2.2. Characterization

The crystalline structure of the synthesized CuO was determined by Bruker AXS D8
Advance X-ray diffractometer employing Cu-Ko radiation.The UV-Visible
absorption spectrum of CuO has been recorded by using double beam spectro
photometer. The morphology of the prepared CuO nanoparticles was studied using
the Quanta 200 FEG Scanning Electron Microscope.

2.3. Synthesis of CuO nanoparticles

CuO nanoparticles were synthesized by a precipitation method. In this method first,
300 mL of copper acetate aqueous solution was mixed with glacial acetic acid. The
obtained solution was heated with vigorous stirring, and then suitable amount of solid
NaOH was added into the above boiling solution till the pH reached about 8. Large
amount of black precipitate was produced. After being cooled to room temperature
the precipitate was centrifuged, washed once with distilled water and then with
ethanol and dried in air at room temperature.

3. RESULTS AND DISCUSSIONS

The morphology of the as prepared sample can be analyzed by scanning electron
microscopy (SEM). SEM image of the as prepared sample in both low resolution and
high resolution is shown in Figure 1 (a) and (b) respectively. The images confirm that
the prepared CuO is in the nano regime with spherical morphology. The high
resolution SEM shows that the particle size is 7-8 nm.
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Figure 1: SEM image of the as prepared CuO nanoparticles

The x-ray diffraction studies were carried out to determine the structure and size
of the CuO nanoparticle. Figure 2 represents the XRD pattern of the as prepared CuO
nanoparticles. The diffraction data are in good agreement with JCPDS card of CuO
(JCPDS 80-1268). The data shows that CuO nanoparticles have monoclinic structure.
No peak of impurity is observed in the XRD pattern. The broadening of the peak
indicates the small size of the product. The crystallite size is calculated using

0.9A

Scherer’s formula L = o’ where L is the crystallite size, A is the wave length of

X-ray used and 6 is the Bragg angles of diffraction peak [21]. The crystallite
size calculated for CuO nanoparticle is 8 nm. The crystallite size obtained from SEM
and XRD are complementing each other.
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Figure 2: XRD pattern of the as prepared CuO nanoparticle

Annealing effect on CuO nanoparticles were studied. The obtained product is
annealed at 300 °C and 600 °C. The following figures show the XRD pattern of the
annealed samples.



4 Jiji Koshy and K.C. George

Lin (Counts)

2-Theta - Scale

Figure 3: XRD pattern of the as prepared CuO nanoparticle annealed at 300°C
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Figure 4. XRD pattern of the as prepared CuO nanoparticle annealed at 600°C

From these figures we can infer that CuO nanoparticles annealed at these
temperatures maintain the monoclinic structure. The width of the peak decreases and
more sharp peaks are obtained with increasing temperature which indicates the
crystalline nature of the CuO nanoparticle increases with temperature. This is due to
the fact that the diffusion of atoms from grain to grain boundary. Average particle size
obtained for the particles annealed at 300 °C and 600 °C is 14.73 nm and 20.51 nm
respectively. Figure 5 represents the variation of particle size with temperature. From
the figure we can easily notice that the particle size increases with the increasing
temperature.
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Figure 5: Variation of particle size with annealing temperature

In CuO nanoparticle, there are large numbers of vacancies of oxygen, vacancy
cluster and local lattice disorder. When temperature increases, there is a rapid
decrease in the density of vacant lattice sites and local lattice disorder. The volume of
the unit cell coming towards the normal value hence the grain begins to grew
[22]. Also during annealing, the powder sample fuse together under the influence of
surface tension and therefore it shrinks as much as 30% in volume. These small
particles agglomerate together and form large clusters.

Optical properties of CuO nanoparticles were calculated using UV-Vis absorption

spectroscopy. The optical band gap of the as prepared CuO nanoparticle is calculated
using the Tauc’s relation ahv = (hv-Eg)" where hv is the incident photon energy, n is

the exponent that determines the type of electronic transition causing the absorption
and can take the values 1/2 and 2 depending whether transition is direct or indirect
respectively. Figure 6 shows (ahv) ? versus hv plot of absorption spectrum of CuO
nanoparticles. The best linear relationship is obtained by plotting (¢hv) 2 against hv
indicating that the optical band gap of these CuO nanoparticle is due to a direct
allowed transition. The value of the band gap is determined from the intercept of the
straight line at a = 0, which is found to be 3 eV. This value is much higher than tha of
bulk CuO(1.2 eV). Band gap energy increases with decreasing particle size due to
quantum confinement effects. When photons are incident on the semiconductor
material they will be absorbed only when the minimum energy of photons is enough
to excite an electron from the valence band to conduction band or when the photon
energy equal to the energy gap of the material. The prepared nanoparticles are highly
confined and the absorption spectrum of it becomes more structured because its
electronic band structure changes to molecular level with non vanishing energy
spacing. So the material needs more energy for electronic transition from valence
band to conduction band. Hence the band gap energy of CuO nanoparticles is more
than that of the bulk.
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Figure 6: Tauc plots of (a) as prepared CuO nanoparticles, (b) CuO
nanoparticles annealed at 300 °C, (c) CuO nanoparticles annealed at 600 °C

Figure 6 represents the tauc plots of as prepared and annealed samples. The band
gap energy of each sample is depicted in table 1. From the table we can easily notice
the relationship of the annealing temperature with the changes in band gap and
particle size. The band gap decreases while particle size increases with increase in
annealing temperature.

CuO Particle size(nm) | Band Gap (eV)
As prepared 8 3
Annealed at 300 °C 14 2.6
Annealed at 600 °C 20 2.2

The band gap energy of CuO nano particle decreases with increasing particle size.
Also energy gap decreases with annealing temperature. Energy gap of bulk CuO is
1.2eV. Here there is an increase in the band gap energy. So we can say that this
increase in band gap energy is due to the reduction in particle size.

CONCLUSION

Copper oxide nanoparticle was prepared by precipitation method. The morphology
of the as prepared sample was analysed by scanning electron microscopy
(SEM).The size and crystal structure of CuO nanoparticle was studied using XRD.
From the XRD pattern we get the size as about 8nm with narrow size
distribution and with monoclinic structure. UV-visible absorption spectrum was
used to find the band gap of CuO nanoparticles. UV-Visible absorption spectrum
studies showed that the band gap of CuO nanoparticle is much larger than
bulk CuO. Band gap of CuO nanoparticles was 3 eV which is very larger than
that of bulk CuO. Particle size and absorption wavelength of CuO nanoparticle was
increases with annealing temperature.



Annealing effects on crystallite size and band gap of CuO nanoparticles 7

REFERENCES

[1]
[2]

[3]

[4]

[5]
[6]
[7]

[8]

[9]

[10]

[11]
[14]
[15]

[16]

[17]

[18]

Rakhshani, A.E., 1986, [] Preparation, characteristics and photovoltaic
properties of cuprous oxide — a review, [ 1 Solid State Electronics, 29(1), pp 7-17
Musa, A.O., Akomolafe, T., Carter, M. J., 1998, ] Production of cuprous oxide,
a solar cell material, by thermal oxidation and a study of its physical and
electrical properties, [ 1 51(3-4), pp. 305-316

Jernigan, G., G and Somorjai, G. A., 1994, -Carbon Monoxide Oxidation over
Three Different Oxidation States of Copper: Metallic Copper, Copper (1) Oxide,
and Copper (I1) Oxide-A Surface Science and Kinetic Study (1, J. Catal.,
147(2), pp. 567-577.

Sadykov, V. A., and Tikhov, S. F., 1997, -Comment on -Carbon Monoxide
Oxidation over Three Different Oxidation States of Copper: Metallic Copper,
Copper (I) Oxide, and Copper (II) Oxide—A Surface Science and Kinetic
Study ] by G. G. Jernigan and G. A. Somorjai, [ 1 J. Catal., 165(2), pp 279-283.
Regan, O., Gratzel, M., Nature, 1991, - A low-cost, high-efficiency solar cell
based on dye-sensitized colloidal TiO, films[ 1, 353, pp. 737-740.

Mitsuyu, T., Yamakazi, O., Ohji, K., Wasa, K., 1982, - Piezoelectric thin films
of zinc oxide for saw devices (] Ferroelectrics, 42, pp. 233-240.

Larsson, P.O., Andersson, A., Wallengerg. R..L., Svensson, B., J. Catal., 1996,
-Combustion of CO and Toluene; Characterisation of Copper Oxide Supported
on Titania and Activity Comparisons with Supported Cobalt, Iron, and
Manganese Oxide ] 163, pp. 279-293.

Lanje, A. S., Ningthoujam, R.S., Shrama, S.J., Vatsa, R.K., Pode, R.B., 2010,
-Luminescence properties of Sn;_xFe O, nanoparticles( 1, Int.Nanotechnol.,7,
pp. 979-988.

Jiang, Y., Decker, S., Mohs, C., Klabunde, K. J., 1998, -Catalytic Solid State
Reactions on the Surface of Nanoscale Metal Oxide Particles( 1, J. Catal.,
180, pp. 24-35.

Dow, W.P., Huang, T.J., 1996, -Yttria-Stabilized Zirconia Supported Copper
Oxide Catalyst: Il. Effect of Oxygen Vacancy of Support on Catalytic Activity
for CO Oxidation, [ ], J. Catal., 160, pp. 171-182.

Bjoerksten, U., Moser, J., Gratzel, M., 1994, -Photoelectrochemical studies on
nanocrystalline hematite films 1, Chem. Mater., 6, pp. 858-863.

Jena, P., Castleman, A. W.,,2006, -Clusters: A bridge across the disciplines of
physics and chemistry (1, Proc. Natl. Acad. Sci. 103(28), pp. 10560-10569.
Smart, L. E, More, E. A.,2005, Solid State Chemistry: An Introduction 3ed,
Taylor and Francis Group, Boca Raton, CRC Press, Chap 11

Usio Y, Miyayana M and Yanagida H, 1994, -Photoinduced Current of a
CuO/ZnO Thin-Film Heterojunction in Humid Atmosphere -, Japan. J. Appl.
Phys. 33, pp 1136.

Yoon D H, YuJH and Choi G M, 1998, -CO gas sensing properties of ZnO-
CuO composite[1, Sensors Actuators B, 46, 15-23.

Tranquada, J. M, 1997, -Modulated spin and charge densities in cuprate
superconductors” Physica B 241-243, 745-750.



[19]

[20]

[21]

[22]

Jiji Koshy and K.C. George

Balakirev F F, Betts J B, Migliori A, Ono S, Ando Y and Boebinger G S, 2003,
-Signature of optimal doping in Hall-effect measurements on a high-temperature
superconductor [ 1 Nature 424, 912-915.

Terakra, K.,Oguchi, T., Williams, A. R., and Kubler, J., 1984, - Band theory of
insulating transition metal monoxides: Band - Structure calculations, (1 Phy.
Rev. B. 30(8) pp. 4734-4747.

L.S. Birks, H. Friedman, 1946, -Particle Size Determination from X-Ray Line
Broadening ] J. Appl. Phys. 17, pp 687.

Tammy, Y., Olson.,Jin. Z.., Zhang.,2008 - Structural and Optical Properties and
Emerging Applications of Metal NanomaterialsC 1., J. Mater. Sci.
Technol., 24(04) pp. 433-446.



