Vol. 20, No. 3 - 4, March – April 2018, p. 175 - 179

JOURNAL OF OPT OELECTRONICS AND ADVANCED MATERIALS

The role of annealing and synthesis conditions on the
optical and morphological characteristics of CuO porous
nanofilms
HOSSEIN AKBARIa* , YASHAR AZIZIAN-KALANDARAGHb,c*
a
Department of Physics Ardabil Branch, Islamic Azad University, Ardabil, Iran
b
Department of Physics, University of Mohaghegh Ardabili, P.O. Box 179, Ardabil, Iran
c
Department of Engineering Sciences, Sabalan University of Advanced Technologies(SUAT), Namin, Iran

CuO-PVA nanocomposite films were prepared successfully by sol-gel method with Cu(CH 3COO)2.H2O as a precursor and
Poly vin yl alcohol(PVA) in aqueous solution. The effect of annealing conditions such as annealing temperatu re and rate of
annealing temperature, immersion cycle, and dip coating speed on the optical, film thickness, and particle size of CuO
nanocomposite films has been studied by field emission scanning electron microscopy (FE-SEM), and U V-Visible
spectroscopy techniques . According to the FE-SEM results, the sizes of the CuO nanostructures are below 20nm for
annealing temperature of about 350 and 500 °C. By analyzing the results obtained from the UV-Visible spectrum of the asprepared CuO nanocomposites a blue shift in band gap energy observed. The blue shift is due to the quantum confined
charge carriers in very small nanometer-sized space.
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1. Introduction
The semiconductor metal o xide, such as TiO2 , Zn O,
Fe3 O4 , Fe2 O3 , Co 3 O4 , Bi2 O3 , PbO, CuO and CdO has
attracted much attention in the recent year because of their
size dependent optical, electronically and structural
properties [1-12]. A mong all the metal o xide, Copper
compound have attracted more attention due to unique
potential in
optics
and
optoelectronics
[13],
electrochemical and catalysts [14], electrochromics [15],
solar cells [16-18] and gas sensor applications [19]. There
are two well-known copper o xides: Cu 2 +O (Cuprite) and
Cu 2+O (Tenorite) [20]. CuO is a monoclinic p-type
semiconductor with a narro w d irect band gap between 1.92.1 eV and its considered in terms of transition metal
oxides, Where as Cu 2 O is a cubic P-type semiconductor
with direct band gap around 2-2.6 eV [21,22]. CuO is a
promising semiconductor for selective solar absorber since
it has a h igh solar absorber and low thermal emittance in a
visible range [23]. A rich variety of technique has been
used extensively for the preparation of CuO nanofilms
such as: Chemical deposition [24], reactive evaporation
[25], sputtering [26,27], spray pyrolysis [28], microwave
irradiation [29], and sol-gel [4, 17, 23, 30]. However,
among all of techniques, the sol-gel process is particularly
attractive because of the follo wing reasons: good
homogeneity, ease of composition control, lo w processing
temperature, large area coating, low equip ment coat and
good optical properties. There are very few reports in the
literatures on the synthesis of nanocrystalline copper o xide
thin films by sol-gel method. Ozer [31], and Neskovska
[32], co-authors to have been prepared Cu 2 O thin films
with electrochro mic exhib it. Electrochromic materials are

able to reversibly change their optical p roperties by an
external voltage. Ray has been investigated the optical
properties of copper o xide thin films in d ifferent annealing
temperature and has found Cu 2 O phase at 360 ° C with a
direct band gap of 2.1eV and CuO phase at 400 ° C with
1.9 eV [17]. Armelao and co-authors [33], also have been
studied on the optical and structural properties of Cu O thin
films in various temperatures with a different annealing
atmosphere. Distinct crystalline phase (Cu 2 O and CuO)
was observed as a function of annealing conditions
(temperature and atmosphere). In this paper, we present a
novel route to prepared Cu O nanocomposite films through
the PVA matrix assistant sol-gel method. Besides, the
effect of annealing conditions such as annealing
temperature and rate of annealing heating, immersion
cycle, and d ip coating speed on the optical, film thickness,
and particle size of CuO nanocomposite films has been
studied by XRD, FESEM, and UV-Vis techniques.

2. Experimental
2.1. Characterization
X-ray diffraction (XRD) patterns were recorded by a
Philips-X’PertPro, X-ray diffractometer using Ni-filtered
Cu Kα radiation at scan range of 10<2θ<80. Field
emission scanning electron microscopy, FESEM HITA CHI(S-4160), equipped with an energy-dispersive
X-ray spectroscopy (EDX-15kV) was performed to
determine the thickness and composition of annealed CuO
nanocomposite films. UV-Vis spectroscopy (VarianCary 100) was used to investigate the optical properties
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(Transmit ion and absorption) of the films in the
wavelength range of 300-800 nm.
2.2. Synthesis of CuO nanocomposite films
Firstly, 500 mg of Cu (CH3 COO)2 . H2 O was dissolved
in 50 ml distilled water under stirring at room temperature
to be a homogeneous solution. When the color of solution
changed to pale blue, an emulsion containing copper
nanoparticles have been formed. Then 6 g of poly v inyl
alcohol was dissolved in 100 ml distilled water . Solution
was left for 24 h at roo m temperature for ageing the
viscosity and then gradually was added to the Cu solution
to product CuO nanocrystalline films with well adherent to
the substrate. After that, the glass was immersing with 9,
11, and 20 cycle at dip coating speed 10 cm/ min in
CuO-PVA solution in order to make thin film. The coated
nanocomposite films were dried at 100 ° C in the air for
10 min after each cycle to be obtained crack free layers.
The process above was repeated for more time to obtain
required nanocomposite film th ickness. The CuO films
were annealed at temperatures 350, 500, and 650° C in air
for 1 h.

3. Results and discussion
Fig.1. Show the XRD patterns of CuO nanocomposite
film at various annealing temperatures. Ext remely broaden
reflection peaks were observed in Fig. 1, wh ich indicated
fine part icle nature of the obtained CuO nanocomposite.
No other crystalline phases were detected in the calcined
product. Two strong peaks located at 2θ = 35.5° and 38.70°
are attributed to monoclinic phase of CuO corresponding
to ( 1 11 ) and (111) planes, respectively.

Fro m XRD data, the crystallite d iameter (Dc) of CuO
nanocomposite obtained fro m annealing at 350 and 500 ° C
was calculated to be 14 and 18 n m, respectively by using
the Scherer equation (1).
Dc=Kλ/βcosθ

(1)

where β is the breadth of the observed diffraction line at its
half intensity maximu m (111), K is the so-called shape
factor, which usually takes a value o f about 0.9, and λ is
the wavelength of X-ray source used in XRD. Moreover,
increases in the annealing temperature to 650 ° C result in
increase intensity of the diffract ion peaks (Fig. 1c). The
FESEM and cross sectional images of Cu O nanocomposite
films prepare at immersion cycle 9, 11, and 20 and
annealing temperature 350 ° C and dip coating speed 10
cm/ min are shown in the Fig. 2a, 2b, and 2c, respectively.
CuO nanocomposite film consists of nanoparticles with
particle size about 20– 25 n m (Fig. 2a). Increase the
immersion cycles from 9 to 11, and then 20 cause
agglomerat ion CuO nanoparticles and increase CuO
nanocomposite film porosity due to gro wing of film
thickness. Fig. 2d, 2e, and 2f show the cross -sectional
images of CuO nanocomposite at immersion cycle 9, 11,
and 20, respectively. It seems film thickness is around 106,
160, and 226 n m for immersion cycle 9, 11, and 20,
respectively. Increase in immersion cycle result in increase
cross-sectional of CuO nanoparticles films. Fig. 3 shows
the optical absorption spectra of Cu O nanocomposite films
at immersion cycle 9, 11, and 20 with 10 cm min -1 dip
coating speed. It was observed that all films behave as
opaque films between 300-600 n m wavelength range
because of absorption values at this wavelength are high
and behave as a transparent film higher than 600 n m
wavelengths. Increase the immersion cycle leads to
increase in the film thickness due to particles growth
which causes a shift in the optical absorption edge,
consequently, will change the energy band gap of CuO
nanocomposite films. The energy band gap values for Cu O
nanocomposite films versus photon energy (hυ) were
determined based on the following relations [34]:
αhυ = B (hυ – Eg )m/2

(1)

where B is constant, Eg is the band gap, m is another
constant which depends on the nature of the t ransition
(m=1 fo r direct allo wed transition) and α is the absorption
coefficient which can be determined by [35]:

1
d

T
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Fig.1. XRD patterns of CuO oxidized thin films annealed
(a) 350°C (b) 500°C (c) 650°C.

(2)

where d is the films thickness and T is the transmission
data.
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Fig. 2. FESEM and cross sectional images of CuO films with various immersion cycle (a) 9 (b) 11
(c) 20 cycles and respectively their thickness at 350 °C (d) 106 nm (e) 160 nm (f) 226 nm.

The energy band gap can be estimated fro m a plot of
(αhυ)2 versus photon energy (hυ) when the best straight
line can be determined fro m the slope of the linear part of
(αhυ)2 versus hυ axis. The energy band gap of CuO
nanocomposite films has a blue shift due to a particles
growth (Fig. 3b). The Eg of CuO nanocomposite films are
2.2, 2.13, and 2.03 eV for 9, 11, and 20 cycles,
respectively. FESEM images of CuO nanocomposite films
at different annealing temperature and heating rate are
shown in Fig. 4a, 4b, and 4c. As a result, the Porosity of
CuO nanocomposite films strongly changed as a function
of annealing temperature and heating rate. It can be seen,
surface of CuO nanocomposite annealed at 350° C
(HR = 10 ° C min -1 ) is mo re rough than surface of Cu O
nanocomposite annealed at 500 ° C (HR=2 ° C min -1 ) due to
quick vaporization of heavy PVA molecules fro m the thin
films surface in 500 ° C than 350 ° C. Furthermore,
evaporation processes was quiet in low heating rate and
particles have enough time to the jo int each other to the
creation a smooth layer. Fig. 4d, 4e, and 4f show the crosssectional images of Cu O nanocomposite at annealing
temperature and heating rate 350° C (HR= 10° C min -1 ),
500° C (HR= 10° C min -1 ), and 500 ° C (HR=2° C min -1 ),
respectively. According to the cross -sectional images,
thickens
of
Cu O
nanocomposite
at
350° C
°
-1
°
°
-1
(HR= 10 C min ), 500 C (HR= 10 C min ), and 500° C
(HR=2° C min -1 ) are 353, 380, and 273 n m, respectively.
Fig. 5 shows the optical absorption spectra of CuO
nanocomposite films at annealing temperatures 350 and
500° C in various heating rate with immersion cycle 20 and
dip coating speed 10 cm/ min. According to the Fig. 5
CuO nanocomposites has a blue shift due to particles
growth. The Eg of CuO nanocomposite films are 2.2, 1.98,
and 1.92 eV for 350° C (HR= 10° C min -1 ), 500° C
(HR= 10° C min -1 ), and 500° C (HR = 2° C min -1 ),
respectively. Fig.6 a and b show the FESEM images of
CuO nanocomposite in annealing temperature 500° C
(HR = 10° C min -1 ) and 500° C (HR = 2° C min -1 ),
respectively. According to the Fig.6 a and b particles size

of CuO nanocomposite in annealing temperature 500° C
(HR=10° C min -1 ) is smaller than of part icles size of Cu O
nanocomposite in annealing temperature 500° C (HR=2° C
min -1 ). In heating rate HR=2° C min -1 particles have enough
time to jo in to each other and create agglomerate
nanoparticles.




Fig. 3. (a) Absorption spectra and (b) Plot of (αhυ) 2 vs
photon energy (hυ) of CuO thin films at 350°C with
various immersion cycle.
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Fig. 4. FE-SEM and cross sectional images of CuO films with various temperature and heating rate (a) 350 °C
(HR= 10°C min-1) (b) 500°C (HR= 10°C min-1) (c) 500°C (HR=2°C min-1), and respectively their thickness
(d) 353 nm (e) 380 nm (f) 273 nm.

Fig. 5. (a) Absorption spectra and (b) Plot of (αhυ)2 vs photon energy (hυ) of CuO thin films at 350 and 500 °C in
various heating rate with fixed immersion cycle (20 cycles) and dip coating speed (10 cm min -1).

Fig. 6. FESEM image of CuO nanocomposite in annealing temperature (a) 500 °C (HR=10 °C min-1)
(b) 500°C (HR=2°C min-1).
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4. Conclusion
In summary, Cu O nanocomposite films were
successfully synthesized by PVA matrix assistant sol-gel
method. Cu(CH3 COO)2 .H2 O and Poly(Vinyl A lcohol)
were used as starting reagents in distilled water. In this
paper, we investigated the effect of annealing conditions
such as annealing temperature and rate of annealing
heating, immersion cycle, and dip coating speed on the
optical, film thickness, and particle size of Cu O
nanocomposite. We found that the energy band gap
decrease from 2.2 to 2.03 eV for the films annealed 350° C
and same results found with increasing of annealing
temperature to 500° C due to an increase of the paticles size.
With increasing the immersion cycle and film thickness, a
blue shift is observed in the absorption edge and band
structure which is due to particles growth and quantum
confinement effect. FESEM image show that, increasing
in annealing temperature and heating rate cause produced
porous CuO nanocomposite film.
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