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Abstract : Metal oxides constitut the most diverse class of materials having properties covering almost all aspects of 
materials science and  physics. Among these materials, copper oxide CuO is very promising. It is a p-type semiconductor 
material with a band gap of about 1.8 eV. The growing interest granted to CuO is due to many potential applications that it 
offers in the conversion of solar energy, optoelectronics and photocatalytic degradation of organic pollutants. It is also used 
in consumer products such as pillowcases and socks because of its cosmetic and antimicrobial properties. In this work, we 
studied the structural and optical properties of hybrid nanocomposite consisting of  Polyvinyl chloride (PVC) as a matrix and 
the nanocrystallites of the semiconductor CuO as a filler. The samples in the form of thin films were deposited on glass 
substrates by the dip-coating technique using a colloidal solution prepared by dissolving the Polyvinyl chloride and 
dispersing the CuO nanocrystallites. The CuO nanoparticles have been previously synthesized by the hydrothermal method. 
The characterization of the films of the CuO-PVC nanocomposite by the X-ray diffraction (XRD ) has shown the 
incorporation of the CuO nanocrystallites with monoclinic phase in the amorphous matrix or PVC. The resolution and 
intensity of the diffraction peaks indicate a good crystallinity and a random orientation of the nanocrystallites of CuO. The 
CuO  nanocrystallite size was determined using the Debye-Scherrer formula and it was estimated to about 15 nm. Analysis 
of the CuO-PVC nanocomposite by infrared spectroscopy confirmed the presence of the CuO cristallites in the PVC matrix 
by revealing vibration modes which are specific to the Cu-O bond. The characterization by the measurement of the optical 
absorption in the UV-Visible domain has allowed  to observe a band  at 372 nm which is attributed to the CuO 
nanocrystallites because the PVC is optically transparent in the UV-Visible domain. The optical gap of the CuO-PVC 
nanocomposite was estimated to 3.50 eV. Some discrepancies with respect to the gap of PVC and of bulk CuO are due to the 
nanometric size of the CuO crystallites and to the effect of the interaction between the CuO nanocrtstallites and the PVC 
matrix. This variation of the gap is a result of the new optical behavior of PVC when it is doped with CuO nanocrystallites. 
Photoluminescence (PL) spectrum has showed two strong emission bands in the visible domain at 500 nm (green emission) 
and 695 nm (red emission). 
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I. INTRODUCTION 
 
In recent years, the worldwide community has drawn 
their attention towards materials with suitable and 
sustainable properties. Enhancement of properties can 
be done with a variety of doping materials. The 
nature and the method of their synthesis are the fators 
the most influencing these properties. Targeted 
applications and cost guide researchers on the choice 
of materials and the technology to be used in 
developing the desired devices. Polymers and 
particularly hybrid composites (organic-inorganic) 
are attracting increasing attention from researchers 
because of their use in many industrial sectors. 
Introducing metal oxides like ZnO, TiO2, SnO2 and 
others semiconductors into organic matrices offers 
more high physical and chemical stability [2, 3, 4]. 
Inorganic nanoparticles as filler and organic polymers 
as matrices can endow the resulting nanocomposites 
with excellent electrical, optical and mechanical 
properties [2,4]. These nanocomposites exhibit the 
merits of blending the advantageous properties of 
metal oxides with the process ability and flexibility of 
polymers. The nanocomposite studied in this work is 
constituted by the nanoparticles of the semiconductor 

CuO which represent the filler and the polymer 
polyvinyl chloride which represents the host matrix. 
Among the most important metal oxides, copper (II) 
oxide CuO is the simplest member in the family of 
copper compounds and has a range of very important 
physical properties such as superconductivity at high 
temperature, Electronic correlation and non-toxicity. 
It has interesting photovoltaic and photoconductive 
properties because its crystal structure has a relatively 
narrow band gap [6]. On the other hand the PVC has 
a low cost and has transparent thin films. 
So, in order to improve the structural and optical 
properties of the thin films of CuO-PVC 
nanocomposite which are synthesized by a direct 
addition of nanosized  particles of CuO 
semiconductor  to PVC polymer and which are 
deposited by dip-coating technique on glass 
substrates. Structural study was performed using 
XRD and FT-IR spectroscopy, whereas the optical 
properties were highlighted using the UV-Visible 
optical absorption and photoluminescence. 

 
II. EXPERIMENTAL 
 
SYNTHESIS OF CuO NANOPOWDER 
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The chemical reagents, used in this work, were 
analytic grade and used without further purification 
throughout the whole experimental process. We used 
copper sulphate pentahydrate (CuSO4 - 5H2O), 
sodium hydroxide (NaOH), and distilled water as 
solvent. In a typical synthesis,   0.5 g of CuSO4 - 
5H2O was dissolved in 40 mL of distilled water under 
constant stirring until a homogeneous blue color 
solution was obtained. Then 5mL of aqueous solution 
of sodium hydroxide (1M) was added. After, the 
mixture was magnetically stirred for 30 min. A blue 
precipitate appeared and the solution was transferred 
into teflon-lined stainless autoclave. The autoclave is 
subsequently put into an oven and kept at 200°C for 
2h. After the autoclave was left to cool naturally at 
room temperature. The black precipitate was 
collected and washed with distilled water for several 
times then dried naturally. 
 
III. PREPARATION OF CuO – PVC 
NANOCOMPOSITE 
 
The CuO nanoparticles, as a filler, were embedded in 
the polymer matrix of polyvinyl chloride (PVC) to 
obtain the CuO-PVC nanocomposite. The  films of 
CuO-PVC nanocomposite were prepared according to 
the following procedure. The PVC (0.5 g) was 
dissolved in 10 mL of tetrahydrofuran (THF) as 
solvent using a magnetic stirrer. Copper oxide (CuO) 
nanoparticles with  ratio PVC/CuO=10  were added 
to the mixture of PVC-THF. The solution was stirred 
at room temperature until to get a homogeneous 
solution. The glass slides used as substrate were 
washed with ethanol and thoroughly rinsed with 
distilled water. Thin films were deposited onto 
substrates by dip-coating technique performed under 
various conditions depending on the viscosity of the 
mixture. The pulling speed was ranged from 0.5 to 
1cm/s in order to control the thickness of films. The 
thickness of obtained films, measured by a 
profillometer, was found to be 800 nm. The 
deposition principle was based on homogeneous 
spreading using appropriate conditions. All 
experiments were performed at ambient pressure and 
room temperature. 
 
IV. CHARACTERIZATION TECHNIQUES 

 
The structural characterization of the deposited thin 
films of CuO-PVC nanocomposite was performed on 
a X’pert PRO PANalytical X-ray diffractometer using 
CuKα radiation (λ=1.54059 Å). The chemical 
analysis by Fourier transform infrared spectroscopy 
in attenuated total reflection (ATR) mode was carried 
out using a JASCO FT-IR 6300 spectrophotometer. 
The optical properties were investigated by the UV-
Visible absorption using a Shimadzu UV-3100PC 
Spectrophotometer. The photoluminescence spectra 
were achieved by exciting the samples at room 
temperature with a radiation of 355 nm 

of third harmonic of Q-switched Nd:YAG laser. The 
luminescence was collected by an ANDOR 
SHAMROCK SR303i monochromator equipped with 
a grating blazed at 500 nm with 300 lines/mm, and 
analyzed with an iSTAR CCD.  

  
V. RESULTS AND DISCUSSIONS 
 
X-RAY ANALYSIS OF CuO NANOPOWDER 
 
XRD pattern of as prepared CuO nanoparticles is 
shown in figure 1. The intensities and positions of 
observed diffraction peaks are in good agreement 
with the reported values in the JCPDS file No. 05-
0661. It indicates that we have a single-phase with 
monoclinic structure and space group C2/c. The good 
resolution of the main diffraction peaks reflects the 
good crystallization of the CuO particles. 

 
Figure 1: XRD of CuO nanopowder 

 
The sizes of CuO crystallites are estimated using 
formula of  Debye-Scherrer: 

 

퐷 =
0.9	λ
βcosθ

 

 
Where λ is the wavelength of X-Ray 

(0.154059 nm), β is the FWHM (full width at half 
maximum) of diffraction peak, θ is the diffraction 
angle and D is the size of particles. The average 
crystallite size is found in the range 10.65 - 23.64 nm 
(Table 1). 
 
Table 1. Average crystallite size of CuO nanoparticles 
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FT-IR ANALYSIS OF CUO NANOPOWDER 
The FT-IR spectrum  (Figure.2) used to characterize 
the functional groups of the CuO nanoparticles was 
carried out in the range 400 – 4000 cm-1. The 
spectrum depicts vibrational modes in range 400–850 
cm-1 which are related to the vibrations of Cu–O bond 
in the monoclinic structure of CuO [7,8]. The 
characteristic bands of copper oxide, at 605 and 480 
cm-1 are clearly visible and have a high intensity. The 
band positioned at around 605 cm-1 is due to Cu-O 
stretching along the direction [202] in agreement with 
earlier data reported [7-9] and that at 480 cm-1 is 
assigned to the Cu-O stretching along of the direction 
[202] [10,11]. The  other bands observed in the 
spectrum are of relatively low intensity, the band at 
2363 cm-1 is assigned to the presence of atmospheric 
CO2  [11]. 

 
Figure 2:  FT-IR spectrum of the CuO nanopowder 

 
X-RAY DIFFRACTION ANALYSIS OF CuO-
PVC NANOCOMPOSITE 
 
The XRD patterns of pure PVC and of CuO-PVC 
flms investigated in the present study are shown in 
Figure 3. The spectra showed a broad peak around 
2θ=24.75° which is the characteristic of PVC [18]. 
For the spectrum of CuO-PVC nanocomposite 
(Figure 3b), the peaks at 2휃 values of 35.37°, 38.50°, 
48.60°, 61.51° and 75.22°  can be assigned to the 
diffraction lines corresponding to the (110), (200), 
(202), (202), (113) and (222) planes of monoclinic  
structure of CuO. This result is consistent with data of 
synthesized CuO nanopowder (Table 1) and it clearly 
confirms the presence of CuO nanoparticles  in the 
prepared CuO-PVC nanocomposite. All the peaks 
belong to the monoclinic structure of CuO (no others 
peaks detected), which means that there was no 
chemical reaction in the solution and no new phase 
formation. Also, peaks have relatively wide profiles 
indicating that the crystallites have a small 
(nanometric) size.  

 
Figure 3: XRD patterns of pure PVC and CuO-PVC 

nanocomposite films 
 
FT-IR ANALYSIS OF CuO-PVC 
NANOCOMPOSITE 
 
FTIR spectroscopy in attenuated total reflection 
(ATR) mode is one of the methods used to bring out 
the finer surface information. Figure 4 shows the 
overlapped FTIR spectra of pure PVC and CuO-PVC 
nanocomposite. Pure PVC and the CuO-PVC 
nanocomposite show similar bands in the range of 
600–5000 cm−1. The bands observed at 611, 1064, 
1250, and 2904cm_1 are characteristic of pure PVC 
[12]. The band  at 2990 cm−1 represents asymmetric 
퐶 -H  stretching frequencies of alkyl groups[13]. 
The free OH functional group have a band at 3670 
cm−1[13]. As for the CuO powder,  the bands relating 
to the CuO nanoparticles incorporated in the PVC are 
located at 480 and 610 cm-1. On the spectrum of 
CuO-PVC nanocomposite (Figure 4b) the band at 480 
cm-1 is clearly observable but the band at 610 cm-1 is 
in superposition with the PVC band. The CuO-PVC 
nanocomposite showed no shift in the bands 
compared with that of the pure PVC,  suggesting a 
very weak or no interaction between the CuO 
nanoparticles and pure PVC in terms of chemical 
bonding. 

 
Fig.4. FT-IR spectrum of (a) pure PVC and  (b) CuO-PVC 

nanocomposite 
 
UV-VISIBLE OPTICAL ABSORPTION 
ANALYSIS   
 
The optical absorption analysis is an important tool to 
obtain optical band gap energy of crystalline and 
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amorphous materials. The fundamental absorption 
corresponds to the electron excitation from the 
valence band to the conduction band and can be used 
to determine the nature and value of the band gap.  In 
our work,  the optical band gap energies of pure PVC 
and of CuO-PVC nanocomposite were evaluated 
from the following relation of Tauc:   
 

(h)n=A(h-Eg) 
 
where α is the absorption coefficient, A is an energy 
independent constant, and n is equal to 2 for a direct 
transition semiconductor and 1/2 for indirect 
transition semiconductor. The equation gives the 
band gap energy (Eg), when straight portion of 
(훼ℎ휈)  versus hν plot is extrapolated to the point α = 
0.  
Figure 5 shows the optical absorption spectrum 
(Figure 5a) and the corresponding Tauc plot (Figure 
5b) of pure PVC. The pure PVC film has no 
remarkable absorption in the visible light region but 
exhibits an abrupt absorption edge towards 300 nm. 
The value of the gap of  PVC depends on parameters 
such as nature of solvant, temperature, degree of 
purity, morphology and defects of the material. Any 
variation in such parameters leads to a shift in the 
absorption edge towards higher or lower energy. The 
obtained direct band gap energy of pure PVC film is 
4.06 eV (Figure 5). H. Mudassir et al [12] have 
reported similar value for direct band gap energy for 
PVC thin films. 

 
Fig.5. (a) UV-Vis-NIR absorption spectra and (b) Tauc plots of 

pure PVC films 
 
Figure 6a and 6b show  the optical absorption 
spectrum and the corresponding Tauc plot of CuO-
PVC nanocomposite film. The CuO-PVC 
nanocomposite exhibits absorption band at 372 nm 
which  is due to the presence of CuO nanoparticules 
in PVC. The absorption edge is found to be blue-
shifted compared with that of the bulk CuO which is 
at 670 nm. The blue shift in the absorption edge may 
be attributed to the quantum confinement effect in 
CuO nanoparticles [14]. The CuO-PVC 
nanocomposite showed high absorbance in UV region 
(Figure 6a) due to the behavior of CuO nanoparticles. 

The optical band gap energy of the  prepared CuO-
PVC nanocomposite film was evaluated from the 
Tauc plot (figure 6b) and it was found equal to 3.50 
eV. It indicates a red shift compared with that of pure 
PVC (4.06 eV) and it leads to deduce  that the value 
of the optical band gap energy depends on the 
presence of CuO nanoparticles in the PVC matrix.  
The decrease in the band gap energy is ΔEg=0.51eV 
and it is in agreement with earlier repoted work [15]. 
An amount of CuO nanoparticles is required to 
reduce the value of gap energy in nanocomposites 
and it has different effect depending on type of 
polymer matrix [14]. 
The insertion of the nanoparticles of the 
semiconductor CuO into the films of the PVC 
polymer has a double effect because it increases the 
energy of the semiconductor gap and decreases that 
of the polymer. Thus, it is a method which makes it 
possible to adjust the transparency domain of the 
nanocomposite by modifying the factors which are 
involved in the manufacture of the nanocomposite 

 
Fig.6. (a) UV-Vis-NIR absorption spectrum and (b) Tauc plot 

of CuO-PVC film 
 
PHOTOLUMINESCENCE ANALYSIS 
 
The photoluminescence spectrum, at room 
temperature of prepared CuO-PVC nanocomposite, is 
shown in Figure 7 after excitation with a wavelength 
of 355 nm. It covers the entire visible range with two 
distinct bands centered at 500 and 695 nm. Various 
factors are often involved in setting up the 
photoluminescence spectrum of a given material. In 
the visible range, PL emission is mainly attributed to 
the presence of defects like vacancies or impurities of 
materials.  
For the copper oxide CuO, vacancies may belong to 
copper or oxygen while the impurities may be 
interstitial copper or anti-oxygen sites OCu [16]. These 
defects induce the formation of new energy levels in 
the band gap and, as a result, emissions will arise 
from these traped levels during excitation of the 
sample. Emission occurs due to radiative 
recombination of a photo-excited hole with an 
electron and the emission bands are commonly 
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referred to as deep level or trap site emission due to 
oxygen vacancies [16].  
As it is known, CuO is intrinsically a p-type 
semiconductor due to the existence of Cu vacancies, 
so the emission by CuO is essentially due to this type 
of defects. However, recent theoretical calculations 
indicate that although Cu vacancies are the most 
stable defects in CuO, they do not make any changes 
in the electronic structures of CuO. Otherwise, 
oxygen vacancies or OCu antisite defects are likely 
responsible of CuO emissions since their formation 
energy is not much different from the formation 
energy of Cu vacancies [17]. The PL spectrum shows 
two emission bands (green-Blue and red). The PL 
emission bands at 500 and 600 nm in the visible 
range from CuO-PVC nanocomposite may be due to 
the surface defects, interstitials and oxygen vacancy 
arising from the oxygen deficiency and  Cu 
interstitials [38].  
Results of optical measurements (UV-Vis-NIR and 
PL) indicate that the CuO nanoparticles embedded  in 
PVC polymer films prepared in the present study are 
expected to be more useful in photonics applications. 

 
Fig.7. Photoluminescence spectrum of CuO-PVC 

nanocomposite 
 
CONCLUSION 
 
CuO quantum dots of average size of 10-23 nm in 
diameter dispersed in PVC matrix have been 
synthesized in thin film form by dip-coating 
technique. The structural and optical properties of the 
as prepared composite were studied with XRD, FT-
IR, UV-VIS-NIR absorption and PL. Monoclinic 
crystalline phase of CuO was obtained from the XRD 
analysis. The analysis by FT-IR spectroscopy showed 
the presence of  Cu–O vibration modes and so 
confirms the result of XRD analysis on the formation 
of CuO-PVC nanocomposite. Results of the optical 
measurements indicate an intermediate absorption 
edge between that of the pure PVC and that of the 
semiconductor CuO, and the observed strong PL 
emission in the visible region  make the CuO- PVC 
nanocomposite (films) prepared in the present study 
expected to be more useful in photonic and 
optoelectronic applications.  
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