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Films of PVA–PVP doped with CuO nanoparticles have been fabricated. 
The structure, dielectric and optical characteristics are studied for optoe-
lectronic fields as pressure sensors. The results indicate that the dielectric 
parameters of PVA/PVP blend improve with raise in CuO-nanoparticles’ 
ratios. The optical-characteristics’ measurements explain the enhancement 
in optical characteristics with rising of the copper-oxide content. The ap-
plications’ results indicate to the prepared nanocomposites have good sen-
sitivity for pressure. 

Виготовлено плівки PVA–PVP, леґовані наночастинками CuO. Будова, 
діелектричні й оптичні характеристики вивчаються для оптоелектрон-
них галузей як датчиків тиску. Результати показують, що діелектричні 
параметри суміші PVA/PVP поліпшуються із збільшенням співвідно-
шення CuO-наночастинок. Міряння оптичних характеристик поясню-
ють підвищення оптичних характеристик із збільшенням вмісту оксиду 
міді. Результати застосування свідчать про те, що одержані нанокомпо-
зити мають хорошу чутливість до тиску. 
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1. INTRODUCTION 

Composite materials are described as materials that contain two or 
more various phases, which are not the same in their chemical and 
physical properties and separated from each other by a distance in-
terface. Due to their ability to be applied in many technological ap-
plications, polymer composites have attracted great attentions. They 
are effectively used in the daily applications as shielding to radio 
frequency interference for electronic devices and photo-thermal op-
tical recording. Polymeric materials are essentially nominated to be 
used in the electronic applications [1]. The AC impedance search 
was carried out with the studying the electronegativity of a sub-
stance. It is attributed to charge carriers structure whose impact 
assists in limiting the AC impedance of polymers. In the material 
technology and science field, nanocomposites of organic/inorganic 
have received display attention in various fields. Nanocomposite 
show large optical transparency where the nanoparticles have short 
wavelength than visible light, which further limits the scattering 
loss. The polymer nanocomposite interest is improved related to its 
various characteristics which were present related to the mixture of 
the distinctive properties of each part, host polymer and quantum 
dot. Its tuneable and unique properties make it various from other 
traditional substances. 
 The altering in its chemical and physical characteristics is related 
to the size-dependent QDs, mixed with the rise processability, mor-
phological explain and chemical structure of the polymer materials 
[2]. Metal oxides nanoparticles have explained their huge interest in 
applications of solar cells optoelectronics, sensing, catalysis, and so 
on related to their exceptional chemical and physical characteristics 
varying from the bulk. Copper oxide (CuO) nanomaterials have con-
cerned more attention among all the metal oxides, related to its ex-
ceptional characteristics. Copper oxide (CuO) nanoparticles can have 
the lower surface potential barrier advantage than that of the met-
als, which influences electron field emission characteristics. CuO is 
considered as an efficient catalytic agent, a potential field emitter, 
as well as a good gas sensing material. It also acts an important 
function in the solar cell and optoelectronics [3]. 
 CuO is classified into transition metal oxide group; CuO is a p-
type, semiconductor with narrow band gap. CuO has monoclinic 
structure and several interesting properties: high stability, photo-
voltaic characteristics, super thermal conductivity and antimicrobi-
al activity [4]. PVA is a polymer by carbon chain backbone connect-
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ed by hydroxyl groups. 
 The OH groups may be a hydrogen-bonding source and therefore 
help in the polymer blends formation. The PVA is nontoxic, which 
is generally used in the polymeric blends related to its excellent 
chemical and physical characteristics, good forming of film proper-
ties, noncarcinogenic, emulsifying capability, biocompatible and bi-
odegradable characters. These exceptional properties allow it for 
pharmaceutical applications applicability, drug-coating agents, cos-
metic and industries of surgical structures. Polymeric blend may be 
more positive because of its easier fabrication technique and its ease 
to manage the polymer electrolytes characteristics by varying the 
blended polymer composition. 
 These polymeric blends include gained an ever-rising importance 
as a good way to improve, with no chemical fabrication, new sub-
stances by improved characteristics. From the view scientific point, 
polymeric blends may enlighten structural characteristics relation-
ships assisting us to know the polymer interactions underlying 
physics [5]. Polyvinyl pyrrolidone is soluble in water and additional 
polar solvents. PVP is a hygroscopic powder; it easily obtains wet 
related to moisture absorbance in the atmosphere, during winter 
and rain seasons. The pyrrolidone group chooses to complex with 
several inorganic salts resultant in surface passivation and fine dis-
persion for the composites [6]. 
 This paper aims to the fabrication of PVA/PVP/CuO nanocompo-
site to use it for pressure sensors. 

2. THEORETICAL RELATIONS 

Dielectric constant  is given by the relation [7, 8]: 

 
p

o

C

C
  , (1) 

where Cp is capacitance and Co is capacitor of vacuum. 
 The dielectric loss  is determined by [9, 10] as follows: 

 D, (2) 

where D is dispersion factor. 
The AC electrical conductivity is given by [11, 12]: 

 ACw, (3) 

where w is angular frequency. 
 Absorption coefficient  was calculated by the equation [13, 14]: 
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 2.303(A/t), (4) 

where A is absorbance and t is sample thickness. 
 The energy gap is calculated by means of the equation [15]: 

 AhB(hEg)
r, (5) 

where B is constant, h is photon energy, Eg is energy gap, r3 
(forbidden indirect transition) or r2 (allowed indirect transition). 
 The refractive index n is given by the relation [16]: 
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where R is reflectance. 
 The extinction coefficient k is given by [17]: 
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where  is photon wavelength. The parts of dielectric constant, real 
1 and imaginary 2, are determined by [18] as follow: 

 2 2

1
n k   , (8) 

 22nk. (9) 

 The optical conductivity (op) can be determined by [19]: 
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4
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3. MATERIALS AND METHODS 

Polyvinyl alcohol (PVA)–polyvinyl pyrrolidone (PVP)–copper oxide 
(CuO) nanocomposites were prepared by using casting method. The 
PVAPVP was synthesized by dissolving 0.5 gm of PVP and PVA 
in the distilled water (20 ml) with ratio PVA (77 wt.%):PVP (23 
wt.%). The copper oxide was added to PVA–PVP blend with various 
ratios: 1.5, 3, and 4.5 wt.%. The dielectric characteristics measured 
by LCR meter type (HIOKI 3532-50 LCR HI TESTER). The optical 
characteristics tested in range of wavelength 220–820 nm by spec-
trophotometer (UV/1800/Shimadzu). The piezoelectric application 
of PVA–PVP–CuO nanocomposites was tested by measuring the 
parallel capacitance (Cp) and dispersion factor (D) between two elec-
trodes on the top and bottom of the nanocomposites films with dif-
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ferent pressures range 80–200 bar. 

4. RESULTS AND DISCUSSION 

FTIR tests of PVA/PVP/CuO samples are shown in Fig. 1. FTIR 
shows the nanocomposites interactions. It explains bands around 
3257 cm

1 and 3274 cm
1 related to OH group. The bands at around 

1290 cm
1 are due to the C–O–C bonds. Peaks at around 1652 cm

1 
are related to CO groups. Peaks at around 1420 cm

1 are due to 
the C–O groups. The CuO nanoparticles are produced changes in 
PVA–PVP-blend spectral characteristics including change in the in-
tensities and shift in some bonds. The FTIR showed that there are 
no interactions between PVA/PVP blend and CuO NPs [20]. 
 Figures 2 and 3 show the variation of dielectric constant and die-
lectric loss of PVA–PVP–CuO-nanocomposites’ films with frequen-
cy. 

   
                          a                                                b 

   
                          c                                                 d 

Fig. 1. FTIR spectra of PVA–PVP–CuO nanocomposites: a—PVA–PVP 
blend; b—1.5 wt.% CuO NPs; c—3 wt. CuO NPs; d—4.5 wt.% CuO NPs. 
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 The plots of both  and  are slowly reduce with the rise of the 
frequency and it reaches to constant values at high frequencies. 
This performance is related to high charge-accumulation contribu-
tion at the samples. Usually, the  and  values are high at low 
frequencies and reducing with the rise of frequencies ascribed to 
effects of polarization. Moreover, there are three areas shown in the 
performance of  and  over the frequency. At low frequency, the 
 and  values reduce related to the interfacial polarization influ-
ence contribution in dielectric permittivity. While at intermediate 

  

Fig. 2. Variation of  for 
PVA/PVP/CuO films with frequen-
cy. 

Fig. 3. Variation of  of 
PVA/PVP/CuO films with frequen-
cy. 

 

Fig. 4. Photomicrographs (10) for PVA–PVP–CuO nanocomposites: a—
PVA–PVP blend; b—1.5 wt.% CuO NPs; c—3 wt. CuO NPs; d—4.5 wt.% 
CuO NPs. 



STRUCTURAL, DIELECTRIC, AND OPTICAL PROPERTIES OF (PVA/PVP/CuO) 97 

frequencies, the dielectric dispersion is related to the dipolar polar-
ization. The non-linearity performance of  and  is reduced with 
the rise of frequency. 
 The  and  are raising with a rise in CuO NPs ratio which due 
to rise of the density of charge carrier in polymer matrix, as shown 
in Fig. 4. Figure 4 explains that the CuO NPs are distributed at 
lower ratios as clusters. When raising the ratios of CuO, the CuO 
particles form a network inside the PVA/PVP blend [21]. The 
source of the dielectric constant and loss enhancement is the elec-
trical contacts generated from the copper oxide networks [22–24]. 
 Figure 5 represents the AC electrical conductivity variation of 
PVA–PVP–CuO with frequency. From Figure 5, the conductivity 
rises with rise in frequency and CuO NPs. The enhancement of elec-
trical conductivity with rising frequency indicates the charge carri-
ers presence transported by hopping through defect sites along the 
polymeric chain [25]. The increase in conductivity with rising of 
CuO NPs ratios can be related to raise the charge carriers in (PVA–
PVP) blend [26]. 
 Figure 6 explains the absorbance of PVA–PVP–CuO nanocompo-
sites with wavelength of photons. The absorbance of PVA–PVP 
blend rise with rise in CuO NPs ratios, which is attributed to in-
crease in the charges’ carriers numbers [27–34]. 
 Figure 7 shows the absorption coefficient with energy of photon 
of PVA–PVP–CuO nanocomposites. The purpose of the absorption 
coefficient is know of electrons transition nature, when the values 
of  are high in high energies probable the direct transition. The 
results show that the  has values are less than 104 cm

1 and, ac-
cordingly, the nanocomposites have indirect energy band gap as 
shown in Figures 8 and 9 to allowed and forbidden indirect transi-
tions. Figures 8 and 9 show that the energy band gap of indirect 

  

Fig. 5. Conductivity variation of 
PVA/PVP/CuO films with frequen-
cy. 

Fig. 6. Absorbance of PVA–PVP–
CuO nanocomposites with photons’ 
wavelength. 
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transitions is reduced with rise in CuO NPs ratios. This is related to 
the rise in the conduction and valence the band shift. In addition, 
the improvement of carrier–carrier interaction related to the high 
carrier concentration in conduction and valence bands causes to a 
decrease of the band gap. Besides that, the unsaturated defects 
presence leads to a rise in the localized states density in the band 
gap and, then, reduces the energy gap [35]. 
 Figures 10 and 11 explain the extinction coefficient and refrac-
tive index variation wavelength of PVA/PVP/CuO nanocomposites. 
From these figures, the extinction coefficient and refractive index 
of PVA–PVP blend rise with rise in CuO NPs ratios. The increase in 
k and n attributed to raise the absorption coefficient and density of 
PVA–PVP blend [36]. 
 The variations of (real and imaginary) parts for dielectric con-

  

Fig. 7. Absorption coefficient and 
photon energy for PVA–PVP–CuO 
nanocomposites. 

Fig. 8. Energy gap of allowed indi-
rect transitions. 

  

Fig. 9. Energy gap of forbidden in-
direct transitions. 

Fig. 10. Variation of k with wave-
length of PVA/PVP/CuO films. 
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stant with wavelength are shown in Figures 12 and 13, respectively. 
The 1 variation mostly depends on n2, as the k2 values are small in 
comparison with n2 values, while the 2 generally depends on the k 
values [37]. 
 The optical conductivity variation of PVA/PVP blend and CuO 
nanoparticles doped PVA/PVP blend with wavelength is shown in 
Fig. 14. It demonstrates a rising in optical conductivity with rais-
ing the doping ratios and rise in photon energy. This behaviour re-
lated to the rise in CuO NPs rise the electron transitions’ contribu-
tion between the conduction and valence bands because of raise the 
localized stages density in an energy gap, which causes the energy 
gap reduction and raise the absorption [38–44]. 
 Figure 15 shows the variation of parallel capacitance with pres-
sure. The capacitance increases with increase in pressure due to the 
crystal consists of several interlocking domains, which include neg-

  

Fig. 11. Variation of n with wave-
length of PVA/PVP/CuO films. 

Fig. 12. Variation of 1 with wave-
length. 

  

Fig. 13. Variation of 2 with wave-
length. 

Fig. 14. Variation of optical conduc-
tivity of PVA/PVP blend and CuO 
nanoparticles with wavelength. 
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ative and positive charges. These domains are symmetrical within 
the crystal, with the result that the crystal has a net charge of ze-
ro. When a stress is applied to the crystal, this symmetry is broken, 
and, in order to restore the symmetry, these domains realign them-
selves, and, through the realignment, generate a current, and the 
capacitance will be increased [45]. 

5. CONCLUSION 

The dielectric parameters of PVA/PVP blend rise with the rise in 
CuO NPs ratios. The dielectric parameters changed with the rise in 
frequency. Optical characteristics are enhanced with rise in CuO 
NPs ratios. The pressure sensors results indicated that the PVA–
PVP–CuO nanocomposites include highly sensitivity with the rise in 
pressure. 
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