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ABSTRACT

Chromium oxide (Cr.Oz) nanoparticles were synthesized using a sol-gel method and mixed with polyvinyl chloride (PVC).
Rietveld refinement of X-ray powder diffraction (XRD) patterns of the samples revealed that the crystal structure of Cr,O3
is rhombohedral with space symmetry group R3c. Scanning electron microscopy images showed that the Cr,O3
nanoparticles are well dispersed on the surface of the PVC films. The dielectric permittivity (&), and ac conductivity (Oac) of
pure PVC increased with adding Cr,O3 due to the formation of conductive three-dimensional networks throughout the
nanocomposite films and interfacial polarizations. The optical energy band gap (Eg) of the films decreases with increasing
Cr,O3 content. The refractive index dispersion of the nanocomposite films obeys the single oscillator model. The
dispersion parameters are changed by incorporation of Cr,O3. The optical properties of PVC are influenced by addition of
Cr,03 nanoparticles.
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INTRODUCTION

In recent years, nanocomposite materials have received great interest for both industrial and academic
applications [1,2]. Addition of a small amount of nanomaterial could improve the performance of polymeric materials
because of their small size, large specific surface area, quantum confinement effects and strong interfacial interactions [3].
Polyvinyl chloride (PVC) is one of the most widely produced and used polymers globally [4]. PVC has high chemical
resistance and can be used as a thermoplastic material [5-8]. PVC/graphite nanocomposites could be used for attenuation
and electromagnetic interference shielding [9,10]. PVC/(CdosZnosO) nanocomposites are reported to have high
transparency, high UV-shielding efficiency and improved thermal stability compared with PVC [11]. Meanwhile, PVC/ZnO
nanocomposites possess higher glass transition temperature, specific heat and thermal stability than those of pure PVC
[12]. It has also been reported that PVC/ZnO-polyaniline hybrid nanocomposites protect iron from corrosion far more
effectively than undoped PVC [13]. Numerous PVC-based nanocomposites with favorable properties have been
developed, including PVC doped with Al,Os; [6], nano-TiO.@Ag [7], reduced graphite nanosheets [8], graphene
nanosheets [14], CaCOsz nanoparticles [15], and multi-walled carbon nanotubes (MWCNTS) [16]. The electrical,
mechanical, chemical, and thermal properties of these PVC nanocomposites have been examined, revealing that the
properties of PVC were markedly improved by doping and its industrial applications could be broadened. We recently
reported the optical and dielectric properties of cadmium oxide (CdO)/PVC nanocomposite films [17]. Addition of CdO
nanoparticles to the PVC matrix improved both the optical and dielectric properties of the host polymer. a,-relaxation
process in pure and nano lead oxide (PbO) doped-PVC films was observed based on the temperature and frequency
dependence of the electric modulus (M")[18].

Chromium oxide (Cr203) nanoparticles are of interest for applications such as green pigments, wear resistance,
thermal protection, digital recording systems, and chemical catalysts [19]. Cr,O3 nanoparticles have been prepared and
characterized by many different researchers [20-25], with resulting particle size depending on the method of preparation.
The crystal structure of Cr,Os is rhombohedral with lattice parameters a = 4.95876 A, and ¢ = 13.594 A and space
symmetry group R3¢ [20,22]. With this background of multifunctionality, it is worthwhile investigating the ability of

nanosized Cr,0O3 to improve the optical properties of PVC, which has not been attempted to date.

Because of excellent control of stoichiometry, relative simplicity, and the general advantage of large-area
deposition, the sol-gel technique and solution casting were chosen to prepare Cr,Os; nanoparticles and PVC/Cr,03
nanocomposite films, respectively, in this work. The influence of Cr.Os; nanoparticles on the dielectric and optical
properties of PVC are examined.

EXPERIMENTAL

Cr203 nanoparticles were synthesized by the sol-gel method. High-purity chromium triacetate (Cr(C>H30;)3) and
oxalic acid (C2H204) were mixed in stoichiometric ratio and dissolved in double-distilled (DD) water with stirring for 2 h.
The obtained sol was held in an oven at 100 °C for 8 h, cooled to 70 °C and stirred to obtain a gel that was then aged for
18 h at room temperature (RT). Finally, the gel was calcined at 400°C for 3 h to obtain Cr,O3z nanoparticles. The
synthesized nanoparticles were added in different x (wt.%; x = 0, 0.2, 0.6, 0.8 and 1.2) to PVC according to the following
equation:

h w
x(wt. %) = _Lwﬁwp X 100 (1)

where ws and w,, represent the weights of Cr.Oz and PVC, respectively. Nanocomposite films were prepared by casting as
follows. PVC [Polymer Laboratories, Ltd. (Essex, UK)] (2.0 g) was dissolved in tetrahydrofuran [THF, Aldrich, Germany]
(70 ml) with stirring for 1 h at RT until the polymer completely dissolved. Cr,O3; nanoparticles were added to the PVC
solution in the appropriate ratio under vigorous stirring to prevent agglomeration. Finally, the agueous mixtures were cast
into Petri dishes and placed in an oven at 60 °C for 24 h in air. Care was taken to obtain homogenous samples of the
same thickness. The obtained nanocomposite films of pure PVC and PVC loaded with Cr,O3; nanoparticles were then
characterized.

The obtained Cr,03 powder and films of pure PVC and PVC loaded with Cr,O3 nanoparticles were characterized
by a range of techniques. X-ray diffraction (XRD) of Cr,O3 particles, PVC, and Cr,0O3-doped PVC films was performed
using a diffractometer (PANalytical,X’'Pert PRO, Netherlands). High-resolution transmission electron microscopy (HR-
TEM; JEM 2100, JEOL, Japan) was used to measure the crystalline size of the as-synthesized Cr,03 particles. Scanning
electron microscopy (SEM,; Inspect S, FEI, Holland) images of pure PVC and the nanocomposite films were obtained. Film
thickness was evaluated using a digital micrometer with an accuracy of +0.001 mm. Dielectric measurements were
performed by using a Hioki (Ueda, Nagano, Japan) model 3532 High Tester LCR, with capacitance measurement
accuracy on the order of 1x10™ pF. The temperature was measured with a T-type thermocouple having an accuracy of
+1°C. The dielectric permittivity &' of each sample was calculated as ¢' = dC/g, A; where C is the capacitance, d is the
thickness of the sample, & is the permittivity of free space, and A is the cross-sectional area of the sample. The measured
ac conductivity values of Cr,Os/PVC composite films were calculated using the relation;

= 'tand =2z fg,e",
o, =ws,e'tand =2rxfe e @)
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where @ is the angular frequency (@ =2mf), f is the applied frequency, tan & =¢"’, and €" is the dielectric loss factor.
Optical characterization was carried out at RT using a UV-VIS-NIR spectrophotometer (Shimadzu UV-3600) in the
wavelength range 230-800 nm with an accuracy of £0.2 nm.

RESULTS AND DISCUSSION
Characterization

The Rietveld refinement of the XRD pattern of the as-synthesized Cr,O3 nanoparticles is shown in Figure 1(b).
Cr,03 crystallizes with a rhombohedral structure in space group R3c. The lattice constants are a = 4.948(3) A and ¢

=13.581(0) A. These parameters agree well with the results of a neutron diffraction study [26] and those reported in Refs.

[20, 22, 27] for Cr,O3 nanoparticles. A HR-TEM image (Figure 1(a)) of the as-prepared Cr,O3; nanoparticles was taken to
test the crystal size.

pure Cr,0,
1.2 wt.% Cr,0,

— 0.8 wt.% Cr203
— 0.2 wt.% Cr203
pure PVC

(b)
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FIG. 1 (left): (a) HR-TEM image of Cr,O3 nanoparticles, and (b) XRD patterns of pure Cr.Os; nanoparticles, showing

observed intensities (closed black circles), calculated intensities (red line), their difference (blue
line), and the positions of the calculated reflections (green vertical bars).
FIG. 2 (right) : XRD patterns measured at room temperature of pure PVC, Cr,O3 nanoparticles and PVC loaded

with Cr,03 nanoparticles.

The average particle size of Cr,O3; was ~46 nm [28]. To highlight the differences between the XRD patterns of pure Cr,O3
and Cr,03/PVC nanocomposite films, the XRD pattern of pure Cr.O; is plotted along with those of pure PVC and the
doped samples in Figure 2. The broad halo peak in the region of 15-35° observed for pure PVC indicates its amorphous
nature [29, 30]. Comparing the XRD patterns of pure PVC and the as-prepared nanoparticles with those of the
nanocomposite films reveals that Cr,Os retains its rhombohedral structure even when it is dispersed in PVC. In addition,
SEM was performed to examine the morphology and dispersion of Cr,O3 nanopatrticles on the surface of the PVC films.
Fig. 3(a-d) shows SEM images of pure PVC and some PVC/Cr,Os; nanocomposite films. Cr,O3; nanoparticles are well
dispersed on the surface of PVC in all doped films.
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FIG. 3: SEM images of (a) pure PVC, (b) 0.2 wt.% Cr,03-doped PVC, (c) 0.8 wt.% Cr,Os-doped PVC, and (d) 1.2 wt.%
Cr,03-doped PVC.

DIELECTRIC PROPERTIES
Dielectric Permittivity

Figure 4(a-c) represents the frequency dependence of ¢ for a pure PVC film and PVC fiims loaded with Cr,Os
nanoparticles at different fixed temperatures. As seen, the ¢ of the pure and doped films decrease with increasing field
frequency because of decreases in the number of dipoles contributing to the polarization. The dielectric permittivities of
Cr,0Os—doped PVC films are significantly higher than that of the pure PVC. This can be attributed to interfacial polarization,
which is difficult to observe because of the conductivity of the material. This polarization allows the dielectric permittivity to
be high at low frequencies and high temperatures [31]. In addition, the effect of Cr,O3 nanoparticles on the dielectric
permittivity of pure PVC is more pronounced than that of CdO [17]. This can be ascribed to the different chemical natures
of these metal oxides.
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FIG. 4: Frequency dependence of ¢ for pure PVC films and PVC containing different wt.% Cr,Os nanoparticles at

different temperatures: (a) 363 K, (b) 383 K and (c) 403 K.
FIG. 5: Frequency dependence of o, for pure PVC and PVC loaded with different Cr.O3; content at different
temperatures: (a) 363 K, (b) 383 K and (c) 403 K.

AC Conductivity

Figure 5 (a-d) displays the dependence of o, of the composite films on f at various temperatures. The increase
in 05 with frequency and the weak temperature dependence indicate that the charge carriers are transported by hopping
through defect sites along the chains [32]. The homogenous distribution of Cr O3z nanoparticle, which confirmed from
SEM, allows the formation of more number of conductive three-dimensional networks throughout the nanocomposite and
assisting the charge carriers to hop from conducting clusters to neighbors. These observations agreed with the published
data for different polymers and amorphous semiconductors [10, 14, 33, 34]. The difference between the values of gy for
0.8 wt.% Cr,03- and 1.2 wt.% Cr.O3-doped PVC is small.

The variation of the ozc with Cr,O3 content at different temperatures and frequencies are given in Table 1. Once
again, oy increases with the incorporation of Cr,O3 nanoparticles inside the PVC matrix. However, it is observed that the
O values of 0.8 wt.% and 1.2 wt.% doped-PVC samples are very close to each other, may be the conductivity reaches its
maximum. In addition, the values of oac increase significantly with increasing the applied frequency rather than the
increasing of temperature.

TABLE 1: The ac conductivity (s in units of S.cm'l) values of the nanocomposite films at different temperatures

and frequencies

80 kHz 0.8 MHz 3.0 MHz
Sample | 323K 363K 393K 323K 363K 393K 323K 363K 393K
0.2wt.% | 4.76x107 8.57x10° 6.20x10° | 5.09x10° 4.8x10° 1.0x10” | 8.03x10° 1.22x10* 3.48x10™
0.6wt.% | 2.5x107  8.6x10°  6.7x10° | 3.2x10°  5.1x10° 1.1x* 1.48x10° 1.70x10" 4.03x10™
0.8wt.% | 9.2x107  1.2x10°  1.03x10° | 8.1x10°  6.8x10° 1.4x10* | 1.20x10° 1.75x10* 4.52x10™
1.2wt% | 9.24x107 1.2x10°  1.0x10° | 8.1x10°  6.8x10° 1.4x10* | 1.22x10° 1.76x10" 4.53x10™
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Electric Modulus

In composite polymeric materials, the existence of interfaces gives rise to interfacial polarization or the Maxwell-
Wagner-Sillers (MWS) effect. This effect appears in heterogeneous media because of the accumulation of charges at the
interfaces. Nevertheless, this polarization is why the dielectric permittivity becomes high at low frequencies and high
temperatures. To overcome the difficulty of observing the interfacial polarization, the modulus formulism can be used to
analyze the electrical conductivity in an ionic polymeric material. In addition, the modulus formalism can be used to
suppress the signal intensity associated with the electrode polarization, emphasizing the small features at high
frequencies. The recorded dielectric data can be expressed in terms of the complex electric modulus (M*), which is
defined as the inverse of the complex permittivity (€*):

1 &' -
M*=— = i ®)
g* g|2+gn2 8I2+8"2
or M*=M"'+iM" 4)

where M’ and M" are the real and imaginary parts of the electric modulus, respectively.

Figure 6(a-c) shows the temperature dependence of M' for pure PVC, and Cr,Oz-doped PVC films at different
frequencies. It is clear that the values of M' decrease with increasing temperatures and increasing Cr,Os content. At high
temperatures, M'(T) tends to reach a constant value, which indicates thermally activated nature of the dielectric constant
[35]. The Cr,03 nanoparticles within the PVC matrix influence the polarization and correspondingly the electrical
conductivity and dielectric permittivity.

The temperature-dependent behavior of M" for pure PVC and PVC loaded with Cr,O3 nanoparticles at selected frequencies
is displayed in Figure 7(a-c). Pure PVC, and nanocompsite films exhibit a peak around T = 370 K consistent with the
inflection temperature in M'(T) curves (see Figure 6). It can be attributed to aa-relaxation which ascribed to the micro-
Brownian motion of the polymer main chains [18]. This peak becomes broad and shifts to higher temperature either with
increasing frequency or increasing the content of Cr,Oz nanoparticles. In addition, an enhancement of the contribution of dc
conductivity effects can be seen by using the electric modulus formalism. It noticed that the height of this peak for pure PVC
film is higher than those of the nanocomposite films. The low-frequency side of this peak signifies the range of frequencies in
which ions can successfully hop to neighboring sites. The high-frequency side of this M" peak represents the range of
frequencies in which the ions are spatially confined to their potential wells and only show localized motion within the well.
Thus, the region where the peak occurs is indicative of the transition from long-range to short range mobility with increasing
frequency. In addition, the spectrum of M" might indicate that the conduction mechanism is temperature-dependent hopping
[36].
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FIG. 6: Temperature dependence of the real part of the electric modulus, M', for pure PVC and PVC containing
different ratios of Cr O3z nanoparticles at various frequencies: (a) 80 kHz , (b) 1 MHz K and (c) 3 MHz.
FIG. 7: Temperature dependence of the real part of the electric modulus, M", for pure PVC and PVC containing

different ratios of Cr,O3 nanoparticles at various frequencies: (a) 80 kHz , (b) 1 MHz K, and (c) 3 MHz.
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OPTICAL PROPERTIES

UV-vis absorption spectroscopy is a direct and simple method to probe the band structure of samples. The UV-
vis absorption spectra of pure PVC and PVC loaded with Cr,Oz nanoparticles are presented in Figure 8(a). The
absorbance of the films increases with increasing Cr,O3 content in the PVC matrix. An absorption band at ~278 nm is
observed for pure PVC and assigned to the T—11* transition [37, 38]. The intensity of this band increases in the spectra of
the PVC/Cr,O3 nanocomposite films, as shown in the inset of Figure 8(a). Similar behavior was also observed for zinc
oxide (ZnO)/PVC nanocomposites [39]. Two peaks around 440 and 550 nm are observed for the Cr,O3-doped PVC films,
consistent with the spectra obtained for 0.75 wt.% Cr,Os-doped polyvinyl alcohol [28], in which these peaks were
attributed to the formation of charge transfer complexes. Figure 8(b), reveals that PVC is an optically transparent polymer
with transmission (T) over 90% in the visible region. The transmittance intensity of PVC increases with wavelength. As the
concentration of Cr,O3 nanoparticles increases, the transmittance of the films decreases. The reduced transmittance is
caused by the Cr,0O3 nanoparticles increasing the localized state density or acting as scattering centers in the PVC matrix.
The regular change in both the absorbance and transmittance of the nanocomposite films with Cr,O3 content provides
evidence for the good dispersion of Cr,O3z nanoparticles in the PVC matrix, consistent with SEM results.
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- 273
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FIG. 8: (a) UV-vis absorption spectra, and (b) transmittance spectra of pure PVC, and PVC/Cr,0Os nanocomposite
films. For clarity, the inset in (a) shows the change in the absorption spectra of all samples around 278 nm.

The direct optical energy band gap (Eg) of the films was determined from their UV-vis spectra according to the
frequency dependence of the absorption coefficient, a, (where a= absorbance/film thickness) and by using Tauc’s relation
[8, 30, 40, 41]:

ahv = B(hv — Eg)T @)

where hu is the incident photon energy that can be approximated to hv = 1240/A, B is a constant between 1 x 10° and 1 x
10° (cm eV)'1[42, 43], and r is assumed to be 1/2 or 2 for allowed direct and allowed indirect transitions, respectively [44].
A plot of (ahv)2 versus hv at RT enables us to estimate Eg by extrapolating the linear part of (ahv)2 to zero, as shown in
Figure 9(a). The obtained E4 values are listed in Table 2. For pure PVC, Eg= 5.08 eV, which is similar to that reported in
Ref. [45]. E4 decreased to 4.66 eV as the Cr.O3 content increased to 1.2 wt.%. Similar behavior has been reported for
other composite polymers [14, 46, 47]. The decrease in Eyis attributed to the creation of localized states in the band gap
as a result of Cr,03 doping.
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FIG. 9: (a) Plots of (ahv)?versus hv and (b) In (a) vs. hv of pure PVC and Cr,Os/PVC nanocomposite films. The

solid lines in b are the fittings according to Eq. (6).

The absorption coefficient near the fundamental absorption edge depends exponentially on hu and obeys the
empirical Urbach relation. The Urbach energy (Ey) can be calculated using the following equation [48]:

hv — E,
a=a,exp(———) ®)
Eu
where E, and a, are constants. Ey values were calculated from the slopes of the graphs in Figure 9(b) using the
-1
dl
relationship Ey = (ﬁ , and are given in Table 2. The Ey values of the PVC films increased with Cr2O3 content. Ey

changed inversely to Eg, which may be caused by the disorder of the PVC matrix being increased by Cr203 doping. This
increase leads to a redistribution of states from band to tail, allowing a large number of possible band-to-tail and tail-to-tail
transitions [49]. Moreover, the decrease in the optical band gap, Eg, and the increase of oac reveal the consistency
between the ac conductivity and optical measurements.
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FIG. 10: (a) Dependence of refractive index (n) on wavelength (A).Plots of (b) (n>1)™" against (hv)?, and (c) (n*1)™
versus A” for pure PVC and PVA/Cr,0s nanocomposite films. The solid red lines in b and c are the linear
fitting according to Egs. 8 and 9, respectively.

One of the methods to calculate the refractive index (n) is using the reflectance (R) and extinction coefficient,
k, (k = aA/4m) of films [50]:

n=[4R/(1-R)* =]+ [(1+ R)/(1 - R)] @)

where n is the real part of the complex refractive index given by i = N + ik, and R is the reflectance calculated from
the absorbance (A) and transmission (T) spectra using the relation; R =1 —[T *exp(A)]”z [18,50]. Figure 10(a) shows

the refractive index distributions of the pure PVC film and the PVC films loaded with Cr,O3 nanoparticles. n in the visible
region for the pure PVC film is 1.48, which is consistent with values measured for PVC with an Abbe's refractometer and
thermostat-controlled water circulation system at 30 °C by Rajulu et al. [51]. Figure 10(a) reveals that n of the
nanocomposite films increased markedly upon incorporation of Cr,Osz nanoparticles into the PVC matrix, similar to
PVC/CdO nanocomposites [17]. The physical properties of a material depend strongly on its internal structure, including
packing density and molecular weight distribution. The increased n of PVC after embedding Cr.O3; nanoparticles may be
caused by the formation of intermolecular hydrogen bonds between the oxygen atoms of Cr,O3 and the adjacent hydrogen
atoms of PVC. Such increases in n may allow these materials to be used as an anti-reflection coating for solar cells, or as
high-refractive-index lenses.
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TABLE 2: Optical parameters of pure PVC and PVC loaded with Cr,O3 nanoparticles. Listed are: direct energy
band gap (Eg), Urbach energy (Eu),), single oscillator energy (Eo), energy parameter (Eg), transmittance (T%),
refractive index at infinite wavelength (n,), average interband oscillator wavelength (1,), average oscillator
strength (So), lattice dielectric constant (&) and the ratio between carrier concentration and effective electron
mass (Ne’/nc’m*).

Sample Pure 0.2 wt.% 0.6 wt.% 0.8 wt.% 1.2wt.%
PVC Cr203 Cr203 Cr203 Cr203
Eq (eV) 5.06 4.74 4.84 4.70 4.66
Eu (eV) 0.137 0.271 0.403 0.433 0.487
Eo (eV) 4.47 3.25 3.35 3.18 3.12
Eq (eV) 5.20 15.22 30.47 39.73 51.93
T % (at 500 nm) 89.8 71.6 54.7 47.7 38.0
N, 1.47 2.36 3.05 3.67 4.20
2o (NM) 274 377 353 381 390
S, x 10" (m?) 1.53 3.16 6.68 8.61 10.95
a 2.0 2.95 3.95 4.40 5.40
(Ne*/mrm*c®) x 107" (hm™@)  3.60 11.22 26.98 39.89 47.45

From the normal dispersion behavior of n with A, various dispersion parameters can be calculated within the absorbance
band (200—-300 nm) on the basis of the single oscillator model developed by DiDomenico and Wemple [52,53]:

Ed Eo
2 2
EZ - (hv)
where Eg4 is the energy parameter (a measure of the strength of interband optical transitions) and E, is the single oscillator
energy (the average excitation energy for electronic transitions). Eq and E, can be obtained from the intercept and slope of

the linear fitted line in a plot of (n?-1)™ against (hv)?, as depicted in Figure 10(b). The determined values of Eq and E, are
listed in Table 2. The variation of n with A can be expressed as [54]:

n®=1+ 8)

n? -1 .
% :l— - 9
n?—-1 (/?,) 4

where n. is the long-wavelength refractive index and A, is the average interband oscillator wavelength. The parameters
N=, Ao, and S, (average oscillator strength; S, = (n2 -1)/ 2,02) were obtained from the slope and intercepts of (n*1)™

versus A? curves, as presented in Figure 10(c). The values of these parameters are also given in Table 2. The optical
parameters of PVC are changed by the incorporation of Cr,O3 nanoparticles into the PVC matrix. This suggests that the
optical constants of the nanocomposite films could be controlled by Cr,Os content. The quantitative measurements of
these parameters may assist in tailoring and modeling the properties of such nanocomposites for use in optical
components and devices.
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FIG. 11: Dependence of (n*-1)™" on A? for pure PVC and Cr,Os-doped PVC films. The solid lines are the fitting
according to Eq. (10).

The lattice dielectric constant (¢1) and ratio of carrier concentration to electron effective mass (ezlncz)(N/m*) can be
calculated (see Table 2) by plotting the variation of n? versus A® (Figure 11) according to the dispersion relation [1]:

e’ N
n? =g — (@)( A2 (10)

m*

Table 2 reveals that the values of (ezlncz)(N/m*) increase with Cr,O3 content. This means that Cr,O3 incorporation
increases the charge carrier concentration inside the PVC matrix.

The real and imaginary parts of complex dielectric constants can be calculated from the following relations [55]:
n?(1) — k2(1) 1)
= 2k(A) n(A)

greal B

gimag. (12)
where gea @and gmag. are calculated for pure PVC and PVC containing different amounts of Cr.O3 nanoparticles at different
incident photon energies. Fig. 12(a) and (b) show that as incident photon energy increases gea and &smag increased and
then peaked at certain energies (hv ~4.45 eV). The 1.2 wt.% Cr.Os-doped composite film has the largest gea and gmag. Of
the films over a wide energy range.
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FIG. 12: Plots of (a) the real part (&ea ), and (b) the imaginary part (&mag.) Of the optical dielectric constant versus

photon energy hvfor pure PVC and PVC doped with Cr,O3 nanoparticles.
CONCLUSIONS

Rietveld XRD analysis indicated that the as-prepared Cr.Os; nanoparticles were rhombohedral with space
symmetry group r3¢. The increase in the dielectric permittivity of Cr,Oz-doped PVC films is attributed to the interfacial

polarizations. The frequency and temperature dependences of the ac conductivity for the investigated nanocomposite
films indicated that the charge carriers are transported by hopping through defect sites along the PVC chains. The electric
modulus M" showed as-relaxation due to the micro-Brownian motion of the polymer main chains. Adding the Cr.O3
nanoparticles to PVC films modified their optical properties considerably. The direct optical energy band gap showed a red
shift from 5.08 to 4.66 eV upon addition of Cr,O3 nanoparticles. The refractive index of pure PVC is increases with Cr,O3
content. Optical dispersion constants also change. The real and imaginary parts of dielectric constants for pure PVC
exhibit a peak at hv ~4.45 eV and the intensity of this peak is enhanced with Cr,O3s doping. These results reveal that
PVC/Cr,03 nanocomposite films may be suited for application in optical devices.
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