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Abstract

Polymer rare-earth composite films PVA/PVP—xLa’* (xwt%; x=0, 3, 5, 10, and 15) were fabricated by the solution casting
method. The structural parameters of these films were determined from X-ray diffraction (XRD) pattern analysis, and the
complexation of La** ions with the polymer composite films was studied by Fourier transform infrared (FT-IR) spectroscopy.
The optical energy gap (E,,, ) and the high-frequency refractive index (n) were determined from UV-Vis transmission spectra
analysis. AC electrical conductivity and dielectric characterization of the polymer composite films have been investigated.
The structural parameters of the inter-planar (d) spacing, crystallite length (D), and the average crystallite separation (R)
and the FT-IR spectra indicate strong bonding of La** ions with the carbonyl groups of the polymer composite chains. The
optical gaps of the films determined by Tauc’s relation and optical absorption fitting (ASF) exhibit a slight decrease by
increasing La>* ions content, whereas the refractive indices show a slight increase. High values of the dielectric parameter
&' and dielectric loss " were produced in pure PVA/PVP composite polymer films, and they tend to decrease by increasing
La* ions content in the PVA/PVP composite films due to decreasing directional polarization and ionic polarization in the
films with increasing La** ions content. The minimum energy loss occurred at 70 kHz and these materials may be selected
to be used in energy applications. I-V characteristics show a linear-like ohmic behavior because La ions are bonded well in
the structure of polymers and became part of it.

1 Introduction the structural, optical, and thermal properties of many types

of host polymer [1-3].

During the last two decades, development of inexpensive
composite polymers with lightweight, good mechanical
strength, desired optical, and electrical properties have
received a lot of attentions from technical and academic
researchers. These materials can be used as multifunctional
materials in wide applications including industrials and
optical technologies. Owing to the relatively large ion size,
electrostatic interaction with the polar groups of polymeric
materials, and their tendency to form covalent bonds, rare-
earth elements (REEs) doping has considerable effects on

< F. M. Ali
Fayezbakeer @yahoo.com

Physics Department, Faculty of Science, King Khalid
University, P. O. Box 9004, Abha 61413, Saudi Arabia

Physics Department, Faculty of Science, Suez Canal
University, Ismailia 41522, Egypt

Physics Department, Faculty of Science, Ibb University, Ibb,
Yemen

Among various polymers, polyvinyl alcohol (PVA)
(C,H,0),, and polyvinyl pyrrolidone (PVP) (C;HyON), and
their blend (PVA/PVP) have recently received considerable
interest with numerous potential applications [3-9]. The
properties of these polymers can be improved and controlled
substantially by doping with rare-earth ions. Polyvinyl alco-
hol films can be used as a host matrix for appropriate dopant
such as transition metal elements, rare-earth ions, and dyes,
which can be used for wide range of applications as in image
storage, holography, laser applications, sensors, photonic
devices, and photovoltaic cells [3—11]. Its semi-crystalline
structure showed an important feature where the semi-
crystalline materials have exhibited improvement in certain
physical properties due to crystalline—amorphous interfacial
effect [11-15]. Some studies revealed that the optical and
thermal properties of the PVA can be controlled by various
doping materials for different applications [14—19]. PVP is
a vinyl polymer amorphous polymer of high glass transi-
tion temperature (7,) having a rigid pyrrolidone group in its
structure that is responsible for excellent complexation with
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other polymers to form composites with good mechanical
properties [3, 4, 18]. PVA and PVP are ecofriendly polymers
easily soluble in water and having excellent film forming
ability. The solution composed of PVA and PVP polymers
is one of the low cost and available methods extensively
used to get new material with improved properties useful for
promising optical and electrical application [19-27].

The long-term stability, a water-soluble polymer, and
ease of processing permit the use of PVA and PVP as a
convenient host matrix for rare-earth ions (REIs). REIs in
their trivalent state are partially filled 4f sub-shell [28, 29]
and contain highly electronegativity donor atoms and PVA
also possesses potential oxygen donors, therefore PVA/PVP
composite can interact with rare-earth ions (REIs) to pro-
duce important structural and optical features [3, 4, 30, 31].

The main objective of the present study is to pre-
pare S0PVA/50PVP per weight (wt%) doped with differ-
ent weight percentages (xwt%; x=0, 3, 5, 10, and 15) of
La(NO5);-6H,0 to study the influence of La®* ions on the
microstructural, optical, electrical, and dielectric characteri-
zation of the PVA/PVP composite. The prime novelty of this
work is to develop and characterize low cost prepared poly-
mer—rare-earth composite films aiming to enhance their
optical properties and applications.

2 Experimental section
2.1 Samples preparation

Polymer films can be prepared by different methods such
as melt pressing, melt extrusion, and solution casting tech-
niques. Each technique has its own advantages and limita-
tions. The melt pressing and melt extrusion are used in the
preparation of films from the polymer melts. The primary
drawback of these two techniques is subjecting the film con-
stituents to high temperatures, which may cause thermal
degradation. The solution casting technique has been paid
significant attention due to its potential advantages such as
thickness uniformity, good clarity, more flexibility, and bet-
ter physical properties. This method is simple but it needs
long time to ensure a complete solubility and homogene-
ity of the raw polymeric materials in their solvents. In this
work, the solution casting technique is used for preparation
of La**-doped PVA/PVP polymer blend composite films by
solving the ingredients in distilled water.

The raw chemical materials of two polymers polyvinyl
alcohol (PVA) of molecular weight (mw =57,000-66,000 g/
mol.), polyvinyl pyrrolidone (PVP) (mw = 58,000 g/mol.)
and Lanthanum (III) nitrate hydrate [La(NO;);-6H,0,
(99.9%)] rare-earth salt used in the preparation of poly-
mer composite films were supplied from Alfa Aesar
Karlsruhe, Germany. Polymer blend composite films (PVA/
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PVP-xLa’*); x=0, 3, 5, 10, and 15 per weight were pre-
pared using the low-cost casting technique. Two equal
weights of PVA and PVP were separately dissolved in fresh
distilled water using magnetic stirrer for 8 h at 60 °C till
obtaining homogenous and transparent solutions. The two
solutions are then mixed together with subsequent stirring
for 2 h. The polymer composite films PVA/PVP-xwt%
La(NO;);-6H,O were prepared by mixing the required
weight fraction (wt%) of the dopant to the polymer com-
posite solutions. These solutions were stirred well to obtain
homogenous mixtures which were then poured into perfectly
flat petri dishes and left to dry at the ambient temperature for
one weak to get free-standing films. The PVA/PVP—xLa**;
x=0, 3, 5, 10, and 15 films were carefully peeled from the
glass petridishes and coded as sample A, B, C, D, and E,
respectively.

2.2 Characterization techniques

The X-ray diffraction patterns of pure and La** ions doped
with PVA/PVP polymer composite were studied using
Shimadzu model XRD-6000 X-ray Diffractometer in the
Bragg’s angle range of 5° <268 >60° and Cu K, radiation
of wavelength 1=1.5406 A with scanning speed of 5°/
min. Thermo Nicolet 6700 FT-IR spectrometer was used to
record the FT-IR spectra of the fabricated composite films
in the wave number range 500-4000 cm™! with a resolution
of 4 cm~!. JASCO (V-570-UV-Vis-NIR) spectrophotom-
eter was used for the optical transmission and absorption
measurements of the investigated films in the wavelength
range of 200-800 nm. The dielectric characterization and
AC conductivity of the samples were carried out by LCR
bridge meter model Agilent 4284 A Precision as a function of
frequency in the range from 1.2 kHz to 1 MHz at room tem-
perature. [-V characteristics were studied using two-probe
experimental set-ups (Model DNM-121, SES Instruments
Pvt. Ltd, Roorkee, India). Both sides of the investigated pol-
ymer film samples were precisely painted with silver paste
electrodes and mounted on a designed sample holder that is
used to study the dielectric and electrical properties of the
prepared films.

3 Results and discussions
3.1 The structural parameters

Figure 1 shows the recorded XRD pattern of pure PVA/PVP
and PVA/PVP-La** polymer composite films. It is noted
from the Figure that (I) a relatively broad hump is observed
at about 260=19.73° for pure PVA/PVP. This peak attributed
to the (101) reflection plane of PVA which agrees well with
various reported works [32-35] and confirms the miscibility



Journal of Materials Science: Materials in Electronics (2020) 31:2557-2566 2559
D= 0.944 , @
pcos@
WM“ —— E
and
M“w
52
R=—,

Intensity (a.u.)
w

Fig.1 XRD patterns of PVA/PVP—xLa>*" polymer composite films

of the two polymers due to strong interaction between the OH
groups of the semi-crystalline PVA and the C=0 of the amor-
phous PVP to form a composite film which contains amor-
phous and crystalline regions. (II) On doping the PVA/PVP
composite with different concentrations of lanthanum salts,
there are no additional peaks corresponding to the crystalline
nature of the salt observed in the XRD patterns which indi-
cates the complete dissociation and homogenous complexation
of the salt in the polymer matrix through bonding of La**
ions with the carbonyl group in the polymer composite chains.
(IIT) It is interesting to note that, after doping, the intensity
of the observed broad beak gets decreased; its position shifts
slightly towards higher diffraction angle and exhibits reduction
in FWHM (see Table 1). This result indicates incorporation of
La* ions in the hybrid polymer composite film and implies
an augmentation of the amorphous regions [32-36]. Various
structural parameters such as the inter-planar spacing (d), the
crystallite size (D), the relative intensity of the peak (//I, %),
and the average crystallite separation (R) were determined
form Bragg’s angle 8 and the FWHM of the Gaussian fitting
of the main peak according to the following relations listed in
References [32-37].

respectively, where A is the wavelength (1.5406 A) of the
X-ray radiation and n=1 for the first-order diffraction. These
parameters are listed in Table 1. For brevity, the Gauss-
ian fittings of the main XRD peak for pure PVA/PVP and
PVA/PVP-15wt%La>* samples are shown in Fig. 2a and b,
respectively.

It is noticed from Table 1 that, although the La™ ions
content has a small effect on the (d) and (R) values of PVA/
PVP-La**, a dramatic decrease on the relative intensity
(I/1,) peak occurred due to doping of the PVA/PVP poly-
mer composite with low (3wt%) La>" ions and this change
becomes relatively small for the higher La®* ions content.
This means that small amount of rare-earth ions leads to
a significant decrease in the degree of crystallinity of the
polymer composite. It is interesting to note that doping PVA/
PVP composite with La>* ions leads to a slight decrement
in the average inter-chain separation of the PVA/PVP-xLa>*
composite. Thus, incorporation of Lanthanum ions in the
PVA/PVP composite film brought more compact structure
of final composite due to the strong interaction of La>* with
the carbonyl groups of the PVA/PVP composite.

3.2 FT-IR spectroscopy analysis

It has been established that, FT-IR spectroscopy is a power-
ful technique to investigate and provides worthy knowledge
about the structure and chemical species of the polymer
composite films. The FT-IR transmission spectra for pure
PVA/PVP and PVA/PVP-xLa** composite polymer films
are shown in Fig. 3. The spectra exhibit characteristics of
various stretching and bending vibrations bands and show
shift in some band positions and intensity change in oth-
ers compared with the virgin polymer composite film. As
noticed in Fig. 3, the FT-IR spectrum of pure PVA/PVP
composite exhibits a strong broad absorption band recorded

="t (1) ~ at2837 cm™'-3630 cm™', which attributed to the hydroxyl
2sin@ (O-H) stretching vibration [3, 4, 38]. This band gets
;Z':;;L[efngs;f;‘/i‘;;% band Sample 20 (%) B (Rads.) d (nm) D (nm) R(nm) V%
PVA/PVP—xLa™" polymer A 19.73 0.129 0.449 1.139 0.562 100
composite B 20.08 0.083 0.442 1772 0.552 44.24
C 20.52 0.076 0.432 1.936 0.540 37.49
D 20.25 0.082 0.438 1.794 0.547 37.30
E 20.05 0.073 0.442 2.015 0.552 31.13
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Fig.2 Gaussian fitting of (101) XRD peak for a pure PVA/PVP and b
PVA/PVP-15wt% La>* polymer composite films
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Fig.3 FT-IR spectra of PVA/PVP—xLa** polymer composite films
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shifted to 3609 cm™'-2837 cm™!, 3609 cm™'-2844 cm™,
3593 cm™'-2846 cm™!, and 3615 cm™'-2849 cm™! in the
FT-IR spectra of A, B, C, D, and E composite polymer films.
The observed shift in wave numbers suggests the interac-
tion of La*>* dopants with the host polymer which confirmed
by the XRD measurements. In addition to this broad peak,
several characteristic absorption bands observed at about
2394 cm™!, 2321 cm™!, and 2157 cm™! were observed for
all film samples. These bands may assigned to C=0, C=C,
and C=N stretching vibration, respectively [3, 4], and they
exhibit change in intensity by increasing the doping level
of La** ions in the (PVA/PVP) composite matrix due to
replacement of carbon atoms with lanthanum in the chains
of the polymer composite.

3.3 Optical properties

In particular, it has been established that measuring the opti-
cal absorption is a potential technique useful in the elucida-
tion of the optical characteristics and determining various
optical parameters such as absorption edge, optical gap, and
refractive index of crystalline and amorphous materials.

3.3.1 Optical absorption studies

The UV-visible transmission and absorption spectra of
PVA/PVP and PVA/PVP—xLa’*" are shown in Fig. 4a and
b. The results indicate that PVA/PVP strongly blocks
UV radiations and the blocking range is progressively
increased from (200-230 nm) for pure VA/PVP compos-
ite film to (200-240 nm) for PVA/PVP-15wt% La’** (see
inset of Fig. 4). It is noticed that there is a significant shift
in absorption band edges towards the higher wavelengths
and this shift increases by increasing La®* ions content in
PVA/PVP chains. The shifting in the absorption edge may
attribute to the change in the structure parameters due to
complexation of La®* ions in the polymer composite which
results in the formation of intra/intermolecular bonding
between La* ions with the adjacent carbonyl groups of
PVA/PVP in the polymer composite chains. This result
confirms the obtained results of the XRD analysis. An
absorption band was observed at about 286 nm, whereas
pure composite can be assigned to n—n* [39] transitions
and the intensity of this band increases with increase
in La** concentration in the composite films. The rise
in absorption band is due to enrichment to the number
of absorbing molecules in the sample due to the inter-/
intra molecular hydrogen bonding between the carbonyl
group of PVP and the hydroxyl group of PVA and La**.
Although the transmission decreases gradually by increas-
ing La*" content in the composite in the visible range,
there are no detected absorption bands in this range. This
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Fig.4 a Optical transmission spectra and b optical absorption spectra
of PVA/PVP-xxLa** polymer composite films

result explains the transparency and colorlessness of the
sample to the human eyes. For better comparison of the
optical properties, the absorption of light by an optical
medium is quantified by its absorption coefficient a(A)
because it is independent on the thickness of the sam-
ple. The absorption coefficient a()) is defined from the
optical density (O.D.) that is sometimes called absorp-
tion A(A) as O.D. = 0.434al , where [ is the thickness and
O.D. = —logT. The relation between the absorption coef-
ficient @ and photon energy hv for PVA/PVP-La** com-
posite films is shown in Fig. 5. The absorption edge of the
films can be determined from extrapolating the linear seg-
ment to zero absorption value. An observable decrease in
the values of the absorption edge for PVA/PVP-La** com-
posite was detected as La**wt% increases, which indicates
the augmentation of the compositional disorder and for-
mation of some localized states in the band gap [40-42].

transition in many solid materials. The optical energy gap
E, of the composite films can be calculated using various
models such as Tauc [3, 4, 36, 38—42], absorption spectra
fitting [4, 44-46], and optical dielectric loss [47, 48] which
produce closely equal values [49, 50]. The general expres-
sion of Tauc’s, Davis, and Mott [38—42] is one of the most
important parameters that can be explained the optical and
electrical features of insulators and semiconductors. An
accurate value of the band gap is needed because it controls
the application of the material.

3.3.2.1 (a) Tauc’s method Tauc relation is widely used to
determine the band gap from optical absorption coefficient
a as a function of photon energy Av according to

(ahv)™ = C(hv - Eg), 4)
where C is the proportionality constant and m is a power
factor describing the kind of electronic transition from the
valance band to the conduction band which responsible for
absorption. For indirect allowed transition the factor m=1/2
and for indirect allowed transition m=2. One can notice
from Fig. 5 that the films exhibit strong absorption at short
wavelength region indicating the increase of the probability
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of allowed indirect transition. The indirect band gap can esti-1
mated from the extrapolation of the linear segment of (ahv)2
versus Av relation to zero absorption coefficient (a=0) as
shown in Fig. 6. It is observed that the band gap of pure
PVA/PVP composite is about 4.88 eV in a good agreement
with the previous published work [3, 4, 39] and slightly
reduced by increasing La** ions contents in the composite
chains to reach to 4.75 eV for PVA/PVP-15wt% La*. This
result considers a confirmation of incorporation of La>* ions
to the PVA/PVP matrix and indicates augmentation of the
amorphicity of the PVA/PVP—xLa>" composite polymer
films.

3.3.2.2 (b) Absorption spectra (ASF) fitting procedure In fact
to get an accurate value of optical band gap using Tauc’s rela-
tion, it is necessary to measure the sample thickness precisely
which sometimes not possible for small thickness polymer
film. Therefore, a more accurate method to find the optical
gap was proposed [51-55]. This method is known as absorp-
tion spectra fitting and abbreviated as (ASF). In ASF method,
the optical band gap can be calculated directly from absorb-
ance (A) data only avoiding the thickness film measurement.
According to this method, the optical gap can be determined
from the following relation [51-55]:

ro1\”
A(A)=Dl/1<z—/l—> + D,, (%)

8

where D, and D, are constants, and 4, is the band gap wave-
length. The indirect optical band gap can be detelrmined

2

from extrapolation of the linear segment of (@) " versus

(%) relation as shown in Fig. 7. Then,
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Fig.6 Plots of (ahv)'? versus (hw) for (PVA/PVP)—xLa’* polymer
composite films
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The variation of the indirect band gap (E,) determined
by Tauc and ASF method is presented in Fig. §. Compar-
ing Figs. 6 and 7 and 8 one can notice that the decrease in
optical band gap is more obvious using the ASF method
and the optical gap of pure PVA/PVP composite is 4.79 eV
and reduces to 4.62 eV for PVA/PVP-15wt% La**. This
small difference between the values of the band gaps deter-
mined from Tauc and ASF methods may be assigned to the
less precision measurement of the sample thickness used
in Tauc’s relation which is totally avoided in all calcula-
tions using ASF method.

0.10

0.00
0.0030

T T T T T T T T T T T T T T
0.0032 0.0034 0.0036 0.0038 0.0040 0.0042 0.0044

1 (nm™1)

Fig.7 Plots of (A/A)"? versus (1/2) for (PVA/PVP)—xLa’* polymer
composite films

4.90 T L 1 — T L LI 1
] ] Eg (Tauch) |

485 | ° Eg (ASF) |

»
®
=]
T
u
1

»
J
a
T
[ ]
I

470 o E

Optical gap Eg(eV)

465 - u

4.60 — T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16

Lanthanum ion content (wt.%)

Fig.8 Dependence of the indirect optical gap Egj,q on La** ions
concentration based on Tauc’s and ASF methods



Journal of Materials Science: Materials in Electronics (2020) 31:2557-2566

2563

3.3.3 Refractive index

The refractive index is an uniquely important parameter
of optical materials that determines the optical character-
istics of a material. Thus, controlling the refractive index
of optical materials is needed for different applications
extended from protective coating to the designing of solid
state lasers [56—60]. There are various empirical relations
that can be used to determine the high-frequency refrac-
tive index from the band gap of the material [56, 57], and
among them, the relation proposed by Dimitrov et al. [58];

1

(2)--() ©
n?+2 20

was successfully used to determine the high refractive index

of the polymer films.

Based on this relation, the refractive indices values for
PVA/PVP—xLa®* composite polymer films were calculated
from the optical gap determined by the ASF method and
collected in Table 2. It is discerned from Table 2 that the
refractive index of PVA/PVP—xLa>* composite polymer
films increases gradually and very slightly from 1.757 for
pure PVA/PVP to 1.777 for PVA/PVP-3La** composite
film sample. Although the change in refractive index is
very small, such variation in refractive index is important
and desirable in the fabrication of polymer waveguides in
which the refractive index of the core is slightly higher
than that of the cladding to insure propagation of light
through the core by total internal reflection. These results
may be attributed to the increase in the density of PVA/
PVP—xLa’* composite films due complexation of La’**
in the polymer matrix. This result was also confirmed
in XRD parameters measurements where the inter-chain
separation also slightly decreases which reflects the more
compact of the composite chains and lamellae of the poly-
mer composite and thereby increasing the density of the
final product.

Table 2 Fundamental absorption edge (Eq,.), Optical gap (E,) and
high-frequency refractive index (n) of PVA/PVP—xLa>*composite

films

Sample  Eqee V) EDEV)  EMPEv) Al
A 5.16 4.88 479 1757
B 5.07 4.84 473 1.764
C 5.05 4.82 470 1767
D 4.99 4.80 4.64 1775
E 4.96 475 4.62 1777

3.4 Electrical properties

The dielectric parameter (¢') and dielectric loss (&”) rep-
resent energy storage and energy loss of AC external elec-
tric field. Figure 9a, b shows the frequency dependence of
both ¢’ and ¢” of the [(PVA/PVP)-xLa**] composite poly-
mer films at room temperature. It is clear from Fig. 9a that
the dielectric parameter €' versus frequency (f) reflects the
influence of La*" ions content on the characterization of
pure PVA/PVP composite films. High values of & and &”
were produced in pure PVA/PVP composite films, and they
tend to decrease by increasing La>* ions content in the PVA/
PVP composite films. This behavior can be explained on the
basis of decreasing electrical polarization due to decreas-
ing directional polarization (dipole response) and ionic
polarization (elongation and shrinkage of bonds between
ions) in the PVA/PVP polymer composite films with the
external electric field due to increasing La** ions content.
This in turn depends on the large mass of La*Tions and its
bond strength in the polymer chain where it replaces carbon
atoms as mentioned before in the FT-IR analysis. Hence,

6.7

a *A B aC +D «E

In(e")

In(g")

3.3 T T T
8 9 10 11 12 13 14

Ln(f) (fin Hz)

Fig.9 Frequency dependence of a dielectric parameter (¢') and b
dielectric loss (¢") of (PVA/PVP)—xLa3+polymer composite films at
room temperature
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it can be associated to the inability of electrical dipoles to
rotate rapidly leading to a lag between the oscillating AC
electrical fields and oscillating frequency of the electri-
cal dipoles of the investigated samples. In addition, the
bond length decreases (force constant increases) due to
the decrease in the inter-planar spacing (d) and the aver-
age crystallite separation (R) with the increase of La ions
content in the PVA/PVP polymer composite films as shown
in Table 1. This means that the distance between La ions is
reduced, and subsequent increase in the interaction between
them, which may reduce the dipole—dipole interaction (i.e.,
a reduction in ¢€') [61, 62]. From this point of view, &' of
the pure PVA/PVP polymer will be higher than that of the
doping polymers. Figure 9 shows that decreasing &' with
increasing frequency (as a normal behavior for these mate-
rials) that may be due to decreasing the rotational dipoles,
interfacial and accumulation polarizations of the samples
which can follow the high ac external filed on according
to the mechanism of polarization [63]. It is observed from
Fig. 9b that ¢" spectra with frequency have two humps (at
average values E] ~ 125 kHz and at Ezz45 kHz) and one
bottom (at average value b~70kHz). The appearance of the
humps in the dielectric loss spectra suggests the presence
of relaxing dipoles in the polymer film. The strength of the
relaxation depends on the characteristic property of dipolar
relaxation. So, the first (l_zl) and second humps (Ez) corre-
spond to the average PVA polymer ions polarization relaxa-
tion frequency (]71) (the average shorter relaxation time [36,
37],7,=1.274x 107% ) and the average PVP polymer ions
polarization relaxation frequency (J_‘z) (the average longer
relaxation time [64], T,=3.539x 107 s). The shift of /, and
h, positions to lower frequencies (longer relaxation time)
indicates that lanthanum cations prefer to coexist with the
PVA polymer chains by replacing carbon atoms and bonding
with anions. The bottom (b) on €” spectra may be attributed
to PVA/PVP interfaces of average polarization relaxation
frequency (f3). At the lower frequency, the minimum energy
loss is occurred, so these materials may be selected to be
used in energy applications.

Figure 10 presents the frequency-dependent AC elec-
trical conductivity (c,c) of PVA/PVP—xLa** composite
polymer films at room temperature. It is also noticed from
this Figure that o, is found to be higher for pure PVA/
PVP films compared to doping of PVA/PVP films and it
decreases with increasing doping of PVA/PVP films with
La ions. The mobility (vibration) of ions in polymers chains
is restricted with increasing La*>* ions content as a result to
heavy mass of La ions as compared to carbon ions and this
leads to reduction of AC electrical conductivity.

I-V characteristics of the fabricated PVA/PVP—xLa**
composite polymer films at room temperature are shown in
Fig. 11. I-V curves show a linear-like ohmic behavior. This
ohmic character of these samples means that La ions are
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Fig. 11 I-V characterization of (PVA/PVP)-xLa>" polymer compos-
ite films at room temperature

bonded well in the structure of polymers and became part
of it. Variation of pp. depends on La** ions content where
the resistivity increases with the increasing La ions content.
The values of resistivity (ppc) lie in the range 5.5 X 10" Q.m.
to 2 x 10° Q.m. These high resistivity values of these materi-
als make them candidates for high-frequency applications.

4 Conclusion

High-quality and low-cost PVA/PVP-La** composite
films have been prepared using the simple and conven-
tional casting technique. The complexation of La** ions
in the PVA/PVP polymer blend was confirmed from
the obtained results of the XRD structural parameters
and FT-IR spectra. The optical gaps of PVA/PVP-La’*
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determined from Tauc’s relation and the ASF method,
Eng) and E;ASF) are nearly equal and exhibit a decreasing
trend with increasing La>* contents. The high-frequency
refractive index calculated from the optical gap values
exhibit a small increase with increasing La** ions in the
polymer composite. As a result of La** doping, a signifi-
cant decrease in directional and ionic polarization of PVA/
PVP blend films was observed resulting in a decrease of
the dielectric constants ¢’ and ¢"”. The minimum energy
loss of the film samples occurred at 70 kHz and the [-V
characteristics show a linear-like ohmic behavior. These
materials may be selected to use in energy applications. In
view of the collected data, it could be suggested that PVA/
PVP—xLa’* polymer composite films are expected to be a
novel interesting optical material possessing great poten-
tial and significant importance for multifunctional applica-
tions as polymer planar waveguide and energy devices for
various display applications.
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