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Abstract
Poly(vinyl alcohol), PVA, a matrix with 0, 0.185, 0.37, 1.85, 3.7 and 18.5 wt% of lanthanum (III) nitrate were synthe-
sized by the traditional casting method. The order of the crystal structure and the interaction between the mixtures of the 
investigated materials were analyzed by X-ray and Fourier transform infrared (FT-IR) spectroscopies, while the Scanning 
Electron Microscopy (SEM), was used to study the surface images of them. Moreover, the optical filtering via UV/Vis/NIR 
spectroscopy, dielectric constant as well as the D.C. resistivity measurements that arose by the composite films with various 
wt% of La3+ ion were carried out. The structure study of these samples reveals that not only a cluster arises via La3+ ion 
on the SEM surface, but also, the semi-crystalline phases were confirmed by analyzing the pattern of the XRD and FT-IR. 
However, due to the complex formation of La3+ content in PVA matrix, there is an increment in the transitions strength, Ed, 
and the oscillator wavelength, λ0 as well as the index of refractions, while the band gap and the average excitation energy, 
Es, were decreased. Furthermore, there is a facility of moving charge carriers across the bands that contribute to the small 
energy gap via La3+-ion contents which clearly noticed in the dielectric and nonlinear I–V characteristics. The forward I–V 
measurement of the samples exhibited two distinct regions with different slopes, which is typical as nonlinear behavior for 
varistor with high applied voltage. Therefore, we can say that our samples have properties make them suitable to use in the 
applications of optoelectronic and varistor device.

1  Introduction

Poly (vinyl alcohol), PVA, with fillers has been attracting 
great interest from the side of the scientists and researchers, 
due to the widespread and various applications in optoelec-
tronics, micro-optics, ophthalmology, sensors, cutoff laser 
filters, high field or electrostatic discharge electronic protec-
tion [1–6]. The functional fillers may be referred to a parti-
cle, ions, nanoparticles or metal oxides. The spread of com-
mercial polyvinyl alcohol attributed to the low cost, ability 

to soluble synthetic in water, chemically stable, non-toxic 
and biodegradable [7–13]. Moreover, the super-molecules 
that created inside the PVA polymers causes an energy gap 
more than 1 eV. However, the creation of these molecules 
mainly depends on both the hydrogen bond as well as the 
electronic coordination [14].

It was reported that the optical properties and the elec-
trical conduction of PVA polymeric films depend on both 
the type and the percentage of doping contents [15]. Also, 
the lanthanide ions such as Nd, Sm, Gd, and Er can form 
hydroxo complexes within the polymer because of three fun-
damental reasons, firstly the weak electrostatic force with the 
polar groups in the polymer, secondly its relatively large size 
ions, and the third one its ability to constitute few covalent 
bonds [16, 17]. The complex formation between PVA and 
lanthanide ions produce new properties that are useful for 
various applications as optical signal amplifiers, optical fib-
ers, and lasers.

There is a lot of research work described the functional 
optical parameters of PVA doped via the Rare Earth Element 
(REE) [18, 19]. These industrial vitamins salts are one of 
the most interest lanthanides that have huge applications in 
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technology as well as modern science [20]. Each of REE 
has an electronic structure shows the presence of a filled 
5S2 and 5P6 shells around an incomplete 4f shell [21, 22]. 
Therefore, REEs with a host polymer material induces mix-
ing of states that lead to new transitions which facilitate 
effective properties. The primary factor for determining the 
luminescent behavior of the RE- polymer composites is the 
interactions between RE luminescent species and the matrix 
of the polymer [23]. The properties of PVA polymeric mate-
rials have various changes when they were doped by an RE 
salt [24, 25].

Not a lot of work focuses on the details of the optical 
properties of various levels of La3+ ions-doped PVA. Most 
of the researchers investigated the influence of the differ-
ent temperature and the frequency on the A.C. conductiv-
ity and the relaxation of the dielectric for polyvinylidene 
fluoride, PVDF, and PVA doped with La3+ [25, 26]. On the 
other hand, others studied the optical properties of PVA dop-
ing with various REE chlorides i.e. Gd, La, Er and Y [27]. 
Moreover, Ali et al. focused only on the influence of the La3+ 
concentration on the structure, absorption and the bandgap 
in PVA [18].

Therefore, in our work, we are aiming to study the influ-
ence of a different weight percent of lanthanum nitrate on (1) 
the crystallinity with various techniques (like XRD, FTIR, 
and SEM), (2) the optical parameters such as energy gap, 
refractive index, transitions strength, Ed, and the oscillator 
wavelength, λ0, which are significant for optical devices, (3) 
the dielectric and nonlinear I–V curves for all as-prepared 
doped and pure PVA samples at ambient temperature.

2 � Experimental procedures

2.1 � Synthesis of La3+/PVA films

Commercially, PVA, polyvinyl alcohol (4N purity) was 
used with raw of 0, 0.005, 0.01, 0.05, 0.1 and 0.5 mol% 
of Lanthanum (III) Nitrate(La(NO3)3.6H2O), (5N purity), 
to elaborate the proposed films which are called hereaf-
ter PVA:0 wt% La3+ (Pure PVA), PVA:0.185 wt% La3+, 
PVA:0.37 wt% La3+, PVA:1.85 wt% La3+, PVA:3.7 wt% 
La3+ and PVA:18.5 wt% La3+, respectively. The two mate-
rials are supplied from Alfa Aesar Karlsruhe, Germany. The 
equation that used to calculate the weight percentage (wt%) 
of the La3+ in the PVA matrix is:

where wLa and wPVA represent the weights of the dopant 
(La(NO3)3⋅6H2O) and PVA, respectively. The traditional 
casting process was carried out here to form polymeric 

(1)W (%) =
Wla X 100

WPVA +Wla

doped films [25]. Moreover, after agitating the solution of 
the mixture for 120 s in ultrasonic, the resulting solvent 
poured into a flat petri dish. Subsequently, the mixture, put 
in an oven for 4 days at around 40 °C to dry and evaporate 
completely the solvent to obtain a homogeneous thickness 
for prepared composite films. All the final resulting sam-
ples are flexible, colorless and transparent and the average 
recording thickness is 0.08 mm.

2.2 � Devices and measurements

Shimadzu model XRD-6000 powder diffractometer with 
a monochromatic Cu-Kα radiation source of wavelength 
λ = 1.5418 Å and diffraction angle rate of 0.02 per second 
in range 50≤ 2θ ≤ 60° was used for detecting the phases 
developed in the La3+ doped PVA films by X-ray diffraction 
(XRD).

Moreover, Thermo Nicolet 6700 FT-IR spectrometer with 
usually gauge wavenumber range 400–4000 cm−1 was used 
to determine the functional groups inside the PVA pure and 
with doping of La3+ using transmission spectra.

The surface morphology of La3+/PVA films was analyzed 
by using Field Emission Scanning Electron Microscopy (FE-
SEM; model: JSM-6360) in the backscattered electron mode 
(BSE).

The transmittance, (T), and absorbance, (Abs) in the 
range 190–2500 nm, of La3+/PVA films, were monitored 
via JASCO V-570 spectrophotometer.

A 4200- SCS KEITHLEY semiconductor characteriza-
tion framework via sinusoidal applied voltage in frequency 
range starts from 3 kHz to 10 MHz at 23 °C was used for 
determining the dielectric capacitance and loss of all the 
as-prepared La3+-doped PVA films. Also, by using this sys-
tem, the forward non-linear I–V curves of the semiconductor 
materials were tested. For electrical measurements the films 
are fixed inside a sample holder with two brass electrodes 
(cupper (Cu)), and the upper one has a diameter of 1 cm.

3 � Results and discussions

3.1 � The structure analysis of La3+‑doped PVA films

The structural proper ties of PVA:0  wt% La3+, 
PVA:0.185 wt% La3+, PVA:0.37 wt% La3+, PVA:1.85 wt% 
La3+, PVA:3.7 wt% La3+ and PVA:18.5 wt% La3+films were 
examined via XRD patterns. The sharp diffraction lines were 
not observed in Fig. 1, even though; it can be shown for all 
as-prepared polymeric films, that there is a gradual decrease 
in the peaks with relatively broad was detected at around 
19.59°. Therefore, this attributed to the semi-crystalline 
nature of all La3+-doped PVA samples that had amorphous 
and crystalline regions, like the previous works reported for 
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polymers doped with ions or particles [18, 28]. The rea-
son for these behaviors is the chain interactions of the PVA 
backbone with La3+ ions through the hydrogen bond [29]. 
So, the reduction of the relative intensity of the character-
istic peaks with the increment of lanthanum ion content is 
due to a strong incorporation in the polymeric samples [30, 
31]. Therefore, the crystallinity of the La3+-doped PVA 
samples was dropped sharply due to the effect of the ions 
content [32, 33]. This result was similar to that reported 
for PVA and PVDF doped with lanthanum nitrate/chloride 
or any other REE ions like Er, Gd, etc., as the crosslinking 
between the ions and the main group in the polymer, leading 
to a decrease in the ordering characteristic of the crystalline 
phase [26, 27, 33].

3.2 � The functional groups of La3+‑doped PVA films 
by the analysis of fourier transform infrared 
(FTIR) spectroscopy

The complex formation at the molecular level associated 
with the PVA matrix and La3+ ion interactions was analyzed. 
Figure 2a–f showed the FTIR spectra of pure PVA and its 
complex interactions with various wt% of La3+ in the range 
500–4000 nm. The main band at 3493–3147 cm−1 of O–H 
stretching vibration in the pure PVA sample were clarified in 
Fig. 2a. However, the absorption peak at 2942 cm−1 is cor-
responding to asymmetric stretching of CH2, while the other 
peaks around 1711 cm−1, 1095 cm−1 related to the stretch-
ing of C2 double and CO single bonds. Also, the functional 
groups of O–H and C–H bending, C–H wagging, as well as 
C–H vibrations were observed, respectively, at absorption 
positions 1566 cm−1, 1423 cm−1, 1377 cm−1, and 852 cm−1 
[34–36].

Moreover, From Fig.  2b–f, the shift of the peaks 
within La3+-doped PVA films were shown. The strongest 

characteristic band of the hydroxyl functional group is 
shifted to 3616–2861 cm−1 for PVA:3.7 wt% La3+ and PVA: 
18.5 wt% La3+ films. Also, the intensities of the functional 
groups were decreased with the more charge accompanied 
by the increment of lanthanum ion content within a PVA 
matrix. The shifted peaks indicate the increment of crystal-
line degradation within the investigated doped PVA poly-
meric samples due to the strong interaction between the 
mixtures. As, the broadening in the stretching band of the 
H-bonds of the polymer main chain during the doping pro-
cess and therefore, the decrease in the crystalline order is 
due to the formation of ion-ligand complexes [25, 27]. This 
result was proved by our XRD experimental and also with 
that reported in other works [19, 37–39].

3.3 � Microstructure surface morphology 
of La3+‑doped PVA films

Figure  3a–f show the morphology surfaces of the 
PVA:0 wt% La3+, PVA:0.185 wt% La3+, PVA:0.37 wt% 
La3+, PVA:1.85  wt% La3+, PVA:3.7  wt% La3+ and 
PVA:18.5  wt% La3+ by means of scanning electron 
microscopy (SEM). The morphological surfaces of as-
prepared PVA changed by La3+ percentages in all films. 
The black regions are PVA, while whitish spherical dots 
depict for La3+ embedded in the matrix. Although, it was 
observed that at the concentration of PVA: 0.185 wt% 
La3+, the particles were well distributed homogeneously 
over the entire surface, whereas, the high content of La3+, 
the agglomeration and a cluster of the particles was clearly 
formed as shown in Fig. 3d–f. The average particle size of 

Fig. 1   X-ray diffraction (XRD) pattern of PVA polymer films with 
various percentages of Lanthanum (III) Nitrate

Fig. 2   FTIR spectra of PVA before (a) and after doping with 
0.185 wt%, (b) 0.37 wt% (c), 1.85 wt% (d), 3.7 wt% (e) and 18.5 wt% 
(f) of La3+ ions
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the La3+ ion increase with increasing the La3+ percentage 
in the PVA matrix from 0.35 µm for PVA:0.185 wt% La3+ 
to 1.26 µm for PVA:18.5 wt% La3+ film which may be due 
to the formation of ion-ligand complexes at high concen-
tration as well as to minimize the surface energy. This is 
as the SEM images previously observed in PVA-Al2O3, 
polyvinyl chloride (PVC)/Cadmium oxide, and PVA/gra-
phene oxide nano-composites thin films [40–42].

3.4 � The optical analysis of La3+/PVA composite

The optical UV and Vis–NIR transmission spectra were car-
ried out in the region between 190 and 2500 nm for La3+-doped 
PVA samples. As observed in the Fig. 4, the behavior of the 
spectra is controlled by the microstructure, which depends on 
the amount of La3+-contents and their distribution in the poly-
mer matrix. The highest transmitting value that measured in 

(c)

(d)

(e)

(f)

(b)

La
3+

PVA

(a)

PVA

Fig. 3   SEM images of La3+/PVA polymeric composite films of 0 wt% (a), 0.185 wt%, (b) 0.37 wt% (c), 1.85 wt% (d), 3.7 wt% (e) and 18.5 wt% 
(f) La3+ ions
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the Visible region, was about 93% for pure PVA and gradu-
ally decrease to approximately 81% with increasing the La3+ 
ion concentration. These manners were observed previously 
in several reports of doping PVA polymeric material with RE 
ions [24], which can be discussed in terms of the disorders 
within the polymeric samples due to the complexes between 
ions and cations via O–H groups [43]. In Fig. 5, the peak of 
the optical absorption at approximately 283 nm of the La3+/
PVA polymeric samples was increased with the content of 
La3+-ions, a similar vision was demonstrated for Gd3+, Eu+3, 
Sm3+, and Ce3+ in PVA polymeric films [44, 45]. This absorp-
tion peak may be assigned to π–π* electronic transition [46]. 
Therefore, the transmission and absorbance spectroscopy of 
the as-prepared films depend on the content percentage of the 
La3+ doped in PVA. The typical equation used for the calcu-
lation of the absorption coefficients (�) is given by Lambert’s 
law [47]:

(2)� = 2.303
B

X(cm)
,

where B and X represent the absorbance and the thickness 
in (cm) of the as-prepared films. Figure 6 shows that the 
absorption coefficients function in the energy (hυ) of the 
photon for PVA with zero (pure) and a different weight 
percentage of La3+. As was observed, there is a strong 
dependence absorption coefficient on the La3+-ions con-
tent in the studied films. A similar behaviour polymer 
absorption coefficient on the doping ions was reported in 
other studies [18, 48]. Also, due to the complex forma-
tion in the samples, the absorption edges slightly shifted 
from 5.34 eV for PVA:0 wt% La3+ to low value of 4.72 eV 
for PVA:18.5 wt% La3+ film. This is closer to the value of 
20 wt% of La3+-doped PVA that calculated by Ali et al, as 
the absorption energy = 5.59 eV [18].

A further study on the spectra of the absorbance has 
been made for determining the optical energy gap and other 
parameters [49, 50]. The optical band gap Eopt

g  , of the non-
crystalline samples was calculated from Tauc relationship 
[51]:

where m can be equal ½ or 2 for, respectively, direct 
( E d1 ) and indirect ( E id1 ) transition. As, the values of 
these allowed transitions were determined by extrapolat-
ing the linear portion, of the relation between (�h�)1∕m , and 
(h� ), to zero absorption as in Figs. (7, 8). The results that 
made by Ali et al., and present work have been recorded 
in Table  1 which shows that the E d1value have been 
decreased to 4.71 eV for PVA:18.5 wt% La3+, whereas E id1 
was felled to 4.55 eV for PVA:20 wt% La3+ films. This 
confirmed the decreasing of the band gap with La3+-ion 
contents [18]. However, these also prove the existence of 
energy levels that were created in the mobility band gap of 
the La3+/PVA and so, facilitated the crossing of electrons. 

(3)(�ℏ�)1∕m = B
(

ℏ� − Eopt
g

)

,

Fig. 4   UV-Vis-NIR transmittance spectra of PVA with different con-
centration of La3+

Fig. 5   Absorbance spectra of La3+/PVA polymeric composite films
Fig. 6   The absorption coefficient α(hυ) for La3+/PVA polymeric 
composite films
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This result shows the engineering band gap of the poly-
mer via the complex interaction between La3+ molecules 
and PVA chains which clearly proved by the results that 

obtained from the pattern of both XRD and FTIR. The tun-
ing of the band gap leads to La3+-doped PVA samples are 
suitable for optoelectronic applications [52]. The decreas-
ing of energy gap with the increment of doping was also 
observed in various works [18, 53, 54].

In order to determine how much the light speed can 
be reduced in the samples, it is significant to measure the 
refractive index, n, of all investigated films. Also, n value 
is an important parameter for optical communication and 
spectral dispersion devices [55]. Figure 9 shows the vari-
ation of n, for pure and La3+ doped PVA samples, with the 
various sets of wavelength values. It was clear from the 
figure that with increasing the La3+ content, the n values 
of the investigated samples increased which may be due to 
the interatomic reduction and the changes in the internal 
structure [19, 27, 41]. Also, it can be seen that the disper-
sion behavior was decreased, for all pure and La3+-doped 
PVA samples, at the far wavelength. The maximum value 
of n = 2.46 was obtained by PVA/18.5 wt% La3+ film. This 
value is higher than PVA doped with Er3+ions or PbO2 
[27, 54]. Therefore, it can be used La3+-doped PVA films 
as antireflection coating materials for solar cells to lenses 
with high n parameter.

Moreover, for electronic transitions, the energy strength 
of the inter-band Ed, and the average excitation energy, Es, 
in the La3+/PVA samples have been calculated by plotting 
1∕(n2 − 1) as a function of (hυ)2 by using the model of the 
single effective oscillator [56]:

where n ( h�)2 is the variable refractive index of the 
present samples. Therefore, the slope of the linear part 
and the intercept values with the y-axis of that relation 
used to determine Ed and Es for all samples (Fig. 10). As 
observed in Table 1, Ed was increased with La+ 3-ion con-
tents inside the PVA matrix, while the Es was decreased. 
It is noticed that the Es is closer to Eg. This explains that 

(4)1

n2 − 1
=

Es

Ed

−
(h)2

EdEs

,

Fig. 7   The variation of ( (�h�))1/2 as a function of the photon energy 
for pure different La3+/PVA polymeric composite films

Fig. 8   The variation of ( (�h�))2 as a function of the photon energy for 
different La3+/PVA polymeric composite films

Table 1   Direct, indirect energy band gaps and the optical parameters for La3+/PVA polymeric composite films

Composition Ed1 (eV) Ed2 (eV) Eid1 (eV) Eid2 (eV) n Ed (eV) Es (eV) So (10−6 nm−2) λo (nm) n∞

Pue PVA 5.60 – 5.16 – 1.57 7.02 5.15 30.6 221 1.59
PVA + 0.185 wt% La3+ 5.48 – 5.14 – 1.65 7.58 5.14 29.3 231 1.60
PVA + 0.370 wt% La3+ 5.31 – 5.09 – 1.81 8.80 5.06 34.1 233 1.69
PVA + 1.850 wt% La3+ 5.19 – 4.96 – 1.86 10.32 4.96 37.4 241 1.79
PVA + 3.700 wt% La3+ 5.13 – 4.88 – 2.09 12.44 4.89 47.4 244 1.95
PVA + 18.50 wt% La3+ 4.89 4.07 4.56 3.65 2.46 15.93 4.69 64.0 245 2.20
PVA + 4.000 wt% La3+ [18] – – 4.74 – – – – – – –
PVA + 12.00 wt% La3+ [18] – – 4.71 – – – – – – –
PVA + 20.00 wt% La3+ [18] – – 4.55 – – – – – – –
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the investigated samples do not follow the single effective 
oscillator model. As according to this model (Eq. 4), the 
Es is related to Eg and the value of the first is twice the 
second [57].

Other important optical parameters for optoelectronic 
applications were recorded in Table 1. As the refractive 
index at long wavelength, n∞, the average oscillator of wave-
length, λo, and strength, So, are given by plotting a disper-
sion relation between 1∕(n2 − 1) as a function of the inverse 
square of the wavelength λ−2, for different concentration of 
La3+-ions in PVA films (see Fig. 11).

where

(5)(n2 − 1)−1 = (S0 �0)
−1 + (S0 )

−1
�
−2,

(6)n2
∞
= 1 + S0�

2,

The S0 , �0 as well as n∞ are increased with La3+-content 
in PVA, because of the strong interaction between the two 
mixtures with increment of doping. Therefore, this suggest 
that the optical parameters of the present samples can be 
controlled by La3+ percentage and help for their use in opto-
applications as well as devices.

3.5 � Dielectric measurements of La3+/PVA composite

The formalism of permittivity for the semi-crystalline films 
gives an important information about the physical and the 
interaction behavior of the dielectric spectroscopy. It’s well 
known that the main parameter that has an influence on the 
dielectric properties of the samples is the induced polariza-
tion as a function of the external AC field. Moreover, they 
are largely predictable from the structure of the studied 
samples [58]. The dielectric constant, �1 , and the dielectric 
loss, �2 , have been calculated using the following simple 
expressions [59]:

where C is the studied film capacitance. Figure 12a, b 
represented that �1 and d �2 values varied with the frequency 
and the weight percentage of La3+-ions in the PVA backbone 
[15]. As shown in the Fig. 12a, the �1 values were decreased 
with the weight percentage of La3+-ions, which illustrates 
the impact of both the complex interaction and the conduc-
tivity that cause a decrease of polarization inside the La3+/
PVA samples. These results show how much the conduct-
ing structural in the La3+-ions will effectively be operat-
ing under the different applied frequencies. Moreover, the 

(7)�1 =
C (F) ⋅ X(m)

�0

(

F ⋅ m−1
)

⋅ A(m2)
,

(8)�2 = �1 ⋅ tan�,

Fig. 9   The refractive index n (λ) for different concentration of La3+/
PVA polymeric composite films

Fig. 10   Variation of (n2−1)−1 with ( h)2 for La3+/PVA polymeric com-
posite films

Fig. 11   The dependence of the refractive index (n2−1)−1 on the wave-
length ( �)−2 for La3+/PVA polymeric composite films
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dielectric loss is higher for PVA:0 wt% La3+ film than other 
doped PVA samples at low frequencies as shown in Fig. 12b, 
while at high frequencies it increases again. Therefore, this 
approved that the dielectric loss spectra that associated by 
molecular motions in the main chain of the La3+/PVA sam-
ples were strong frequency influenced. A similar result was 
found by La3+-doped PVDF films [26].

3.6 � I–V characteristic curve of La3+ doped PVA films

One of the important elements in electronic circuits is the 
varistor that used as a protection device from excessive bais-
ing. It has a nonlinear behavior but different from the diode, 
as it can work in both directions of current. Figure 13a, b 
show the I–V and the corresponding lnI-lnV nonlinear curves 
for pure PVA, PVA:0.185 wt% La3+, PVA:0.37 wt% La3+, 
PVA:1.85 wt% La3+, PVA:3.7 wt% La3+ and PVA:18.5 wt% 
La3+ samples. It was observed that there are two regions. 
The first is linear corresponding to the ohmic resistivity, 
as the slope (α1) of the relation between lnI and lnV is less 
than 2. This means that the mechanisms of conduction obey 

Ohm’s law controlled due to the entire holes or pinning 
charge [60]. However, at a high voltage of more than 150V, 
the nonlinear curve was clearly observed. This illustrated 
that at high voltage the resistance of the investigated sam-
ples was decreased, i.e. the conductance and the current 
increased. In this nonlinear part, the slope (α2) is more than 
3 which is a characteristic of SCLC (space charge limiting 
current). The injected carriers of La3+ ions are localized via 
traps in the energy gap, resulting in the formation of space 
charge against the applied voltage and limits the conduc-
tion [61]. This trap was formed by the structural defects that 
originated during the doping of La3+ ions in PVA. These 
illustrate that characteristic of I–V curves for La3+ doped 
PVA is typical as varistor devices.

4 � Conclusions

This work made a comprehensive survey and deep study on 
the effect of La3+ additions on the microstructure, optical 
parameters as well as the dielectric of PVA:0 wt% La3+, 

(a)

(b)

Fig. 12   The dielectric permittivity ε1 (a) and dielectric loss ε2 (b) 
versus frequency for different La3+/PVA polymeric composite films

(a)

(b)

Fig. 13   The I−V characteristics (a) and ln I-ln V plot (b) for various 
concentration of La3+/PVA polymeric composite films
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PVA:0.185 wt% La3+, PVA:0.37 wt% La3+, PVA:1.85 wt% 
La3+, PVA:3.7 wt% La3+ and PVA:18.5 wt% La3+ samples. 
While Ed, λo, and n were increased due to the more complex 
interaction via the O–H groups that arises with the incre-
ment of La3+ content in PVA matrix, a decrease in the opti-
cal band gap, Eg, was associated via this form. Also, the Es 
values are closer to Eg. Moreover, the �1,and �2,were also 
influenced by La3+-ion contents. The I–V plot of all samples 
shows a nonlinear characteristic with two regions of differ-
ent slopes. Therefore, the properties of the La3+-ions doped 
PVA samples could be useful to utilize in different optical 
and high voltage varistor applications.
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