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Abstract
Using the solution casting method, a blend of polyvinyl alcohol/chitosan (PVA/
Cs) blend was prepared with different amounts of polypyrrole (PPy) to enhance the 
structural and electrical conductivity of the films. The miscibility and interaction 
between PVA/Cs were confirmed by FT-IR measurements by shifting and disap-
pearing some bands suggesting that the PVA functional group interacted with every 
other functional group on the Cs side chain. For PVA/Cs/PPy, some band intensi-
ties varied, indicating the interaction between PPy and PVA/Cs. XRD showed that 
the addition of PPy to the blend leads to a noticeable decrease in the intensity of 
the diffraction peak at 2θ = 20.0° confirming the interactions have occurred between 
the PVA/Cs mixture and PPy. The UV–visible spectra indicate that increasing the 
amounts of PPy leads to a dramatic decrease in the energy band gap and an increase 
in the Urbach energy due to the creation of new energy levels that emerged between 
conduction and valance bands. After PPy was introduced, the polaron and bipolaron 
transition peaks at 416, 465, and 560 nm become apparent in the PL spectrum. The 
dielectric and the electrical properties were reported. The values of ε′ and ε′′ were 
stronger at low frequencies confirming the possibilities of interface polarization pro-
cesses. The tan δ behavior diagrams have exhibited one peak trend in all samples 
shift toward higher frequencies as the temperature and PPy rise. The presence of 
the peaks was explained based on the electrical conductivity mechanism and dielec-
tric behavior. The Cole–Cole plot displays a half one semicircle shape that explains 
the absence of contact effects. This semicircle expands as both temperature and PPy 
increase.
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Introduction

Polymer blending can be considered a superior method used to overcome the 
disadvantages combined with the use of individual polymers or to obtain new 
materials with unique characteristics employed for various applications [1, 2]. In 
addition, using low-cost blend polymers helped to improve both of physical and 
chemical properties of polymers. Poly(vinyl alcohol) (PVA) is one of the most 
essential synthetic and biodegradable polymers, and it is widely used in many 
fields [3, 4]. It is a semi-crystalline structure and the presence of active hydroxyl 
groups in its structure is the reason for its bonding and its ability to dissolve in 
water at temperatures according to the molecular weight. PVA is also character-
ized by its ability to form films alone or with other polymers [5–8].

Chitosan (CS) is a natural polysaccharide and has gained much attention due to 
its low cost and easy processing. CS is considered a biopolymer and a biomaterial 
with a distinct ability to form films alone or with other polymers. The CS is widely 
used in biomedical applications for its outstanding non-toxicity, biodegradabil-
ity, antibacterial, and wound healing [9]. CS is used in drug delivery systems [10, 
11]. CS is considered a biocompatible polymer with many polymers like PVA. The 
characteristic of polymer blend can be improved further by adding a filler which 
may be inorganic material or organic material like polymers. Despite these critical 
properties, PVA/CS hybrid matrix shows poor electrical and optical properties and 
still needs improvement. By using the superior physical properties of nanoparticles 
for bioelectronic and optoelectronic applications [12–14], it is possible to create 
metal-free bio-composite materials with advanced properties. Although the PVA/CS 
polymer blend has many essential properties, the structural, optical, and electrical 
properties still need to be improved [10, 12, 15–18]. Sweah et al. [19] improved the 
electrical properties of PVA/Cs by the addition of hydroxyethylcellulose and resor-
cinol monosodium salt hydrate. Ceja et al. [20] modulated the electrical properties 
of PVA/Cs by the addition of gold nanoparticles and single-wall carbon nanotubes 
carboxylic acid functionalized. Aziz et  al. [21] developed the electrical properties 
of PVA/Cs by the addition of ammonium iodide. Yousof et  al. [22] improved the 
electrical properties of PVA/Cs by the addition of ammonium bromide. Tommalieh 
et al. [23] edited the electrical properties of PVA/Cs by the addition of gold nano-
particles using laser ablation method.

Self-conductive polymers have attracted much interest as advanced materials. 
Polypyrrole (PPy) is one of the most important polymers due to its ease of prepa-
ration with potential witnesses and chemical stability besides it has an excellent 
electrical conductivity. PPy is prepared by chemical oxidation of pyrrole mono-
mer in an organic solvent under certain conditions. The presence of positively 
charged nitrogen atoms in the matrix for the PPy matrix leads to the ability of 
PPy to absorb some organic and inorganic anions during ion exchange [24–28]. 
Therefore, pure PPy can be added to some polymers or polymeric blends. PPy is a 
promising polymer due to its many commercial applications and properties. It can 
be used as a biosensor, supercapacitor, polymer battery, electronic device, mem-
brane function, and electrocatalyst.
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The electrical properties of PVA/Cs can be enhanced by adding polypropyl-
ene (PPy) with different concentrations to take advantage of its properties such as 
electrical and optoelectronic applications and obtain a metal-free composite with 
advanced properties. This work reports the effect of additive different weight ratios 
of polypyrrole (PPy) with good electrophilic properties. On the change in the struc-
tural, optical, and electrical properties of the PVA/CS blend using X-ray spectros-
copy and UV–Vis spectroscopy, and Fourier transforms infrared (FT-IR) spec-
troscopy. The electrical conductivity before and after adding polypyrrole at room 
temperature and over a range of temperatures was studied in detail.

Experimental work

Materials

Poly(vinyl alcohol) (PVA) has a molecular weight of 1.15 × 105  g/mol and has 
degree of hydrolysis of 98.6% and was purchased from Alpha Chemika, India. High 
molecular weight chitosan (Cs) obtained from Alamia firm for chemicals, Egypt, has 
a molecular weight of 140.000 with degree of acetylation of 81.2%, and polypyrrole 
(PPy) purchased from Sigma–Aldrich doped with proprietary organic acids and 5 wt 
% solutions in water).

Sample preparation

To make the PVA/Cs polymer solution, a specific weight quantity (2 gm) of PVA 
was dissolved in distilled water (50 ml) with a stirrer at 65 °C until completely dis-
solved. The Cs powder (2  gm)was dissolved in distilled water and acetic acid at 
65 °C until a homogeneous solution. To make a homogeneous PVA/Cs (50/50 wt%) 
polymer solution, the two solutions were added to each other under vigorous stirring 
for about 2 h. After that, PPy solution with different ratios (1, 3, 5, 7, and 10 wt%) 
was added drop by drop to the PVA/Cs solution, which was then cast in a petri dish 
and dried at 45 °C for 24 hours.

Measurement techniques

The FT-IR analysis was taken with a Bruker VERTEX 80 (Germany) in the range 
4000–500  cm−1 with resolution 4  cm−1. PANalyticalX’Pert Pro XRD measure-
ments were worked at 45 kV with target Cu-K and secondary monochromator Hol-
land radiation at 0.1540 nm in 2 theta ranges 5 ≤ 2θ ≤ 80°. The spectrophotometer 
Jasco V-630 UV–VIS (Japan) was used to examine ultraviolet–visible absorption 
spectra. Photoluminescence spectra in the range from 290 to 700  nm excited at 
325 nm of the produced samples were obtained at room temperature using a spec-
trofluorometer  (Jasco, FP-6500, Japan). The AC and the dielectric were measured 
using broadband dielectric spectroscopy (BDS)-type (concept 40) novocontrol 
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high-resolution alpha analyzer with Quatro temperature controllers in frequency 
range of 10–1–107 Hz.

Results and discussion

FT‑IR analysis

Figure  1 represents the FT-IR of pure PVA, pure Cs, and their blend sample 
(PVA/Cs). As seen in the PVA spectrum, there is broadband at 3268 cm−1 which is 
related to the stretching vibration of the OH group, while the bending vibration of 
the OH group is seen at 1327 cm−1. Bands at 2939 cm−1 and 2907 cm−1 correspond 
to the asymmetric and symmetric stretching vibration of the CH group, respectively. 
The band at 1713  cm−1 is noticed for the C=O group (residual of acetate group). 
The band that appeared at 1656  cm−1 is associated with so-called “bound” water, 
which can overlap with the C=O bonding group. The bending vibration of the CH2 
group is seen at 1416  cm−1. The CH wagging vibration is observed at 1377  cm−1 
and 1238  cm−1. The C–O stretching vibration is seen as a shoulder at 1141  cm−1. 
The high intense band at 1087 cm−1 is related to the C=O stretching vibration. The 
rocking vibration of the CH2 group and the stretching vibration of the C–C group is 
seen at 916 cm−1 and 842 cm−1, respectively [29–33].

For pure chitosan (Cs), there is broadband at 3245 cm−1 which corresponded to 
the overlapping of the stretching vibration of N–H and O–H groups. The stretching 
vibration of the C–H group is observed at 2878 cm−1. There are two characteristics 
bands in Cs polymer at 1633  cm−1 and 1537  cm−1 which are associated with the 
amide Ι and amide ΙΙ vibrations. The CH bending vibration is seen at 1405  cm−1, 
and the wagging vibration of CH2 is seen at 1255 cm−1. The C–O stretching vibra-
tions are observed at 1152 cm−1, 1067 cm−1, and 1020 cm−1. The CH bending out of 
the plane of the ring monosaccharides is seen at 897 cm−1. The out-of-plane vibra-
tion of the N–H group is shown at 650 cm−1 [9, 11, 19–22]. Figure 2 represents the 
FT-IR of the PVA/Cs blend and PVA/Cs doped with different concentrations of PPy. 

Fig. 1   FT-IR spectrum of pure 
PVA, pure Cs, and PVA/Cs 
polymer blend
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For PVA/Cs, it can be observed that the spectrum of PVA/Cs comprises the bands of 
both PVA and CS. The interaction between PVA and Cs is confirmed by disappear-
ing bands at 1255 cm−1, 1152 cm−1, and 1020 cm−1. It is noticed that there is shift-
ing in the band at 1537 cm−1, 1416 cm−1, 1377 cm−1, 916 cm−1 and 897 cm−1. Also, 
there is a noticeable change in the intensity of the bands. All these results approved 
the miscibility between PVA and Cs polymers. For PVA/Cs incorporated with dif-
ferent ratios of PPy, it is observed that there is a change in the intensities of some 
bands regarded that the PVA functional group interacted with all functional groups 
on the side chain of Cs. This reaction weakened the complexation between PVA/Cs 
and PPy.

XRD

Figure 3a and b represents the X-ray diffraction (XRD) patterns of pure PVA, Cs, 
and PVA/Cs blend incorporated with different ratios of PPy. The amorphous struc-
ture form of chitosan was shown by a very broad diffraction peak at 2θ = 21.5° with 
another peak at 2θ = 11.8° [34, 35]. The semi-crystalline nature of PVA is evidenced 
by the presence of diffraction peaks at 2θ = 19.6°, 23.0°, and 40.4° [36–38]. The 
XRD of the chitosan/PVA film exhibits only one diffraction peak at 2θ = 20.0°, 
whereas the other diffraction peaks of both PVA and chitosan have vanished, indi-
cating the compatibility and miscibility between PVA and Cs. According to the pre-
vious literature, PPy has only a broad diffraction peak at 15° < 2θ < 30°. For PVA/Cs 
incorporated with different ratios of PPy, the diffraction peak at 2θ = 20.0° shifted 
toward lower theta degree, and its intensity decreased also the diffraction peak of 
PPy coupled with the diffraction peak of PVA/Cs which revealed the interaction 
between PVA/Cs and PPy, and the addition of PPy increases the amorphous nature 
of the blend system causing the increase in the conductivity of the samples.

Fig. 2   FT-IR of the PVA/Cs 
blend and PVA/Cs doped with 
different concentrations of PPy
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UV–Vis measurement

Figure 4 represents the UV–Vis spectra of all prepared samples. As seen, PVA spec-
trum does not show any absorption peak in the UV–Vis region, while the Cs spec-
trum has a sharp absorption peak at 202 nm due to the chromophoric group of Cs. 
For PVA/Cs, there is an absorption peak at 201 nm, and this peak is broader than 
the Cs absorption peak, and this confirmed the complexation between PVA and Cs. 
By increasing the weight ratio of PPy into the PVA/Cs blend, there is a shift in the 
peak at 201 nm toward a longer wavelength. Also, there is a new peak that appeared 
at 228 nm, the π–π* interband transition, i.e., the transition from the valence band to 
the conduction band of the PPy neutral state, which is suggestive of PPy creation. 
It is noticed that at a higher weight ratio of PPy, there are broad peaks at 230 nm 
and 385 nm which are characteristic peaks of PPy. This suggested the interaction 
between PVA/Cs and PPy.

Fig. 3   a X-ray diffraction of the 
PVA/Cs blend and b PVA/Cs 
doped with different concentra-
tions of PPy

(b)

(a)
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The fluctuation of the absorption coefficient (α) with photon energy (h�) is a 
unique factor that provides the most relevant optical information for substance 

Fig. 4   UV–Vis spectra of PVA, 
Cs, PVA/Cs blend, and PVA/Cs 
doped with different concentra-
tions of PPy
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Fig. 5   Relation between absorp-
tion coefficient and photon 
energy of PVA, Cs, PVA/Cs 
blend, and PVA/Cs doped with 
different concentrations of PPy

Table 1   Values of absorption 
edge, band tail, and indirect 
bandgap of PVA, Cs, PVA/Cs, 
and PVA/Cs embedded with 
different weight ratios of PPy

Samples Absorption 
edge (eV)

Band tail (eV) Indirect 
bandgap 
(eV)

PVA 5.22 0.56 4.69
Cs 5.41 0.27 4.65
PVA/Cs 5.39 0.29 4.59
1% PPy 5.17 0.42 3.84
3% PPy 4.59 0.89 4.12
5% PPy 4.27 1.31 3.77
7.5% PPy 1.26 3.47 0.33
10% PPy 2.02 3.12 1.13
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identification, and it can be calculated using equation [9]:

where d is the film thickness and A is the absorbance. Figure 5 shows the relation 
between absorption coefficient and bandgap energy. It gives an extrapolation of the 
basic absorption edge values, and their values are listed in Table 1 from the point 
of intersection of the linear part of the curve with the zero point with the values of 
the x-axis. As seen, values of absorption edges decrease by increasing ratios of PPy 
which revealed the formation of the conjugate bond system induced by breaking and 
reconfiguration of the bonds, which suggests a change in structural modification of 
PVA/Cs.

The absorption of photons will be associated with the occurrence of localized 
tail states in the forbidden gap for optical transitions generated by photons of energy 
h� < band gap energy (Eg). The Urbach tail, which is the width of this tail, is a meas-
ure of the defect levels in the forbidden bandgap. The width of the Urbach tail was 
calculated using the following formula where Eu is the band tail energy and α0 is 
constant [39, 40].

Figure 6 represents the relation between ln α and h� , and the reciprocal slope of 
the straight line of this relation gives the value of band tail energy. Table 1 shows 
that band tail energy increases with increasing PPy weight ratio which revealed 

(1)� =
2.303A

d

(2)� = �0 exp

(

h�

Eu

)

Fig. 6   Relation between ln (α) and photon energy of PVA, Cs, PVA/Cs blend, and PVA/Cs doped with 
different concentrations of PPy
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the development of disruption, ionic complexes, and deformities in PVA/Cs due to 
enhanced interaction between functional groups of PVA/Cs and N–H. The increase 
in band tail energy shows that PPy introduces localized states within the forbidden 
energy bandgap. The presence of such localized states may operate as a charge car-
rier trap.

Tauc’s expression can be used to calculate the optical energy gap of the materials 
based on the absorbance measurements [41].

where Eg is the optical bandgap energy, and the exponent n is an empirical index. 
B is a constant that depends on the material structure. The value of n is determined 
by the type of absorption electronic transition. For direct allowed, direct forbid-
den, indirect allowed, and indirect forbidden, they can use the values 1/2, 3/2, 2, 
and 3 correspondingly. Figure  7 shows the relation between (αhʋ)1/2 against pho-
ton energy, and as shown in Table 1, the values of bandgap energy decrease with 
increasing PPy. This is because of the creation of new energy levels that emerged 
between the conduction and valance bands as a result of the inclusion of PPy, reduc-
ing the bandgap of the composites.

PL analysis

The photoluminescence (PL) spectra of pure PVA/Cs doped with different 
concentrations of PPy in the range from 290 to 700  nm excited at 325  nm are 
shown in Fig.  8. The emission spectrum of pure PVA/Cs showed a broad peak 
at 369–487  nm centered at 412  nm which are attributed to π → π* electronic 

(3)(�h�) = B (h� − Eg)1∕n

Fig. 7   Relation between (αhʋ)1/2 against photon energy of PVA, Cs, PVA/Cs blend, and PVA/Cs doped 
with different concentrations of PPy
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transitions. After the addition of PPy, the peaks at 416, 465, and 560  nm are 
observed and attributed due to polaron and bipolaron transition [42].

AC electrical conductivity

Figure 9a–e depicts the variation of the real part of the dielectric constant (ε′) with 
the frequency (Log f) at various temperatures (30, 60, 90, and 120 °C). The values 
of the ε′ at high temperatures are abnormally high. Also, the ε′ gradually decreases 
as frequency increases. The Maxwell–Wagner model is used to explain the higher 
values of ε′. The Maxwell–Wagner effect can be used to explain the accumulation of 
interfacial charge in a blend of two polymers with distinct dielectrics. Maxwell the-
orized that a dielectric material’s heterogeneous structure (interfacial polarization) 
could result in dielectric dispersion. This stratified model is conceivable but irrele-
vant in the case of heterogeneous mixtures of spherical particles (grain boundaries), 
as the distinction between a dispersion medium and a dispersion phase is omitted 
from this specimen. Wagner proposed the “interpolarization theory of slightly dis-
persed grain boundaries scattering.” According to this model, the structure of the 
material consists of the good  grains separated by narrow, highly resistant sheets 
(granular boundaries). The voltage applied to the sample decreases across the grain 
boundary, leading to the formation of space charge polarization at the grain bound-
ary. The conductivity of the sample and the accessible free charges on the grain 
boundary affect the charge carrier polarization. The fact that the electron transfer 
between the ions never follows the changing of the applied external field beyond that 
frequency which causes the observable decrease in ε′ values at high frequency, but 
at low frequencies, the temperature has a significant effect on the dielectric constant 
[43].

Increasing the temperature on the samples causes a major rise at the lower fre-
quencies (in the range of frequency from 0.1 to 4.3 Hz), but a rapid drop in the rela-
tively higher-frequency region starting from the frequency range of 100 Hz with a 
constant value close to zero until the end of the frequency. This phenomenon can be 

Fig. 8   Photoluminescence (PL) 
emission spectra of PVA/Cs 
blend and PVA/Cs doped with 
different concentrations of PPy
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explained by the fact that at applied temperatures, charge carriers are unable to posi-
tion themselves in the direction of the applied field, and hence contribute to polari-
zation and dielectric constant (ε′). As the temperature increases, bound charge car-
riers gain enough thermal energy for excitation and can more easily obey changes in 
the external field, resulting in a greater contribution to polarization and an increase 
in the ε′ of the samples.

Figure 10 depicts the variation of dielectric loss (ε′′) for the produced samples 
over a range of frequencies and temperatures. The dielectric loss (ε′′) reduces with 
increasing frequency, as shown in the graph. When the field is applied to alternating 

(a) (b)

(c) (d)

(e)

Fig. 9   a–e: Variation of the real part (ε′) with the frequency (Log f) at various temperatures (30, 60, 90, 
and 120 °C)
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current and during half a cycle, the charge carriers have enough time to travel over 
a microscopic distance and accumulate at the interfaces between the sample and the 
electrodes in the low-frequency range, causing very large values of the dielectric 
loss (ε′′). Charges are transported on microscopic dimensions, and charges are accu-
mulated at the limits of conduction parameters in the samples. In the higher-fre-
quency range, there is practically no time for charges to start at the sample electrode 
interfaces. Therefore, the electric charges cannot follow the electric field change 
in the high-frequency region, so the polarization mechanisms of the molecular 

(a) (b)

(c) (d)

(e)

Fig. 10    a–e: Variation of the imaginary part (ε″) with the frequency (Log f) at various temperatures (30, 
60, 90, and 120 °C)
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structure only contribute to the polarization effect. The dielectric loss (ε′′) values 
in the samples are in the range of 110–1740 at 30  °C and 8.4 × 104–1.21 × 106 at 
120 °C, measured at low frequency. Generally, the values of ε′ and ε′′ are stronger 
at low frequencies, which is due to the possibilities of interface polarization  pro-
cesses, because interface states cannot follow the AC signal at higher frequencies. 
The Maxwell–Wagner model [44] and space charge polarization are responsible for 
these frequency dispersions in ε′ and ε′′.

(a)
(b)

(c) (d)

(e)

Fig. 11    a–e: Loss tangent (tan δ) against frequency (Log f) at various temperatures (30, 60, 90, and 
120 °C)
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The dielectric loss tangent (tan δ) against frequency (Log f) of the prepared 
samples at a range of temperatures is shown in Fig. 11. The dielectric loss tangent 
(tan δ) is calculated as tan δ = ε′′/ε′ [45]. The diagrams have exhibited a peaking 
trend in all samples. Temperature and the ratio of PPy added in the PVA/Cs blend 
affect the observed peaks. The peaks shift toward higher frequencies as the tem-
perature and as the PPy rise. It is also worth noting that the peak’s height drops as 
the PPy additive increases and temperature rises. The presence of these observed 

(a) (b)

(c) (d)

(e)

Fig. 12    a–e: Real M′ part against frequency (Log f) at various temperatures (30, 60, 90, and 120 °C)
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peaks was explained based on the electrical conductivity mechanism and dielectric 
behavior [42, 45]. And we notice that as the temperature increases, the peak shifts 
toward a higher frequency, and this shows that the chance of jumping per unit time 
increases. The orientation of the peak toward higher frequencies is also affected with 
increasing PPy content and with increasing temperature until the jump probability 
decreases with increasing PPy content.

The dielectric modulus (M*) is defined as a function of the dielectric permittivity 
(ε*) as [45, 46]:

where M′ and M″ are the real and imaginary parts of M*. At different temperatures, 
Fig.  12a–e depicts the real M′ part of the electric modulus as a function of fre-
quency. The M′ values at lower frequencies are very small, tending to zero, implying 
that electrode polarization has been removed, whereas the M′ values increase with 
increasing frequency, and it reaches a maximum value at high frequency, due to the 
distribution of relaxation processes over a wide range of frequencies. The apparent 
dispersion is primarily attributable to conductivity relaxation over a broad frequency 
range, indicating the possibility of a relaxation time, which should be matched by 
a losses peak within the plot of the imaginary part of electric modulus versus fre-
quency. There is no peak in the M′ diagram, suggesting that M′ indicates the mate-
rial’s ability to store energy. The decrease in M′ values as temperature increases is 
observed and attributed to the mobility in the polymer component and the increase 
in charge carriers. It is well-known that charge carriers and molecular dipoles have 
easier at high temperatures. Figure 13a–e depicts the imaginary M′′ part of the elec-
tric modulus as a function of frequency. The development of loss peaks is seen. At 
lower frequencies, M′′ approaches zero, showing that electrode polarization phe-
nomena play a minor role, even though electrode polarization can induce an appar-
ent increase in the dielectric constant at low frequencies. A high-impedance layer 
on the electrode surface is the source of the abnormality. This can be produced by 
poor contact between the electrode surface and the specimen, which is exacerbated 
by the accumulation of electrolysis products, for example. At low frequencies, any 
small conduction through the specimen has enough time to transfer all of the applied 
fields across the very thin electrode layers, resulting in a large increase in measured 
capacitance. However, well-defined peaks are detected at high frequencies, and the 
broad and asymmetric nature of peaks on both sides of the maxima indicate non-
Debye behavior. In polymer nanocomposite models, jump conduction is a relaxation 
process, since particle movement is accompanied by a jump process that returns the 
particle to the vacancy it left behind. As indicated by a global dynamic reaction, the 
related relaxation process is not strongly non-Debye. The range of charge carriers 
that can go great distances is shown to the left of the peak. The range in which carri-
ers are confined to potential wells that are mobile over short distances is determined 
by the region to the right of the peak. The relaxation frequency associated with each 
peak is what determines the most likely conductivity relaxation time for ions. With 
increasing temperature, the peak frequency moves to higher frequencies. The energy 
loss in the irreversible conduction process is related to the M′′.

(4)M∗ = 1∕�∗ = M� + j M�� = �
�∕
(

�
�2 + �

��2
)

+ j���∕
(

�
�2 + �

��2
)
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(a)
(b)

(c)
(d)

(e)

Fig. 13    a–e: Imaginary M′′ part against frequency (Log f) at various temperatures (30, 60, 90, and 
120 °C)
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The Cole–Cole diagram (relationship between the real part (M′) and the imagi-
nary part (M″)) is shown in Fig. 14a–c. The diagram depicts a half one semicircle 
shape that explains the absence of contact effects and the Debye model relaxa-
tion method. (Most polymeric composites are characterized by Debye relaxation, 
which can be described by the presence of a single peak in the Cole–Cole dia-
gram.) Here, the grain size or the mobility of free charges caused by interactions 
between the components in the prepared samples is credited with this model. 

(a)
(b)

(c)
(d)

(e)

Fig. 14    a–e: Cole–Cole diagram between the real part (M’) and the imaginary part (M") at various tem-
peratures (30, 60, 90, and 120 °C)
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The recorded semicircle expands as the temperature and as the addition of PPy 
increase.

Conclusions

In the present work, polyvinyl alcohol/chitosan composites doped with different 
concentrations of polypropylene (PPy) were synthesized and characterized using 
different techniques. The structure, optical, and electrical properties of the PVA/
Cs-PPy composite films were studied. The additive of PPy to the PVA/Cs blend 
causes a decrease in the intensity of the X-ray diffraction peaks indicating that 
interactions can occur between PVA/Cs-PPy. The UV–visible spectra show the 
absorption was increased dramatically with the decrease in the energy bandgap. 
The UV–visible band at 228 nm (the transition between the π–π* band) was attrib-
uted to the transition from the valence band to the conduction band. The values 
of bandgap energy decrease with the increase in PPy due to the creation of new 
energy levels resulting from the inclusion of PPy. The dielectric parameters and 
the electrical properties were reported. The values of ε′ and ε′′ were obviously at 
lower frequencies confirming the possibilities of interface polarization processes, 
and the values are low at higher frequencies because interface states cannot fol-
low the AC signal. The loss tangent (tan δ) behavior diagrams have exhibited 
one peak trend in all samples shift toward higher frequencies as the tempera-
ture and PPy rise. The presence of these observed peaks was explained based 
on the electrical conductivity mechanism and dielectric behavior. The Cole–Cole 
plot (M′ with M″ relation) contains a half one semicircle shape that explains the 
absence of contact effects and the Debye model relaxation method. The recorded 
semicircle expands as the temperature and as the addition of PPy increase. So, 
PVA/Cs/ 10 wt% PPy is the best composition that helps to enhance the electrical 
properties.
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