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Abstract
Zinc tungstate (ZnWO4) and tetrapropylammonium iodide (TPAI) are attracted materials that can be applied in different fields 
such as dye-sensitized solar cells or ultra-high capacitance supercapacitors. Newly blended polymers reinforced using ZnWO4 
nanoparticles and TPAI were fabricated and explored. Poly (vinyl alcohol)/carboxymethyl cellulose/ poly(vinyl pyrrolidone)/ 
ZnWO4/x wt % TPAI (PVA/CMC/PVP/ZnWO4/x wt % TPAI) blended polymers were formed using hydrothermal and 
solution-casting procedures. X-ray diffraction, transmission electron microscopy, diffused reflectance and fluorescence 
techniques were used to characterizations the formed blends. The direct and indirect optical band energy values diminished 
to their minimum values (4.84, 3.97) eV and (4.21, 3.23, 2.96) eV as the blend doped with ZnWO4 and 0.05 wt% TPAI, 
respectively. Blend doped with ZnWO4 and 0.1 wt % TPAI achieved the highest refractive index and optical dielectric constant 
values. The fluorescence intensities of doped PVA/CMC/PVP blends affected by the kind of dopant and the measuring 
wavelength range. The addition of ZnWO4 and/or TPAI samples to the blend enhances their nonlinear optical parameters. 
According to CIE chromaticity coordinates (x, y) and based on the amount of TPAI doping, doped blends revealed the 
changeable degrees of blue color. The values of dielectric constant are enhanced slightly as the PVA/CMC/PVP blend loaded 
with the ZnWO4 sample and enhanced further as the amount of TPAI doping increased. The σac value of the PVA/CMC/
PVP blend was improved as the ZnWO4 sample was added and enhanced further as the content of TPAI doping increased. 
Loading the PVA/CMC/PVP blend with ZnWO4 sample reduced its energy density, and raising the TPAI doping amount 
further reduced it. The formed materials are promising for various applications, such as optoelectronics and energy storage.
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1  Introduction

In recent years, polymer blends have emerged as a strategic 
approach to improving the performance of materials, replac-
ing the use of a single polymer in various device applications 
[1]. Poly (vinyl alcohol) (PVA) exhibits exceptional proper-
ties including superior elasticity, flexibility, non-toxicity, and 
high thermal stability [2]. Poly(vinyl pyrrolidone) (PVP) is a 

distinctively fragile stretching polymer with the capacity to 
bind polar molecules owing to its polarity [3]. PVP is utilized 
in various applications as a stabilizing agent in solar cells, a 
flexible dielectric coating, inks, paints, and food adhesives 
[4]. Cellulose gum, also known as sodium salt-carboxym-
ethyl cellulose (CMC), is a semicrystalline polysaccharide 
found in the fibrous tissue of plants. This polymer has the 
ability to form a gel, interact with other polymers that dis-
solve in water, and effectively respond to ionic dopants due to 
the presence of hydroxyl (-OH) and carboxylic anion (COO) 
groups [5].

In addition, the presence of bulky cations such as TEA+ 
(tetraethylammonium), TBA+ (tetrabutylammonium), and 
TPA+ (tetrapropylammonium) in salts like tetraethylammo-
nium iodide (TEAI, C8H20IN), tetrabutylammonium iodide 
(TBAI, C16H36IN), and tetrapropylammonium iodide (TPAI, 
C12H28IN) is responsible for the separation of the polymer 
matrix. This separation creates more space, allowing smaller 
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cations to move more freely [6]. Iodide anions, which have 
a higher energy, work better with dye-sensitized solar cells 
(DSSCs) [7].

Zinc tungstate (ZnWO4) is classified as a binary metal 
oxide belonging to the AWO4 group of metal oxides [8]. As 
a class of inorganic materials, metal tungstate shows great 
promise in a number of areas because of its high oxidation 
states and similarities to hybrid oxides [9]. Along with being 
an inexpensive and eco-friendly element, zinc has shown 
promising electrical and electrochemical activity when 
mixed with other elements [10]. This means that ZnWO4, a 
compound containing both zinc and metal tungstate, has a 
wide range of potential physical and chemical uses, such as 
gas sensors, electrochemical devices, and ultra-high capaci-
tance supercapacitors [11, 12].

Moreover, the characteristics of polymers make them 
suitable for serving as hosts for a wide range of fillers. Poly-
mer composites have the potential to fulfil various uses in 
optoelectronics, shielding, optical devices, photocatalysts, 
sensors, solar cells, supercapacitors, and medicine [13]. The 
properties of a polymer or blended polymer can be modi-
fied as it is doped with a suitable element or irradiated with 
suitable source. For instance, the addition of (SiC-BaTiO3) 
nanoparticles to PVA resulted in improved optical, struc-
tural, and A.C electrical characteristics. This enhancement 
makes the (PVA-SiC-BaTiO3) nanostructures highly poten-
tial materials for a wide range of optoelectronic nanodevices 
[14]. PVC films that have been altered by light exposure 
are appropriate as anti-reflected coatings and work well in 
high refractive lenses and photovoltaic cell usage [15]. Al-
Azzawi et al. found that PVA/silicon carbide thin films have 
a wide range of optoelectronic applications, including solar 
cells and inexpensive electronic devices for spectroscopic 
characteristics and electronics [16]. CuO and CoO-doped 
poly(vinyl chloride) thin films have a high solar energy 
absorption capacity [17]. The nonlinear optical param-
eters exhibited a rise as the concentration of FeCl3 in the 
PVA matrix rose. The PVA/FeCl3 composite polymer films 
demonstrated potential for use in flexible optoelectronic 
applications [18]. Alawi et al. synthesized a novel ternary 
blend polymer consisting of poly(acrylamide), poly(vinyl 
alcohol)/poly(vinyl pyrrolidone)/SiO2 for use in solar cells, 
optoelectronic devices, and biology applications [19]. The 
amount of (SrTiO3–CoO) nanoparticles in PEO/PVA blend 
directly correlates with a rise in the refractive index, extinc-
tion coefficient, dielectric constant, and optical conductivity 
of the host matrix. This characteristic makes it a promis-
ing candidate for photonics applications [20]. The nano-
composite films composed of PVA/SiO2-CuO demonstrate 
substantial attenuation coefficients upon exposure to gamma 
rays [21]. The nanocomposites consisting of PVA-PVP-ZrC 
have been identified as highly promising for flexible opto-
electronic applications [22]. Adding carbon quantum dots 

to PVA/Bi2O3 polymer nanocomposite films significantly 
increased their yellowness [23]. Polyethylene oxide and car-
boxymethylcellulose doped with CuCo2O4 were found by 
Ragab et al. to have potential optoelectronic applications 
[24]. Ni0.65Cu0.35Fe2O4 additives can be used to customize 
PVA/CMC blend films, making them suitable for use in 
optical devices [25]. Blends of poly (methyl methacrylate) 
(PMMA), polyethylene oxide (PEO), vanadium-doped nano 
titanium dioxide (TiO2/V), and tetrabutylammonium iodide 
(TBAI) may be used as optical materials in the development 
of upcoming flexible optoelectronic devices. After being 
doped with TiO2/V and TBAI, PMMA/PEO’s UV absorb-
ance significantly increased, suggesting that the doped blend 
could be used as UV blocking in greenhouse settings [26]. 
Films made of poly (vinyl chloride) (PVC), polyethylene 
glycol (PEG), nano cerium dioxide, and TBAI exhibit prom-
ise as energy storage devices and good absorbers of various 
UV spectra [27]. In comparison to the undoped blend, the 
PVP/CMC blend with hydrogen titanate nanotubes (HTNT) 
and 0.1 wt % TMAI has the highest energy density [3]. A 
variety of optoelectronic applications, including sensors and 
polymer-based capacitors in energy storage devices, have 
been suggested for PVC/FeCr2O4/ tetrapropylammonium 
iodide (TPAI) due to their improved dielectric character-
istics [28].

By incorporating ZnWO4 and varying concentrations of 
TPAI, this study aims to enhance the optical and dielectric 
properties of the PVA/CMC/PVP blend, which could find 
applications in optoelectronics and energy storage systems. 
Therefore, PVA/CMC/PVP/ZnWO4/x wt % TPAI blended 
polymer were formed using hydrothermal and solution-cast-
ing procedures. All properties were investigated using dif-
ferent techniques such as XRD, TEM, diffused reflectance, 
FL spectroscopy, LCR meter. In addition, using suitable 
analytical methods, this research thoroughly examines the 
electrical, optical, and energy density properties of these 
formed blends.

2 � Methods and Materials

2.1 � Preparation of ZnWO4 Sample

In order to produce ZnWO4, sodium tungstate dihydrate 
(Sigma-Aldrich, 99%) and zinc nitrate hexahydrate (Sigma-
Aldrich, 98%) were dissolved in 90 ml of deionized water 
and stirred magnetically for 1  h. A Teflon-lined stain-
less steel autoclave was used to heat the resultant solu-
tion to 180 °C for 20 h. After that, the autoclave was left 
to cool down to room temperature (RT). A final product 
was obtained through a series of centrifugal and washing 
steps using ethanol and deionized water. The powder was 
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prepared, dried, and then annealed in an electric oven for 
1 day at 60 °C.

2.2 � Preparation of PVA/CMC/PVP/ZnWO4/x wt% 
TPAI Blended Polymer

The casting procedure was employed to produce PVA/CMC/
PVP (0.7:0.2:0.1) blend, 0.7 g of polyvinyl alcohol (PVA, 
MW = 50,000 g/mol, Sigma Aldrich), 0.2 g carboxymethyl 
cellulose (CMC, in the form of the sodium salt of commercial 
grade, Sigma Aldrich) and 0.1 g polyvinyl pyrrolidone (PVP, 
MW = 40,000 g/mol, Sigma Aldrich) were dissolved in 70, 
20 and 10 ml deionized at 70 °C, 50 °C and RT, respectively. 
After letting each solution cool to RT, they were mixed for 
2 h at RT. The resulting solution was transferred into a Petri 
dish and subsequently subjected to 40 °C in an oven for 
4 days. The previous step was repeated with 3 wt % ZnWO4 
and different concentrations of tetrapropylammonium iodide 
(TPAI, Sigma Aldrich,98%) in order to create PVA/CMC/
PVP/ZnWO4/x wt% TPAI blends (x = 0, 0.05, 0.1, 0.15, and 
0.2 wt%). The thickness of the generated blends ranges from 

220 to 340 μm, as measured using a digital micrometer with 
a precision of ± 10 μm.

2.3 � Characterization Techniques

The ZnWO4 and all blend structures were investigated using 
a PANalytical X-ray diffractometer (X’pert MPD model, 
copper source). The transmission electron microscope 
(TEM, JEM-2100 electron microscope, JEOL Ltd, Japan, 
200 kV) was used to examine the fillers’ crystallite size. To 
create the fluorescence (FL) spectra, the FP-8200 JASCO 
luminescence spectrophotometer was used.

The UV diffuse reflectance (R) and transmittance (T) data 
for all blends were gathered utilizing a JASCO-V-670 diffuse 
reflectance spectrophotometer that was associated with an 
integrating sphere assembly. The following steps are taken 
to correct the R value:

(1)
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[
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]

−
{

[
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]2
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)

}0.5
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−1

Where Ri and RF are the interface reflectance and reflection 
from one face, respectively.

The absorbance (A), coefficients of extinction (k), and 
refractive index (n) for each blend were determined via the 
subsequent formulas:

The real (εr) and imaginary (εi) components of the 
dielectric constant, the surface energy loss function (SELF) 
volume energy loss function (VELF), optical conductivity 
(σopt), linear optical susceptibility (χ(1)), nonlinear optical 
susceptibility (χ(3)), and nonlinear refractive index (n2) 
parameters for the different blends were gotten by means of 
the succeeding equations [1–3]:
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where c is velocity of the light.
Using a GwINSTEK LCR 8105G instrument with a 

2 V ac voltage, one can determine the dielectric constant 
parameters at RT as a function of frequency by measuring 
the changes in capacitance (C) and dissipation factor (tan δ).

Each blend’s dielectric constant (ε′, ε″), ac conductivity 
(σac), and complex electric modulus (M* = M′ + iM″) were 
calculated using the following equations [1–3]:

(14)�� = Cd∕�0A

(15)�ac = 2�f �0�
� tan �

(16)tan� = ���∕��

(17)M
� =

��

��2 + ���2

(18)M
�� =

���

��2 + ���2

where εo, and A are the permittivity of free space and area 
of the disc, respectively.

3 � Results and Discussion

3.1 � Structural Investigation

3.1.1 � Structure and Microstructure of ZWO4

The X-ray diffraction (XRD) data for ZnWO4 filler are 
displayed in Fig. 1a. The plot shows that the ZnWO4 sample 
has a monoclinic structure (P2/c) with diffraction peaks at 
2θ = 23.68°, 24.53°, 30.52°, 36.35°, 38.43°, 41.11°, 44.34 
o, 45.87 o, 48.55°, 50.24 o, 51.47 o, 53.78 o, 61.53 o, 64.83 o, 
68.14 o and 71.44 o. These diffraction peaks relate to (011), 
(110), (-111)/(111), (021)/(002), (200), (121), (112), (211), 
(220), (130), (-202), (202), (113), (-311), (121) and (041) 
crystallographic planes, respectively [29]. The following 
Scherrer formula indicates that the sample’s average 
crystallite size is 45 nm:

Fig. 1   a XRD pattern and b 
TEM image for ZnWO4 and c 
XRD patterns for PVA/CMC/
PVP/ZnWO4/x wt % TPAI 
blends
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where λ and β are the wavelength of the X-ray technique 
and the full width at half maximum intensity, respectively.

The ZnWO4 filler sample had an average particle size of 
50 nm, based on a transmission electron microscopy image, 
Fig. 1b.

3.1.2 � Structure of PVA/CMC/PVP/ZnWO4/x wt % TPAI 
Blends

Figure 1c shows the XRD patterns of the PVA/CMC/PVP/
ZnWO4/x wt % TPAI blends. The graph, displays high 
diffuse scattering, owing to the amorphous nature of the 
polymer blends, superimposed with a main broad peak 
around 2θ = 19.6◦ and a weak peak around 2θ = 40.9◦. The 
peak around 2θ = 21° belongs to the characteristic peaks 
of PVA and PVP [30, 31], and the small peak at 2θ ~ 41° 
is associated with the overlapped peaks of PVA [32]. The 
diffraction data between the undoped and doped PVA/
CMC/PVP blends do not show any significant differences, 
indicating that the filler is distributed uniformly 
throughout the blend matrix.

(19)D =
0.9�

βcos�

3.2 � Optical Features

3.2.1 � Absorption, Transmission and Reflectance Spectra 
of the Blends

In order to study the induced changes to the intermolecu-
lar structure of polymeric substances, it is essential to ana-
lyze the absorption, transmission and reflectance spectra. 
This might be a crucial element in clarifying the interior 
composition of the energy gap. The absorption spectra of 
PVA/CMC/PVP/ZnWO4/x wt % TPAI blends are shown 
in Fig. 2a. The graph established a similar attitude a sharp 
inclination with increasing wavelength (λ) followed by a 
slow one at higher values of wavelength. The excellent mis-
cibility of these blends and fillers is demonstrated by these 
changes. The absorption peak is situated at ~ 212 nm owing 
to the n–π* transition, which is produced from unsaturated 
C–O and/or C–C bonds found in the tail–head of PVA [33]. 
The ZnWO4 filler is associated with the second band that 
emerged at 240 nm [34, 35]. Furthermore, as the PVA/CMC/
PVP blend was doped with ZnWO4 or TPAI, its absorption 
decreased up to λ = 230 nm.

Above this range, the blend’s absorption goes up a little 
more when it is loaded with ZnWO4, and it goes up even 

Fig. 2   a Absorption, b transmit-
tance and c reflectance spectra 
as a function of the incident 
wavelength for PVA/CMC/PVP/
ZnWO4/x wt % TPAI blends
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more when more TPAI is added. As the blend is doped 
with ZnWO4 and/or TPAI fillers, induced variations in the 
energy gap region are demonstrated by a red shift in the 
absorbance spectra. The rise in absorption values observed 
with ZnWO4 and TPAI can be attributed to a reduction in the 
quantity of hydrogen bonds that existed within the polymers 
during the doping procedure. Nanocomposite polymers 
are becoming more amorphous, according to the findings 
[36]. Our findings are similar to those of other researchers, 
including PVA PVP/PEG polymeric sheets doped with 
NiO or ZnO/Co doped PVA polymer [37]. According to 
our results, the optical properties of the PVA/CMC/PVP 
blend are most controlled by the TPAI concentration. Each 
blend’s transmission spectra are displayed in Fig. 2b. It 
appears that the decrease in transmission is in line with the 
rise in absorption that has been noted. Transmission data in 
the ultraviolet (UV) range is significantly lower for PVA/
CMC/PVP blends loaded with ZnWO4 and TPAI samples 
compared to undoped samples, while transmission data in 
the visible range reveals a small reduction with increasing 
TPAI concentration. Similar results were noticed as PVA/
PVP polymeric blend doped with potassium dichromate 
[38]. This shows that the filler composition has a significant 
impact on the scattering process through the blends that 
were studied. This process is generally considered the 
main factor that impacts transmission through the different 

samples [39]. It also provides a detailed description of the 
common interactions between the samples’ medium and 
the incident light photons, as well as the variations within 
the host blend matrix. Also, as the PVA/CMC/PVP blend 
was doped with ZnWO4 and TPAI amounts, the R values 
rose irregularly. The high R value was observed in the blend 
with 0.1wt% TPAI and ZnWO4. Adding ZnWO4 and TPAI 
to the host blend changes its packing density, and hence its 
reflectance [40].

3.2.2 � Optical Band Gaps of the Blends

To investigate the changes in the internal structure of the 
band gap region, one can use the following relation [1–3]:

where Eg are band gap values for both types of blends (doped 
and undoped), H and hν represent the energy independent 
parameter and the incident photon energy, respectively. 
The value of the parameter m specifies the nature of the 
transition; m= 1

2
  for direct allowed transitions and m = 2 for 

indirect allowed transitions.
Figure 3 illustrates the direct and indirect Eg values of all 

blends. The values of Eg are determined by extrapolating 
the linear segment of the graphs at the zero points of (αhν)2 

(20)(�h�) = H(h� − Eg)
m

Fig. 3   a, b Direct and c, d 
indirect Tauc’s relations for 
PVA/CMC/PVP/ZnWO4/x wt % 
TPAI blends
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and (αhν)0.5.The direct and indirect Eg values diminished 
from 5.32 eV and (5.01, 3.26, 2.98) eV (for PVA/CMC/PVP 
blend) to (5.11, 4.99, 3.97) eV and (4.52, 3.23, 2.96) eV (for 
doped PVA/CMC/PVP with ZnWO4), and decreased irregu-
larly more as it doped with TPAI, reaching their minimum 
values (4.84, 3.97) eV and (4.21, 3.23, 2.96) eV as the blend 
doped with 0.05 wt% TPAI, respectively, as listed in Table 1. 
A rise in disorder of the host blend structure as a result of 
doping causes an increase in localized states inside the band 
gap region, which in turn causes this decrease. A rise in 
the number of disorders occurred because fillers reduced 
the number of hydrogen bonds inside the host blend chain. 
This is evidence of the fillers’ strong bond to the blend base. 
Lithium titanate nanoparticles have been demonstrated in 
the literature to lower the Eg values of carboxymethyl cel-
lulose/polyacrylamide blend, which is consistent with our 
findings [41].

3.2.3 � Refractive Index and Extinction Coefficient 
of the Blends

The refractive index (n) is a fascinating optical parameter 
because of its promising characteristics, especially for 
optical materials. It is extensively utilized in the industry 
to control the operations of various communication and 
optoelectronic devices, including modulators, electronic 
detectors, filters and displays. It is largely dependent on 
the degree of polarization of the medium’s molecules. 
Moreover, the extinction coefficient (k) is a property inher-
ent to the material that determines how well incident light 
of a particular wavelength can be absorbed or reflected. 
For every blend, the relationship between the incident pho-
ton wavelength and (n and k) is displayed in Fig. 4. The 
graph revealed that all blends’ n values exhibited normal 
dispersion. Compared to the undoped blend, the doped 
blend has a higher n value. The blend that was doped with 
ZnWO4 and 0.1 wt % TPAI achieved the highest n value. 
Composite polymers made of silicon-doped polyvinyl 

alcohol (PVAOH) also showed similar results [42]. Since 
n is a density-sensitive parameter, a higher value for n 
suggests that the blend matrix and fillers are forming more 
bonds, which lowers the likelihood of hydrogen bond for-
mation but rises the number of disorders and, in the end, 
the density of the compound. Hence, the optical density 
and structure of the PVA/CMC/PVP blend were altered 
by incorporating ZnWO4 and TPAI. This led to changes 
in the doped blend’s n values [43]. Furthermore, the k val-
ues were altered upon loading the PVA/CMC/PVP blend 
with ZnWO4 and TPAI. The number of hydrogen bonds 
within the polymer was reduced during the doping and 
miscibility processes, which caused the k values to rise. 
Additionally, the doped blend’s filler samples may absorb 

Table 1   Direct and indirect optical band gap energies and chromatic-
ity coordinates (x, y) for the normalized FL spectra represented under 
434  nm excitation wavelength of PVA/CMC/PVP/ZnWO4/x wt % 
TPAI blends

Sample Direct Eg (eV) Indirect Eg (eV) CIE coordinates

PVA/CMC/
PVP

5.32 5.01, 3.26, 2.98 (0.2164, 0.2985)

PVA/CMC/PVP /ZnWO4/ x wt TPAI
x = 0 5.11, 4.99, 3.97 4.52, 3.23, 2.96 (0.1909, 0.2667)
x = 0.05 4.84, 3.97 4.21, 3.23, 2.96 (0.2177, 0.2947)
x = 0.1 5.22, 4.83, 3.97 4.05, 3.23, 2.96 (0.2164, 0.2985)
x = 0.15 5.22, 4.78, 3.96 4.34, 3.24, 2.97 (0.2228, 0.2943)
x = 0.2 5.3, 4.76, 3.97 4.29, 3.23, 2.82 (0.2389, 0.2853)
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or scatter some of the photon’s energy, which could alter 
k’s value [44].

3.2.4 � Optical Dielectric Constant of the Blends

Figure 5 illustrates the relationship between wavelength 
and the real and imaginary dielectric constants (εr, εi) of 
PVA/CMC/PVP/ZnWO4/x wt % TPAI blends. It also shows 
the spectra of the surface and volume energy loss func-
tions (SELF and VELF). The graphs indicated that εr and 
εi displayed similar characteristics, n and k, respectively. 
Both εr and εi attain their highest values in the UV region. 
Throughout the entire wavelength range, doped blends 
exhibited an increase in both εr and εi. Additionally, VELF 
values exceed SELF values for each blend. The SELF and 
VELF curves both had patterns that were comparable to 
the εi curve. The introduction of ZnWO4 and TPAI fillers 
resulted in a modification of the density of the localized state 
levels that are formed between the highest occupied molec-
ular orbital (HOMO) and the least unoccupied molecular 
orbital (LUMO). This modification subsequently impacts 
the εr value of the PVA/CMC/PVP blend. The fluctuat-
ing εi value [45, 46] is attributed to variations in the dipole 
motion. Figure 6 displays the relationship between the opti-
cal conductivity ( �opt ) and the wavelength of incident light 
for PVA/CMC/PVP/ZnWO4/x wt % TPAI blends. The plot 

showed that adding ZnWO4 and TPAI samples to the blend 
enhanced the �opt value of PVA/CMC/PVP in the UV range. 
The �opt value in the visible range changed as a function of 
the concentration of TPAI doping. The blend doped with 
ZnWO4 and 0.2 wt% TPAI showed the greatest �opt value. 

Fig. 5   a εr, b εi, c SELF and d 
VELF spectra for PVA/CMC/
PVP/ZnWO4/x wt % TPAI 
blends
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The density of localized states is altered during the dop-
ing process, and this could be linked to the appearance of 
new empty energy levels in the blend structure between the 
HOMO and LUMO inside the forbidden optical band gap 
[47].

3.2.5 � Nonlinear Optical Parameters of the Blends

It is possible to assess the potential of nanocomposite films 
for nonlinear optical (NLO) applications by finding their 
linear optical susceptibility (χ(1)), nonlinear optical suscep-
tibility (χ(3)), and nonlinear refractive index (n2) parameters. 
Figure 7 shows the changes in the NLO parameters as a 
function of wavelength. The graph showed a consistent 
trend of increasing values for χ(1), χ(3), and n2 as the blend 
loaded with TPAI and ZnWO4. The PVA/CMC/PVP blend 
with 0.1 wt% TPAI and ZnWO4 has the highest NLO val-
ues. A change in the total number of hydrogen bonds during 
miscibility and doping can account for an increase in NLO 
parameters values based on the induced modifications in 
the blend matrix. Because of this, the number of defects or 
disorders increases, which in turn increases the number of 
chemical free radicals and their mobility, leading to higher 

values for NLO parameters [48]. The addition of ZnWO4 
and TPAI samples to our blends enhances their nonlinear 
optical parameters, making them a potential candidate for 
future optoelectronic applications.

3.3 � Fluorescence Analysis

The fluorescence (FL) spectra of PVA/CMC/PVP/ZnWO4/x 
wt % TPAI blends were obtained using 434 nm UV light as 
the excitation wavelength, Fig. 8a. The graph demonstrates 
that the FL intensities of the sub-peaks at 450–550 nm in 
the doped PVA/CMC/PVP blend samples rose when loaded 
with ZnWO4, but they decreased when the blend loaded 
with TPAI in addition. On the contrary, the peak at 650 nm 
increased as the quantity of TPAI doping increased. Vari-
ations in the number of non-radiative defects on the mate-
rials’ surface and changes in the recombination rate of 
photo-induced electron (e−) and hole (h+) pairs within the 
materials could be the cause of the increasing and decreas-
ing FL intensity [49]. The sub-peaks of the FL spectra can 
be identified as blue, green, and red colors. Elashmawi et al. 
observed that the PVP/PVA blend produced both blue and 
red colors [50]. The blue color correlated with defect-related 
luminescence. The green emission may be a consequence of 

Fig. 7   The nonlinear optical 
parameters: a χ(1), b χ(3) and c n2 
for PVA/CMC/PVP/ZnWO4/x 
wt % TPAI blends
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the dopant or impurity atoms. The red emission is a result of 
the defect-containing materials [51]. Using the 1931 stand-
ard (CIE) color space chromaticity diagram of the normal-
ized FL data (Fig. 8a), the calculated colors of the different 
blends are represented in Fig. 8b. Table 1 reveals the CIE 
chromaticity coordinates (x, y) for each blend. Based on the 
amount of TPAI doping, doped blends revealed changeable 
degrees of blue color.

3.4 � Dielectric Characteristics

The suitability of PVA/CMC/PVP/ZnWO4/x wt% TPAI 
blends for use in the design of blended polymer-based capaci-
tors was evaluated by analyzing their dielectric characteris-
tics. The dielectric features of different samples can be esti-
mated by finding out the values of the dielectric constant (ε′) 
and the dielectric loss (ε′′). Energy dissipation is measured by 
the dielectric loss, whereas energy storage capacity is quan-
tified by dielectric constant [52]. Figure 9a and b illustrate 
the frequency dependence of ε′ and ε′′ for all blends. The 
interfacial polarization causes ε′ values to be relatively high 
at low frequencies. At high frequencies, dipoles lose their 
ability to align with the electric field, resulting in a reduc-
tion in the dielectric constant to its minimum value. For each 
blend, the value of ε′′ initially decreased, then increased as 
the frequency increased, reaching a maximum value, and then 
decreased again. This peak experienced a slight displace-
ment when doped with ZnWO4 and TPAI. The shift occurs 
due to the different relaxation times [53]. Furthermore, the 
values of ε′ and ε′′ were enhanced slightly as PVA/CMC/
PVP loaded with ZnWO4 sample and enhanced further as 
the amount of TPAI doping increased. Both ε′ and ε′′ attained 
their highest values in the blend with x = 0.2. Similar results 
were observed as PVA–PVP blend filled with different Ni–Cd 
concentrations and poly (vinyl chloride-co-vinyl acetate-
co-2- hydroxypropyl acrylate) filled with graphene oxide 
[54, 55]. The value of ε′ can be altered by a modification 
in interfacial polarization resulting from a variation in the 
arrangement of different filler samples within the PVA/CMC/
PVP host blend [56].

Electrical conductivity measurements are essential for 
studying the transport mechanisms in different blends. 
Figure 9c displays the frequency dependence of the AC 
conductivity (σac) for all blends. As the frequency range 
increases, all blends exhibit a sharp increase in σac values, 
which remain constant up to 104 Hz. The rise in σac can be 
attributed to the increased frequency of electron hopping at 
relatively high frequencies. Besides, the σac value of PVA/
CMC/PVP blend was improved as the ZnWO4 sample was 
added and enhanced further as the content of TPAI dop-
ing increased. Fillers in a blend matrix have the potential 
to change the AC conductivity by changing the amount of 
charge carriers and defects in the polymer [57].

To find the energy density (U) of a blend, one can use the 
subsequent relation [1–3]:

where εo and E are the permittivity of free space (8.85 × 10 
−12 F/m) and the electric field, respectively.
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As seen in Fig. 10, the frequency dependence of U is dis-
played for all blends. Loading PVA/CMC/PVP blend with 
ZnWO4 sample reduced its energy density, and raising the 
TPAI doping amount further reduced it.

To study the phenomenon of conductivity relaxation and 
electrode influence, the complex quantity known as the elec-
tric modulus (M*) was examined [58]. The real and imagi-
nary parts of the electric modulus (M′, M′′) are plotted as a 
function of frequency for all blends in Fig. 11. The graph 
shows that the lowest value of M′ happens at low frequen-
cies. These results indicated that the effects of electrode 
polarization were minor [59]. The M′ values of the PVA/
CMC/PVP blend were reduced when ZnWO4 and TPAI 
samples were loaded into it. Higher frequency unsaturation 
in M′ values was found to be connected with more effective 
interfacial polarization [60]. Furthermore, all blends showed 
a peak (one relaxation time) in M′′. Additionally, the M′′ 
modulus curves’ relaxation peak is divided into two sections. 
The first portion is located at low frequency, to the left of the 
relaxation peak, and it represents the frequency range where 
ions can travel great distances and quickly transition between 
nearby sites. The second region, where ions are trapped in 
their potential wells and can only move locally, is on the 
right side of the relaxation peak (at high frequency). The 
relaxation peaks exhibit asymmetry peak broadening, which 
suggests distinct time constants [61]. Because the host blend 
has different filler compositions, the intensity and location 
of this peak changed slightly. As the filler was added, PVA/

Fig. 9   Variation of a real and b 
imaginary parts of the dielectric 
constant with frequency and c 
AC electrical conductivity for 
PVA/CMC/PVP/ZnWO4/x wt % 
TPAI blends

2 3 4 5 6

10

15

20

25

PVA/CMC/PVP/ZnWO4/x wt %TPAI
Undoped
x=0
x=0.05
x=0.1
x=0.15
x=0.2

log f (Hz)

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
0

1

2

3

4

5

log f (Hz)

2 3 4 5 6
0

2

4

6

8

log f (Hz)

(a)

(b)

(c)

2 3 4 5 6

2

3

4

5
PVA/CMC/PVP/ZnWO4/x wt %TPAI

Undoped x=0
x=0.05 x=0.1
x=0.15 x=0.2

log f (Hz)

U
x
10

-3
(J
/m

3 )

Fig. 10   Variation of energy density for PVA/CMC/PVP/ZnWO4/x wt 
% TPAI blends



	 Journal of Inorganic and Organometallic Polymers and Materials

CMC/PVP’s peak intensity varied, which altered the sample 
capacitance [58].

4 � Conclusions

ZnWO4 filler has a monoclinic structure (P2/c) with an 
average particle size of 50 nm. PVA/CMC/PVP/ZnWO4/x 
wt % TPAI blends have an amorphous nature. The optical 
properties of the PVA/CMC/PVP blend are controlled by 
ZnWO4 doping and/or TPAI concentration. Transmission 
data in the UV range is significantly lower for PVA/CMC/
PVP blend loaded with ZnWO4 or/and TPAI samples 
compared to undoped blends, while transmission data in 
the visible range reveals a small reduction with increasing 
TPAI concentration. As the PVA/CMC/PVP blend was 
doped with ZnWO4 and TPAI amounts, the R values rose 

irregularly. The direct and indirect Eg values of the blend 
diminished as it was doped with ZnWO4 or TPAI. Compared 
to the undoped blend, the doped blends have the highest n 
values. The optical dielectric constants attained their highest 
values in the UV region. Throughout the entire wavelength 
range, doped blends exhibited an increase in the optical 
dielectric constant. Adding ZnWO4 and TPAI samples to 
the host blend enhanced its �opt value in the UV range. The 
�opt value in the visible range changed as a function of the 
concentration of TPAI doping. The values of the dielectric 
constant and ac conductivity were affected by ZnWO4 or 
TPAI doping. The M′ values of the PVA/CMC/PVP blend 
were reduced when ZnWO4 and TPAI samples were loaded 
into it. As the filler was added, the blend capacitance altered. 
In the visible range, the highest n, εr, NLO parameters were 
observed in the blended polymer with x = 0.1. The highest 
σopt, k, εi, SELF, VELF, dielectric constant parameters and 
ac conductivity values were detected as x = 0.2. The obtained 
properties of the formed blends make them a potential 
candidate for future optoelectronic and energy storage 
applications.
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