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ABSTRACT 
According to the TiO2 deposition, an interface formed between those TiO2 nanoclusters and the PVA 
polymer matrix, and the polymer network's overall packing density has decreased. Due to increased 
interaction among the surface of the nanoparticles of TiO2 and side chains for the PVA polymer matrix, 
the TiO2 loading concentration shortens the lifespan of the o-Ps. In experiments using Fourier Transform 
Infrared Spectroscopy, this has been proven.Studies utilizing scanning electron microscopy shows that 
clustering of nanoparticles results from greater levels of nanofiller loading cause the nanoparticles to 
aggregate.PVA/TiO2 nanocomposites with greater AC/DC conductivity were produced using polymer at 
lower TiO2 concentrations indicates that ions and charge carriers are more mobile. Because of increased 
ion aggregation caused by higher TiO2 concentrations, the conductivity decreases, indicating a reduction 
in the conductive channel for ion and electrical charge carrier mobility. 0.3 wt% TiO2 and up to 1.0 wt% 
PVA, a higher dielectric constant and higher loss of dielectric are indicators of increased dipole 
polarization. Due to the creation of thin, immobile nanolayers and the subsequent increase in polymeric 
chain mobility, the dielectric constant is thought to have decreased with the addition of 0.3 weight 
percent of TiO2. 
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1.INTRODUCTION 
The use of titanium dioxide (TiO2) in both 
industrial and medical settings has been 
extensively developed. The optoelectric 
characteristics of TiO2, which include 
transmittance and semi conductivity, have been 
investigated and used extensively. The dielectric 
constant of TiO2 nanoparticles has already been 
established. The mass of nanoparticle and 
particle size were cited as potential influences 
on the dielectric characteristics of TiO2. 
According to the amount of TiO2 nanoparticle 
particles rises, the values of the dielectric 
constant rise [1]. The number of particles per 

unit volume rises with decreasing particle size, 
which also increases the dipole moments and 
dielectric constant per unit volume. TiO2 
nanoparticles are extensively explored for their 
bioactivity in some applications in addition to 
their optical features. 
On its potential uses in the medical industry, 
bioactivity of TiO2 nanoparticles is also being 
studied. The toxicity and antibacterial 
characteristics of TiO2 nanoparticles have been 
investigated as bioactivity attributes. TiO2 
nanoparticles can kill e-Coli germs thanks to 
their antibacterial properties. According to 
reports, bacteria kill off in an agar solution at a 
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higher rate the more TiO2 nanoparticles are 
present. The TiO2 anatase nanoparticles in their 
purest form exhibit hazardous levels. These 
nanoparticles exhibit strong attraction to 
proteins, which can impair mitochondrial 
function and reduce cell viability. TiO2 
nanoparticles' toxicity characteristics can be 
affected by surface modification. TiO2 
nanoparticles' toxicity can be lessened by PEG 
coatings [2]. 
By injecting different concentrations of acids or 
bases, controlled doping modifies the oxidation 
state to produce conductivity. When polyaniline 
is combined with poly vinyl alcohol (PVA) to 
create a composite material, its properties as a 
conducting polymer can be improved. While 
many methods have been found to be effective 
for dispersing PANI into PVA, PVA dispersion in 
aqueous media has demonstrated that PVA is an 
effective stabilizer for the PANI. These processes 
include sol-gel polymerization dispersion, 
electrochemical polymerization, chemical 
oxidative polymerization, and gamma radiation 
doping [3]. 
An addition of an inorganic additive, such as 
titanium oxide, a substance which has multiple 
essential chemicals and used for coating, sensor, 
solar cell, and catalytic applications due to its 
physical characteristics, is yet another method 
for improving the processability of polyaniline. 
Titanium dioxide may be applied as a coating to 
the polymer matrix in a future stage. Due to 
their possible uses in the fields of physics, 
chemistry, electronics, optics, and biology, the 
process of synthesis, form, and electric 
conductivity of conductive polymer/inorganic 
(TiO2) hybrid components have been thoroughly 
investigated [4-6].According to Radoicic, TiO2 
nanoparticles increased PANI's thermal stability 
while also enhancing its water resistance 
because they formed a potent hydrogen bond 
with the PVA molecules. By encapsulating TiO2 

in PVA, it was discovered that the yield of PANI 
may be enhanced [7].The TiO2-PVA composition 
has been seen to have improved the mechanical 
characteristics, acoustic impedance, and bulk 
modulus. In situ polymerization, PVA/TiO2 sol-
gel process, solution casting technique, and 

others have all been employed to create PANI/ 
TiO2composites. Although PANI/TiO2 and 
PANI/PVA composites have been the topic of 
various investigations, this study examines the 
effects of two different production processes on 
the microscopic structure and electric 
conductivity of PANI/TiO2/PVA conductive 
polymer composite films. 
Because of its exceptional qualities, polyvinyl 
alcohol can be used in technological and 
material science applications. It is a water-
soluble semi-crystalline substance with specific 
physical characteristics brought on by crystal-
amorphous interfacial interaction. The presence 
of inorganic additives such transition metal salts 
has a significant impact on the PVA polymer's 
optical and electrical characteristics. PEO-PVP-
MMT nanocomposite hydrocolloids are 
investigated for their dielectric characteristics 
[8]. The dielectric properties of polymer thin 
films received a great deal of interest as a result 
of the discovery of memory phenomenon and 
their extensive application in thin film devices. 
Al2O3, TiO2, and SiO2 are examples of ceramic 
filler substances that have been extensively 
studied for the growth of ion conductivity in 
polymer matrix simply because their presence 
decreases the temperature at which glass 
transitions and increases the amorphous state 
by enhancing the crystallinity of the polymer. 
Ceramic particles increase the ion conductivity 
of the composite material polymer by producing 
defects and free volume at the interface of the 
interconnected polymeric chain. In an effort to 
enhance the thermal, mechanical, and 
chemical-based stabilities of the PVA-TiO2 
Composite, we attempted to incorporate TiO2 
particles into the PVA. 
2.LITERATURE REVIEW 
Mohammed et. al. (2019) [9]conducted that 
studies were done on the characteristics of 
nanoparticles and polyvinyl alcohol doped 
TiO2.Nanoparticles of PVA and PVA/TiO2 are 
produced using the laser ablation method with 
pulses.The use of transmittance measurements 
and absorption spectra, characteristics of 
PVA/TiO2 and PVA nanocomposite material 
solutions were analyzed. The absorption 
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spectrum revealed a direct transition after a gap 
in the optical band was found.When compared 
to PVA/TiO2, PVA nanoparticle have been found 
to have a smaller energy gap and a stronger 
optical conductivity. It has been demonstrated 
that doping also has an impact on the refraction 
index (n), the coefficient of extinction (k), and 
dielectric constant. 
Aparicio et. al. (2019) [10]examined that the 
polymer membranes based on PVA/TiO2 were 
prepared by a solution casting method. As an 
adhesive, a solution of glutaraldehyde was 
utilized to enhance the thermal, chemical in 
nature, and membranes' physical 
characteristics.By changing the response time, 
the amount of cross-linking was varied. 
Thermogravimetric evaluation and the use of 
differential scanning calorimetry were used to 
look at the membranes' phase behavior. The 
homogenous dispersion of nanoparticles of TiO2 
is seen in high resolution SEM images, and PVA 
crosslinks with an inorganic phase to fill up any 
gaps left by the nanoparticles. 
Xu et. al. (2018) [11]investigated that, a class of 
PVA-based degradable composite films was 
created, and thanks to their physical 
characteristics, they can serve as the substrate 
for temporary electrical devices. They 
discovered that changing the quantity of TiO2 
nanoparticles might modify the composite film's 
dielectric properties and pace of disintegration. 
The patch antennas have been developed and 
constructed using the previously synthesized 
PVA/TiO2 composite. The most important 
requirement is that they may physically 
decompose if immersed in pure water for an 
hour. The experiment's findings suggest that a 
PVA-based film could be used as a substrate or 
support material. The fabrication and design 
approaches discussed here can be used to 
produce other transitory devices with significant 
structure and functionality. 
Gultekin et. al. (2018) [12]examined that in in 
this study, poly (vinyl alcohol) with titanium 
dioxide for use in dielectric applications, 
(TiO2/PVA) nanocomposite was made using a 
straightforward spin-coating technique. XRD, 
SEM, AFM, and dielectric measurements were 

employed to investigate the structural, 
morphological, optical, and dielectric properties 
of the materials. Investigations were done into 
how these properties were affected by TiO2 
nanoparticles. TiO2 nanoparticles were 
discovered to boost the crystallinity of 
nanocomposites. Average transmittance values 
fall as the amount of TiO2 in the composite 
structure rises, whereas reflectance values rise. 
TiO2 nanoparticles had a significant impact on 
both the imaginary and the real parts of the 
complex permittivity, which are associated with 
energy storage and dissipation. 
Shehap et. al. (2016) [13]presentedthat those 
polymeric based on polyvinyl alcohol doped 
with titanium dioxide nanoparticles at different 
weight percentage were prepared using the 
sonification and casting techniques. Utilizing 
XRD, FTIR, and UV-Visible, they examined these 
materials structural characteristics.According to 
the XRD pattern, increasing the TiO2 level 
caused the PVA polymer's amorphous domain 
to grow. FTIR analyses were used to examine 
how the dopant and polymer complexed. For 
heavy doping samples in the UV band, the UV-
Visible light absorption spectra revealed erratic 
variations in the absorption. The optical 
constants were calculated using the spectra of 
the three variablesabsorbance, transmittance, 
and reflectance. The findings demonstrated that 
the composite containing high dopants had high 
refractive index while its optical band gap 
shrank as the TiO2 content increased. Using the 
Wemple-DiDomenico model, evaluations of the 
static reflection index, oscillation energy, and 
dispersion energy were conducted. The 
dispersion energy steadily changes as TiO2 
concentration changes. 
Fereydonian et. al. (2016) [14]examined thatin 
the study, TiO2 nanoparticles' effects on the 
morphological mechanical and electrical 
properties, and electrochemical in nature 
actuation were examined. Electro-spun 
PVA/TiO2 and a nanofiber webs were used to 
make flexible web actuators..The mean fiber 
diameter and viscosity of the polymeric solution 
are both improved during the manufacturing 
process by adding more nanoparticles. As 
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pressure was reduced and the amount of TiO2 
nanoparticles increased, the resistance to 
electricity of nanofiber webs decreased. It has 
been found that the actuation strain and 
electrochemical redox mechanism of 
polyaniline-coated a nanofiber webs are both 
increased by the presence of TiO2 nanoparticles. 
Additionally, a 15.0% nanoparticle shows a 2.9% 
actuation strain. According to the results of the 
picture analysis, fibers' actuation strain is 
significantly larger than that of nanofibrous 
webs. 
Sugumaran et. al. (2014) [15]conducted that 
PVA-TiO2 and PMMA-TiO2 transparent nano 
composite thin films were created using a quick 
and affordable dip coating technique. Using the 
Fourier transformation in infrared spectroscopy, 
it was demonstrated that oxide bonding existed 
in the produced films. According to the X-ray 
diffraction pattern, the films that were created 
were largely amorphous. The surface of the film 
did not have any pinholes or fissures apparent, 
but scanning micrographs using electrons 
showed that there were scattered clusters of 
TiO2 nanoparticles. The optical aspect gaps in 
the bands films made from Tauc predicted that 
PVA-TiO2 and PMMA-TiO2 would have energies 
of 3.77 eV and 3.78 eV, respectively. 
Arora et. al. (2014) [16]investigated that the 
first way of synthesis involves blending 40 wt% 
in aqueous PVA solution of poly aniline and TiO2 

as microparticle powders, and the second used 
a deposition procedure with fine grade anatase 
nanoparticles. The combination of the 
polymerization reaction of a mixture of aniline 
with TiO2 powder (average particle size: 50 nm) 

resulted in the positioning of polyaniline outside 
of nano-TiO2 particles, resulting in the 
formation of a core-shell structure.It was 
possible to create a polyaniline-TiO2-polyvinyl 
alcohol composite polymer by mixing 40 
percent by weight of this composite's polymers 
with an aqueous solution of poly vinyl alcohol. 
The first production process created an 
uninterrupted fiber framework with the 
conductive polymer, while the second method 
produced a conducting and non-conductive 
area as a result of an agglomeration of TiO2. 
This is evident from microstructural 
investigations and conductivity measurements. 
Dhokne et. al. (2008) [17] conducted 
thata physical blend of polystyrene and 
polymethyl a composition of methacrylate of 
80/20 and a blend that has been doped with 
naphthalene (PS PMMA) has been the subject 
of a study on thermally induced depolarization 
conductivity in a short circuit.Using the 
technique of isothermal evaporation, films of 
the mixtures with and without Naphthalene 
were created. At polarizing temperatures of 343 
K and varied polarizing fields (Ep) of 3,5,10, and 
15 kV/cm, these films thermoelectrets are 
produced. Depending on the temperature and 
the polarizing fields, measurements of a 
depolarization conductivity demonstrate two 
distinct maxima. The first peak occurs at 338 ±5 
K due to a 13 relaxation at a lower temperature, 
while if a relaxation is to blame for a second 
high at 363± 5 K. at a higher temperature. Peak 
conductivity increases proportionally with the 
polarizing field. 

Table 1: Comparative table of key aspects of each study 

Study Method Findings 

Mohammed et al. (2019) [9] Pulsed laser ablation (PLA) 

In comparison to PVA/TiO2, PVA 
nanoparticles showed a reduced 
energy gap and greater optical 
conductivity. Refractive index, 
coefficient of extinction, and 
dielectric constant were all 
impacted by doping. 
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Aparicio et al. (2019) [10] Solution casting 

Glutaraldehyde improved the 
thermal, chemical, and physical 
characteristics of PVA/TiO2 
membranes. TiO2 nanoparticles 
showed a homogenous 
dispersion and filled gaps in the 
polymer matrix. 

Xu et al. (2018) [11] 
Synthesis of degradable 
composite film 

The composite film's dielectric 
characteristics and rate of 
disintegration were altered by 
varying the TiO2 nanoparticle 
content. The film might be 
utilized as a substrate for 
temporary electronic devices. 

Gultekin et al. (2018) [12] Spin-coating method 

TiO2 nanoparticles increased the 
crystallinity of TiO2/PVA 
nanocomposites.Transmittance, 
reflectance, and the real and 
imaginary components of the 
complex permittivity were all 
impacted by the TiO2 content. 

Shehap et al. (2016) [13] 
Sonification and casting 
techniques 

Increasing TiO2 content caused 
the PVA polymer's amorphous 
domain to grow. With more 
TiO2, the optical band gap 
narrowed and the refractive 
index rose. 

Fereydonian et al. (2016) [14] Electrospinning 

TiO2 nanoparticles improved the 
morphology, electrical, 
mechanical properties and 
electrochemical actuation of 
PVA/TiO2 nanofiber webs. 
Higher TiO2 content resulted in 
increased actuation strain. 

Sugumaran et al. (2014) [15] Dip coating 

PVA-TiO2 and PMMA-TiO2 films 
exhibited amorphous structure. 
Scattered clusters of TiO2 
nanoparticles were observed on 
the film surface. Optical band 
gaps were around 3.77 eV and 
3.78 eV for PVA-TiO2 and 
PMMA-TiO2 films, respectively. 

Arora et al. (2014) [16] 
Synthesis methods using 
polyaniline and TiO2 

The first method produced a 
continuous fiber structure with 
the conducting polymer, while 
the second method resulted in 
conductive and non-conducting 
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areas due to TiO2 
agglomeration. 

Dhokne et al. (2008) [17] 

Thermally stimulated 
depolarization conductivity 
(TSOC) 

Study on physical blend of 
polystyrene (PS) and polymethyl 
methacrylate (PMMA) with and 
without naphthalene doping. 
Two distinct peaks were 
observed inthe depolarization 
conductivity data as a function 
of temperature and polarizing 
fields. 

 
3. RESEARCH METHODOLOGY 
The titanium dioxide nano granules with 50 nm 
and 7 nm particle diameters and densities of 5 
g/cm3 and 6.67 g/cm3 were purchased from 
research centers in Mumbai. PVA, which derives 
from SDFCL, has a density of 1.08 g/cm3 and a 
molecular weight of 124,000. 
3.1Preparation of polymer nanocomposites 
PVA and PVA/TiO2 nanocomposites that in 
polymer films that were fabricated through 
solution casting. The variable quantities of 
titanium dioxide (TiO2) in these films had widths 
between 50 nm and 7 nm.5 grams of PVA and 
100 milliliters of deionized water were 
combined and were heated to 60 degrees 
Celsius to produce a transparent, viscous 
solution. Nickel oxide and titanium oxide 
nanopowders that were originally dissolved in 
deionized water to dissolve were mixed with a 
polymeric. PVA solution, which was then 
thoroughly mixed to create a uniform slurry. It 
takes some time for the combination to attain 
the right viscosity. The glass dish was filled with 
the thick solution, which was then left to air dry 
at room temperature. PVA and PVA/TiO2 were 
tested for six hours a Thermotek, films of 
nanocomposites were maintained at 80 °C tube 
furnace to entirely evaporate any remaining 
solvent. The 1 cm-wide polymeric films were 
cut, kept at room temperature in desiccators for 
48 hours. Electric conductivity, XRD, FTIR, SEM, 
PALS, and dielectricproperties of these samples 
were evaluated. 
3.2 Positron annihilation lifetime measurement 
Utilizing a quick-quick coincidence PVA and 
PVA/TiO2 polymer nanocomposites positron 

annihilate lifetime spectra were obtained using 
the Positron Lifetime Spectrometer. The 
computer application PATFIT-88 was used to 
divide three lifespan components from 
consistently reproducible spectra. 
3.3X-ray diffraction studies 
PVA and PVA/TiO2 nanocomposites X-ray 
diffraction spectra were recorded using a 
graphite monochromator and a Rigaku Mini Flex 
11 diffractometer. The nanocomposites of PVA 
and TiO2are formed of PVA. In a sample 
container made of glass, an X-ray diffraction 
spectrum was collected for varied filler 
concentrations. The measurements of the X-
rays occurred between 6° to 60° with steps of 
0.02° and scan speed of 5°/min. It operates at a 
30 kV voltage and a 15 mA current.To evaluate 
the crystalline structure of PVA/TiO2 polymer 
nanocomposites, deconvolution of XRD spectra 
is performed. 
3.4Scanning electron microscopy studies 
The outermost surface of PVA/TiO2 
nanocomposites and pure PVA morphological 
concepts that was assessed using 15 kV of 
accelerating voltage SEM imaging. Aluminum 
stubs were used to support the gold-coated 
polymer nanocomposites during inspection in 
order to prevent electrical charges. 
3.5FTIR studies 
The KBr disk approach was used to collect FTIR 
spectra at room temperature the PVA polymer 
and PVA/TiO2 nanocomposites, which in the 
order of 4200-600 cm-1 wave numbersand 
variable filler amounts. Four scans with a 
resolution of four centimeters per second were 
used to record the FTIR spectra for each sample. 
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3.6AC conductivity and dielectric 
measurements 
It was feasible to determine the dielectric 
properties and electric conductivity using the 
Hi-tester model characteristics a composite 
made of PVA and PVA/TiO2, which as of their 
concentrations of nanoparticles made of 
titanium dioxide and nickel oxide. PVA and 
nanocomposites of PVA and TiO2 produced 
samples were sandwiched between two 
electrodes and both surfaces were covered with 
silver paste in order to provide good electrical 
connection. The conductance, tangent, and the 
capacitance data were collected using a 
computer-interfaced a digital LCR meter that 
operates between 5 MHz and 100 Hz at room 
temperature. A formula can be used to calculate 
a material's dielectric properties and its 
dielectric loss from these observable values. 

 
where C stands for capacitance and d for 
thickness., εo represents the cross-sectional 
span of the polymer sample, and P is the 
permittivity of unrestricted space. The equation 
can be used to determine the polymeric 
material's AC conductivity. 

 
where G, d, and A, respectively, stand for the 
polymeric sample's conductance, thickness, and 
cross-sectional area. 
 
4. RESULTS 
4.1 Positron lifetime  
These measures include the o-Ps lifetime (τ3), 
the third and the longest lifespan component, 
the intensity of the o-Ps (I3) as well as the rate 
at which positrons are destroyed in the vicinity 
of the crystal-to-amorphous interface (I2). 
According to the lifespan spectrum study that 
occurred using the application program PATFIT-
88, the as-received PVA sample has an o-Ps 
lifetime (τ3) of 1.552 ns and an intensity (I3) of 

19.70%, respectively. As a result, the hole size of 
the free volumes (Vf) is 58.12Å 3. 
4.2Effect of TiO2 inorganic nanoparticles 
loading on free volume parameters 
The irregular molecular clustering of an 
amorphous domain causes polymers to contain 
local voids of free volume. Ortho Positronium in 
the free-volume can get trapped, where it will 
be destroyed when it collides with molecules, 
shortening its duration of life to a few 
nanoseconds. The number of o-Ps collisions per 
unit time is related to the o-Ps lifespan (τ3) with 
surrounding molecule and the size of free 
volumes. 
TiO2 nanoparticles are added, and the 
interactions they have with a PVA polymeric 
matrix alter the material nanostructure of 
polymeric matrix. This results in an the free 
volume hole has expanded size (Vf) of 12.9 
Å3wherein the value rises from 58.12 Å 3 to 
71.02Å 3.When PVA/TiO2 is given 0.4 weight 
percent of TiO2 nanocomposites, the lifespan of 
the o-Ps (τ3) increases by 123 ps. Free volume 
increased by 10.28 Å3 as a result. 
4.3X-ray diffraction 
In terms of crystallinity, XRD testing can be 
utilized to identify structural alterations in 
polymer nanocomposites. The XRD spectra of 
PVA in its purest form and PVA/TiO2 are shown 
in Figure 1 of the polymeric nanocomposites 
with incorporated nanoparticles. These spectra 
contain both prominent and diffused peaks. This 
diagram for polymer samples displays dispersed 
peaks for amorphous regions and prominent 
peaks for crystalline domains. A polymer 
sample's XRD spectrum is thought to represent 
the superposition of all of its unique 
reflections.Over an extensive range of 2 
dimensions, the contribution can be divided 
into a large number of tiny diffraction peaks. By 
fitting the Gaussian function curve, the 
approximate diffracted spectra of the 
amorphized materials were calculated. The XRD 
spectrum of PVA/TiO2 nanocomposites made of 
polymers were deconvolved using Gaussian 
fitting. 
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Fig 1. PVA/TiO2nanocomposites as a function of nanofiller concentration 

4.4 FTIR results 
An established technique for examining the 
chemical the relationships the interaction of 
polymeric side chains and inorganic or organic 
nanofiller particles with Infrared spectroscopy's 
Fourier transform is functional groupings. The 
PVA polymeric matrix and nanoparticles of TiO2 
are chemically investigated by FTIR in the 
current work. FTIR spectrum data of polymer-
based nanocomposites of PVA and PVA/TiO2 are 
shown in Fig. 2. in relation to the loading of TiO2 
nanofiller. An FTIR analysis of PVA polymer 
nanocomposites can reveal specific peaks 
resulting from both PVA nanofillers. Over time, 
there is a noticeable shift in the transmittance 
band’s locations and intensities. According to 
the OeH stretch of adsorbed water particles in 
nanoparticles, the broad peak at 3302 cm-1 is 
moved from its original location to 3294 cm-1, 

which is what causes the shift. The bending and 
stretching vibrations of the hydroxyl group have 
grown as the nanoparticle concentration has 
increased, as evidenced by changing the bands 
from 1421 cm-1 to 1425 cm-1 as well as 2920 
cm-1 to 2943 cm-1.These modifications imply 
that the interactions of the PVA polymer 
matrix's hydroxyl groups and methylene groups 
are strengthened. 
In the PVA/TiO2 nanocomposites with changing 
TiO2 FTIR spectra weight percentages, TiO2 
nanofillers and PVA show unique peaks. Shifting 
the bands at 3302 cm-1, 2920 cm-1, and 1421 
cm-13295 cm-1, 2944 cm-1, and 1429 cm-1, 
respectively. TheOeH stretching of water 
molecules that are absorbed by nanoparticles of 
TiO2 contributes to the broad peak's shift from 
3302 cm-1 to 3295 cm-1. 
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Fig. 2 PVA/TiO2 polymer nanocomposites as a function of TiO2 
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Fig. 3. Possible chemical interaction between (a) PVA (b) PVA/TiO2 polymer nanocomposites 

 
The increase in the asymmetric frequency leads 
to bending and stretching vibrations of hydroxyl 
vibration of CH2groups resulting from the 
inclusion of nanoparticles of TiO2 can be seen in 
a change in band width from 1421 cm-1 to 1429 
cm-1 and from 2920 cm-1 to 2944 cm-1, 
respectively. Consequently, a significant 
chemical interaction may exist between the 
matrix of the PVA polymer as well as its 
methylene group and the hydroxyl molecules of 
TiO2.The peak moving from 3302 cm-1 to 3295 
cm-1 is related to stretched from intramolecular 
and intermolecular hydrogen bonds because the 
surface of TiO2 nanoparticles can absorb 
moisture. As a result, PVA and nanoparticles of 
TiO2 are chemically linked through the 
formation. The likely microstructural alterations 
can be explained by the hydrogen interactions 
between PVA and TiO2 molecules intra- and 
intermolecular, as seen in Figures 3a and b. 

4.5 Electrical conductivity results and PVA/TiO2 
nanocomposites 
Electric carriers of charges in conductors that 
conduct electricity and anion and cationic pairs 
in ion conductors frequently have an impact on 
a polymer's conductivity. Polarizing cation and 
anion with decentralized charges should be 
used as the nanofiller particles in polymer 
nanocomposite in in an effort to reduce the 
lattice energy. Charge carriers interactions with 
the polymer matrix reveals the type of electrical 
conductivity. Metal oxide nanoparticles in 
nanocomposites of polymers can have a variety 
of effects, based on the kind and degree of 
integration of the nanofiller into the polymer 
matrix. The movement of the charge carriers as 
a result of the applied the disorganized 
structure of a solid-state nanostructure in a 
polymer matrix was associated with the electric 
field.  

Table2:Conductivity of PVA/TiO2 polymer nanocomposites 

TiO2 PVA/TIO2 

0.1 (1.33 ± 0.30) × 10−12
 

0.0 (1.41 ± 0.27) × 10−9
 

0.3 (2.11 ± 0.40) × 10−9
 

0.5 (1.63 ± 0.33) × 10−9
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0.7 (1.28 ± 0.22) × 10−9
 

1.0 (6.54 ± 1.23) × 10−10
 

 
PVA has a reported electrical conductivity of 
(1.33 ±0.30) × 1012Scm-1 at normal 
temperature. PVA/TiO2 nanocomposites have 
an initially rising electric conductivity that 
achieves the optimal value at 0.3 wt% TiO2 
loading before falling. The distance between 
nanoparticles in the polymeric matrix is reduced 
as the concentration of nanofiller particles in 
polymeric nanocomposites increases.As a 
result, the interfacial zone around nanoparticles 
is more probable to overlap and nanofillers in 
order in order are more likely to stick to one 
another. As a result, the charge can spread 
considerably more easily from the region where 
the material's surface overlaps with the 
majority of it. The resultant nanocomposites 
have higher electrical conductivity as a result. 
TiO2 nano filler concentration rises, more 
positive charges are attracted to the polymer-
nanofiller interface in front of the cathode. 
CONCLUSION 
Other metrics, such as the free volume size (Vf), 
o-Ps lifetime (τ3), and others, increased 
monotonically in PVA polymer nanocomposites. 
But in PVA/TiO2 polymeric nanocomposites, the 
TiO2 nanoparticles exhibit demarcation to an 
approximate wt % of 0.3. The SEM (scanning 
electron microscopy) experiments show that 
TiO2 nanoparticles are randomly distributed for 
filler loading at lower concentrations and form 
nanoclusters for incorporation at higher 
concentrations. The conductivity is constrained 
by the chemical reaction between molecules in 
the PVA polymer matrix and the titanium ions 
and oxygen in the TiO2 nanoparticles. The 
annihilate of the the positrons with electrons 
that are free at the interface between the 
polymeric matrix and fillers is indicated by the 
decreasing the level of (I2) at lower 
concentrations with increased TiO2 nanoparticle 
loading. 
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