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Abstract

PVP based polymer electrolyte films are prepared by dissolving Keywords: Solid polymer electrolyte,
sodium acetate with different wt% compositions using solution ~Solution cast technique, SEM, Optical
cast technique. The structural surface and its roughness of the absorption and DC ionic conductivity
samples were analyzed by SEM studies for the resolution of

10um. Optical absorption and its energy bandgap values were *Correspondence

studied. The lowest energy bandgap value has been found for the Author: M.C. Rao

composition 80PVP: 20CH,COONa at 3.47 eV. DC ionic Email: raomc72@gmail.com
conductivity was done on lab made conductivity four probe

method. Maximum ionic conductivity has been observed for the

composition 80PVP:20CH,COOK and it is found to be 2.31x107

S/cm at 373 K.

Introduction

In the present scenario, an attractive attention has been made towards solid polymer electrolytes due to their vast
advantages and also their low production cost, excellent structural, thermal and electrochemical properties. Solid
polymer films have taken a revolutionary development in the fields of batteries, fuel cells and humidity sensors [1].
Solid polymer films are prepared by doping inorganic salt in the host polymer. The mechanism of solid polymer
electrolytes and their advantages were reported by Wright and Armand in 1970s. Due to the advantages of solid
polymer electrolytes, they have taken a new development role in the application field of energy storage devices. The
physical and electrochemical studies of polymer electrolytes bring a new revolution in the fields of energy storage
applications [2]. The work on these polymer electrolytes, has received great interest which leads a new way to the
researches for the development of applications of new energy devices [3, 4].

Polyvinyl pyrrolidone (PVP) was chosen because of its wide properties, besides it possesses high performance in
electrochemical stability [5, 6]. Most of the researchers have focused on PVP based solid polymer electrolytes
because it shows good electrochemical performance of the cell such that it can be used in many potential applications
[7]. It is also used as an electrochromic display material in microelectronics as well as in pharmaceuticals as a binary
agent [8, 9]. Inorganic salt like potassium acetate is used as dopant material to the host polymer in order to enhance
the ionic conductivity. Rao et al. presented their results in their earlier studies [10-36]. In the present investigation,
solid polymer films were prepared with different wt% composition ratios of PVP-CH;COONa in order to improve the
ionic conductivity of the composite films.

Experimental

All the chemicals such as PVP polymer with an average molecular weight (M.W: 36,000), sodium acetate
(CH;COONa) 98% were used for the preparation of solid polymer films. All the chemicals used in the present
investigation were purchased from Sigma Aldrich, India. Double distilled water was used as a common solvent in this
process. All the chemicals were dried under vacuum oven at 40 ° C for 1 hour. Later the precursor materials of PVP
polymer and sodium acetate were weighed properly in different wt% concentrations PVP: x wt% CH;COONa (where
x =5, 10, 15 and 20). This homogeneous mixture was added to 20 ml double distilled water and kept continuous
stirring for 24 Hrs. Later it was poured into polypropylene dishes and allowed to evaporate the solution slowly in a
hot air oven to remove the moisture and solvent solution. Finally the obtained samples were placed in vacuum
desiccator.
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Results and Discussion
SEM Analysis

SEM micrographs of [PVP-CH;COONa]: x% were shown in Figure 1(a-e). SEM image of pure PVP has been shown
in Figure 1(a) and the remaining images represent the different compositions of [PVP-CH;COONa]: x%. The images
revealed the morphological features of the surface with little agglomerations are shown in Figure 1(b), (c) and (d). But
at higher wt% composition, smooth surface on the films has been observed for the composition (80:20) wt% which
was shown in Figure 1(e). This might be due to the complete solubility of CH;COONa salt in the PVP matrix which
in turns the amorphous nature [37-39]. This reveals that the complete dispersion of salt in PVP polymer matrix
system.

UV-Visible Spectroscopic Studies

UV-Vis spectroscopy is an important tool which plays a key role to measure the optical bandgap in an energy level.
The excitations of atoms in energy levels have been measured by the optical absorption spectroscopy [40]. In an
energy level when a photon is absorbed at certain wavelength it undergoes the transition from lower to higher energy
level called absorption process [41, 42]. UV-visible spectroscopy of the prepared solid polymer films were analyzed
in the wavelength ranging from 200 to 800 nm is shown in Figure 2. An excitation peak has been identified at 386.45
nm in the wavelength region. This decrement in the wavelength may be due to the dopant of inorganic salt in the host
polymer. The optical bandgap of absorption coefficient (o) is calculated by the following equitation,

I = l,exp (-ox) (1)

where ‘0’ is the absorbance and ‘x’ is the thickness of the film.

Figure 1 (a), (b), (c), (d) and (e): SEM images for solid polymer electrolyte films
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Figure 2 Optical absorption spectra of solid polymer electrolyte films

By plotting a graph between a and hv, the absorption coefficient values can be calculated and the values are seen
at 3.8, 3.71, 3.69, 3.65 and 3.61 eV.

From the obtained values, it is clear that the dissolution of salt is completely attained in polymer chains in a host
lattice. Thus the activation energy is decreased with increase of ionic conductivity, on doping with CH;COONa salt to
the polymer. The direct and indirect bandgap values shifted to lower energies.

Direct bandgap energy values are calculated by the following relation,

ahv = C (hv-E4)* (2)

where Eg is the energy bandgap, C is a constant value.
Indirect bandgap values are calculated from the graph by plotting (ahv)
direct bandgap values are found to be at 3.65, 3.61, 3.55, 3.49 and 3.47 eV.
Indirect energy bandgap values can be calculated by the following relation,

Y2 ys hv as shown in Figure 3 and the

ahv = A (hv-Eg-Ep)*+B (hv-Eg -Ep)? (3)

where A and B are constants. Indirect bandgap values are at 3.68, 3.63, 3.58, 3.55 and 3.51 respectively.
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Figure 3 (ahv)?vs hv absorption spectra of solid polymer electrolyte films

From the obtained values, the energy bandgap values are found to decrease continuously with increasing doping
wt% concentration of CH;COONa in the host PVP polymer. When compared with the wt% compositional ratios, the
lowest bandgap value has been found for (80:20) wt% compositional ratio. This compositional ratio could enhance
the high ionic conductivity.
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DC lonic Conductivity

The DC ionic conductivity of the prepared polymer electrolyte films with different wt% compositional ratios is shown
in Figure 4. From the literature survey, the ionic conductivity of pure PVP is found to be 1.02x10° Scm™ at room
temperature is confirmed from the DC ionic conductivity plot and is shown in Figure 4. From the plot, it is observed
that by increasing the wt% concentration of CH;COONa in the host PVP polymer, the higher ionic conductivity was
obtained for the compositional ratio 80PVP:20CH,COONa and it is found to be 2.13 x10° S/cm at 373 K. The
increase in conductivity with respect to the temperature has been observed from the conductivity plot.
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Figure 4 DC ionic conductivity of solid polymer electrolyte films

At high ionic conductivity point, the semicrystalline phase is converted into amorphous phase which results in the
enhancement of ionic conductivity [43-45]. The ionic conductivity was calculated by using the following relation,

ogc = (IXD)/(VXA) 4)
Where i is the current, | is the thickness of the film, V is the applied voltage and A is the area of cross section of the
film.

The calculated DC ionic conductivity values are shown in Table 1.

Table 1 lonic conductivity of solid polymer electrolytes
Solid polymer electrolyte films Conductivity at room temperature (Scm™)

Pure PVP 1.02x107 1.13 x10°®
PVP:CH;COONa (95:5) 3.11x10°® 3.06x10”
PVP:CH;COONa (90:10) 4.07x10°® 4.11x107
PVP:CH;COONa (85:15) 1.20x10” 5.13x10°
PVP:CH;COONa (80:20) 6.21x10” 2.13x10°

Conclusions

Solid polymer films have been prepared with different wt% ratios of PVP-CH;COONa by solution cast technique.
The structural surface and its roughness of the samples were analyzed by SEM studies for the resolution of 10 pm.
UV-visible spectroscopy is used to determine the optical energy bandgap values. The lowest energy bandgap value
has been found for the composition 80PVP: 20CH;COONa at 3.47 eVV. The maximum ionic conductivity was found
to be 2.13x10™ S/cm at 373 K for the compositional ratio 80PVP:20CH;COONa from the DC ionic conductivity
measurements.
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