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Abstract

Solid polymer electrolytes have been extensively studied due to wide applications in various elec-
trochemical devices [1]-[3]. Most of the solid polymer electrolytes consist of polymer as a host
material to provide strength and good mechanical stability and an inorganic salt that supplies io-
nic carriers to cause electrical conductivity. In our studies, we prepared PVA/NH;NO3; polymer
electrolyte films by solution casting method. The prepared films with varied Ammonium Nitrate
concentration from 0 - 20 wt% are characterized by XRD & FTIR spectroscopy. XRD results show
that amorphous nature increases as the amount of the Ammonium Nitrate salt in PVA is increased.
IR-spectra confirm the polymer salt complexes in the range of 3700 - 712 cm-1. Conductance anal-
ysis reveals that polymer electrolyte films containing 20 wt% of NH4NO3 exhibit the highest ionic
conductivity of 1.01 x 10-7 S/cm while pure PVA films give the lowest ionic conductivity of 2.10 x
10-11 S/cm. It was evident from this study that the increase of ionic conductivity depended on the
Ammonium Nitrate salt concentration. The dielectric constant exponentially decreases with in-
crease of frequency for pure PVA and NH4NO3z doped PVA film composites. The temperature de-
pendent studies of AC conductivity and dielectric constant also included to understand the con-
ducting property. The results obtained by these studies are reported in this work.
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1. Introduction

Polymers form a very important class of materials without which life seems very difficult. Polymeric materials
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also have better mechanical properties for the construction of all practical solid-state electrochemical cells. Gen-
erally, the addition of inorganic salts into a polymer matrix can improve its conductivity. PVA is one of the most
important polymer materials and it has many applications in industry, it exhibits good film forming property and
enhances the conductivity. NH4NOj; is a white crystalline solid at room temperature and pressure. Commonly,
used in agriculture as fertilizer. The present study is focused on the preparation and characterization of
PVA-NH,NO; polymer electrolyte films [4]-[6].

2. Experimental Part
2.1. Materials and Preparation of Polymer Electrolyte Films

The chemicals used for the preparation are AR grade Polyvinyl alcohol (PVA) and Ammonium Nitrate
(NH;NOs). Different compositions of Polyvinyl alcohol (PVA) and Ammonium Nitrate (NH4;NO3) films have
been prepared by solution casting method , using different weight ratios of NH;NO; (0, 5, 10, 15, 20) wt%. The
solution of PVA andNH;NO; is obtained by dissolving them in distilled water at 350 K, and the solution is
stirred well using magnetic stirrer for about one hour, until highly homogenous polymer solution was formed.
These homogenous solutions were casted in a glass dish (diameter of 5 cm). The whole assembly was placed in
a dust free chamber and the solvent was allowed to evaporate slowly in open air at room temperature for a week
and films are peeled off from the glass dish. The thicknesses of the films were in the range of (0.03 - 0.18) mm

[7].

2.2. Instrumentation

In order to investigate the structure of polymer electrolytes, XRD studies of the films were carried out with an
instrument RigakuMiniflex 11 X-ray diffractometer with CuK, radiation of A = 1.5406 A in the range of 20 =
5°to 30°. The FTIR spectrum has been recorded by using IRspectraphotometer in the range of 500 - 4000 cm * at
a resolution of 4 cm™.

3. Results and Discussion
3.1. XRD Analysis

Figure 1 shows the XRD pattern of NH;NO; doped polymer electrolyte. A broad peak around 19.29° is ob-
served for pure PVA and has been found to be shifted in the complex systems. It is also observed for different
concentrations of NH;NO; added polymer films. The increase in the broadness of the peak reveals the amorph-
ous nature of the complexed system. Peaks corresponding to NH4NO; have been found to be absent in the com-
plexes indicating the complete disassociation of salt in polymer matrix. Thus XRD analysis reveals the complex
formation between the polymer and the salt [8]-[12].
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Figure 1. XRD Spectra of pure PVA and PVA/NH;NO; po-
lymer electrolyte films.
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3.2. FTIR Studies

FTIR absorption spectra of pure PVA film and with different concentrations of NH;NOsare shown in Figure 2.
The broad band observed between 3287.48 cm™ - 3216.57 cm * are refers to the intermolecular hydrogen
bonding and O-H stretching vibration (region 1). The vibrational band observed between 2939.56 cm * - 3054.05
cm ' is associated with C-H stretching from alkyl groups (region 1), and the absorption peaks observed between
1731.07 cm™* - 1753.91 cm * (region I11) are due to the stretching C=0 and C-O from acetate group.
The C-H stretching band of pure PVA has been shifted to higher wave number in doped polymer electrolytes
[13].
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Figure 2. FTIR Spectra of pure PVA and PVA/NH;NO; polymer electrolyte
films.

Following Table 1 shows the peak assignments of pure PVA and various concentrations of NH,;NO; polymer
films.

Table 1. Values of peaks, peak assignments of pure PVA and various concentrations of NH;NO; polymer films.

Peaks (cm™) Groups Peak assignments

3500 - 3200 Alcohols, phenols 00 O-HStretch, H-bonded
3000 - 2800 Alkanes C-H (stretching mode)
1760 - 1690 Carboxylic acids C=0 stretch

1660 - 1633 Alkenes —C=C- stretch

3.3. AC Conductivity Studies

Complex impedance spectroscopy gives information on electrical properties of materials and their interface with
electronically conducting electrodes. The Solid Polymer Electrolyte (SPE) films were cut into small discs (2 mm
diameter) and sandwiched between two stainless steel electrodes under spring pressure. The AC conductivity of
these films was measured in the frequency range from 50 Hz to 5 MHz using the HIOKI 3532-50 LCR Hi-tester
which was interfaced to a computer. Measurements were also made at temperatures ranging from 305K to 373K.
The measured conductance G(w) from 50 Hz to 5 MHz was used to calculate the AC conductivity of the sample
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using the relation,
G (a))d
A

where, G(w) is the measured conductance, A is the area of the sample and d is the thickness of the sample.

The variation of AC conductivity as a function of frequency for PVA composition of (PVA + NH4NOs) po-
lymer electrolyte is shown in Figure 3. From Figure 3, it is observed that conductivity increases with increase
in frequency. The increase in AC conductivity is due to increase in the composition of the salt in polymer matrix
resulting in relatively more number of free ions. This will increase the mobile charge carriers as observed in Ta-
ble 2. These charge carriers move in the amorphous polymer matrix and hence the conductivity increases. Thus
there is a relation between the amorphous nature of the polymer film and the conductivity. In general, conduc-
tivity increases as the degree of crystallinity decreases, as observed above, which is the compliment of increase
in amorphous nature [14].

o=

-6
1.5x10 Er— .
— @ 5% NH,NO,
0,
1.2x10° 10% NH,NO,
—v—15% NH,NO, v
g 1 20% NH,NO,
% 9.0x107 -
E ] v/
>
T 6.0x107 - /
5 v
£ )
=] Vv
© 3.0x107 - ,v'
- & *'7.
00 hssstsedEE——— * — ==
T T T T T . | . : . :
0 1x10°  2x10°  3x10°  4x10°  5x10°

Frequency (Hz)

Figure 3. Variation of conductivity with frequency of pure PVA and NH;NO;
doped PVA polymer electrolyte films.

Table 2. Conductivity of pure PVA and NH4;NOzdoped PVA polymer electrolyte films.

Sample Conductivity (S-cm %)
Pure PVA 2.1E-10
PVA + 5%NH;NO; 1.95E-8
PVA + 10%NH;NO3 2.51E-8
PVA + 15%NH;NO3 1.46E—7
PVA + 20%NH,NO; 1.01E—7

3.4. Dielectric Studies

Figure 4 shows the variation of dielectric constant (¢') with frequency for different PVA concentration at room

temperature. The permittivity (¢') was calculated using the relation,
Cd
(("1:_
Ag,

where, d is the thickness of the polymer film, A is the area of the electrolyte film, C is the capacitance of the cell
with sample and ¢, =8.85 x 1072 F/m is the permittivity of free space.
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Figure 4. Variation of Dielectric constant with frequency of pure PVA and
NH;NO; doped PVA polymer electrolyte films.

It is observed from the Figure 4 that ¢'(w) decreases with increase infrequency and attain a constant value at
higher frequency range similar to that for polar materials [15] [16]. The initial value of permittivity is high, but-
with increasing the frequency, this value begins to decrease, which could be due to the dipole not being able to
follow the field variation at higher frequencies [17] and due to polarization effects [18]. Further in the case of
crystalline and semi-crystalline polymeric materials, the crystalline phase dissolves progressively into amorph-
ous phase with increase in temperature. This in turn influences the polymer dynamics and thus the dielectric be-
havior. The low frequency region appears due to the contribution of charge accumulation at the electrode-elec-
trolyte interface. At higher frequencies, the periodic reversal of the electric field occurs so fast that there is no
excess ion diffusion in the direction of the field. It has been observed that dielectric permittivity decreases with
increasing frequency in all the samples of PVA based polymer electrolyte films.

4. Conclusions

1) PVA based polymer electrolyte films with different concentrations of Ammonium Nitrate has been prepared
by solution casting technique. The obtained film composites are solid, glassy to touch, transparent mate-
rials in appearance as shown in Figure 5.

2) The temperature dependence AC conductivity implies that for pure PVA and NH;NO; doped PVA film
composites, the AC conductivity increases with increase in frequency. It may be due to the increase of
the mobility of charge carriers in the composite film. As the temperature increases from 40°C to 70°C in
steps of 10°C, it is observed that Dielectric constant exponentially decreases with increase of frequency
as shown in Figure 6.

3) In XRD, a broad peak around 19.29° is observed for pure PVA and has been found to be shifted in the com-
plex systems. It is also observed that for different concentrations of NH;NO; added polymer films, the in-
tensity of the peak decreases, and the full width at half maximum increases. This increase in the broad-
ness of the peak reveals the amorphous nature of the complexed system. Peaks corresponding to NH;NO;
have been found to be absent in the complexes indicating the complete disassociation of salt in polymer
matrix. Thus XRD analysis reveals the complex formation between the polymer and the salt.

FTIR Studies of pure PVA and NH4NO; doped PVA exhibit formation of several bonds. The O-H (hydroxyl)
stretching bond is the most characteristic stretching indicates the presence of hydroxyl group IR bond of alco-
hols. The free vibrations occur as a sharp peak at 3287.48 cm™ in pure PVA, this peak is broadened in the doped
PVA at 3264.70 cm™, which is due to hydrogen bond formation. The wave number at 2939.56 cm™ indicates
an asymmetric stretching of C-H group which is shifted to 2942.22 cm™ for NH,NO; doped PVA film compo-
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Figure 5. PVA + 5% NH;NO;3.
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Figure 6. Temperature dependent Dielectric constant with frequency for
PVA/ 5% NH;NO; doped polymer electrolyte films.

site. An absorption peak in pure PVA at 1731.07 cmattributes to the C=0 stretching mode and remains un-
altered for the doped samples also. Similarly the absorption peak observed in pure PVA at 1660.06 cm™ has
been assigned to C-O in stretching mode in which it is shifted to 1633.97 cm™ in doped samples. The FTIR
studies indicate that NH;NO; doped polymer film composites forms ionic bonds, molecular bonds weak anti
bonding which may be indicated that unstable and stable complex structure.
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