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Proton conducting polymer blend electrolytes based on poly (vinyl alcohol) (PVA) and poly (vinyl pyrrolidone) (PVP) doped
with ammonium thiocyanate in different compositions have been prepared by solution casting method using distilled

ABSTRACT

water as solvent. The complex formation between the blend polymer and the salt has been confirmed by Fourier transform
infrared spectroscopy. The amorphous nature of the polymer blend electrolyte has been confirmed by X-ray diffraction
analysis (XRD). The band gap energy for polymer blend electrolyte is found to be 4.89 eV. This band gap decreases with
the addition of NH4SCN salt. The highest conductivity at 303 K has been found to be 6.942x10-4 S cm-1 for 40 mol%
NH4SCN-doped system. The increase in conductivity of the doped blend polymer electrolyte with increasing temperature

suggests the Arrhenius type thermally activated conduction process. The activation energy is 0.2467 eV for the highest

conductivity sample.
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1. Introduction

Solid polymer electrolytes play a vital role in the develop-
ment of electrochemical devices such as batteries, fuel cells,
supercapacitors and sensors [1-3]. The main objectives in the
polymer research are to develop polymer systems with high
conductivity, long life time which are environmentally friendly
and have low cost [2,4]. Various approaches have been adopt-
ed to improve the electrical, mechanical and electrochemical
properties of polymer electrolytes. Polymer blending is one of
the most promising ways by which these properties could be
changed. Polymer blends are physical mixtures of structurally
different polymers that interact through secondary forces and
that are miscible to the molecular level. The significant advan-
tages of polymer blends are that the properties of the final
product can be tailored to the requirement of applications,
which cannot be achieved by one polymer. Generally, blending
of two polymers not only results in the improvement of me-
chanical strength but also helps increasing the conductivity by
suppressing the crystallization of polymer chain [5].

Poly (vinyl alcohol) (PVA) is a semicrystalline and biodegrada-
ble polymer containing a hydroxyl group attached to methane
carbons which can be a source of hydrogen bonding. Poly
(vinyl pyrrolidone) (PVP) is a synthetic biodegradable polymer
and it deserves a unique attention among the conjugated pol-
ymers due to its easy processability, moderate electrical con-
ductivity and rich in charge transport mechanism. Both these
polymers are environmentally friendly and having high polar
side groups.

The aim of present work is to develop a proton conducting
blend polymer electrolyte based on PVA-PVP doped with dif-
ferent concentrations of Ammonium thiocyanate. Ammonium
salts have already been reported as good proton donors to the
polymer matrix [6,7].

2. Experimental Technique

In this work, PVA (Mw: 125,000, S d fine chem-Ltd, India),
PVP (Mw: 44,000, S d fine chem-Ltd, India) and NH,SCN
(Reachem) were used as raw materials. Blend polymer elec-

trolytes were prepared with 50 mol% PVA:50 mol% PVP and
ammonium thiocyanate of various concentrations in mol%
using distilled water as solvent by solution casting technique.
PVA was stirred in distilled water for 3 hours and after its
complete dissolution, PVP was added and stirred for 2 hours
after which different concentration of (10%, 20%, 30%,
40%, 50%) ammonium salt was added. The mixture was
stirred till it became homogeneous. Then the homogeneous
viscous solution was poured in the polypropylene petri dishes
and kept in vacuum oven at 60°C for two days to obtain free
standing flexible thin films.

A SHIMADZU-IR Affinity-1 spectrophotometer was used to
carry out Fourier transform infrared spectroscopy (FTIR) stud-
ies in the wave number range of 500-4000 cm'. The optical
properties of the films were characterized by UV-VIS spectros-
copy. The electrical properties of the blend polymer electro-
lytes were investigated by using a computer controlled HIOKI
3532 LCR analyzer in the frequency range of 42 Hz-1 MHz
over the temperature range of 303 K-343 K.

3. Results and discussion

3.1. FTIR Characterization

The complex formation between the polymer blend and salt
was analyzed by FTIR spectroscopy. The FTIR spectra of pure
blend polymer (50% PVA:50% PVP) and the blend polymer
doped with 40% of NH,SCN is shown in figure 1. The ab-
sorption peaks observed in the pure blend 50% PVA:50% PVP
are 3379 cm™, 2948 cm”, 1743 ¢cm ', 1650 cm™, 1288 cm',
842 cm™. These peaks are attributed to O-H stretching, CH,
asymmetric stretching, C=0 stretching, C=C stretching, C-O-C
stretching, CH, bending respectively. These peaks are found
to be shifted in  40% NH,SCN doped sample. The charac-
teristic peaks at 3379 cm™ and 2948 cm' are shifted to 3179
cm™ and 2958 cm! respectively in the salt doped blend poly-
mer sample. The absorption peaks at 1743 cm™ and 1650 ¢cm
7 are displaced to 1752 ¢cm 'and 1639 cm™ respectively in
the blend polymer with 40% NH,SCN. The peak at 1288 cm
gets shifted to higher wavenumber at 1292 cmin the doped
blend film. There is a new peak appearing at 2098 cm™' in the
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blend polymer film with 40% NH,SCN. This peak is attributed
to aromatic S-C=N stretching of NH,SCN [8]. This reveals the
interaction of NH,SCN with blend polymer matrix. The shifting
of peaks, change in intensity and appearance of new peak in-
dicate the complex formation between 50 % PVA:50% PVP
blend polymer and ammonium thiocyanate.
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Figure 1 FTIR spectra of (a) 50% PVA:50% PVP (b) 50%
PVA:50% PVP:40% NH,SCN

3.2. XRD Characterization

The XRD patterns of pure 50% PVA:50% PVP blend and the
blend doped with 40% NH,SCN are shown in Figure 2.The
two diffraction peaks at 15.29° and 23.16° observed from fig-
ure 2(a) can be associated with the semicrystalline nature of
pure 50% PVA:50% PVP blend. These peaks are found to be
combined to form a single broad peak in the 50% PVA:50%
PVP: 40% NH,SCN film (figure 2(b)). This may be due to the
amorphous nature of 50% PVA: 50 % PVP blend with the ad-
dition of NH,SCN. Peaks corresponding to pure NH,SCN have
been found to be absent in the salt doped blend polymer-salt
complex, indicating the complete dissociation of salt in the
blend polymer matrix.
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Figure 2 XRD patterns of (a) 50% PVA:50% PVP (b) 50%
PVA:50% PVP: 40% NH,SCN

3.3. UV-VIS Characterization

The study of optical absorption gives information about the
band structure of solids. The optical band gap energy and the
absorption coefficient have been determined from the UV-Vis
spectra using the formula

(amv):= A(hv — E;)

where a is the absorption coefficient, hv is the photon ener-
gy, A is the characteristic parameter and E_ is the band gap. To
determine the width of the band gap, (@kv)* (am)® has been
plotted against the photon energy (hv) which is shown in fig-
ure 3. The value of optical band gap is calculated bv extrapo-
lating the linear portion of the (hv) versus {eh)* {ehv)* plot
to x-axis. The direct optical energy gap for 50% PVA:50%
PVP blend polymer is found to be 4.89 eV and that for 40%
NH,SCN doped blend polymer film is 2.81 eV. This shows that
the optical band gap of pure 50% PVA: 50% PVP polymer
blend decreases with the addition of salt [9-11].
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Figure 3 Plots for determining direct band gap energy for
(a) 50% PVA:50% PVP (b) 50% PVA: 50% PVP:40% NH,SCN

3.4. Conductance spectra Analysis:

The variation of ac conductivity with respect to frequency for
different concentrations of NH,SCN with 50 % PVA:50% PVP
blend polymer electrolyte system is shown in figure 4. The plot
consists of a low-frequency dispersion region due to space
charge polarization at the blocking electrodes followed by a
frequency independent plateau region corresponding to dc
conductivity of the blend polymer electrolyte and a dispersive
region at higher frequencies due to bulk relaxation phenom-
enon [12]. The extrapolation of the plateau region to the y
axis gives the value of dc conductivity (s,) [13]. The conduc-
tivity values of all blend polymer electrolytes at different tem-
peratures are given in Table 1. The maximum conductivity is
found to be 6.94x10* S cm' at ambient temperature for 50%
PVA:50% PVP:40% NH,SCN blend polymer electrolyte. At
higher concentration of the salt (50% NH4SCN), the conduc-
tivity value decreases. This may be due to the formation of ion
multiplies [14].
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Figure 4 Conductance spectra for the blend polymer elec-
trolyte for all compositions at 303 K (a) 50% PVA:50%
PVP (b) 50% PVA:50% PVP:10% NH,SCN (c) 50% PVA:50%
PVP:20% NH,SCN (d) 50% PVA:50 % PVP:30% NH,SCN
(e) 50% PVA:50% PVP:40% NH,SCN (f) 50% PVA:50%
PVP:50% NH,SCN

Table 1 Conductivity values of all blend polymer electro-
lytes at different temperatures

DC Conductiviey { ga) ( 3om™ ) [
Coxmpsiien: TOTR TTTR TETR TITR THIE
T PUA S PUF | 550110 | 3090010 | 50Tl | 5085 Th | Sod5=107 | 0.6050
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Figure 5 shows the conductance spectrum for 50% PVA:50%
PVP:40% NH,SCN at different temperatures. The high ionic
conductivity obtained for this blend polymer electrolyte may
be due to its amorphous nature which is evidenced from XRD
analysis. It is observed from the Table 1 that the conductivity
(o,) increases with increasing temperature for all compositions
of doped blend polymer films.
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Figure 5 Conductance spectrum for

50%PVA:50%PVP:40%NH SCN at various temperatures

3.5 Temperature — dependent conductivity analysis

The variation of dc conductivity of the blend polymer electro-
lyte for various compositions with respect to temperature from
303 K to 343 K is shown in figure 6.
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Figure 6 Variation of dc conductivity as a function of
temperature for (a) 50% PVA:50% PVP (b) 50% PVA:50%
PVP:10% NH,SCN (c) 50% PVA: 50% PVP:20% NH,SCN
(d) 50% PVA:50% PVP: 30% NH,SCN (e)50% PVA:50%
PVP:40% NH,SCN (f) 50% PVA: 50% PVP:50% NH,SCN

From this figure, it has been observed that, as the tem-
perature increases, the ionic conductivity also increas-
es. The conductivity values obey the Arrhenius type ther-
mally activated conduction process given by the relation:

6 T= o, exp (-E /KT)

where ¢ is the pre-exponential factor, E, is the activation
energy for conduction and k is the Boltzmann constant. The
increase in conductivity with temperature can be interpreted
as a hopping mechanism between coordinating sites, local
structural relaxation and segmental motion of the polymer
electrolyte complexes [15]. The polymer chain acquires faster
internal modes in which bond vibrations produce segmental
motion, when the temperature increases. This, in turn, favours
hopping interchain and intrachain ion movements and accord-
ingly the conductivity of the polymer electrolyte becomes high
[16]. The activation energy is found to be low of 0.2467 eV
for the highest conductivity sample (50% PVA:50% PVP:40%
NH,SCN).

4. Conclusion

The polymer blend electrolyte films composed of 50%
PVA:50% PVP and 50% PVA:50% PVP doped with different
concentrations of NH,SCN prepared by solution casting tech-
nique have been characterized. FTIR analysis reveals the com-
plexation behavior of the blend electrolyte films. XRD study
confirms the amorphous nature of the blend polymer-salt
complexes. The direct band gap energy for 50% PVA:50%
PVP blend electrolyte is found to decrease from 4.89 eV to
2.81 eV with the addition of 40% NH,SCN. The maximum dc
conductivity obtained from the impedance studies is 6.942x10-
4S cm” for 50% PVA:50% PVP:40% NH,SCN blend electro-
lyte system. From the Arrhenius plots, the activation energy
is found to be low (0.2467 eV) for the highest conductivity
sample.
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