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Abstract This work deals with the incorporation of pro-

pylene carbonate (PC) as a plasticizer in conjunction with

poly (ethylene oxide) (PEO), silver triflate (AgCF3SO3) and

nanocrystalline tin oxide (SnO2) for obtaining the nano-

composite polymer electrolyte system (PEO)50AgCF3-

SO3:2 wt% SnO2 ? x wt% PC (x = 10, 20, 30 and 40) by

solution casting method. The present electrical conductivity

data extracted by means of complex impedance spectro-

scopic analysis in the frequency range 20 Hz–1 MHz and

over the temperature domain 298–373 K have demonstrated

that the maximum electrical conductivity value of 5.9 9

10-5 S cm-1 at 298 K would be possessed by the specimen

containing 30 wt% PC incorporated into the optimized

nanocomposite system (PEO)50AgCF3SO3:2 wt% SnO2.

Silver ionic transference number (tAg?) data evaluated using

AC/DC polarization technique have indicated that the

highest tAg? value of 0.52 could be realized in the case of the

specimen (PEO)50AgCF3SO3:2 wt% SnO2 ? 30 wt% PC,

whereas the complexation of the plasticizer within the

nanocomposite electrolyte has been deduced from the

detailed Fourier transform infrared spectroscopic investi-

gation owing to the fact that such results have revealed the

appearance of absorption bands corresponding to free triflate

ions (CF3SO3
-) and PC. Surface morphological features of

pure PEO and (PEO)50AgCF3SO3:2 wt% SnO2 ? 30 wt%

PC nanocomposite systems were analysed through scanning

electron microscope. The feasibility of a reduction in the

degree of crystallinity of the plasticized system has been

indicated by the X-ray diffraction data and confirmed from

differential scanning calorimetric results obtained in terms

of quantification of crystallinity and reduction in the glass

transition temperature due to the addition of the chosen

plasticizer into the nanocomposite polymer electrolyte

matrix. Interestingly, the all solid-state cell based on the

nanocomposite polymer electrolyte, namely, (PEO)50AgCF3

SO3:2 wt% SnO2 ? 30 wt% PC and silver anode has

exhibited an open circuit voltage of 676 mV and short circuit

current of 192 lA at room temperature.
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Silver triflate � Plasticizer

Introduction

Solid polymer electrolytes are rapidly attaining a great deal

of technological interest in order to develop high-perfor-

mance materials for a wide range of applications such as

batteries, sensors, electrochromic displays and other energy

storage devices (Bruce and Gray FM 1997; MacCallum and

Vincent 1987; Scrosati 1993). The development of such

materials focuses mainly on increasing ionic conductivity,

while maintaining favorable mechanical and electrochem-

ical properties. The high-molecular weight poly (ethylene

oxide) (PEO) exhibits good complexation properties, high

flexibility and mechanical stability at temperatures up to its

melting point. However, the practical uses of PEO are

restricted owing to the main drawback involving low levels

of conductivity at desired operating temperatures since

considerable conductivity has been achieved only at higher

temperatures (Chu and Reddy 2003; Pitawala et al. 2008).

Unfortunately, the presence of crystalline phases at low

temperatures may limit the ionic conductivity of PEO-

based electrolytes while high ionic conductivity values at
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elevated temperatures are associated with the high amor-

phous phase (Jayathilaka et al. 2002; Kuila et al. 2007).

Owing to such a behavior, pure poly (ethylene oxide)

(PEO) is until now a challengeable candidate in order to

improve its ionic conductivity and electrochemical prop-

erties at room temperature. However, the number of charge

carrying species and their respective mobility appears to

remain as important factors in attaining the sufficient level

of ionic conduction and therefore it is obvious that ion

association may reduce the mobility of the available

number of charge carriers in the case of polymer electro-

lytes. With a view to overcome such practical problems,

several efforts have been made toward improvement of the

performance of PEO-based electrolytes in terms of their

ionic transport, electrical conductivities and electrode–

electrolyte interfacial properties apart from electrochemical

and mechanical stabilities of such promising PEO–salt

matrix systems at ambient conditions. One of the promising

approaches applicable to PEO–salt systems involved

introduction of nano-size fillers like Al2O3, SiO2 or other

ceramics as reported by many research groups and resulted

in considerable improvement of mechanical and ion

transport properties (Huchang et al. 2005; Scrosati et al.

2000; Kwang-Sun et al. 2003). On the other hand, another

approach to enhance the ionic conductivity of a polymer

electrolyte was proven to be the incorporation of low

molecular weight as well as high dielectric constant

plasticizers like ethylene carbonate (EC), propylene car-

bonate (PC), dimethyl carbonate (DMC), poly (ethylene

glycol) (PEG), etc. These plasticizers were found to facil-

itate both improving the ionic conductivity as well as

increasing the amorphous content, thereby dissociating ion

aggregates and lowering the glass transition temperature of

polymer electrolytes (Kuila et al. 2007; Isebella et al.

2002). However, in the literature only few reports are

available pertaining to the combined effect of nanofiller

and plasticizer in the case of PEO–salt electrolyte systems

in particular (Pitawala et al. 2007; Pradhan et al. 2008). In

this scenario, we report the effect of propylene carbonate

(PC) as a plasticizer incorporated into the (PEO)50AgCF3

SO3:SnO2 nanocomposite polymer electrolyte examined in

terms of detailed electrical, structural and morphological

characterisations in the present endeavor.

Experimental techniques

Thin film samples of a series of compositions of

(PEO)50AgCF3SO3: 2 wt% SnO2 ? x wt% propylene car-

bonate (Aldrich) (where x = 10, 20, 30 and 40) nano-

composite polymer electrolyte system were prepared by

solution casting technique (Wang et al. 2005) using poly

(ethylene oxide) (PEO, Aldrich) with a high-molecular

weight (Mw = 5 9 106 Da) and silver triflate (AgCF3SO3,

Aldrich) as starting materials. Prior to use, silver triflate

and nanocrystalline SnO2 (size *100 nm, Aldrich) were

dried under vacuum for 1 h at 393 K. Appropriate quan-

tities of PEO and AgCF3SO3 (taken in the O/M ratio, 50:1)

were initially dissolved in acetonitrile (Sisco Research

Laboratory, India) under constant stirring at 313 K for 4 h.

Subsequently, the solution was dispersed with 2 wt% of

nano-sized SnO2 particles and made into a suspension

corresponding to the optimized stoichiometric composition

of the nanocomposite polymer electrolyte system. Varying

amounts of the plasticizer namely, propylene carbonate

(PC) viz., 10, 20, 30 and 40 wt% were also carefully

incorporated into this (PEO)50AgCF3SO3:2 wt% SnO2

suspension. Finally, the prepared mixture of this solution

was poured into a glass petri dish and dried in a vacuum

oven maintained a pressure of 10-3 torr at 323 K for 24 h

in order to remove all the traces of the solvent. All those

solvent-free films thus obtained were of thickness of about

90–100 lm and all such plasticized nanocomposite poly-

mer electrolyte specimens were stored in a vacuum dessi-

cator for further analyses. The X-ray diffraction (XRD)

patterns were recorded for all the specimens obtained in the

form of a thin film of 100 lm thickness using a Bruker D8

Advance X-ray diffraction system with Cu–Ka1 radiation at

room temperature (298 K) in the scanning angle range 2h
between 10� and 70�. Thermal analysis of all the specimens

was performed in the temperature range 173–373 K with

the aid of differential scanning calorimetric (DSC) tech-

nique using a Mettler Toledo DSC 822e model instrument

under nitrogen atmosphere. The degree of crystallinity (vc)

of the present plasticized nanocomposite polymer electro-

lytes was evaluated from the area of melting peak con-

sidered as the melting enthalpy DHm of the polymer

electrolyte, since the degree of crystallinity (vc) may be

related as (Bhide and Hariharan 2007).

vc ¼ DHm=DHU
m

� �
� 100% ð1Þ

where DHm (Jg-1) is the melting enthalpy of the polymer

sample measured by DSC and DHm
U (Jg-1) is the melting

enthalpy of 100 % crystalline PEO material (Suthanthiraraj

and Sheeba 2007). Surface morphological analysis was

carried out by means of scanning electron microscopy

(SEM) on freshly prepared thin film specimens of pure PEO

and (PEO)50AgCF3SO3: 2 wt% SnO2 ? 30 wt% PC with the

aid of a Hitachi S-3400 model scanning electron microscope.

Each sample for the SEM analysis was carefully chosen as a

mechanically stable thin film (obtained directly from petri

dish) over which a layer of gold was deposited by sputtering

process in order to make the same electrically conducting

prior to testing under the magnification of 9500 for the sake

of comparison of various images. Fourier transform infrared

spectral studies were carried out in transmission mode for all
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those transparent thin film polymer electrolyte samples by a

Perkin Elmer RX1 IR model spectrometer in the wave

number region 4,000 to 400 cm-1 with the resolution of

1 cm-1. Accordingly, each sample was taken in the form of a

thin transparent film and placed within the sample holder.

Electrical characterization was performed using a HP 4284A

Precision LCR Meter over the frequency range from 1 MHz

to 20 Hz in the temperature domain 298–338 K wherein the

freshly synthesized sample, sandwiched between a pair of

silver electrodes, could be heated with the aid of a

temperature bath maintained within ±1 K. The total

electrical conductivity (r) was calculated using the relation

(Suthanthiraraj and Vadivel 2011a, b),

r ¼ t= RbAð Þ ð2Þ

where t is the thickness of the specimen, A the area covered

by the silver electrodes in contact with the specimen and Rb

is the bulk resistance of the material derived from the

intercept of the impedance plot on the real axis. In order to

estimate the values of transference number of silver ions,

tAg? (relative to the anions) in the case of the present

polymer electrolyte specimens, the relevant technique

involving the combination of DC polarization and AC

impedance as originally developed by Bruce and co-

workers (Bruce and Vincent 1987; Evans et al. 1987) was

employed. Accordingly, the plasticized nanocomposite

polymer electrolyte sample under study was sandwiched

between the pair of silver electrodes configured as Ag/

polymer electrolyte/Ag in which the complex impedance

was measured and then the cell was allowed to polarize

with DC polarization by an applied potential across the

electrodes, while the resulting current was monitored with

an aid of a Keithley model 2400 Source Meter for the

accurate measurement of current as a function of time.

Subsequently, silver ionic transference numbers tAg? of the

polymer electrolyte films were obtained qualitatively using

the relationship (Suthanthiraraj et al. 2009),

tþAg ¼ Is DV � I0R0ð Þ=I0 DV � IsRsð Þ ð3Þ

where DV denotes a constant polarization potential of

100 mV, I0 the initial current, Is steady-state current, R0

initial interfacial resistance and Rs is the steady-state

interfacial resistance. Whereas I0, and Is were noted from

DC polarization the values of R0 and Rs were extracted

from the observed complex impedance plot.

Results and discussion

X-ray diffraction analysis

Figure 1 shows the normalized XRD patterns obtained for a

variety of compositions of (PEO)50AgCF3SO3:2 wt%

SnO2 ? x wt% PC (where x = 10, 20, 30 and 40, respec-

tively) nanocomposite polymer electrolyte system. It was

evident from our recent work that those diffraction peaks

characteristic of crystalline PEO are noticeable at 2h *19�
and 23.5� in each composition of the (PEO)50AgCF3-

SO3:2 wt% SnO2 ? EC system (Suthanthiraraj and

Vadivel 2011a). In the present investigation, dispersion of

nano-size filler namely, SnO2 into the polymer–salt com-

plex appears to modify the intensity of diffraction peaks as a

result of probable Lewis acid–base type of interactions

occurring between the ether oxygen of PEO and Lewis acid

sites of SnO2. It is now obvious from Fig. 1 that while

introducing the plasticizer namely propylene carbonate

(PC) into the nanocomposite system, the above said dif-

fraction peaks tend to show variations in intensity as well as

broadening in the case of all the plasticized systems con-

taining 10, 20, 30 and 40 wt% PC. It is interesting to note

from Fig. 1 that as the content of the plasticizer (PC) is

increased from 10 to 40 wt%, the value of full-width half

maximum (FWHM) corresponding to 2h = 19� decreases

from 0.15 to 0.13 thus revealing the effect of PC in reducing

the crystallinity as is evident from the typical XRD peak

obtained at 23.5� wherein the lowest FWHM of 0.2 has been

realized. These changes may be attributed to probable

destruction of ordered arrangement of polymer chains and

hence enhancement in the amorphous phase (Kuila et al.

2007). Finally, it is also clear that the system containing 30

wt% PC has a reduced degree of crystallinity as compared

to other chosen systems, thus leading to the occurrence of a

high ionic conductivity. The changes in the relative degree

of crystallinity have been quantified from the present XRD

patterns by means of Origin Pro 8 software which tend

to depict that the relative degree of crystallinity (vc) is

Fig. 1 XRD-patterns of (PEO)50AgCF3SO3:2 wt% SnO2 ? x wt%

PC nanocomposite polymer electrolyte system
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decreased with increasing plasticizer concentration i.e., the

value of (vc) may be calculated as follows (Woo et al. 2011)

vc ¼ Ic= Ic þ Iað Þ � 100% ð4Þ

where Ic, is the total crystalline integrated intensity *19.2�
and 23.5�, Ia is the amorphous integrated intensity of halo

centered around 2h *19.5�. From this quantification, the

estimated value of relative degree of crystallinity has been

found to decrease as 32, 31 and 29 % in the case of 10, 20

and 30 wt% PC-added samples, respectively, and this

observed reduction in the degree of crystallinity trend is

found to be in good agreement with the present DSC results

too. The above elucidation therefore appears to suggest that

the enhancement in the degree of disorder i.e., reduced

degree of crystallinity (enhanced amorphicity) of the

polymer electrolyte film generally increases as a function

of plasticizer concentration (Pradhan et al. 2005) in good

agreement with the present DSC analysis discussed in a

later section.

Surface morphological analysis

Figure 2a and b depicts the typical SEM images observed

for thin films of pure PEO and (PEO)50AgCF3SO3:2 wt%

SnO2 ? 30 wt% PC, respectively, under the same magni-

fication of 9500. It is clear from Fig. 2a that pure PEO has

a rough surface consisting of spherulites of an almost equal

size with several crystalline domains as noticed in the case

of (PEO)50AgCF3SO3:2 wt% SnO2 nanocomposite poly-

mer electrolyte during the course of our earlier investiga-

tion (Suthanthiraraj and Vadivel 2011a). In the present

work involving addition of 30 wt% PC plasticizer within

the (PEO)50AgCF3SO3:2 wt% SnO2 nanocomposite sys-

tem, it is interesting to note that smoothening of the surface

associated with complete disappearance of the spherulite

texture occurs as seen in Fig. 2b. These changes may be

attributed to the favorable influence of the chosen plasti-

cizer viz., PC on the reduction of crystallinity of the host

polymer (i.e., polyethylene oxide) and subsequent

enhancement in the overall amorphous fraction within the

composite polymeric material (Chu and Reddy 2003). The

above feature of reduction of crystallinity is found to be in

good agreement with the present XRD, DSC and conduc-

tivity results too.

Differential scanning calorimetry (DSC) analysis

Differential scanning calorimetry traces for various com-

positions of (PEO)50AgCF3SO3:2 wt% SnO2 ? x wt% PC-

plasticized nanocomposite polymer electrolyte system viz.,

x = 10, 20, 30 and 40, respectively, corresponding to the

melting enthalpy (Tm) and glass transition (Tg) temperature

region are shown in Fig. 3a and b, respectively. It is obvi-

ously seen from Table 1 that the observed Tg and calculated

degree of crystallinity (vc) values decreased with respect to

increase in the plasticizer PC content from 10 to 40 wt%

added into the nanocomposite polymer electrolyte. The glass

transition temperature (Tg) of 202 K and the corresponding

degree of crystallinity value of 41.5 were observed for the

best conducting composition of (PEO)50AgCF3SO3:2 wt%

SnO2 ? 30 wt% PC. The reduction noticed in the degree of

crystallinity suggests that the structural reformation of

polymer host PEO would have occurred as a result of addi-

tion of PC into the filler-added polymer electrolyte system.

This structural reformation is likely to facilitate the mobility

of ions viz., segmental motion through the polymer host

PEO, and result in an enhanced conductivity observed in the

case of PC-plasticized polymer electrolyte system. From

Fig. 2 SEM images of a pure PEO and b (PEO)50AgCF3SO3:2 wt% SnO2 ? 30wt% PC-plasticized nanocomposite polymer electrolyte system

obtained at a magnification of 9500
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Table 1, it is interesting to note that the value of degree of

crystallinity of 40 wt% PC is less than that of the 30 wt% PC-

incorporated system. However, the fact that the conductivity

value is greater for the 30 wt% PC specimen than 40 wt% PC

system may be due to the rich plasticization effect i.e., there

may be a competition occurring between the PC and PEO

molecules to react with available conducting species thus

affecting the ionic motion. This disordered structure within

the polymer host PEO occurring due to the addition of

plasticizer may result in segmental flexibility of polymer

chains as revealed from the present XRD results too.

Fourier transform infrared (FTIR) spectroscopic

analysis

Figure 4 shows the FTIR spectra observed in the case of

(PEO)50AgCF3SO3:2 wt% SnO2 ? x wt% PC (where

x = 10, 20, 30 and 40, respectively) nanocomposite poly-

mer electrolyte samples. The appearance of strong

absorption bands of pure PEO corresponding to CH2

stretching, CH2 wagging, couple of CH2 twisting modes

and C–O–C stretching vibrations in Fig. 4 is evident from

those bands observed at 2,888, 1,346, 1,280 and 1,242,

1,150 cm-1, respectively, as reported in our earlier work

on PEO–AgCF3SO3–Al2O3 complexes (Suthanthiraraj and

Sheeba 2007). The pair of absorption peaks appearing at

965 and 843 cm-1 may be assigned to the CH2 rocking

configuration. An additional spectral feature observed at

1,032 cm-1 on addition of silver triflate into the polymer

host, may be assigned to symmetric SO3 stretching of free

triflate ion which emerges to be sensitive for the dissoci-

ation of the silver salt due to the feeble ion pairing between

the cation (Ag?) and anion (CF3SO3
-) within the metal

salt. Further, the set of vibrational bands observed at 638

and 573 cm-1 may be attributed to ds (SO3) and das (CF3)

modes of free CF3SO3
-, respectively (Rhodes and Frech

2000). It is interesting to note that as a result of incorpo-

ration of the plasticizer namely, propylene carbonate (PC)

there is an interaction occurring between PC and

AgCF3SO3 which could be observed in the form of the

symmetric ring deformation mode (C=O bending) of PC

which appears at 712 cm-1 (Roger and Sangamithra 1996).

Whereas a gradual reduction in the intensity of those peaks

obtained at 1,360 and 1,343 cm-1 corresponding to the

crystalline phase of PEO is seen to occur with increasing

amount of the plasticizer, the broadening of the peak at

1,360 cm-1 and complete disappearance of the typical

peak at 1,343 cm-1 has been noticed in the case of the 30

wt% PC-incorporated sample as shown in Fig. 4. This may

be due to the reduction in the degree of crystallinity of PEO

as revealed by the present XRD and DSC results. As a

Fig. 3 DSC traces obtained for (PEO)50AgCF3SO3:2 wt%

SnO2 ? x wt% PC-plasticized nanocomposite polymer electrolyte

system a glass transition region, b melting enthalpy region

Table 1 Thermal parameters

obtained from DSC analysis for

the PEO50AgCF3SO3:2 wt%

SnO2 ? x wt% PC (x = 10, 20,

30 and 40) plasticized

nanocomposite polymer

electrolyte system

Polymer electrolyte Tg (K) Tm (K) DHm (Jg-1) Degree of

crystallinity

vc (%)

PEO50 AgCF3SO3:2 wt% SnO2 ? 10 wt% PC 204 331 87.1 42.6

PEO50 AgCF3SO3:2 wt% SnO2 ? 20 wt% PC 204 336 87 42.5

PEO50 AgCF3SO3:2 wt% SnO2 ? 30 wt% PC 202 334 84.9 41.5

PEO50 AgCF3SO3:2 wt% SnO2 ? 40 wt% PC – 332 66.8 32.7
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consequence, the above spectral changes appear to reveal

the presence of substantial interactions occurring between

the nanocomposite polymer electrolyte system and PC, and

thus an appreciable complexation of the plasticized nano-

composite polymer electrolyte systems.

Electrical conductivity analysis

Complex impedance plots obtained for the plasticized

nanocomposite polymer electrolyte having the general

formula (PEO)50AgCF3SO3:2 wt% SnO2 ? x wt% pro-

pylene carbonate (PC) viz., 10, 20, 30 and 40 are shown in

Fig. 5. In Fig. 5, the observed intercept of each of these

plots in the high frequency semicircular region may be

attributed to the bulk resistance (Rb), whereas the low

frequency semicircle implies the interfacial resistance (Rf).

From Fig. 5, it is also apparent that the semicircular arc

tends to move toward the origin while increasing the

amount of the chosen plasticizer and that the diameter of

the first semicircle decreases whereas the domination of the

second semicircle increases, thus illustrating that the total

conductivity is mainly due to the contribution of ions

(Jacob et al. 1997). Subsequent addition of 30 wt% PC as

the plasticizer into the nanocomposite polymer electrolyte

system (PEO)50AgCF3SO3:2 wt% SnO2 further reduced the

crystallinity and resulted in the maximum electrical con-

ductivity (r) value of 5.9 9 10-5 S cm-1 at 298 K, as

shown in Table 2. The electrical conductivity value is thus

enhanced ascribable to possible interactions between the

plasticizer namely PC and Ag? ions in the nanocomposite

polymer matrix which in turn favor the mobility of Ag?

ions in the polymer matrix. The fact that r value becomes

1.6 9 10-6 S cm-1 for 40 wt% PC-incorporated sample

shows that this interaction may be weakening while

increasing the plasticizer content beyond 30 wt%. On the

other hand, the present XRD, DSC and FTIR results depict

the reduction in the degree of crystallinity and therefore the

maximum conductivity value of 5.9 9 10-5 S cm-1 is

attained in the plasticized nanocomposite polymer elec-

trolyte having 30 wt% propylene carbonate (PC).

Transference number data

In view of the fact that the mobility of the ionic species

plays a considerable role in the electrical conduction of

polymer electrolytes in general (Ferry et al. 1998) and that

ionic transference number analysis gives an additional

information in order to substantiate the conductivity

results, the measured values of Ag? ionic transference

number (tAg?) in the case of four different samples of

(PEO)50AgCF3SO3:2 wt% SnO2 ? x wt% PC, viz.,

x = 10, 20, 30 and 40, respectively, are given in Table 2.

Table 2 suggests that the observed conductivity and tAg?

values are quite comparable to those obtained in the case of

PVdF–AgCF3SO3-based plasticized polymer electrolyte

system (Suthanthiraraj et al. 2009). From Table 2, it is

apparent that the estimated value of tAg? is enhanced from

0.44 to 0.52 when the amount of PC in the case of the

system (PEO)50AgCF3SO3:2 wt% SnO2 is increased from

10 to 30 wt% PC due to favorable Ag? ionic migration

within the nanocomposite polymer system and possible

Fig. 4 Fourier transform infrared (FTIR) spectra of (PEO)50AgCF3

SO3:2 wt% SnO2 ? x wt% PC nanocomposite polymer electrolyte

system

Fig. 5 Complex impedance plots obtained for (PEO)50AgCF3SO3:2

wt% SnO2 ? x wt% PC-plasticized nanocomposite polymer electro-

lyte system at 298 K
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lack of disordered nature due to the rich plasticization

effect which may affect the conducting species and thus

reduce ionic migration in a PC-rich specimen, i.e., 40 wt%

PC in conformity with the present characterization data.

Discharge characteristics of solid-state cell

Figure 6 shows the discharge characteristics observed at

room temperature for all solid-state cell fabricated based on

the nanocomposite polymer electrolyte system (PEO)50Ag

CF3SO3:2 wt% SnO2 ? 30 wt% PC with the cell config-

uration, Ag| (PEO)50AgCF3SO3:2 wt% SnO2 ? 30 wt%

PC|(C ? I2 ? electrolyte) for a constant load of 1 MX.

From Fig. 6, it is clear that a voltage drop has occurred at

the initial stage which may be due to the polarization of the

cell, which arises from the formation of the silver salt at the

electrode/electrolyte interface. The open circuit voltage of

676 mV and short circuit current of 192 lA have been

noticed for this cell and the various cell parameters are

presented below:

Weight of the cell = 0.55 g

Area of the cell = 0.5024 cm2

Current density = 382.2 lA/cm2

Power density = 235.9 mW/Kg

Time of plateau region = 30 h

Discharge capacity = 5.7 mAh

Energy density = 7.07 Wh/Kg

Similar batteries involving PEO-based polymer elec-

trolytes complexed with different salts and combined with

a variety of electrodes were investigated by several groups

(Hashmi et al. 1992; Rao et al. 1995; Reddy 1998; Kumar

et al. 2007; Bhide and Hariharan 2007). On the basis of the

present investigation, it is demonstrated that PC-plasticized

nanocomposite polymer electrolyte has exhibited a good

electrochemical stability and hence suitable for application

in ambient temperature solid-state batteries too.

Conclusion

Propylene carbonate–plasticized nanocomposite polymer

electrolytes based on (PEO)50AgCF3SO3:SnO2 have been

successfully prepared by solution casting technique and the

complexation of all the prepared specimens was confirmed

by Fourier transform infrared analysis, whereas the reduced

degree of crystallinity is revealed by XRD and SEM also

quantified by DSC analysis. Enhanced Ag? ionic conduc-

tivity value of 5.9 9 10-5 S cm-1 has been attained in the

plasticized nanocomposite polymer electrolyte containing

30 wt% propylene carbonate having the silver ionic

transference number of 0.52, whereas an electrochemical

cell based on the (PEO)50AgCF3SO3:2 wt% SnO2 ? 30

wt% PC solid electrolyte system has also been fabricated

and tested.
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Table 2 The room temperature (298 K) electrical conductivity values evaluated from impedance plots and silver ionic transference number

(tAg?) values evaluated using AC/DC polarization technique for the system PEO50AgCF3SO3:2 wt% SnO2 ? x wt% PC (x = 10, 20, 30 and 40)

Polymer electrolyte Conductivity r
at 298 K (S cm-1)

Silver ionic transference

number tAg?

PEO50 AgCF3SO3:2 wt% SnO2 ? 10 wt% PC 5.6 9 10-6 0.44

PEO50 AgCF3SO3:2 wt% SnO2 ? 20 wt% PC 1.1 9 10-5 0.45

PEO50 AgCF3SO3:2 wt% SnO2 ? 30 wt% PC 5.9 9 10-5 0.52

PEO50 AgCF3SO3:2 wt% SnO2 ? 40 wt% PC 1.6 9 10-6 0.41

Fig. 6 Discharge characteristics of cell containing PEO50AgCF3

SO3:2 wt% SnO2 ? 30 wt% PC
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