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Abstract. Solid polymer electrolytes comprising of various weight ratios of poly(ethyl
methacrylate) (PEMA) and lithium perchlorate (LiCl04) salt were prepared via solution casting
technique using N,N-Dimethylformamide (DMF) as the solvent. The conductivity values of the
electrolytes were determined utilizing Solatron 1260. The highest conductivity obtained is in the
order of 10-

6
S ern -I. Structural properties of the electrolytes were investigated by X-ray diffraction

and the results show that the highest conducting film is the most amorphous.

Introduction

Polymer is a material constructed of a large number of molecules that is formed from the repetition
of small and simple chemical units called monomer bonded by covalent bonds. Most polymers have
no ability to conduct electricity. Besides its poor electrical conductivity property, for the last five
decades, ion conducting polymers has been synthesized via dissolving inorganic salt into its matrix.
Polymer electrolytes possess various advantages such as solvent free condition, structurally stable,
easy for any process and mobileable [1]. Various kinds of polymers have been chosen as host such
as PEO [2], PPO [3], PVA [4,5], PVC [6], PVDF [7] and PMMA [8]. In this work, the potential of
PEMA as a polymer host is investigated. LiCI04 is added as the doping salt. PEMA was chosen as
host as it exists in amorphous form [9]. By incorporating LiCl04 in to PEMA, it was hoped that the
media for ion mobilities will be enhanced.

Experimental

Various weight percentages, wt% of LiCl04 was dissolved into commercially available PEMA (M;
= 2) 5,000) employing DMF as solvent. The films were cast using the solution casting method. The
cast films were subjected to EIS (Solatron 1260) and XRD analysis (LabX XRD 6000) for
impedance and structural studies respectively.

Results and Discussion

Fig. 1 depicts the X-Ray diffractograms of PEMA-LiCI04 films at various concentrations. For pure
PEMA, the XRD pattern obtained in this work is similar to that obtained by Rajendran et.al [10]
that is a small peak appeared at 28"" 29.5°. PEMA-LiCl04 diffractograms show a few peaks due to
the presence of LiCI04 and is prominent for the film with 30 wt% LiCI04• Such observation is most
possibly due to the uncomplexed salt or ion aggregation of the salt. For 30 wt% LiCI04 the degree
of uncomplexed salt or ion aggregation is the highest.
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Fig. 1: X-ray diffractograms of PEMA with (a) 0, (b) 5, (c) 10, (d) 15, (e) 20, (f) 25 and (g) 30 wt%
LiCI04•

The Scherrer length, L, for every sample was determined using the equation

L = o.n
A28 . (28max)
L.1 halfpeak SIn --

2

(I)

o
where A, = 1.5418 A and 1:l2fJ is the width at half maximum. In this work, Scherrer length was
calculated using the peak at 29.5° and it shows that the sample with 20 wt % LiCl04 has the
smallest value as observed in Fig. 2. According to Hashmi et.al [11], the smaller the value of L, the
more amorphous the sample is. Hence the most amorphous film has ratio of 80 wt % PEMA:20
wt% LiCl04.
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Fig. 2: Scherrer length for PEMA-LiCI04 films

Graph of e, - log OJ depicted in Fig. 3 for all films. The dielectric constant is observed to rise
sharply at low frequencies. According to Mohamed and co-worker [12], this indicates that electrode
polarization and space charge effects had occurred. r'Ht\u!!
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Fig. 3: e, -log (JJ graph ofPEMA with (a) 10, (b) 15, (c) 20, (d) 25, (e) 30 wt% LiCI0
4
films

Since e; is a reflection of the number of charge carriers present, hence it can be inferred that the
sample with 20 wt % LiCI04 has the highest number of charge carriers and is expected therefore to
have the highest conductivity. This is supported by the graph shown in Fig. 4 which shows the
variation of conductivity with salt concentration at room temperature. From Fig. 4, the highest
conductivity obtained is 2.34 x 10-6 S ern" for the sample with 20 wt % LiCI04. This is comparable
to the value of conductivity obtained for other dry polymer electrolytes reported in the literature
[13,14,15]
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Fig. 4: Conductivity variation with salt concentration of PEMA-LICI04 films

Fig. 4 also shows that the conductivity decreases for films with more than 20 wt % LiCI0
4
. This is

attributed to the decrease in the fraction of amorphous region and decrease in the number of charge
carriers as indicated in Fig. 2 and Fig. 3 respectively.
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Conclusion

The highest conductivity achieved in this work is 2.34 x 10-6 Scm" for the ratio of PEMA added
with 20 wt % LiCI04. There are still opportunities to increase the conductivity perhaps
incorporating the existing samples with plasticizers or nanofillers. The results of this study indicate
that PEMA has good potential to act as polymer host for electrolyte systems.
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