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ABSTRACT 

 

 
Energy material has become a current topic in almost every nation around the world 

wide. Dependency to the conventional fossil fuels as the sources of energy, researcher 

nowadays are focusing more on how to replace this non-renewable sources to more 

reliable renewable resources. One of the vital requirement for future energy application 

is the fabrication of high quality electrolyte. This thesis focuses on the preparation and 

characterization of liquid electrolytes (LEs) and polymer gel electrolytes (PGEs). 

Electrochemical impedance spectroscopy (EIS) is a technique for characterizing a wide 

variety of electrochemical systems and to determining the contribution of electrode and 

electrolyte processes in these system. In this work, lithium bis(oxalato)borate (LiBOB) 

salt was incorporated as the source of charge carriers. LEs was first prepared by 

dissolving LiBOB salt into solvent, dimethyl sulfoxide (DMSO) by using different 

molar concentrations of LiBOB (0.2 – 1.2 M). The optimum for the highest conducting 

(0.8 M LiBOB) of the liquid electrolytes was then gelled with various concentrations 

of agarose and poly(1-vinylpyrrolidone-co-vinyl acetate) [P(VP-co-VAc)] (1 – 8 wt.%) 

to making PGEs formed. The ionic conductivity of all electrolyte samples were 

calculated using the bulk resistance value obtained from the complex impedance plot 

in the frequency range of 100 Hz to 1 MHz. The conductivity behavior of PGEs 

decreases as composition of agarose and P(VP-co-VAc) increases until 8 wt.%. EIS 

studies shows the optimum conductivity of 6.91 x 10-3 S.cm-1 and 7.83 x 10-3 S.cm-1 for 

the electrolyte containing 1 wt.% agarose and P(VP-co-VAc) at room temperature 

respectively. Ionic conductivity for all electrolyte system was also studied in the studied 

range of temperature or known as temperature dependence from 298 K to 373 K. Each 

samples are plotted in log � versus 1000/T to prove the Arrhenius rule are obeyed and 

implying that the ionic conductivity is thermally assisted. The activation energy, EA 
observed to decrease as the temperature increase hence increase the ionic conductivity. 

The conduction mechanism in PGEs in both systems, agarose–LiBOB–DMSO and 

P(VP-co-VAc)–LiBOB–DMSO can be explained by using small polaron hopping 

(SPH) model. Transference number characterizations supports the ionic conductivity 

results. The lithium ion transference number, ����  of 1 wt.% agarose and P(VP-co-VAc) 

composition is to be 0.03 and 0.12. The voltammogram of highest conducting PGEs 

with anodic decomposition of the electrolyte was stable up to 4.50 V vs Li. Fourier 

transform infrared (FTIR) spectroscopy confirmed the complexation between polymer 

and salt. The complexations between host polymer and salt used in an electrolyte 

systems are divulged based on shifting of the bands, O-H stretching in agarose, C=O 

stretching in P(VP-co-VAc), and change in intensity of the bands in BOB- ion and 

existence of some new peaks in FTIR spectra. The result of the study confirms the PGE 

of P(VP-co-VAc) exhibit favourable performance compared with PGE of agarose. 
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