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Abstract: Lithium ion conducting polymer electrolytes of PVA: PVdF complexed with Lithium triflate 
(LiCF3SO3) have been prepared by solution casting technique. Electrical characterization of all the prepared 
polymer electrolyte samples (composition of 90:10:2, 80:20:2 and 70:30:2) has been performed using AC 
impedance spectroscopy technique. From complex impedance plot, the maximum ionic conductivity has been 
found to be 3.9 x 10-4 Scm−1 in 80PVA:20PVdF: 2LiCF3SO3 polymer electrolyte system at 303 K. The ionic 
conductivity of the polymer electrolyte increases with the increase of temperature. Dielectric and modulus 
analysis have been studied for different temperature. Complex modulus suggests that negligible electrode 
polarization at low frequency region.  
Keywords: ionic conductivity; dielectric; polymer electrolyte; AC impedance spectroscopy. 
 

 

 

 

Introduction and Experimental 

The development of ion conducting solid polymer electrolytes (SPE) has been the subject of research 
interest because of their potential applications such as batteries, sensors, fuel cells and other electrochemical 
devices [1]. The polymer electrolytes have greatly attracted for last two decades owing to their properties such 
as thin film formation, interfacial contacts, desirable sizes, easy mouldabality, good electrode–electrolyte 
contact and light weight, etc [2]. It must satisfy several requirements, including high ionic conductivity, 
electrochemical stability, and superior mechanical properties when used in electric devices. In the present study, 
different composition of Poly vinyl alcohol (PVA) blend with poly(vinylidene fluoride) (PVdF) (90:10, 80:20, 
70:30) doped with Lithium trifluromethane sulphonate salt (LiCF3SO3) have been prepared by solution casting 
technique. AC impedance spectroscopic studies have been carried out and the results have been discussed. 

Solid Polymer electrolytes have been prepared by solution casting technique. Material used for the 
preparation of the polymer electrolyte has been PVA, PVdF and LiCF3SO3 salt. Appropriate quantities of each 
constituent were dissolved in distilled N, N-dimethyl formamide solvent [DMF]. The dissolved polymers and 
the salt solutions were mixed together and stirred continuously for at 60°C until homogeneous solution was 
obtained. Thus, the obtained solution was casted onto petri dishes. The resulting films were visually examined 
and free standing nature. The thickness of prepared film sample has been 100-200 µm. The prepared polymer 
electrolyte film has been flexible, transparent and mechanically strong.  

http://www.sphinxsai.com/framesphinxsaichemtech.htm 
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 Impedance spectroscopy was studied using HIOKI make LCZ meter (model 3532) in the frequency 
window, 42Hz–1MHz at different temperatures from 303K to 343K using stainless steel blocking electrodes.   

Result and Discussion 

Cole-Cole plot analysis 

The ionic conductivity of the polymer electrolytes mainly depends on the actual concentration of 
conducting species and their mobility. Figure 1 shows the cole-cole plot (Z′ vs. Z″) for PVA: PVdF doped with 
LiCF3SO3 polymer electrolyte at different temperature. The disappearance of semicircular portion in the high 
frequency region of complex impedance plot indicates that the conduction is mainly due to the ions. The spike 
is observed at low frequency, due to the double layer capacitance at the blocking electrodes. The ionic 
conductivities were calculated using the relation, σ = l/RbA. where l is the thickness, Rb is bulk resistance and A 
is the known area of the electrolyte film. As the temperature increases the ionic conductivity of the sample 
increases as shown in the figure 1.b. The increase of conductivity with temperature can be described on the 
basis of the ionic transport mechanism between coordinating sites, local structural relaxation and segmental 
motion of the polymer chain. This segmental motion either allows the ions to hop from one site to another site, 
or it provides a pathway for ions to move [3]. 

 

 

 

 

 
 
 

Fig 1: Cole-Cole plot for the PVA: PVdF: LiCF3SO3 polymer electrolyte for a) different composition (b) 
different temperature for highest conducting sample 
 

 

Dielectric Plot analysis 

The dielectric properties of solid polymer electrolyte may be characterized by frequency-dependent 
parameters that can be defined by the complex permittivity ε. complex dielectric constant of a system is defined 
by ε * = ε' - iε", where ε' is real part of dielectric constant and the ε" is the imaginary part of dielectric constant 
of the material. Both ε' and ε" sharply increases towards low frequencies due to the presence of space-charge 
effects [5], which is contributed by the accumulation of charge carriers near the electrodes, and the rise is 
displaced to higher frequencies at higher temperatures. When the frequency increases, the value of ε ′ has been 
found to decrease and then saturation reaches at higher frequencies. Even at higher temperature, the saturation 
of ε ′ has been notified. This is become, the jump frequency of the mobile ion is large and it resonates with the 
frequency of the applied electric field. The dominant relaxation peak appeared at higher temperature whose 
maximum shifts gradually to higher frequencies with increasing temperature. It may be due to the segmental 
motion of the polymer backbone [6]. 

 

 

 

 

 
 

Fig 2: Dielectric plot of 80PVA:20PVdF: 2LiCF3SO3 polymer electrolyte system at different temperature 
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Modulus analysis 

The ion transport process in ionic conductors has been studied in terms of electrical modulus spectrum 
as shown in Fig.3. Modulus formalism shelters the low frequency dispersion due to electrode polarization 
effects.  

 

 

 

 
 

 
 

Fig 3: Modulus spectra of 80PVA:20PVdF: 2LiCF3SO3 polymer electrolyte system at different temperatures 
 

The gradual variation of M′ indicates that the relaxation processes are spread over a range of angular 
frequencies [4]. Long and flat tail occurs at low frequencies (Fig. 3.b) due to the large capacitance associated 
with the electrodes. As the temperature increase, the peak maximum shifts to the higher frequencies (Fig. 3.a). 
This reveals the relaxation is thermally activated and the charge carrier hopping takes place. 

Conclusion 

Different composition of PVA: PVdF: LiCF3SO3 solid polymer electrolyte has been prepared using 
solution casting technique. 80:20:2 composition of blend sample shows the maximum ionic conductivity of 3.9 
x 10-4 Scm−1 at room temperature. Relaxation peak found in the dielectric plot describes the behavior of the 
polymer electrolytes. The modulus analysis reveals the non-Debye nature of the electrolytes. These high 
conductivity and dielectric properties will make the prepared polymer electrolytes has been well suitable for 
lithium ion batteries. 
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