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Abstract 

The electrical conductivity of PEO-PMMA-LiClO4 polymer blend with different 

concentrations of TiO2 as a nano filler has been studied. The polymer blend electrolyte 

was prepared in the form of thin films using solution casting technique. The blend was 

characterized by Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron 

Microscopy (SEM). The electrical properties of the blend electrolyte were investigated by 

complex impedance spectroscopy with varying frequencies. 
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1. Introduction 

Solid Polymer Electrolytes (SPE) has attracted attention since more than three decades 

due to their practical applications as well as for fundamental knowledge [1-5]. SPE offers 

many advantages, such as high durability, high flexibility and low reactivity towards the 

electrodes. These eliminate the problems of corrosive solvent leakage and harmful gas for 

above ambient temperature operations and reduce packaging cost as well as improve self–

life of the lithium metal electrodes [6–7]. Several researchers have investigated a host of 

polymers e.g. poly (ethylene oxide-PEO), poly (methyl methacrylate-PMMA), poly (vinyl 

chloride-PVC) and poly (vinyl acetate- PVA) etc. In this the PEO has drawn keen interest  

due to its good salvation power having single helical structure which supports fast ionic 

conduction; but their practical applications are limited as PEO exhibits relatively high 

crystalline portion at ambient temperature due to its particular structure showing low ionic 

conductivity. To overcome this limitation, one of the approaches used is the polymer 

blending method. Therefore, PEO is blended with PMMA and additions of nano filler in 

order to improve the ionic conductivity. In the present study, a novel PEO-PMMA-

LiClO4-TiO2 blend has been developed in which Titanium dioxide (TiO2) is used as nano 

filler. 

 

2. Experimental Method 

PEO and PMMA where purchased from Aldrich. The polymers were dried in vacuum 

for 24 hrs keeping in desiccators. Lithium per chlorate (LiClO4) with purity 99.9% was 

supplied by Aldrich and dried under vacuum oven at 80 
o
C for 24hrs. The composition of 

PEO/PMMA blend was 70/30 wt%, LiClO4 (5wt %) and TiO2 was added to this blend at 

different weight percentages viz 1, 2, 3, 4, and 5. Mixtures were prepared by dissolving 

three components separately in tetrahydrofuran (THF) and stirred for 12 hrs by using 

magnetic stirrer. PEO/PMMA and LIClO4 stirred for 12 hrs separately at room 

temperature and LiclO4 then both the solutions were stirred for 24 hrs and poured in a 

Teflon Petri dish. The sample was removed at room temperature after 24 hrs. For 

complete removal of solvent the samples were vacuum dried at 50 
o
C for another 12 hrs. 
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3. Result and Discussion 
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Figure 1. (a) FT-IR Spectra of PPLi      Figure 1. (b) FT-IR Spectra of PPLiTiO2  
                 Polymer Film                              Polymer Film with Nano TiO2 

FTIR is a useful technique to characterize the organic, inorganic and composite 

materials [8]. Figure 1(a) - (b) shows FT-IR spectra of Polyethylene oxide with LiClO4 

(PPLi) and (PPLiTiO2) polymer films. PPLi polymer film shows IR bands at2893, 2994, 

2874, 2694, 1730, 1465, 811,750. The vibration band at 750 and 811 cm
–1

 is attributed to 

CH vibration of PMMA and PEO respectively. The vibrational peak at 1731 cm
–1

 due to 

the C=O stretching of PMMA [9, 10] is observed to shift at 1722 cm
–1

. In PPLiTiO2 

polymer electrolyte film, where the nano- filler is added, the peaks of IR spectrum is 

found to be quite broadened as compared to that of PPLi polymer electrolyte. The 

vibration peaks at 1602, 1358 and 2932cm
–1

 remain at same position but with decreased 

peak intensity. Hence, the above IR analysis confirms that the nano-filler TiO2 helps in 

enhancing the amorphous nature with flexible polymer chains. 

 

 

Figure 2. (a): SEM Image of the               Figure 2. (b): SEM Image of the 
PPLi polymer Film                                   PPLi with Nano TiO2 

4. Morphological Study 

The SEM images of the polymer films are depicted in Figure 2(a) and (b). The 

micrograph shows with the addition of nano-filler, the surface shows a uniformly 

distributed area. The above micro-structural observation is in good agreement with FT-IR 

result which have indicated an enhancement in the amorphous phase with the addition of 

nano-filler [1]. 
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5. Dielectric Studies 

The dielectric function has been observed as a function of frequency. AC conductivity 

(σac) has been evaluated from dielectric data in accordance with the relation. 

         σ = ω ε0 ε' tanδ 

Where ω is 2π f (f is frequency), ε0 is the permittivity of the vacuum and dielectric 

constant or relative permittivity. 

 

1 2 3 4 5 6 7 8

4x10
5

5x10
5

6x10
5

7x10
5

8x10
5

9x10
5

1x10
6

1x10
6

1x10
6

1 2 3 4 5 6 7 8

0.0

1.0x10
-7

2.0x10
-7

3.0x10
-7

4.0x10
-7

5.0x10
-7

D
ie

le
c
tr

ic
 c

o
n

s
t

log(f)

D
ie

le
c
tr

ic
 c

o
n

s
ta

n
t

log(f)

          

0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80

-1x10
6

0

1x10
6

2x10
6

3x10
6

4x10
6

5x10
6

6x10
6

7x10
6

8x10
6

1 2 3 4 5 6 7 8

0.0

1.0x10
-7

2.0x10
-7

3.0x10
-7

4.0x10
-7

5.0x10
-7

D
ie

le
c
tr

ic
 c

o
n

s
t

log(f)D
ie

le
c
tr

ic
 l
o

s
s

log(f)

 

Figure 3. (a) Dielectric const of                   Figure 3. (b) Dielectric loss of 
PPLi and PPLiTiO2                                        PPLi and PPLiTiO2 
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Figure 3. (c) Conductivity PPLi and PPLiTiO2 

Figure 3(a) – (b) shows that there is a significant increase in ε' and ε" values due to the 

incorporation of nano filler. The high value of ε' and ε" towards low frequency attributing 

to the free charge build up at the interface between the polymer film and electrode. Figure 

3(c) shows the conductivity decreases with lowering in frequency, which is because at 

lower frequencies, more and more charge accumulation occurs at the interface between 

electrode electrolytes causing a drop in conductivity at low frequencies due to slower or 

longer time scale for ionic motion to occur. The enhancement in the conductivity is 

explained in terms of higher dissociation of salt, due to ion-filler interaction, causing 

higher number of free charge carriers. 

 

6. Conclusion 

Polymer electrolyte films were prepared and characterized by FTIR, ac impedance, and 

SEM analysis. In the FTIR spectra shift in peaks and appearance of new peaks confirmed 

the complexation of the constituents. SEM images are good agreement with the FTIR 

results. The conductivity of the films has been increased by addition of nanofiller. 
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