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ABSTRACT 

Polymer electrolytes based on polyethylene oxide complexes with conducting polyaniline (PANI) and a salt of sodium chlorate 

has been prepared in different weight percentage ratios. The complexation is confirmed by FTIR spectroscopy and morphology 

study by employing SEM.  AC conductivity measurements are carried out by using LCR Q meter at room temperature. 

Electrochemical cell parameters for battery applications at room temperature are also determined. The composites PP5, N3 and 

N4 show good conductivity which is due to ionic polarization and electrode polarization. Among all these composites N3 

shows highest conductivity which is also well understood through the SEM studies. PP5 shows more conductivity than all the 

other composites except N3 as because PANI when mixed with PEO gives more feasibility of matrix’s for fast mobility of ions 

through it easily. The samples are fabricated for battery applications in configuration of Na: (PEO: PANI: NaClO4): (I2 + C + 

sample) and their experimental data are measured using the Wagner polarization technique. 

Copyright © 2013 VBRI press.  
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Introduction  

Polymer electrolytes based on polyethylene oxide (PEO) 

salt complexes are of great interests due to their theoretical 

as well as practical importance for the development of 

Solid State Batteries, Fuel cell, Smart Windows, Sensors  

and Electrochromic Display Devices [1-4]. The main 

advantages of polymer electrolytes are their favorable 

mechanical properties, ease of combination with salts or 

with some polymers and also an ability to form proper 

electrode- electrode contacts. The interest in these 

electrolytes arose in the studies of materials based on alkali 

metal salts complexed with polyethylene oxide that were 

conducted by Wright and coworkers [5, 6] and Armand and 

co-workers [7,  8] in the 1970s. 

Polyethylene oxide (PEO) in particular is an 

exceptional polymer which dissolves with concentrations 

of a wide variety of salts to form polymer electrolytes 

[9].Complexes of PEO with LiBF4, LiPF4, and Li (C6H5) 

[10], LiSCN[11], LiSO3CF3 and LiClO4 [12], NaSCN [13], 

NaPF6 [14], NaXF 4 and KYF4 [15], and PEO+NH4+Al2O3 

[16] have been examined. Recently, new classes of 

PEO/PANI composites have been reported by Sixou et al. 

[17]. Recent research trends in the field of rechargeable 

lithium batteries are directed towards the development of 

cells with high energy density and high-power density [18]. 

To achieve high amount of energy stored in a given mass 

or volume, it is usually desirable that the number of 

available charge carriers per mass or volume unit must be 

as high as possible. The capacity for energy storage in a 

rechargeable lithium cell is mainly dependent on cathode 

materials. 

 

 
 

Fig. 1. FTIR spectrum of (a) NaClO4 (b) PANI (c) PEO and (d) PEO: 

PANI: NaClO4 (50:10:40). 

 

The most studied cathode materials for lithium batteries 

are crystalline cobalt, manganese and nickel-based oxides 

[19]. Efforts have been made in continuity to improve the 

capacity of cathode materials and more attempts to 

synthesize transition metal oxides with an amorphous 

nature and high surface area such as the xerogel and 

aerogel forms which have been made from V2O5  and 

MnO2 [20, 21]. Hybridization of the layered inorganic 

cathode materials with electrochemically active organic 

polymers is another interesting approach to improve the 

capacity for electrochemical lithium insertion. Intercalating 

organic molecules into the layered inorganic host materials 

can produce inorganic-organic hybrid materials such as 

V2O5 with polyaniline (PANI), poly (ethylene glycol) 

(PEG), polypyrole (PPY) and poly (ethylene oxide) (PEO) 

[22 - 24].  

In this present work authors have carried out the 

synthesis, characterization, DC conductivity and battery 

applications. The ac conductivity shows that N3 has high 

conductivity among all composites. It is observed that N3 

composites have high current compare to other composites 

due to more feasibility for ion moments. Therefore, PEO: 

PANI and PEO: PANI: X (NaClO4) composites are 

possible better candidates for solid state batteries [25].   

 

Experimental 

Materials  

Polyethylene oxide (relative molecular mass of 5 x 105) 

was obtained from Shanghai Research Institute of 

Chemicals, China and dried under vacuum at 50 °C for 24 

h before use. Sodium perchlorate (NaClO4) obtained was 

analytical grade from Sigma Aldrich and dried under 

vacuum at 120 °C for 24 h to remove water from the 

crystal and polyaniline was prepared in our laboratory by 

standard chemical oxidation method [26]. 

 

Preparation of composites 

PEO: PANI, PEO: NaClO4 and PEO: PANI: NaClO4 

composites were prepared by stirring in anhydrous 

acetonitrile for 5-6 hrs to form homogeneous gels at 

different weight percentages (50:10:40 (N1), 50:20:30 (N2), 

50:30:20 (N3) and 50:40:10 (N4) respectively). The gels 

were poured into glass plates in a dry room fume hood and 

left for 12 h to remove the majority of the acetonitrile. The 

composites so obtained from the above procedure were 

than further dried at 60 °C under vacuum for 24 h. The 

composites were stored in the dry room at 22 °C for several 

weeks prior to characterization. The FTIR spectra of the 

samples were recorded on a Perkin Elmer 1600 

spectrophotometer in KBr medium and SEM has been 

carried out for PEO: PANI: NaClO4 composites on Phillips 

XL 30 ESEM. 

 

Results and discussion 

Fig. 1(a) shows that the FTIR spectra of pure pristine 

sodium chlorate (NaClO4) and it has predominant peaks at 

the wave number of 3552 cm-1 which corresponds to water 

absorbed by the salts, 3481 cm-1 and 3237 cm-1 corresponds 

to O-H vibration and is formed at higher frequency due to 

splitting of water molecules, 2025 cm-1 corresponds to Na+ 

ions, 1617 cm-1 are due to chlorate (ClO4
-) ions. 

Fig. 1(b) shows  the FTIR spectra of pure 

polyaniline .The formation of polyaniline is confirmed by 

noticing the predominant peaks at the wave numbers of 

1603 cm-1 corresponding to C=C stretching of quinine ring, 

1494 cm-1 for C=C stretching of benzenoid ring, 1296 cm-1 

for C-N stretching, 1126 cm-1 due to C-O-C stretching of 

excess oxidant, 1020 cm-1 for S-O vibration, 769 cm-1 and 
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734 cm-1for  C-H vibration of Para coupling benzenoid  

and benzene rings, C-H bending is at 684 cm-1, 592 cm-1 is 

corresponds to aromatic ring and 472 cm-1 is stretching at 

out of  the plane. 

Fig. 1(c) shows the spectra of pure polyethylene oxide. 

In   pure PEO spectrum a large broad band appears 

centered at 3442 cm-1 which is due to the hydration of PEO 

which confirms that PEO is highly hydrophilic and gets 

hydrated. Thus pure PEO shows a large broad band of CH2 

stretching’s between 2950 and 2840 cm-1. However the 

band  splits into two at 2922 cm-1 and 2359 cm-1 

corresponding to asymmetric CH2 stretching (n(CH2)a) and 

symmetric CH2 stretching (n(CH2)s) respectively. It is also 

been observed that CH2 vibrational modes appear in PEO 

at 1467 cm-1 which corresponds to asymmetric CH2 

bending (d(CH2)a) and 1344 cm-1 which corresponds to 

symmetric CH2 wagging and some C-C stretching 

(w(CH2)s + n(CC)) [27]. 

Fig. 1(d) shows PEO: PANI: NaClO4 (50:10:40) 

composites spectra. Observed peaks that appeared in 

spectrum are 2922.42 cm-1, 2363.01 cm-1, 1581.77 cm-1, 

1467.96 cm-1, 1342.58 cm-1, 1294.35 cm-1, 1242.27 cm-1, 

1114.96 cm-1, 968.35 cm-1, 925.56 cm-1, 841.04 cm-1, 

623.06 cm-1, 482.25 cm-1, 407.02 cm-1. It is also observed 

that the intercalation of NaClO4 within PANI shows similar 

type of effect on PEO structure and in return on PEO 

crystallinity. The wave number found at 3552 cm-1 is 

absent in the composites and this is due to the interaction 

between the ether oxygen of PEO segments and the free O-

H groups of NaClO4 via hydrogen bonding. C-H stretching 

band appears at 2922.42 cm-1 which is slightly shifted to 

the higher frequencies which clearly indicates that there is 

strong interaction between PANI and PEO. This was 

further confirmed as the intensity of the band of (n(C-O) at 

1603 cm-1 for pure PANI and 1344 cm-1 in pure PEO 

respectively are shifted towards lower frequency in PEO: 

PANI: NaClO4 composites and the band of (n(O-H) at 1581 

cm-1  in PANI and 1342.58 cm-1 in PEO are intense. It is 

understood that PEO interacts not only with free – OH of 

NaClO4 but also it has well interaction with the interlayer 

cations in a similar manner to form conventional PEO salt 

complexes. The  predominant peaks appeared in 

composites at 2922.42 cm-1, 2363.01 cm-1, 1581.77 cm-1, 

1467.96 cm-1, 1342.58 cm-1, 1294.35 cm-1 968.35 and 

482.25 cm-1 fully confirms the formation of PEO: PANI: 

NaClO4 composites. 

Fig. 2(a) shows scanning electronic micrograph (SEM) 

image of pure polyethylene which is highly macro 

crystalline elongated rod like structure and has 

considerable intragranular distance between the two grains. 

It is clearly seen from the image that the PEO grains have 

less interaction with each other. The average grain size was 

calculated by using the linear intercept formula and it was 

found to be 345 to 400 µm.  

Fig. 2(b) shows the higher resolution SEM image of 

pure PANI and was found to be mesoporous and highly 

agglomerated granular in shape and has amorphous nature. 

The average grain size was found to be 170 to 230nm. The 

grains are well interconnected with each other which 

indicate that they have enough binding energy to combine 

with neighbor grains or molecules. Fig. 2(c) shows SEM 

images of PEO: PANI composites which are highly 

agglomerated chain like structures. The crystallinity of the 

PEO decreases with the addition of PANI in it. The average 

grain size is found to be 350 nm to 400nm. Fig. 2(d) shows 

the SEM image of pristine sodium chlorate (NaClO4) 

crystals which are ellipsoidal like structure and 

agglomerated to each other. The average grain size is found 

to be 35 to 40 nm. Fig. 2(e) shows that  

PEO:PANI:NaClO4 (50:20:30) composites  are found to be 

highly clustered, spherical in shape and have interlinked to 

each other which decreases the intragranular distance. The 

decrease in the intragranular between the grains helps the 

charge transfer mechanism from one grain to another grain. 

The average grain size is found to be 270 nm. 

Fig. 2(f) shows that the PEO: PANI: NaClO4 (50:10:40) 

composites which are highly crystalline has greater 

porosity than PEO: PANI: NaClO4 (50:20:30) composites 

and this clearly indicates that grains have less binding force 

with each other. The average grain size is found to be 2 to 4 

µm. Thus from Fig. 2(a) to 2(f) it was found that there is 

significant change in the morphology of various weight 

percentages of NaClO4 in PEO: PANI matrix’s i.e. from 

ellipsoidal to square like morphology.   

 

 
 
Fig. 2. SEM image of (a) PEO (b) PANI (c) PEO:PANI (d) NaClO4  (e) 

PEO: PANI: NaClO4 (50:20:30) (f) PEO: PANI: NaClO4 (50:10:40).    

 

AC conductivity 

Fig. 3 (a) shows ac versus frequency for different weight 

percentages of NaClO4 in PEO: PANI matrix. It is 

observed that the conductivity is found to increase with 

increase in frequency for all weight percentages.  The 

composites PP5, N3 (PEO: PANI: NaClO4 (50:20:30)), N4 

(PEO: PANI: NaClO4 (50:10:40)) shows good conductivity 
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which is due to ionic polarization and electrode 

polarization. Among all these composites N3 shows higher 

conductivity which is well understood from SEM studies.  

PP5 shows more conductivity than all the other composites 

except N3 because when PANI mixed with PEO gives 

more feasibility of matrix’s for fast mobility of ions 

through it easily.  The PEO, PN5, N1 and N2 show low 

conductivity due to dipole polarization which hinders the 

fast mobility of ions through the matrix [28]. 

Fig. 3 (b) shows σac versus different weight percentages 

of NaClO4 in PEO: PANI matrix at various frequencies at 

10 kHz, 100 kHz and 1000 kHz. It is observed that 

conductivity increases from PEO to PP5 and then suddenly 

falls down to N1. Again it increases from N1 to N3 and 

decreases to PN5. The highest conductivity is observed at 

N3 for 1000 kHz when compared to other frequencies. This 

may be due to variable hopping of charge carriers and fast 

mobility of ions through the back bone polymer chain.    

 

 

 
 

Fig. 3. (a) ac conductivity verses frequency for different weight 

percentage of NaClO4 in PEO: PANI matrix. 

 

 
 

Fig. 4. (a) Variation of dielectric constant (’) with frequency for 

different wt% of NaClO4 in PEO: PANI matrix.  

 

Fig. 4 (a) shows the variation of dielectric constant ' 

verses frequency for different wt% of NaClO4 in PEO: 

PANI matrix. In all the cases a strong frequency dispersion 

of permittivity is observed in the low frequency region 

followed by a nearly frequency independent behavior 

above 1 kHz. The decrease of ' with increase in frequency 

may be attributed to the electrical relaxation processes. The 

ionic and dipole polarization superimposed with each other 

and relaxation processes at lower frequencies. It is seen that 

with the addition of NaClO4, ' value increases in the lower 

frequency and remains constant in the higher frequency 

region. The NaClO4 addition may result in fast moving of 

ions and more localization of charge carriers along with 

polarons causing higher ac conductivity. This may be the 

reason for higher ' and strong low frequency dispersion on 

addition of NaClO4 in PEO: PANI matrix. 

Fig. 4 (b) shows the variation of imaginary part of 

dielectric constant '' verses frequency for different wt% of 

NaClO4 in PEO: PANI matrix. At room temperature '' 

decreases with increasing frequency. The higher value of 

imaginary part of dielectric '' at low frequency is due to 

the freely moving of ions within the complex. On adding of 

NaClO4 in PEO: PANI matrix the imaginary part dielectric 

permittivity '' remains almost constant at over higher 

frequency range. It is observed that '' dielectric constant is 

maximum for N3 composites and remains constant for all 

the others. This confirms the enhancement of mobility of 

ions in the composites and is due to NaClO4 in PEO: PANI 

matrix. 

Fig. 5 and 6 shows electrochemical cells that have been 

fabricated based on PEO:PANI:NaClO4 polymer 

electrolytes and their discharge curves determine under a 

constant load.  

 

 
 

Fig. 5. Current verses time for PEO: PANI: NaClO4 composites. 

 

There is an initial rapid decrease in polarization current 

as a function of time and that may due to the formation of a 

thin layer of sodium chlorate salt at the electrode or 

electrode interface. This suggests that the charge transport 

in PEO: PANI: NaClO4 composite is predominantly ionic. 

This indicates that PEO:PANI:NaClO4 composites have an 

electrochemical stability and are thus suitable for 

application in solid state batteries. As the PANI content 

increases in PEO there is an increase in the polarization 

current and in the voltage stability. With addition of more 

than 40% NaClO4 in PEO: PANI matrix shows gradually 

decrease in the stability. The cell parameters results in an 
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open-circuit voltage (OCV) of 1.2V and a short circuit 

current (SCC) of 902uA for PEO:PANI:NaClO4 (50:20:30) 

composite. These data demonstrate the potential 

application of these electrolytes in solid state batteries. This 

may be confirmed by characterization and conductivity 

studies. The above results suggest that the charge transport 

in these composites is predominantly due to ions. Thus 

findings from the present study of PEO/PANI composites 

these composites are one of good candidates for sold state 

batteries.  
 

 
 

Fig. 6. Voltage verses time for PEO: PANI: NaClO4 composites. 

 

 

Conclusion 

The polymer electrolyte based on poly (ethylene oxide) 

complexed with conducting polyaniline and salt of sodium 

chlorate has been prepared in different weight percentage 

ratios. The complexation is confirmed by FTIR 

spectroscopy. The change in morphology of these 

composites was studied by employing SEM. The ac 

conductivity measurements are carried out by using LCR Q 

meter at room temperature. The composites PP5, N3 (PEO: 

PANI:NaClO4 (50:20:30)), N4 (PEO:PANI:NaClO4 

(50:10:40)) shows good conductivity which is due to ionic 

polarization and electrode polarization. Among all these 

composites N3 shows higher conductivity which is well 

understood from SEM studies. PP5 shows more 

conductivity than the other composites except N3 because 

when PANI mixed with PEO gives more feasibility of 

matrix’s for fast mobility of ions through it easily. The 

variation of imaginary part of dielectric constant '' 

decreases with increasing frequency. The higher value of 

imaginary part of dielectric '' at lower frequency is due to 

the freely moving of ions within the complex. On adding of 

NaClO4 in PEO: PANI matrix the imaginary part dielectric 

permittivity '' remains almost constant at over higher 

frequency range. The variation of imaginary part of 

dielectric constant ’’ is maximum for N3 composites and 

remains constant for others. This confirms the enhancement 

of mobility of ions in the composites due to NaClO4 in 

PEO: PANI matrix. The formation of a thin layer of 

sodium chlorate salt at the electrode or electrode interface 

suggests that the charge transport in PEO:PANI:NaClO4 

composite is predominantly ionic. This indicates that PEO: 

PANI:NaClO4 composites have an electrochemical stability 

and are thus suitable for application in solid state batteries. 

As the PANI content increases in PEO there is an increase 

in the polarization current and in the voltage stability. 
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