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Plasticizer (Propylene Carbonate, PC) is enhancing the conductivity of a polymer electrolyte PEO: NH4ClO4 (85:15 
wt %) prepared by solution cast method. Preliminary IR and XRD studies suggested that the above said polymer 
electrolyte is a result of complexation of polymer PEO and salt NH4ClO4. Two types of charge carriers are shown to 
be present in this polymer electrolyte by using transient ionic current measurements. The ionic conductivity of the 
polymer electrolyte with different amounts of plasticizer PC has been measured by Impedance Spectroscopy and it 
is shown that the maximum conductivity occurs for 5 wt% of PC which is 10-4 S.cm-1 (approximately 10 times higher 
than the conductivity of polymeric membrane without PC). The plasticised stable film has been used as an electrolyte 
in fabrication of a rechargeable polymeric solid state proton battery. The fabricated polymeric re-chargeable batteries 
uses PEO: NH4ClO4 (85:15 wt %) + PC 5wt % as the electrolytes with Zn+ZnSO4.7H2O+MHx as anode and intercalating 
layered cathode material (PbO2+V2O5). The discharge characteristics have been studied at different loads. It is 
found that the addition of metal hydride (as hydrogen supplying anode) improves the time of stable performance, 
current drain and rechargeability as it ensures a continuous supply of H+ ions. It may be remarked that the use 
of H+ intercalating/de-intercalating layered material cathode (viz. (PbO2+V2O5) is essentially responsible for the 
rechargeability of the cells over many cycles.
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Introduction

The interest in the important ion conducting 
solid polymer electrolytes (or polymer-salt 
complexes) began after the pioneering studies 
of materials based on alkali salts complexed 
with polyethylene oxide (PEO) reported first by 
Fenton, et al., 1973; Wright, 1975 and Armand, 
et al., 1978; 1979. Polyethylene oxide (PEO) in 
particular is an exceptional polymer which 
dissolves high concentrations of a wide variety 
of salts to form polymer electrolytes (Armand, 
1987). In such polymer complexes, the cations 
of the salts coordinate with the hetero-atom 
(polar group) of the polymer (such as oxygen, 
in the case of (PEO) as follows:

—(CH2-CH2-O)-n + MX  -(CH2-CH2-O). MX-  (1)

Polymer  Salt  Polymer Complex

Proton transport in polyethylene oxide 
complexed with NH4ClO4 has been earlier 
studied by Hashmi, et al., 1990. They found 
that polymer complex having configuration 
PEO:NH4ClO4::85:15 wt% possesses 
maximum conductivity ~ 10-5 S.cm-1 which 
is nearly 4 decades higher than pure PEO. 
They also observed that apart from H+, the 
anions (i.e., ClO4

-) are also mobile in the bulk 
material. 

The present study is also related with 
PEO:NH4ClO4 (85:15 wt%) polymer complex 
with the aim of further enhancing its 
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conductivity by adding suitable plasticiser 
which is expected to amorphicise the 
lattice. This polymer complex of appropriate 
composition has been prepared by us by 
solution cast method which has ~ 10-5 S.cm-

1 at room temperature. Complexation has 
been confirmed by IR and XRD studies. Two 
types of charge carriers are present in the 
bulk material. This has been confirmed 
by transient ionic current measurements. 
Dependence of it's conducting with 
temperature has also been studied. As 
pointed out earlier, in an effort to enhance 
its conductivity at room temperature for 
device purposes, we added plasticizer, 
propylene carbonate (PC) to it. The added 
wt% of plasticizer has been optimised to get 
maximum conductivity ~ 10-4 S.cm-1 which 
is approximately 10 times higher than the 
conductivity of polymeric membrane without 
PC. The plasticised stable film has been 
used as an electrolyte in fabrication of a re-
chargeable solid state proton battery. 

Methods and Procedure

Material Preparation

Polymer Complex: Polymer complex film 
of composition PEO:NH4ClO4 (85:15 wt%) 
was prepared by using high molecular 
weight polyethylene oxide (PEO) (Aldrich, 
MW = 5x106) and NH4ClO4 (VEB Laborchemie 
Apolda, Germany) by solution casting 
technique using methanol as solvent. 
Solutions of weighed amounts of PEO and 
NH4ClO4 were prepared in methanol. These 

solutions were mixed and stirred for 5 hours. 
The resulting viscous solution was poured 
into petri-dishes. After ambient drying for 2-3 
days a thin polymer film or membrane was 
obtained. This was further vacuum (10-4 Torr) 
dried to eliminate remaining methanol.

Plasticised polymer complex: The required 
amounts of plasticiser propylene carbonate 
and above prepared polymer complex 
electrolyte were put together and dissolved in 
methanol to get a clear solution. It was well 
stirred to get a viscous solution. This solution 
was poured into petri dishes and dried as 
above for few days in ambient and in vacuum 
to get thin plasticized polymer electrolyte 
films having composition [PEO:NH4ClO4 85:15 
wt%] + 5 wt% PC and 10 wt% PC. For higher 
PC content, stable films could not be obtained 
as the material was becoming soggy.

Results and Discussion

Structural Studies

Infrared spectroscopy: The infrared spectra 
of (a) pure PEO, (b) polymer complex: 
PEO:NH4ClO4 (85:15 wt%) and (c) pure 
NH4ClO4 .

A comparison shows that the IR spectrum 
of the complex material is different than 
the spectra of constituent materials PEO 
and NH4ClO4. Some new peaks (marked 
by) appear in the new complex spectrum. 
Appearance of these peaks proves with 
complexation occurs between PEO and 
NH4ClO4 to yield the polymer electrolyte.
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Fig. 1. Infrared spectroscopy

X-ray diffraction: XRD patterns of (a) pure PEO 
(b) polymer complex PEO:NH4ClO4 (85:15 
wt%) and (c) pure NH4ClO4.

On careful examination of the XRD patterns, it 
is clear that some new peaks have appeared 
in the complex. The intensity of the X-ray 
peaks are also modified in the complex. 
Hence this confirms that the complexation 
of the system has taken place. It may be 
noted that the distinct peaks are over-riding a 
‘broad hallow’ between two values of 15-30o. 
The broad hallow is indicative of amorphous 
phase. Therefore, it can be concluded that 
complexation has increased the amorphicity 
of the PEO-lattice. 

Fig. 2. X-Ray diffraction pattern 

Ion Transport Studies: Hashmi, et al. (1990) 
in their studies have shown that in polymer 
complex PEO:NH4ClO4 (85:15 wt%) the 
charge transport in the material mainly 
occurs due to motion of H+ ions (tH+ 0.85) 
but to some extent, it is also due to motion 
of ClO4

- ions (tClO4
 - 0.08). In order to provide 

an experimental evidence to the motion of 
these ions in the complex system, we have 
carried out transient ionic current (TIC) 
measurements by the methods proposed by 
Chandra, et al. (1988). The plot of TIC Vs time. 

Two peaks are observed in the i Vs time curve. 
The first peak at t = 0.35 sec corresponds to 
the motion of H+ ions whereas second peak 
at t = 0.68 sec. corresponds to the motion of 
ClO4- ions. This identification is ‘tentative’ and 
guided by the fact that we have presumed that 
the lighter species (i.e., H+) is likely to move 
faster than ClO4-.

Conclusion

Polyethylene oxide (PEO) complexed with 
ammonium perchlorate (NH4ClO4) having 
composition PEO: NH4ClO4 (85:15 wt%) is 
found to be predominantly an ionic conductor. 
Transient ionic current measurements 
indicate that both cations and anions are 
mobile. The electrical conductivity at room 
temperature is of the order of 10-5 S.cm-1. 
The plasticised polymer electrolyte having 
composition [PEO: NH4ClO4 (85:15 wt%) + 5 
wt% of PC] shows maximum conductivity ~ 
10-4 S.cm-1 at room temperature in ambient. 
Hence, it can be a good material for the 
fabrication of a re-chargeable solid state 
proton battery.
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