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Polymer materials in combination with suitable metal salts

give electrolytes for advanced high energy electrochemical

devices, e.g. batteries/fuel cells, electrochemical display

devices/smart windows and photoelectrochemical cells,

etc. [1–5]. The main advantages of polymeric electrolytes

are satisfactory mechanical properties, ease of fabrication

as thin films and an ability to form good electrode/elec-

trolyte contact. Most of the studies in this field are devoted

to poly(ethylene oxide) (PEO) and poly(propylene oxide)

(PPO) based polymer electrolytes using alkali metal salts

[6–11]. Some conducting polymer electrolytes have been

reported based on PEO complexed with ammonium salts

such as NH4SCN and NH4CF3SO3 [12], NH4ClO4 [13, 14]

and NH4I [15].

In an attempt to study the possibility of fabricating

electrochemical cells based on polymers other than widely

studied polymers such as PEO, PPO, etc., studies have been

undertaken on electrochemical cells based on poly (acryl-

amide) (PA) and poly (vinyl pyrrolidone) (PVP) polymers

[16–19]. This letter deals a new polymer electrolyte

namely (PVP + KIO3) and its application as electrochem-

ical cell.

Thin films (thickness: 150–200 lm) of pure PVP (M.W.

4 · 104) and various compositions of complexed films of

PVP with potassium iodate (KIO3) were prepared in the

weight ratios (90:10), (80:20) and (70:30) by a solution cast

technique. Aqueous solution of PVP and KIO3 mixtures

were stirred for about 10–12 h. The stirred solution was cast

onto polypropylene dishes and evaporated slowly at room

temperature. The final product was vacuum dried thoroughly

at 0.13 Pa. The Differential Scanning Calorimetry (DSC)

measurements have been taken in the temperature range

30–180 oC with the help of Differential Scanning Calo-

rimeter (DSC) [Model TA–2010] thermal analysis system at

a heating rate of 4 oC per minute. The dc conductivity of this

polymer electrolyte system was measured in the temperature

range of 303–393 K. The ionic and electronic transport

numbers (tion and tele) were evaluated by means of Wagner’s

polarization technique [20]. Using this polymer electrolyte

an electrochemical cell was fabricated with the configura-

tion K/PVP + KIO3/(I2 + C + electrolyte) and studied its

characteristics.

The DSC measurements of pure PVP and PVP com-

plexed with KIO3 (70:30) composition are shown in Fig. 1.

An endothermic peak is observed at about 95 oC, which

corresponds to the melting temperature (Tm) of pure PVP.

The melting temperature (Tm) is decreased and also the

melting endotherm becomes broader with the addition of

KIO3 salt to PVP. Both the reduced melting temperature

and the broadening of the melting endotherm are clear

indication of complexation of the KIO3 salt with the

polymer PVP.

The variation of dc conductivity (r) as a function of

KIO3 composition in PVP at various temperatures is shown

in Fig. 2. From the figure, it is seen that the conductivity of

pure PVP is about 10)13 S cm)1 at room temperature and its

value increases sharply to about 10)9 S cm)1 on complex-

ing with 10 wt.% of KIO3. The increase in conductivity

becomes slower on further addition of KIO3 to the polymer.

This behaviour has been explained by various researchers,

who have studied PVP and PEO based polymer electrolytes

in terms of ion association and the formation of charge

multiples [19, 21–24]. The conductivity is increased with

temperature in pure PVP and also in all the (PVP + KIO3)

polymer electrolyte films. The ionic conductivity in the
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polymer complexes maybe considered as a hoping mecha-

nism between coordinating sites, local structural relaxations

and segmental motions of the polymer chains [19, 25–27].

In the Wagner’s polarization method [20], the dc current

was monitored as a function of time on application of a fixed

dc voltage of 1.5 V across the cell K/(PVP + KIO3)/C. The

current vs. time plot of (PVP + KIO3) (70:30) is shown in

Fig. 3. From the figure, the transference numbers (tion and

tele) have been evaluated using the formula:

tion ¼ ðIi � IfÞ=Ii and tele ¼ If=Ii

where Ii and If are the initial and final currents, respectively.

The resulting data are shown in Table 1. For all the

compositions of the (PVP + KIO3) electrolyte system, the

values of the ionic transference number are in the range of

0.96–0.98. This suggests that the charge transport in these

polymer electrolyte films is mainly due to ions and only a

negligible contribution comes from the electrons.

The discharge characteristics of the cell K/(PVP +

KIO3)/(I2 + C + electrolyte) at an ambient temperature for

a constant load of 100 kW is shown in Fig. 4. The initial

sharp decrease in the voltage and current in these cells may

be due to polarization and/or to the formation of a thin layer

of potassium at the electrode ) electrolyte interface. The

Open circuit voltage (OCV) and short circuit current (SCC)

of the cell are 2.76 V and 1.79 mA, respectively. Other cell

parameters calculated are:

Cell mass = 0.819 g,

Area of the cell = 134 mm2,

Discharge time for plateau region = 69 h,

Specific power = 26.9 mW kg)1 and

Specific energy = 1795 mW h kg)1.

On the basis of present study, a solid state battery with

(PVP + KIO3) polymer as electrolyte is found to be

promising compared to that of (PVP + NaNO3) polymer

electrolyte [19]. Further work is in progress aimed to obtain

higher capacities and specific energy.

In conclusion the charge transport in this (PVP + KIO3)

polymer electrolyte system is mainly due to ions. The Open

circuit voltage (OCV) and short circuit current (SCC) of a cell

with the configuration K/(PVP + KIO3)/(I2 + C + electro-

lyte) are 2.76 V and 1.79 mA, respectively.

Fig. 1 DSC curves of (a) Pure PVP, (b) (PVP + KIO3) (70:30)

Fig. 2 Composition dependence conductivity plots of (PVP + KIO3)

electrolyte system

Fig. 3 Current vs. Time plot of (PVP + KIO3) (70:30) electrolyte
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Table 1 Transference number data for (PVP + KIO3) electrolyte

system

Polymer electrolyte Transference number

tion tele

(PVP + KIO3) (90:10) 0.96 0.04

(PVP + KIO3) (80:20) 0.98 0.02

(PVP + KIO3) (70:30) 0.97 0.03

Fig. 4 Discharge characteristics of the cell of configuration

K/(PVP + KIO3) (70:30)/(I2 + C + electrolyte) at ambient tempera-

ture for a constant load of 100 kW
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