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a b s t r a c t

A novel electrostatic method for preparing modified solid polymer electrolytes (SPEs) is reported. Applica-
tion of an electric field on an evaporating mixture of KYNAR, ethylene carbonate (EC), propylene carbonate
(PC) and LiPF6 dissolved in tetra hydro furan (THF) resulted in a solid polymer electrolyte whose charge
transfer resistance was at least an order of magnitude lower than that formed without the application of
an electric field. We believe that the observed enhancement is probably due to an electric field induced
D
 Peywords:

olid polymer electrolyte
C impedance

nterfacial charge transfer resistance
YNAR

orientation of dipoles in the polymer chain.
© 2008 Elsevier B.V. All rights reserved.
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Solid polymer electrolytes (SPEs) have attracted considerable
cientific and technological attention because of their interest-
ng physics and applications such as in electrochemical devices,
lectro-organic synthesis, etc. [1–4]. The great advantage in using
n SPE in energy devices such as the lithium batteries is safety
ompared to the use of conventional liquid electrolytes [5]. How-
ver, low ionic conductivity and high charge transfer resistance at
olymer electrolyte/electrode interfaces are the drawbacks.

Despite many studies about improvements in the ionic conduc-
ivity [6,7], only a few investigations have focused on improving the
harge transfer kinetics at the interfaces. The use of polymer elec-
rolytes with better charge transfer kinetics is mandatory to obtain
mprovements in the charge/discharge capability of a lithium bat-
ery, improved kinetic efficiency of fuel cells, superior response
ime in electrochemical sensors and low cell voltages in electro-
rganic synthesis and hence reduced scaling up costs.

This short communication reports the results of our preliminary
nvestigations on an electric field induced improvements in the
nterfacial charge transfer kinetics of a fluorine based polymer elec-
U
N

C
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rolyte. It is pertinent to mention here that fluorine based polymers
re well known for their strong piezo electric properties [8].

Orientation of the polymer chain is a major factor that dictates
he ionics of soft condensed matter (a polymer electrolyte for exam-
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le). Application of an electric field on a suitable dielectric material
in the fluid state) causes the repositioning of the charge carriers or
lignment of the dipoles within the material which gets frozen in
osition upon solidification. Such materials are known as electrets
9] and the term was coined by Oliver Heaviside in the year 1885.
his gave us the idea that the application of an electric field on a
olidifying polymer electrolyte could improve the performance of
n SPE through the formation of electrets. It is also known in the
iterature that fluoro polymers are known to form electrets upon
he application of an electric field [10]. Hence, we chose KYNAR (a
opolymer made of poly vinylidine fluoride and hexa fluoro propy-
ene) complexed with LiPF6 for our studies.

As we shall show below, application of an electric field on an
vaporating mixture of KYNAR, ethylene carbonate (EC), propy-
ene carbonate (PC) and LiPF6 dissolved in tetra hydro furan (THF)
esulted in a solid polymer electrolyte whose charge transfer resis-
ance was at least an order of magnitude lower than that formed
ithout the application of an electric field. We believe that the

bserved enhancement is probably due to an electric field induced
rientation of dipoles in the polymer chain.

KYNAR, lithium hexa fluoro phosphate (LiPF6), EC and PC (all of
R grade) in the ratio (w/w) 3:1:3:3 were dissolved in THF solvent.
(2008), doi:10.1016/j.mseb.2008.10.021

he solution formed thus was poured over an inert plastic sheet 67

nd allowed to evaporate at room temperature (sample A). Another 68

ample was formed by applying an electric field (30 V) to the evapo- 69

ating solution of the polymer mixture (sample B). The electric field 70

as applied to the evaporating solution of the electrolyte which 71

dx.doi.org/10.1016/j.mseb.2008.10.021
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ig. 1. Experimental setup for sample B preparation. Sample A was prepared using
he same setup but with zero field (sample C was prepared under zero field condi-
ions with the insulation removed and sample D was prepared under an impressed
lectric field with the insulation removed).

as kept in between the two insulated stainless steel plates con-
ected to a potentiostat which provided the voltage required to
enerate the electric field. Fig. 1 shows the experimental setup for
reparing sample B. Complex plane impedance analysis on samples
and B were carried out using an EIS-Princeton Applied Research-
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C-impedance analyzer in the frequency range 100 kHz to 10 mHz
ith an AC amplitude of 10 mV.

Fig. 2a and b show the complex plane impedance spectra of
amples A and B, respectively. The impedance plots were fitted to
Voigt element (a capacitor and a resistor in parallel) as shown

ig. 2. (a) Complex plane impedance plot of sample A (polymer electrolyte prepared
nder zero field conditions). (b) Complex plane impedance plot of sample B (polymer
lectrolyte prepared under an impressed field condition).

Fig. 3. (a) Complex plane impedance plot of sample C (polymer electrolyte prepared
u
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s 86

t
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nder zero field condition and without an insulation over the stainless steel plates).
b) Complex plane impedance plot of sample D (polymer electrolyte prepared under
n impressed field condition and without the insulation over the stainless steel
lates).

n Fig. 3. According to the theory of AC-impedance, as applied to
etal–electrolyte interfaces the diameter of the semicircle in the
yquist plot corresponds to the interfacial charge transfer resis-

ance (RCT) and not to any bulk property. Thus, the diameter of the
emicircle gives the interfacial charge transfer resistance (R ) and
(2008), doi:10.1016/j.mseb.2008.10.021

CT
he capacitance values may be obtained from the maximum in the 87

yquist plot (Table 1). It is evident from Table 1 that the applica- 88

ion of an electric field improves the RCT value of the SPE by around 89

ne order of magnitude. However, it is interesting to note that there 90

able 1
CT and capacitance values of samples A–D. Q3

ample RCT* (Ohms) Capacitance* (Farads)

Semicircle-1 Semicircle-2 Semicircle-1 Semicircle-2

ample A 1.55 × 106 – 3.80 × 10−6 –
ample B 2.82 × 105 – 3.50 × 10−6 –
ample C 1.708 × 106 – 2.1597 × 10−6 –
ample D 7.52 × 104 3.768 × 104 6.113 × 10−6 6.027 × 10−5
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ig. 4. (a) Voigt element (RC parallel circuit) used to represent the impedance plots
iven in Figs. 2a, b and 3a. (b) Two Voigt elements (RC parallel circuits, in series)
sed to represent the impedance plots given in Fig. 3b.

s no significant change in capacitance due to the impressed field
Fig. 4)

We also investigated two more polymer electrolyte films (sam-
les C and D) whose compositions and the method of preparation
ere exactly the same as that adopted for samples A and B. The

nly difference was that, in the preparation of the present samples
C and D) there was no insulation over the stainless steel plates.
he evaporating polymer electrolyte mixture was poured over the
tainless steel plate 1 which was thoroughly washed with acetone.
ur motivation was to apply an electric field (and not to pass an
lectric current) through the evaporating electrolyte mixture and
ence care was taken that the electrolyte touched the plate 1 but not
he plate 2. The distance of separation between the electrolyte mix-
ure and the plate 2 was ∼2 mm. In the presence of the 2 mm gap, a
C current cannot be sustained by applying a potential difference
etween the plates. However, an electrical field can be sustained.
e believe that it is this electrical field which is aligning the poly-
er chains.
Fig. 3a and b respectively show the complex plane impedance

pectra of the polymer films prepared under zero field (sample C)
nd with field (sample D) condition. Fig. 3a was fitted to a sin-
le Voigt element and Fig. 3b was fitted to two Voigt elements
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onnected in series. The charge transfer resistance (RCT) and capac-
tance values for these samples (C and D) are given in Table 1. It is
nteresting to note that while the RCT value has decreased by two
rders of magnitude for the with field case, the capacitance value
s almost the same as that for the zero field case.
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The multiple semi circles observed in Fig. 3b indicate two inter-
acial processes occurring simultaneously. The identity of these two
nterfacial processes is yet to be established. One possible reason
or the emergence of an additional semicircle may be that the bare
no insulation) steel plate might have provided the electrolyte with
ome impurities which might have got doped into the electrolyte.
his doping mechanism, which is yet to be confirmed, combined
ith the polymer chain alignment mechanism might be respon-

ible for the observed two orders of magnitude decrease in RCT,
ompared to that in Fig. 2b where the magnitude of decrease in RCT
s one order.

Though electrets are well known in literature, this is the first
ime that the idea has been exploited to prepare modified SPEs for
pplication in lithium batteries. We believe that our finding will
enefit both the power sources community and polymer physicists
y opening up a new avenue in polymer electrolyte research. At
resent, we are looking at the physics and electrochemical appli-
ations of this electro statically modified SPE. Detailed work along
hese lines are at progress in our laboratory and the results will be
hortly communicated as an extensive paper elsewhere.
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