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SolidRolymer electrolytes (SPEs) have attracted considerable
scientific 'and technological attention because of their interest-
ing physics and applications such as in electrochemical devices,
electro-organic Xynthesis, etc. [1-4]. The great advantage in using
an SPE in energy devices such as the lithium batteries is safety
compared to the use of conventional liquid electrolytes [5]. How-
ever, low ionic conductivity and high charge transfer resistance at
polymer electrolyte/electrode interfaces are the drawbacks.

Despite many studies about improvements in the ionic conduc-
tivity [6,7], only a few investigations have focused on improving the

harge transfer kinetics at the interfaces. The use of polymer elec-
trolytes with better charge transfer kinetics is mandatory to obtain
improvements in the charge/discharge capability of a lithium bat-
tery, improved kinetic efficiency of fuel cells, superior response
time in electrochemical sensors and low cell voltages inﬁlectro—
organic synthesis and hence reduced scaling up costs.

This short communication reports the results of our preliminary
investigations on an electric field induced improvements in the
interfacial charge transfer kinetics of a fluorine based polymer elec-
trolyte. It is pertinent to mention here that fluorine based polymers
are well known for their strong piezo electric properties [8].

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

As we shall show below, application of an electric field on an
evaporating mixture of KYNAR, ethylene carbonate (EC), propy-
lene carbonate (PC) and LiPFg diSsolved in fetra hydro furan (THF)
resulted in adolid polymer electrolyte whose charge transfer resis-
tance 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
orientation of dipoles in the polymer chain.

KYNAR, lithium hexa fluoro phosphate (LiPFg), EC and PC (all of
AR grade) in the ratio (w/w) 3:1:3:3 were dissolved in THF solvent.
The solution formed thus was poured over an inert plastic sheet
and allowed to evaporate at room temperature (sample A). Another
sample was formed by applying an electric field (30 V) to the evapo-
rating solution of the polymer mixture}\sample B). f\he electric field
was applied to the evaporating solution of the electrolyte which
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Fig. 1. Experimental setup for sample B preparation. Sample A was prepared using [ . i
the same setup but with zero field (sample C was prepared under zero field condi- -g = '
tions with the insulation removed and sample D was prepared under an impressed N ,,«’/
electric field with the insulation removed). =4
250000 |- /
was kept in between the two insulated stainless steel plates con- ;
nected to a potentiostat which provided the voltage required to
generate the electric field. Fig. 1 shows the experimental setup for ju|
preparing sample B. Complex plane impedance analysis on samples o
A and B were carried out using an EIS-Princeton Applied Research- L :
¥ . 09 L
AQ impedance apalyzer in the frequency range 100 ){Hz to 10 mHz 0 250000 500000 750000
with an AC amplitude of 10 mV. Z"ohm
Fig. 2a and b show the complex plane impedance spectra of
amples A and B, respectiyely. The impgdange plots were fitted to 100000 —
a Voigt element (a capacitor and a resistor in parallel) as shown (b)
-500000
(a) 75000 ~
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/_/
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0 100000 200000 300000 400000 500000 Fig. 3. (a) Complex plane impedance plot of sample C (polymer electrolyte prepared
Z"ohm under%ero field condition and without an ifiSulation over the stainless steel plates).
}\:) Complex plane impedance plot of sample D (polymer electrolyte prepared under
-150000 impressed field condition and Without the insulation over the stainless steel
(b) plates).
- in Fig. 3. According to the theory of AC-impedance, as applied to
- metal-electrolyte interfaces the diameter of the semicircle in the
100000 F b Nyquiist plot corresponds to the interfacial charge transfer resis-
/_/ tance (Rcr) and not to any bulk property. Thus, the diameter of the
(= o semicircle gives the interfacial charge transfer resistance (Rct) and
S - / the capacitance values may be obtained from the maximum in the
yquist plot (Table 1). It is evident from Table at the applica-
N N t plot (Table 1). It dent fi Table 1 that th 1
] tion of an electric field improves the Rct value of the SPE by around
-s00001  / one order of magnitude. However, it is interesting to note that there
|'llll.
i Table 1
,“ Rcr and capacitance values of samples AXD'
/ : . Sample Rer* (Ohms) Capacitance* (Farads)
0
0 50000 100000 150000 Semicircle-1 Semicircle-2 Semicircle-1 Semicircle-2
Z'ohm ample A 1.55 x 10 - 3.80 x 10- -
5 _ -6 —
Fig. 2. (a) Complex plane impedance plot of sample A (polymer electrolyte prepared mp}e 2 2210 5 S5 10 6
derZero field conditions).(b) Complex plane impedance plot of sample B (polymer EE e LSl N A -
un }\n ) a SampleD  7.52x 10 3.768 x 10* 6.113 x 10,° 6.027 x 10-5
electrolyte prepared under‘ah impressed field condition). FAN
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(a) R1

(b)
R1 R2
PECAYA AN
I:’ | | | || |
I |
C1 c2
Fig. 4. (a) Voigt element (RC parallel circuit) used to represent the jmpedance plots

given In*Figs. 2a, b and 3a. (b) Two Voigt elements (RC parallel (fhcuits, in series)
used to fepresent the)\mpedance plots given inxig. 3b.

is no significant change in capacitance due to the impressed /Qeld
(Fig. 4)

We also investigated two more polymer electrolyte films (sam-
ples C and D) whose compositions and the method of prepdration
were exactly the same as that adopted for samples A and B. The
only difference was that, in the preparation of the present samples
(C and D) there was no insulation over the stainless steel plates.
The evaporating polymer electrolyte mixture was poured over the
stainless steel plate 1 which was thoroughly washed with acetone.
Our motivation was to apply an electric field (and not to pass an
electric current) through the evaporating electrolyte mixture and
hence care was taken that the electrolyte touched the plate 1 but not
the plate 2. The distance of separation between the electrolyte mix-
ture and the plate 2 was ~2 mm. In the presence of the 2 mm gap, a
DC current cannot be sustained by applying a potential difference
between the plates. However, an electrical field can be sustained.
We believe that it is this electrical field which is aligning the poly-
mer chains.

Fig. 3a and b respectively show the complex plane impedance
spectra of the polymer films prepared under zero field (sample C)
and with field (sample D) condition. Fig. 3a was fitted to a sin-
gle Voigt element and Fig. 3b was fitted to two Voigt elements
connected in series. The charge transfer resistance (Rcr) and capac-
itance values for these samples (C and D) are given in Table 1. It is
interesting to note that while the Rcr value has decreased by fwo
orders of magnitude for the with field case, the capacitance value
is almost the same as that for the zero field case.

The multiple semi circles observed in Fig. 3b indicate two inter-
facial processes occurring simultaneously. The identity of these two
interfacial processes is yet to be established. One possible reason
for the emergence of an additional semicircle may be that the bare
(no insulation) steel plate might have provided the electrolyte with
some impurities which might have got doped into the electrolyte.
This doping mechanism, which is yet to be confirmed, combined
with the polymer chain alignment mechanism might be respon-
sible for the observed two orders of magnitude decrease in Rc,
compared to that in Fig. 2b where the magnitude of decrease in R¢r
is one order.

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