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Abstract Key words
Polymer electrolytes compose of {polyethylene oxide (PEO)+ Polymer electrolyte,

potassium iodide (KI)+iodine (I;)} and {PEO+ rubidium iodide electric conductivity,

(RbI)+I,} with different weight ratio of salts, and a fixed amount of Salts, dielectric

ethylene carbonate (EC) and propylene carbonate (PC) has prepared constant.

by solution casting method. The conductivity and dielectric constant

of the gel electrolytes were studied over temperatures range (293-

343) K. The conductivity of the electrolytes increases steadily with

increased concentration of salts KI and Rbl. The higher value of

conductivity of (4.7x 107 at RT) S.cm™ for electrolyte contains (KI Article info.

50%). Whereas the maximum amount of conductivity of (5.4x 10~ Received: Apr. 2019

at RT) S.cm™ for electrolyte includes (RbI 50%) the ionic Accepted: May. 2019

conductivity depends on the ionic radii of the migrating species Published: Sep. 2019

effect on it. As the temperature increase, the number of free ions also

increases, thus increases the diffusion of ions through their free

volume of the polymer. The dielectric constant decrease at higher

frequencies due to the inability of dipoles to align quickly with the

change of applied field. The dielectric constant proportional

positively with variation temperature causes an increase in the

dielectric constant. The higher the value of real dielectric constant

(&r), the better is the electrical conductivity.
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Introduction

The electrolytes are a solution of
acids, bases, or salts. The electrolyte is
an essential component of an
electrochemical cell, a battery or fuel
cell for producing electrical energy. It
can also define as an electrically
conductive substance containing free
ion [1]. Polymer electrolyte is flexible
and  lightweight [2].  Polymer
electrolytes mechanically behave like
solids, but their internal structure and,
consequently, the conductivity
behavior closely resembles the liquid
state [3]. They have emerged as
potential ionic materials for application
in different electrochemical devices
due to some unique properties like
proper electrode—electrolyte contact
and adherence, their high compliance,
ease of preparation in various forms,
excellent mechanical and adhesive
properties [4]. They have gained
significant  attention due to the
potential applications in rechargeable
lithium-ion batteries, electrochemical
devices, electrochromic windows and
sensors, electrochromic display
devices, smart windows, and other
utilization [5-8]. The development of
polymer electrolytes has gone through
three stages, which are dry solid-state
polymers,  gel/plasticizer  polymer
electrolytes systems, and composite
polymer electrolytes system [9,10].
The dielectric and electrical properties
of the materials are essential for its
applications in devices like
supercapacitors, field effect transistors,
and other components [11]. The goal
of the present work is to investigate
electrical properties. The effect of
variation of single salt weight ratio on
ionic conductivity of polymer gel
electrolytes with temperature
investigated and  its  possible
application in electronic devices.
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Experimental part

PEO with a molecular weight
100,000 g/mol, ethylene carbonate
(EC) and propylene carbonate (PC)
used as a solvent has a molecular
weight of (88.06, 102.09 g/mol)
respectively. Potassium iodide (KI),
rubidium iodide (RbI) and iodine (I,)
with a molecular weight of (166,
212.37 and 253.81 g/mol) respectively.
All above materials purchased from
Sigma Aldrich.

Two systems of gel polymer
electrolytes samples {(PEO)+KI+I},
and {(PEO)+Rbl+], } were prepared
using the solution-cast technique and
assigned as S and H electrolytes,
respectively. The weight ratio of the
salts Rbl and KI changed according to
Table 1. In the first stage, each salt was
dissolved separately into the polymer
solvent using a mixture of EC and PC
with fixed ratio 1:1. After dissolving
the salt completely then add the
appropriate amount of PEO; the
mixture was then stirred continuously
for 1h until became homogenous. The
electrolyte was allowed to cool to
room temperature then added iodine
(I» =10%) and stirred for 1h till gating
a  homogenous gel electrolyte.
However, the samples are allowed to
evaporate slowly inside the fume hood
for 24 hours and then transferred into a
desiccator for further drying. The gel
electrolytes were prepared and studied
under controlled temperature and
humidity conditions (20 'C and
RH~50%). The prepared electrolytes
subjected to frequency dependent
behavior recorded range between 100
Hz and IMHz by using HIOKI LCR
Hi Tester 8110G/8105G impedance
analyzer. The conductivity has
calculated by the following Eq. (1) [9]:

6 =L/AR, (1)
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where L is thickness for the sample, A
is the area of the electrode, and Ry, is
the bulk resistance of the gel
electrolyte measured by impedance
analyzer. The dielectric constant
(e-)values were calculated using the
following Eq. (2) [9]:

Vol.17, No.42, PP. 42-50

& =2 o Co[Z + Zi%] )
where ® is the angular frequency
(0=2rf) being the frequency in Hertz
(Hz), C, is vacuum capacitance, and Z,
and Z; are real and imaginary parts of
impedance.

Table 1: Illustrate the composition of electrolytes S and H and weight ratio of salts.

Assignments | KI% Composition Assignments | RbI% Composition
S1 10 90%PEO+10%KI H1 10 90%PEO+10%RbI
S2 20 80%PEO+20%KI H2 20 80%PEO+20%RbI
S3 30 70%PEO+30%KI H3 30 70%PEO+30%RbI
S4 40 60%PEO+40%KI H4 40 60%PEO+40%Rbl
S5 50 50%PEO+50%KI HS5 50 50%PEO+50%Rbl

Results and discussion

The ionic conductivity of polymer
electrolytes is assumed to occur by
Lewis acid-base interaction between
cation and polymer. The conductivity
of electrolytes Ss and Hs were
investigated over temperatures range
293-343 K, with a different weight
ratio of the single salts KI and RblI.
The resulting conductivity is mainly
due to the overall mobility of ions and
polymer, which is determined by the
free volume, and this leads to an
increase in ionic conductivity and
segmental mobility. That assists ion
transport and  compensates the
retarding effect of the ionic clouds
[12]. EC and PC solution with equal
wt.% has used as the solvent because
of its high dielectric constant, and its
role as a suitable plasticizer. It is an
excellent electron donor and therefore,
expected to coordinate the cations and

consequently enhances the
conductivity fully.
The conductivity of both gel

electrolytes Ss and Hs illustrated in
Fig. 1(a and b) it can be noted to affect
a positive linear relationship by
temperature. This increase in ionic
conductivity was corresponding to the
rise in the temperature obeyed the
Arrhenius type thermally activated
process. That can understand with the
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emphasis that as temperature increases,
the vibrational energy of segmental
motion operates against the hydrostatic
pressure imposed by its neighboring
atoms. Consequently, it creates a small
amount of space surrounding its
volume in which vibrational motion
can occur. Therefore, free size around
the polymer chain causes augmentation
in the mobility of ions and hence
enhances the conductivity [13].

Fig. 1(a) shows gradually increases
of ionic conductivity for gel polymer
electrolyte Ss with different wt.% of

single salt KI by raising the
temperature in range (293-343)K. It
confirmed that as temperature

increases, the polymer could expand
readily and produce a free volume,
which leads to an increase in the
conductivity values for all electrolytes.
Thus ions, solvated molecules or
polymer segments may move into the
open size, which is for the motion of
ions through the polymer backbone
[14]. The increase in full size leads to
the increase in ion mobility and
segmental mobility that will assist the
ion transport til reaches the maximum
value of (7.22x 107 at RT to 2.1 x10
at 343 K) (S.cm™) for S5 electrolyte
which contains (KI 50%).
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Fig. 1: Temperature dependence of the ionic conductivity of the gel polymer electrolytes (a)
Sand (b) H.
Fig.1(b) also shows gradually electrolytes (Ss and Hs) find that the Ss

increases of ionic conductivity for gel
polymer electrolyte Hs with different
wt.% of single salt Rbl with increasing
temperature in range (293-343 K). The
maximum value of (6.4x 10°-1.39
x107?) S.cm™ for H5 electrolyte which
contains (Rbl 50%), as the temperature
increase, the number of free ions also
increases, thus increases the diffusion
of ions through their free volume [15].
But when compare between both

has better ionic conductivity values
than the Hs, this enhancement in the
influence of the ionic conductivity
depends on the ionic radii of the
migrating species (cation K*, Rb")
effect on it [16, 17]. The mobility of
the ions become more excellent
capability to decrease in viscosity and
hence, increased chain flexibility of
polymer [9]. The conductivity of the
electrolytes Ss increases steadily with
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increased concentration of salt KI as
shown in Fig. 2(a) which can further
affirm related to the rise in the number
of mobile charge carriers [18], then
curve acquires small peaks at
concentration 30% of KI salt then
decreases. However, the possible
decrease in the ionic conductivity
attributed to the formation of ionic
multiples. This behavior clarify in
terms of the ion (association theory) as
the concentration of the salt and ion
aggregates was increased, due to
dipole-dipole interaction, immobile
charge multiples formed. The mutual
distance  between ions  reduces
significantly, and ion-ion interactions
become dominant and the obstructed
segmental ~motion that inhibits
migration of the electrons/ions, causing
more difficulties in the transportation
of charge carriers [3]. At higher salt
weight ratio after 30% reach saturation
state. Therefore, which do not
contribute to the ionic conductivity.
With increased concentration of KI salt
about 50% conductivity increasing one
more time electrostatic crosslinking of
the polymer and substantially reduces
the diffusion coefficients. However,
above a  limiting  high  salt
concentration, the segmental motion of
the polymer chains is diminished due
to an ionic cross-linking, which
decreases ionic conductivity. The
conductivity of the electrolytes
originates from two types of ions,
namely K ions and I' ions and both
these ions contribute to the highest
conductivity seen for this
electrolyte [19].

The conductivity of plasticized
polymer electrolytes Hs as a function
of temperature and RbIl wt.% shown in
Fig.2(b) which describe the increase of
ionic conductivity with increasing
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content of Rbl, reaching a high value
at 50 wt.% Rbl over temperatures
range (293-343) K of (6.4 x107°-
1.39x107%) S.cm™’. That lead to a
product of more conducting channels
for charge transfer constructed and the
conductivity of the gel electrolyte is
hence enhanced. But it can be observed
from the limitation of the curve after
40% wt. of RbI its slope is less more
smooth, it can interpretation the
conductivity almost saturates, and the
rate of increase in conductivity
becomes slower upon further addition
of RbI salt after due to dipole-dipole
interaction.

The high dielectric constant of PEO
(~ 4-5) evidences its suitability to
dissolve various salts [20]. The
dielectric relaxation refers to the
relaxation response of a dielectric
medium to an external, oscillating
electric field [21]. Figs. 3 (a and b)
shows, the dielectric at room
temperature response decreases with
the increase of frequency. High
dielectric permittivity of the polymer at
lower frequencies may be because the
dipoles have sufficient time to get
aligned to the electric field thus results
in higher polarization. That leads to an
increase in dielectric constant (g)
effect, which also known as Maxwell-
Wagner-Sillars  (MWS)  dielectric
polarization process as known in most
of the composite materials [22]. The
decrease in dielectric permittivity at
higher frequencies may be associated
with the inability of dipoles to align
quickly with the change of applied
field. Hence the polarization due to
charge accumulation decreases and
results in a decrease in both the
dielectric constant and dielectric loss
[9, 23, 24].
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Fig.2: Dependence of ionic conductivity on KI & Rbl weight ratio in the gel polymer
electrolytes (a) S and (b) H.
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Fig.3: Dielectric constant vs. Log frequency at RT with different salts
concentration for electrolvtes, (a) S.
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Fig.3: Dielectric constant vs. Log frequency at RT with different salts concentration for

electrolytes, (b) H.

Fig.4 (a and b) illustrates the effect
of temperature and salts concentration
on dielectric constant. The dielectric
constant proportional positively with
variation temperature causes an
increase in the dielectric constant. That
is because, the dipoles remain frozen at
lower temperatures, [21], while at
higher temperatures, the dipoles
become relatively free to respond to
the applied electric field. That results
in higher polarization and
consequently raised a dielectric
response. High dielectric constant may
due to higher hydrolysis degree as
hydroxyl groups function as strong
permanent  dipoles  that  align
themselves to the applied field,
resulting in increased polarization and
thus dielectric constant [23]. Besides,
the dielectric constant values are
complex and depend on the frequency
of applied electromagnetic radiation.
Dielectric analysis of all the samples
was performed using the real (g;) and
imaginary (g;) parts of the dielectric
function extracted from high-frequency
impedance data [24]. The real part of

48

dielectric permittivity (&) has the same
significance as that of ordinary
dielectric constant it measures the
elastically stored energy in the material
during each cycle of applied
alternating field, and the power
returned to the area at the end of each
period. The higher the value of (g;), the
better is the electrical conductivity.
When an electrical field applied to a
material, the dipoles show the
tendency to orient them in the direction
of the affected area. However, the
mobilization of the dipole depends on
the flexibility of the materials. The
imaginary part of  dielectric
permittivity (&) corresponds to the
dielectric loss factor due to the
conduction of ionic species in the
mater when an electrical field is
applied. At higher temperatures,
dipoles can orient readily, whereas a
highly cross-linked material finds
difficulty in orientation. The delayed
response to a stimulus in a system is
the called relaxation. The tendency
involves appropriate time called
relaxation time [25].
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Fig. 4: Dielectric constant vs. Temperature with different salts weight ratio for electrolytes

(a) Sand (b) H.

Conclusions

Conductive polymer electrolytes
composed of PEO as host polymer was
prepared by introducing single salts
(KI and RbI) wusing solution cast
technique and characterized using AC
impedance spectroscopic techniques.
The results indicate that the
conductivity raises as the salts
concentration increase up to 50%. The
highest value of conductivity of
(7.22x 10*)S.cm™  for electrolyte
with 50 %KI, whereas for electrolyte
with 50 % RbI of (6.4x10°-
1.39x10%) S.cm™. High dielectric
permittivity of the polymer at lower

frequencies may be because the dipoles
have sufficient time to get aligned to
the electric field thus results in higher
polarization. The constant dielectric
increase with variation temperature
causes an increase in the dielectric
constant.
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