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ABSTRACT e demand of sold Polymer F lec trolytes has increased now 4 day.

VETY much in electrochemical devices Due 1o some special features such &3 high roeigy denaity bette
Cycie ability and safety measures Vanous SPEs such as ply Ethylene omide 1ith.qo. a1 I s
become very attractive mmmmp.pﬂmmmmnohn And 13400 tramster niec hansn have
been elaborately s ussed nwmonh-pmmmmmh-tnnww'h' Pivas 4l prope drey.of
Polymer nanocomposite electralyte such as PEO Lil and novel PEO LIl embedded i [ 0) 40

Nvestigation its behavior in dC conductivity Different kind of technique and tool such 4. « kay Powae
Diffraction method. Differential scanning colorimetry has been used here Different payicre .,
dtcwutm.xcomlm waoenmwn'ahdandlthnbunplonrd ARANnN g
10 observe its behavior The temperature dependence of de conductivity of Zn0 O ¢ lnc inohyts
mammh«Ms relation After the study inference has been about the prope it 0o
SPEs
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! INTRODUC TION
There is a growing demand in developing suitable soli] ¢
SPES! as they have attracted much attention in developing o

Such as rechargeable solid state lithium jon batteres fuel ol o,
new applications inciuding blocompatible devices  Amaong ar
Oxide (PEQ)ithwum salt (LIX X+ | CFi80y ClOs et ) complese
attractive as they can offer number of advantages in terma of thew 1o J
Detter Cycle abidity and safety 10 be used as electrolyte in sl «1ar -
OME CONTUCTvIty 18 the ey parameter Of ther performance

Though PEQ has detter flexibility, good complexation proper «
Delow melting pomnt of PED is restricted due to high crystalir:
estabiished” that at room temperature the nature of PEO i1s biphas

crystaline and amorphous phases and the transport of Li° cation n
s reated 0 the local relaxation and segmental motion of PEC ~no
transter process occurs when PEQ is in the amorphous phase Gerera', ==
crvstalize below its melting temperature (mp 60°c) and thus shors ~
~rystalline Dhases near room temperature and the conductivity of these =« -
~acn ower than 10“s cm | which restricts its application in rechargeab e o3ten=s
Over the last few decades many efforts have been made 1=~ -r=3%-
concuctwity of these polymer electrolytes The dissociation degree of I tri.
essentia for achieving high ionic conductivity In polymer complexes Tris
sbtamed when lattice energy of the salts is low and the host polymer has n.g= = & &
~onstant Also the addition of various plasticizers. such as tetraethylene giy == =
ethylene carbonate (EC), propylene carbonate (PC) etc. to the polymer matrix rorease
thes conductivity considerably’ * However, they suffer from several drawbacxs s
decomposition, volatilization, reaction towards lithium metal electrode and aisc
deterioration of the mechanical properties It is seen that the addition of e am
nanoparticie ke A0 TiO; in PEO -LICIO. electrolyte’ ' and inclusion of o 5o
nancparucies as fillers in the PEO-ithium sait based polymer electrolytes

the conCuctivity considerably

LaE |

1=

- - -

“ 3



1.1 POLYMER ELECTROL YTE:

A polymer is a large molecule made by stringing together smaller molecules Some
examples of polymers of interest for polymer electrolytes are shown in Fig 11 which
includes polyethylene oxide (PEO), polypropylene oxide (PPO) and polyethylene imine
(PEI).

=
[TCH;—CH;— 0‘3-“ PEO

WA-.l:—cn-.- ch—o—.  ppo
| .

WH—Ecug CH, Nla-; PEI

Fig 1.1: Some common polymers used for polymer electrolytes

A polymer electrolyte is formed by dissolving a salt into the polymer. Polymer
electrolytes must function both as a separator and an electrolyte in solid-state

rechargeable batteries. Polymers electrolytes should be rigid enough on a macroscopic
level so that they can be used in the construction of all solid-state batteries and function

as ion conductor and mechanical separator between the electrodes'’ High molecular
weight polymers are the suitable candidate as they have the ability to behave as a sold
at a macroscopic level, while maintaining large segmental motions of chain backbones
at temperatures above their glass transition temperature (T,). The physical
entanglements, present in high molecular weight amorphous polymers, or the crystalline
domains in semicrystalline polymers, prevent the material from flowing. Thus, these



materals may be classified as solids It is because of this unoe-,
electrolytes are attractive for battery applications.

1.2 ION TRANSPORT MECHANISM

Several studies'®?® have been done on the ion transport mechari<n
electrolytes, but a clear picture of the movement of ion inside the o
late 19/

still lacking During early Investigations of these matenals in the
through a rigid polymer framework, in which the cations were th

channels within the

ought

VImiar ¢



Figure 1 2 A helix model of the crystalline PEO/sal complex (1) Helow [0
Above Tm

PEO helices, was believed to be responsible for 1on transport Armand J)es
helical structure with small ions lying inside the helix of PEO/sait comi -'
Fig 12 Assuming no anion motion, they proposed a hopping et
cations moving down channels within PEO helical crystalline structure
This model cannot explain the ion motion In amorphous reqions  he

distinction between ion transport in low-molecular-weight liquid electrolytes and N T

molecular-weight solid polymers electrolytes Is that ion transport n ‘he latter

decoupled from the macroscopic viscosity of the electrolytes For [
the polymer itself is the solvent and in @ Macroscopic sense the poly

/mmobile. This is because the polymer chains are

@{O — ® ¢ (G) "‘“\K\o
)
JJo ) \0\_0 » ~ (0)

(a) Intrachain Hopping (b) Interchain Hopping

B (8 @q D_'-¢,

(c) Intrachain hopping via lon cluster (d) Intercluster hopping

ar
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Figure 1 3. Schematic representation of segmental motion asoited [hIurm 1of
conduction mechanism in a host polymer matrix

entangled and cannot move over long distances with the jon Howeer o transport
ntimately linked to the microscopic viscosity of short segments af thi
Polymer electrolytes can therefore be considered as extremely visoc o1
local motion of the polymeric solvent serves to transport the ion« | orefore mMos!t
the research on new polymer electrolytes has been guided by the princ.
transport is strongly dependent on local motion of the polymer in the vicinity of the
The segmental motions promote ion mobility through the formation an hreaking of the
co-ordinate bonds between the cations and host polymer, thus providing free vo urme i

which the ions can diffuse/hop under the influence of an electric field
Fig. 1.3(a) and Fig. 1.3(b) depict a cation motion through the coordinating sites

yrlyrmier c han!

fluils where the
Ll
ple that aor

0Or

of a single polymer chain and between sites of neighbouring chains Fig 1 3(c) and Fig
1.3(d) shows movement of ions between ion clusters. As mentioned earher in a
semicrystalline polymer electrolyte the ion transport Is predominant in the amorp
region. In these region polymer acquires faster internal modes where bond rotations
produce segmental motion, which in turn facilitates ionic jumps between inter- and intra

-chains, and the ionic conductivity of polymer electrolytes increases towards higher

hou!

values.
1.3. AIM OF THE PROJECT:

The raw data sets obtained for PEO-Lil electrolyte and PEO-LIl - 01 wt % ZnO
nanocomposite electrolytes have been analyzed to explore the physical properties such
as crystalinity, melting temperature, glass transition temperature. Also analyzing the
electrical data sets, we tried to explore the effect of addition of ZnO nanoparticles in
PEO-Lil electrolytes, whether it increases the dc conductivity of the sample or not
Different models have been used to extract the information from complex impedence
spectra data sets and ac conductivity data sets. Also the temperature dependent
profiles of the dc conductivity data of the samples have been fitted using different



functions and some valuable information have been achieved
2. EXPERIMENTAL TECHNIQUE:

21. X-RAY POWDER DIFFRACTION :

X-ray powder diffraction (XRD) is a rapid analytical technique primarily Usec for
phase identification of a crystalline material and can provide information of WP CE
dimensions. The analyzed material is finely ground, homogenized, and average bulk

composition is determined.

FUNDAMENTAL PRINCIPLE OF X-RAY POWDER DIFFRACTION:

Max von Laue, in 1912, discovered that crystalline substances act as three-
dimensional diffraction gratings for X-ray wavelengths similar to the spacing of planes
in a crystal lattice. X-ray diffraction is now a common technique for the study of crysta

structures and atomic spacing.

c-O-==-O-=--O-=-=O-=-0--=-0-=--O --



Figure 2.1: Visualization of the Bragg law

X-ray diffraction is based on constructive interference of monochromatic X-1ays
and a crystalline sample. These X-rays are generated by a cathode ray tube filtered 10
produce monochromatic radiation, collimated to concentrate, and directed toward the
sample. The interaction of the incident rays with the sample produces constructive
interference (and a diffracted ray) when conditions satisfy Bragg's Law (npA=2d sin 8)
This law relates the wavelength of electromagnetic radiation 10 the diffraction angle and
the lattice spacing in a crystalline sample. These diffracted X-rays are then detected
processed and counted. By scanning the sample through a range of 26 angles, al
possible diffraction directions of the lattice should be attained due to the random
orientation of the powdered material. Conversion of the diffraction peaks to d-spacings
allows identification of the mineral because each mineral has a set of unique d-
spacings. Typically, this is achieved by comparison of d-spacings ~ith standard
reference patterns.



R Focussing
P ! circle
/"’ Rec
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Figure 2.2: Schematic representation of 8/29 diffraction in Bragg-Brentano geometry

Mdﬂmmanwde4whan X-ray tube These
X-rays are directed at the sample, and the diffracted rays are collected A key
component of all diffraction Is the angle between the incident and diffracted rays

® .




Powder and single crystal diffraction vary in instrumentation beyond this

The basic measurement geometry used in most of the xray diffraction
instrument is depicted in Fig. 2.2. The sample should preferably exhibit a plane of
flattened surface. The angle of both the incoming and the exiting beam is 8 w th respect
to the specimen surface. Its measurement geometry may aso be appled 10 the
investigation of thin films, especially if the layer is polycrystaline and has Deer
deposited on a flat substrate, as is often the case The diffraction pattern is collected Dy
varying the incidence angle of the incoming x-ray beam by € and the scatterng angle Dy
20 while measuring the scattered intensity I(26) as a functon of the atter Two anges
have thus to be varied during a 8/28 scan. In one case the xray source remans fixed
while the sample is rotated around © and the detector moves by 26 In anotner case the
sample is fixed while both the x-ray source and the detector rotate by 8 simultaneously
but clockwise and anticlockwise, respectively The rotations are performec by 3 sO
called goniometer, which is the central part of a diffractometer Typically the sample is
mounted on the rotational axis, while the detector and/or x-ray source move along the
periphery, but both axes of rotations coincide.

2.2 DIFFERENTIAL SCANNING CALORIMETRY (DSC):

Differential scanning calonmetry (DSC) s an effecte analyical 100l for
characterizing the physical properties of a polymer DSC enables determination of
melting crystallization, and mesomorphic transition temperature and the corresponcing
temperature, enthalpy and entropy changes, and characterization of the glass transition
and other effects which show either changes in heat capacity or a latent heat

DSC has proven to be a very reliable technique to obtain heat capacity at elevated

temperature in a reasonable short time. DSC also enables study of the kinetic
transitions In a wide dynamic range. Because of its simplicity and ease of use, DSC is
widely applied to polymer science.

Calorimetry is generally based on the following relationship:

6Q= CAT=c.m. AT
or, in differential form, assuming time independent sample mass and specific heat

capacity:
. .
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Figure 2.3 Schematic drawing o DSC measuremer

Here we will mainly use the DSC to study the semi-crystalling polymers O«



~ onthem \
ode of operation effects like melting, Crystallization and glass 1ranst o

3. ANALYSIS:
3.1 X- RAY DIFFRACTION (XRD):
Two diffraction peaks (at 26 = 19° and 23 5°) are observed for 1 eletr
which are the characteristic peaks of PEO due to its crystalline bia
indicates that the PEO-Lil electrolyte shows highest peak intentit,
crystalline phase of PEO

(a) PEO-LII
(b) PEO-L11-0.1 wt% ZnO

Jk—; - (b)

Intensity ( arbitrary unit)

(a)
T i T 1 i L] ) —
20 30 40 50 60 7

20 (degree)

Fig 3.1: (a) X-ray diffraction pattermn for PEO-LII-0.1 wt% ZnO polymer electrolytes

| "



(b) X-ray diffraction pattern for PEO-Lil polymer electrolytes.

With the addition of ZnO in the PEO-Lil matrix, the peak intensity of crystalline PEO
decreases and only trace of crystalline PEO has been detected for 0.05 wt% ZnO
nanoparticles in the PEO-Lil matrix, indicating that significant reduction in the
crystalline phase of PEO and a homogeneous electrolyte with a high degree of
dispersion of the ZnO occurs for this composition.

3.2 DIFFERENTIAL SCANNING CALORIMETRY (DSC):

The DSC traces of PEO-Lil and PEO-Lil -01 wt % ZnO nanocomposite
electrolytes are displayed in Fig. 3.2. The thermodynamic parameters such as glass
transition temperature (Tg), melting temperature (Tx), and melting enthalpy (AH=) were
obtained from the DSC traces and are summarized in Table 1. The percentage of
crystalline phase of PEO (Xc) has been calculated using the equation

s B 0
M"ﬂ
where AHm is the melting enthalpy of the sample and A Hero is the melting enthalpy
(namely 213.7 J/g) of completely crystallized PEO




| Endotherm PEQ-Lil
~
= | |Exotherm - = = PEO-Lil-0.1 wt% ZnO
= —
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—
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Fig3.2: (a) DSC thermograph for PEO-Lil = 0 1 wt ™% Zn0 polymer electrolytes
(b) DSC thermograph for PEO-Lil polymer electrolytes

For the calculation of AHm, the area under the melting peak has been determired usin:
Origin 6.0 software with proper choosing of base line

13



Table (1) Comparison of therm

— al parameters, obtained from DSC and de conduetic
. W, 143 i i atl / ¥
ed from ac conductivity Spectra for PEO-Lil and (b) PEO L 01 wt % Zn
nanocomposite electrolytes
wt% ZnO T,(“C) Tm () AU ()/q) f .
! [-29° v
— - f | i
0 -42 | S 67 69 11 68 1 as1o
005 -55 45 0 3¢ 73 5¢ =T ¢

It can be observed that when ZnO nanoparticles v, doped Nt PED polymer
electrolyte the glass transition temperature Ty decreases from -42°C to around
and also the melting temperature T.. decreases from 52°C. 10, around 45°C This
suggests the improvement in the flexibility of the polymer hast backbone wh cr
Is expected to facilitate the segmental motion of P chain

It is noted in Table 1 that the values of AM. decrease with the 3dcit o
nanoparticles in PEO-Lil electrolytes A lower AH. value shows 3 red red deqgree of
crystalline phase. This decrease in crystallinity of PEQ 15 cue 10 the fact trar 1
introduction of ZnO nanoparticles lowers the reorganizat on tendency of polymer charr
via the interaction with Li* and PEO, promoting more amorptous req one and eac - »
the formation of an amorphous interface area surroundi: g the nanopart cles

re-r

-~

3.3. ELECTRICAL CHARACTERIZATION:
The most important parameter for the polymer electrolytes < ts onic conductiat,
conductivity. The dc conductivity of the samples was determined in two w3y

1. from the complex impedance plots and

2. from the extrapolation of the frequercy dependent

frequency
For a particular temperature the real and imaginary parts of the comples moedar e

or d

el alalal

Z* =2Z'+2Z" atfrequency w were determined from the follow ng relations

14

20
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2 T . . x
6 (W +of (C(w) - ¢y 2

z- - G(M-_{'C(()e‘} Cl:.
2
6 (W) +df (Cc(w g,

where Co Is the capacitance of the sample cell without sample [0 the polymer
mw. field, the display of the so-called complex plane representatior
(y-axis) is plotted against 2 ' (x-axis), is much favored This display 15 character
polymer electrolytes by arcs, which have the form of depressed or flattenec qerm 7 roles

and straight lines, inclined to the x-axis, which are usually called titec <piwves "ne
advantages of this form of data presentation are that each arc or spike 15 craracters!

of a particular region of the cell and that the bulk resistance can be easi’y computed

from the plot.
"'
PEO-LN PEO L1
r 20a0 4
L
» o
= 4
N O T-278K RERLE
O T=283K
et & Te288K oo |
v T293K '
O T=208K
™ Fitted Curve oe 4
° n;O' :l‘u' a.:m' ang’ 5 T 1_
z' 2
. I f Fig 34 Complex 'mpedarce
Fig 3.3: Complex impedance plots o e s o T e
PEO-Lil electrolyte at different Dik t |°'1 GLIFGT Wi Zn(
ctr t fiaran:
temperatures SREE A diftere
15
-—-1-——-'—- S —rn-';.-wr--}--.r- SR por—
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From the complex impedance plots. the dc resistance R was calculated at different
temperatures and then dc conauctivity was oa

J'ated using the relatior

,“.J_(*_] ;
R\ A

Where / and A are the thickness and area of tre sample "espectively Tipical comolex
WMpedence plots for PEO-Lil and PEOL 01 wit™ 20 electroiytes 3t ©erent
temperatures are shown in Fig 3 3 and Fig 3 4 respectvely 't s clear, seer f0m "7
figure that the dc resistance < decreases with the ncrease of femperz e &
comparison of the complex impedance plots for PEQ-Li and PEC- L1 D1 w7 I70
electrolytes at T= 293 K is showninFig 3 §

1 2x10" 4
{ O PEO-L
13‘¥a‘q : pE: - : -
T=303 K
8 0x10" 4
* a0 1
~N
& L
.m‘a‘ /"——_.—\
. qoDCCEEE33238 o0
2.0:10 _r_,::CC =
P -
004 é
T Y T - e
DB 23“' 4 Jx & T s ¥
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F19. 3.5: Complex impedance plots of PEO L and PEO-LiI-0.1 W% ZnO

electrolytes at a fixed temperature T=303 K
At low frequencies inclined spikes are observed due to

polarization. It is observed

electrode/electrolyte
that the dc resistance R is lower in PEO-Lil -0.1 wt% ZnO
electrolyte compared with PEO-Li| electrolyte. The dc electrical conductivity obtained
Mﬁlm impedance plots for PEO-Lil and PEO-Lil -0.1 wt% ZnO electrolytes is
shown in Fig. 3.6 as a function of reciprocal temperature It is noted that the plots in all

cases are straight line type and can be fitted to the Arrhenius relation

o=0,e¢ ko7 (S)
where, o, is the pre-exponential factor, £, the activation energy, k, the Boltzmann
constant and T is the absolute temperature. The linearity of the lcqg o versus 1/7

plots is consistent with ion hopping in a semicrystalline polymer electrolyte The
activation energy for the conduction process reflects an energy barrer for the ions to
hop from one site to another in the polymer complex

O PEO-Li
S O PEO-LII-01 wt% ZnO
'.'g 4 Linear Fit
e
o
1Y)
E‘
s -.-
o
-
o {
(] O EO=206eV
= a4 O EOo=1.58eV
H_—-H_ T - -
30 32 34 36 18

1000/T (K )

W

2.3- .



Fig. 3.6. Dc conduc tivity plotted as a f
PEO-LIND.1 Wt 210 electrol

o .
in ion of Mverse ||v'rrli‘~[‘="‘:‘. ‘,‘- e and
ties 1 . "

yies he solid lines are the leas! sauare -_!,-:‘-‘u t4ine 11§ 10

4

e experimental |t 1

This barrier is determined by the polymeric environmem of The lons Ahen » o

M“ coordination site 10 another the o ginally occupred site reiases and the ew
*m 10 accommodate the inc oming The salues of _ have heer ' e
from the st square straight line fits and are shown in the figure & M s B
£, ndicates that the energy barrier 15 much lower in FE0 | ot/ ikl

compared with PEO-Lil electrolyte which 15 much maore favorstile rucint
congucton

The frequency dependence of the ac conductivity at differert tempera® res
shown in Fig. 3.7 and Fig 3 8 for the PEO-Lil and PEO-Lil 0 T w1 % Znf rarcrorooase
electrolytes, while Fig 3 9 shows the same at 293 K for the two compostes for a2 f sea
temperature. The frequency dependent conductivity spectrum (Fig 3 5, exhnts mree
distinguished regions. Due to polarization effects at the electrode electro yte nterfaces
the low frequency dispersion is observed As the frequency reduces -harge
sccumulation at the electrode-electrolyte interfaces takes piace and rogs e
conductivity. In the intermediate frequency region conductivity s aimos? } ‘0 be
frequency independent. The random diffusion of the ionic charge carmers . a »* . 3%e
hopping gives rise to this type of frequency independent dc conductivity ard are &2 .3
1o dc conductivity s of the sample At higher frequencies the time penod a.a a
short and the probability for the ions to go to another favorable site anc fal bac«
origingl site increases” .

18
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1 PEO-Lil

78K
= MIK
Te 88 K

T= 298K
T« WIK

leg o (Q'em ™))

OR K
MIK

Fig 3.7: Log(o) vs. Log(w) plot, at different temperatures (278K - 318 K) for PEO-Lil
electrolyte

This high probability is responsible for the higher conductivity in higher frequencies and
shows dispersion. It is observed from Fig. 37 and Fig 3 8 that as the temperature is
increased the dc conductivity increases and the switch over from the frequency
independent to the frequency dependent region. which marks the onset of conductivity
relaxation, shifts towards higher frequencies. From Fig. 3.9 it is observed that at T=293
K the de conductivity is much higher for ZnO doped PEO-Lil nanocomposite electrolyte.
Thus the addition of ZnO nanoparticles into polymer electrolytes is an effective to
increase the de conductivity of the sample.

25
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Fig 3.8: Log (0) vs. Log (w) plot, at different temperatures (268K - 308K) for PEG L1101
wt% Zn0O electrolyte

The dynamics of the Li* ions in the polymer matrix has been studied in the
framework of in the framework of the power law formalisms’’ " In this formalism the

ac conductivity /() is expressed by

n
w
o'(W) =04 1"’("""‘) (6)
&

where w. is the crossover frequency of the charge carriers and n s the frequency
exponent in the range O<n<1. We have applied the above model to study the ac
conductivity of the materials under investigation. The conductivity data at different

temperatures have been fitted to Eq. 6, using Oae, e and n as variable parameters, using
. 2

26
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Fig 3.9: Ac conductivity spectra at T=293 K shown as a function of frecue
and PEO-Lil-0.1 wt% ZnO polymer electrolytes

We have observed that the values of os obtained from the fits match perfectly
those obtained from complex impedance plot (Fig. 3.6) and a close match of the ~
value is found. It is observed that for all temperatures the dc conductivit y of PEO-Lil-0 1
wt% ZnO polymer nanocomposite electrolytes is higher than PEO-LiI polymer
electrolytes. At lower temperatures the difference is higher and at higher temperature
I.e. close to melting temperature the difference is small, actually they tends to meet with
each other.

The variation of the crossover frequency, obtained from the fit, with reciproca

21

27



jemperature is shown in Fig 311
activated. The activation energy E. for the cros

It is noted that crosso

JBr {"'_'CJ‘:'-",?‘ o ".F"'*':‘llllf

sover frE"]IJE-I' '8

LY was abtained from least
square straight line fits of

activation energies are
noted that the value of

conductivity is higher. The above results suggest that
barrier energy is responsible for the dc conduction anad ac

the data and is shown in the graph It s cbserved that these

In 900d agreement with those for the dc conduct ity It s further
We I8 higher for the composites for which the value of the dc
the hopping process with same

- ‘am the above
relaxation From the abo

Vel e g occur due 10
results it can be concluded that the dc conductivity of all the electrolytes occur due

¥ the P'-ﬂ;; '1q
the W“O of Chﬁrqe carriers within the PEQ matrix It 1s well known that the hopp!
rate is correlated with the mobility (,;) *
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conductivity plotted i PEO-LIl and
as a function of inverse temperature for
muo.m g electrolytes. The solid lines are the least square straight-line fits to
Zn0 .
drns the experimental data.
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Fig. 3.11: Crossover frequency piotted as a function of
and PEO-LiF0.1 wt% Zn0 electroiytes The sold ines are
fits 10 the expenm™ental data
Higher IS the hOppIng rate, ugher 1S the Mobility (. and thus
This hopping rate of charge camers in the PED matrix plays

inCreasing the conductivity leve

29




i
|

on i

o O PEO-L
o O O PEO-LII-0 wt ZnO |
07«
0
o)
c 0% <
O o
054 o (-
9 0
5 8 _ B
) 4 - -r e —— m—
60 78 by 1 Pe ¥4 "o 320
T (K)

Fig. 3.12. Dependence of frequency exponent on temperature for PEO-Lil and PEO LIl
0 1 w1 Z2n0O polymer eectroytes

Temperature dependence of the parameter n provides some information about
the interaction between the mobile charge carriers In general the value of nis less than
unity. However, the values of n greater than unty have Deen observed for some
polymeric materials”’. In some glassy and ceramic matenals the value of n s found to
be independent of temperature But there are some reports on ceramic and glassy
systems™*" where the value of n decreases with the increase of temperature, due to the
interaction between the mobile ions available in the matrix. The value of n obtained
from curve fitting analysis to the ac conductivity spectra using eq 3 gets affected by
the “window effect” Jain et al ** and Sidebottom™ have shown that when one truncates
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the higher frequency data from the spectra during the fitting

iIncreases. For obtaining a meaningful exponent only those data
for which Wma/we >10 (in our study Wmer=2Nfmas, Where fina
the “window effect” is negligible Here we have taken only those value
Wmae/We >10 and the variation of n with temperature have been displayed b
the PEO-Lil and PEO-LiI-0 1 wt % ZnO nanacomposite electroly! i Pl
low temperatures the parameter n has a high value and with the

Thy

temperature the value of n decreases and attains nearly a constant value

i"‘l

of n with the increase of temperature suggests weaker correlatiors

lithium ions ™"

4. CONCLUSION:

In this study. the experimental data of PEO-Lil and novel PEO Lil polymer
nanocomposite electrolyte embedded with ZnO nanoparticles with improved electr ca
conductivity has been analyzed. The addition of 0.1 wt% ZnO into the PEO-Lil matrix
increases the amorphous phase of PEO and also lowers the melting temperature and
glass transition temperature. At this doping level the nanocomposite electrolyte forms a
good complexion and a significant enhancement of the dc conductivity has been
observed. The temperature dependence of the dc conductivity of the ZnO-doped
electrolytes is well explained by the Arrhenius relation The values of gsc obtaned from
ac conductivity spectra match perfectly with those obtained from complex mpedance
plot and a close match of the £, value is found The activation energy E. for t=e

crossover frequency are in good agreement with those for the dc conductivity With the
increase of temperature the frequency exponent n is found to decrease which suggest a

weaker correlation effects among lithium ions
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