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ABSTRACT

The present study was undertaken to characterigeatiic conduction behavior, structural and therrpabperties
of Solid polymer electrolyte films based on Hydprepyl methylcellulose (HPMC) complexed with Sodlodide
(Nal) upon gamma irradiation with different doseks2f), 60 and 100KGy. The dissolution of the salb ithe
polymer host and the structural properties of parel Nal complexed HPMC polymer electrolyte filrefobe and
after irradiation with different doses were confeth by X — Ray diffraction (XRD) studies. The XfBults
revealed that the amorphous domains of HPMC polymatrix was increased with increase in the Nal salt
concentration and with the increasing dose and pleecentage of crystallanity is found to be highpirstine
unirradiated HPMC films. The thermal propertiesmfre, unirradiated and irradiated complexed elebtte films
were studied using Differential Scanning CalorimetibSC). It is observed that the total enthalpyusion (&Hf)

is maximum for unirradiated pristine HPMC films. élkariation of film morphology was examined by $aam
electron microscopy (SEM). Fourier transform infedr spectral (FTIR) studies for pure, unirradiatedida
irradiated complexed HPMC films revealed the viraal changes that occurred due to the effect qglathd salt in
the polymer. Direct current (dc) conductivity wagasured in the temperature range of 313-383K.ntagnitude
of conductivity was found to increase with the @age in the concentration of the salt, temperature for higher
doses of radiation. The composition HPMC: Nal (5ig)found to exhibit the least crystallanity anc thighest
conductivity.

Keywords: Gamma Irradiation, polymer electrolytes, XRD, DSEM, FT-IR, dc conductivity

INTRODUCTION

The study of effects of high energy ionizing raiaton conducting polymers is receiving increasttdnéion for
the development of radiation resistant materialsndLicting polymers have emerged as material ofréatein
research and industrial application. They are Yikel replace metals and alloys in many applicatidrecause of
their light weight, ease of fabrication and stabilPolymers that exhibit high electrical conduittivand stable even
in the doped form have been successfully syntheésE#orts are being made to improve the physical ehemical
properties of the existing polymers and to develepr materials which respond to external stimuli,cbgnging
their shape, size and properties. Preparation gif fonic conductivity polymers are materials ofa@etinterest,
because of their applications as electrolytes iid sstate batteries [1-4]. Radiation effects onypwérs having
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electrical conductivity are being widely studiedevBral high technology industries require conductiolymers
that exhibit a specific response upon exposuradtion [5-7]. Electronic industry requires maasithat undergo
radiation induced scission or cross-linking foriseapplications, while aerospace and medical apptins require
highly radiation stable materials. For Space apfiims and practical situations like sterilizatmfrfood packed in a
polymer foil or sheet, damage to the polymers byclearirradiation needs to be experimentally studied and
understood [8-9]. The design and development of@pjate chemistry for these applications requioenplete
understanding of the effects of radiation on thiymperic materials. The structural, optical, andceieal properties

of materials undergo changes upon exposure to auctsliations. Radiation causes the structural fivadiions
leading to the change in their density and otheperties.

In case of ionizing radiation like gamma radiatitire initial absorption is typically a spatiallyndom process and
leads to free radical or ionic species productiod ean involve side group or main chain scissiocross linking.
Even small amounts of radiation can induce sigaiftcchanges in the physical or mechanical propedifea
polymer, with the extent of these changes beingdéent upon the chemical structure of a particotdymer the
total radiation dose absorbed and the rate at wihishdeposited. In some cases, even a few crsshr scission
sites per molecule can dramatically affect thengftle or solubility of a polymer. Polymer coatings substrates
such as metals, plastics and optical fibers et&entaem more resistant to temperature, humidity, exposure to
nuclear environment [6]. The electrical conductiviif polymers makes them suitable materials asock$ in
rechargeable batteries. Several of these typeattdries have been fabricated. Polymer batteries g life and
are rechargeable. Lithium batteries are espedialhpprtant since they show a high discharging vatgid-11]. The
polyanilines, polythiophene and polypyrrole areyveseful materials for fabricating electro optidéplay devices
[12]. The systematic development of electro — Gyptpolymer device structures for optical multichiodules [13]
and Polythiophene as an optical memory element fhé] electrochromic devices [15] such as display thermal
“smart windows” have been reported. Polymers witfhtconductivity have unique properties which matkem
appealing alternatives for specific materials, ently employed for the fabrication of biosensorss][1
Microlithography [17-18] is an essential part ir thabrication of microelectronic devices like ICL,.$ (very large
scale integration) ULSI (ultra large scale inteignak Lithography process are of many types liketet beam, ion
beam, X-ray, and photo lithography. Lithographygass is used to open windows in device fabricativvisile
almost all of today's commercial devices are magetotolithographic techniques that utilize 365-A486 UV
radiation. In radiation chemistry, polymers aresslfied as scission polymers and cross-linking melss, most
biopolymers are classified as scission polymerszeRedevelopments in this filed have proved thataety of
biopolymer could be cross linked by irradiationhidgh energy radiation, and HPMC polymer tends toildk such
radiation cross-linking. HPMC is a water solublegmlymer which is successfully used in controllettase drug
preparations in pharmaceutical field [19-®@cause it works as a pH-independent gelling agawmtlling as well as
erosion of it occurs simultaneously and contributesverall drug releasdt is a widely accepted pharmaceutical
excipient, because HPMC is available in a wide eaofgmolecular weights and the effective controgef viscosity
is easily possible [21-26]. The gamma irradiatmm the HPMC complexed Nal may increase the segmenta
mobility resulting in the decreasing crystallanifjhus, the study of radiation effects on polymemnaterials that
exhibit conductivity has become a very importard &ascinating field which has got great technolabimportance
in the field of material science. In view of itsportance the present work is being initiated. T¢wpe of the work
is to synthesize conductive polymer films that éithinigh electrical conductivity and to study thpioperties like
structural, thermal and electrical conduction bébralefore and after irradiation. The study of thedification in
the properties of the conductive polymers aftertimied irradiation and development of radiatiorsiséant
polymers is the main scope of the work.

MATERIALS AND METHODS

2.1 Materials and Preparation of Polymer Electrolye Films

Pure HPMC and various compositions of complexkdsfiof HPMC with Nal salt were prepared by solut@ast
method using double distilled water as solvent. fdygpropyl methylcellulose was purchased from (HPMC
E15LV), Loba Chemicals India, and Sodium lodide IjN&ere purchased from S. D. fine chemicals India.
prepare the polymer electrolyte films, HPMC polymexs blended with inorganic salt of Sodium loditial). 5g

of HPMC in 100ml double distilled water was dissavand desired amounts from (1% - 4%) of Sodiundkdias
added and stirred continuously for 8hours.The cetepl soluble homogeneous solution was filteredubh
Whatmann No 41 filter paper and degassed. Thertlda solution of HPMC:Nal was poured on to a clead
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leveled glass plates (30cm X 40cm) to evaporateah temperature for 5 days and peeled off fromglhss plate.
The final films were vacuum dried thoroughly andrstl in desiccators to avoid the absorption of moés Nal is
hygroscopic in nature and the higher concentratbbrNal has got the tendency to absorb more moturi
However HPMC:Nal (5:5) polymer films were also paegd and was found that with increasing conceptrabf

Nal, the film is shifting towards an amorphous stawe and the films obtained are not stable andnatewith

uniform thickness. Hence the optimal doping withl Macarried out only upto 4% and polymer electtelfilms

HPMC:Nal (5:1, 5:2, 5:3, 5:4) were prepared.

2.2 Instrumentation

The XRD studies of the films were made with an X-saurce with Culg radiation of wavelength 1.5466 The
surface morphology of these polymer films were obse using JEOL 840, resolution at 20Kv, 10nm saann
electron microscope (SEM). The samples were goldetbusing the sputter coater at 10 mA current ridje”
torr vacuum for 3 minutes before imaging. Fourransform infrared (FTIR) spectra of these films evezcorded
using Thermo — Nicolet 6700. The measurements tedien over a wave number range of 400 — #8680, The
Differential Scanning Calorimetry (DSC) measurerselmive been taken in the temperature range of 3002C
with the help of Differential Scanning CalorimeModel: METTLER-TOLEDO DSC1 thermal analysis systatra
heating rate of 1T per minute. The temperature dependent dc condlyctif the reported polymer electrolyte
samples were measured in the temperature ran@l8K(— 383 K) using Keithley Electrometer (Model7§1The
disk sample (13mm in diameter) was sandwiched batvtiee finely polished stainless steel electro8éser paste
is deposited on both sides of well-polished sanpaélets for good electrical contact. The bulk resise is

determined from the intersection of the high fregryesemicircle with the real axis in the complexadance plots.
The electrical conductivity is calculated using tbenula

- BE)

Where ‘t' is the thickness of the sample in mm, iR'the resistance in 8 and ‘A’ is the area of the sample in
mm”-

2.3Gamma Irradiation

Films of pure HPMC and various compositions of ctared films of HPMC with Nal has been gamma irréetia
in air by®°Co source at a dosage rate of 2.5 kGy / hour fp6@Dand 100 kGy dosages as the mechanical piepert
and wear resistance of the polymer saturate ateath®@ kGy irradiation [27] Muratoglu [28], the paged study
was carried out upto 100 kGy dosage level, whicls warformed at M/s Microtrol sterilization privalienited,
Bangalore, India.

RESULTS AND DISCUSSION

Table 1. Position of most intense peak2( °), d — Value (.{ ) and the percentage of crystallanity for unirradided pure HPMC and Nal
complexed HPMC films.

Sample D (°) | d=Value (d) Xe (%)
Pure HPMC 21.26 4.175 65.29
HPMC:Nal (5:1) | 21.42 4.14 44.7
HPMC:Nal (5:2) | 22.30 3.98 32.8
HPMC:Nal (5:3) | 22.44 3.95 34.9
HPMC:Nal (5:4) | 21.98 3.77 30.99
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Table 2. Percentage of crystallanity Kt‘) for gamma irradiated with 20KGy, 60KGy, & 100KGy for pure HPMC and Nal complexed

HPMC films

Dose rate 20KGy 60KGyYy 100KGy
Sample Xe(w)| Xp(») | Xr (%)
Pure HPMC 67.6 61.5 55.4
HPMC:Nal (5:1) 40.7 39.5 42.1
HPMC:Nal (5:2) 43.0 33.4 21.3
HPMC:Nal (5:3) 38.2 28.1 29.5
HPMC:Nal (5:4 23.F 11.4% 11.2(

3.1 XRD Studies

X-ray diffraction is most useful for the determiiosit of the nature of the sample, phase identificgtguantitative
identification of the mixture of phases, particieesanalysis etc. The ionic conductivity in a pogmelectrolyte is
determined by the amorphous nature of the polyrhence it is necessary to determine the crystalind
amorphous nature of the polymer electrolyte fillKRD patterns of unirradiated and 20KGy, 60KGy, 1K
gamma irradiated pure and HPMC complexed filmsséw@avn in Figs 1, 1a, 1b, and 1c. For unirradiatedes,

pure HPMC shows a broad peak ! 221.26 © (d spacing = 4.175 ) indicating its semi-crystalline nature of

the polymer. This diffraction peak is shifted to.£2° (d spacing = 4.144) in 5:1 system and almost at 22i8
other complexes. There is a nucleation of crystalbrder which gives an additional Bragg-like refilen almost at
26=27.83" (d spacing = 3.26{ ) for pure HPMC and is shifted to arouR@ %in all other complexed systems

with broad peaks. The mentioned peaks are lesesatand are almost found to be disappearing irpttgmer

electrolyte systems indicating that the additionNafl salt causes a decrease in the degree of taysta and a
simultaneous increase in the amorphisity of the lP&dmplex. Absence of peaks corresponding to tHesBlain

these complexes indicates that the inorganic salharoughly mixed with the host polymer matric® sharp
peaks were observed for the higher concentratioNadfsalt in the polymer suggesting the dominaespnce of
amorphous phase [29] therefore it may be confirthed the complexation has been taken place in ti@rghous
phase. The irradiated sample of pure HPMC and ocexedl HPMC shows decrease in the intensity and tbadb
peaks implying that crystallinity decreases. Nohmdbr pure HPMC, an increase in crystallinity abserved at
lower irradiation dose (20KGy), whereas crystallindecreases at higher doses [3@pwever, in HPMC:Nal
polymer electrolyte systems the presence of Nalge polymer chain reorganization resulting in éased
crystallinity compared to pure HPMC [31]. As theliggtion dose increases, the peaks gets broadenaddiplmost
found to be disappearing to a 100KGy irradiatiodiéating that degree of crystallinity is decreasklére the
dominating amorphous phase results in greater idiffigsivity with high conductivity. From Tabl&. and Table2

It is clear that percentage of crystallanity deses with addition of Nal salt and values are iodgagreement with

the interpreted results from XRD patterns. The getage of the degree of crystallinit¥ ) was determined from
the ratios of the area under the crystalline pewkthe respective halos using the method [32-33]
AI:‘

X, = o X 100 2)(

Whered, andd, are the area of crystalline and amorphous (halgipns respectively.
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Intemelty (a.u)

. -

Pure HPMC

NMM

20 (degree)

T
15 20 25 30 k) 40 45 5l

Fig. 1. XRD pattern of unirradiated a pure Nal sat, b pure HPMC, ¢ (HPMC:Nal) (5:1), d HPMC:Nal (5:2), e HPMC:Nal (5:3), and f

HPMC:Nal (5:4) polymer electrolyte films
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AFTER IRRADIATION WITH 20KGy

a. Pure Hpme

b. Hpme:Nal {5:1)
c. hpmc:Nal (5:2)
d. Hpmc:Nal {5:3)
e Hpmc:Nal (5:4)

Intensity (a.u)

20 (degree)

Fig. 1a XRD pattern of irradiated a pure Nal salt,b pure HPMC, ¢ (HPMC:Nal) (5:1), d HPMC:Nal (5:2), e HPMC:Nal (5:3), and f
HPMC:Nal (5:4) polymer electrolyte films
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AFTER IRRADIATION WITH 60 KGy

a. Pure Hpmc
b. Hpmc Nal (5:1)
c. Hpmc Nal {5:2)
d Hpmc:Nal {5:3)
e Hpmc:Nal {5:4)

Intansity (a.u)

%
M

20 25 30 35 40 45 50
26 {degree)

Fig. 1b XRD pattern of irradiated a pure Nal salt,b pure HPMC, ¢ (HPMC:Nal) (5:1), d HPMC:Nal (5:2), e HPMC:Nal (5:3), and f
HPMC:Nal (5:4) polymer electrolyte films
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AFTER IRRADIATION WITH 100KGy

. Pure Hpme

_Hpmc:Nal (5:1)
- Hpmc:Nal (5:2)
.Hpmc:Nal (5:3)
-Hpmc:Nal (5:4)

T an e

Intensity (a.u)

20 31:) 40 50
26 (degree)

Fig. 1c XRD pattern of irradiated a pure Nal salt,b pure HPMC, ¢ (HPMC:Nal) (5:1), d HPMC:Nal (5:2), e HPMC:Nal (5:3), and f
HPMC:Nal (5:4) polymer electrolyte films

3.2.Scanning Electron Microscope

Scanning electron microscopy (SEM) is often usestudy the compatibility between the various congras of the
polymer electrolytes through the detection of phagparation and interfaces [34-35]. The compatybihf the
polymer matrix and the inorganic dopants has gréatence on the properties like mechanical, thérmad ionic
conductivity of the polymer electrolyte systems.eThcanning electron microscopy of the pure HPMC and
HPMC:Nal (5:1) and (5:4) polymer electrolytes befand after irradiation shown in Figs 2,2a,2b,amigorm type
but different degrees of roughness. SEM of uniatetl pure HPMC films exhibits no features attribigato any
crystalline morphology, so the semi crystallanityH®MC is likely to be submicroscopic in nature.€Tihcrease in
the degree of roughness with the increase in cdrat@n of Nal salt indicates the segregation &f dopant in that
host polymer matrix therefore morphological studitsarly indicate the phase segregation phenoméndhese
complexed polymer electrolyte systems. It is obs@rhat irradiated pure HPMC shows porous strucititte well
dispersed pores for low doses at 20KGy. On therdihad, at higher doses (60,100KGy) the porousttre is
disrupted possibly due to recrystallization of gawymer. The two phase microstructure in the SEMdmreflects
the phase separation at higher dogdter irradiation with high doses, significant clygs in surface morphology
were observed in other HPMC complexed films. Comisille damage in the polymeric structure was olesleaiter
irradiation, which is also responsible for decraaserystallinity of the material as indicated bRR analysis.
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Fig. 2 SEM Photographs of unirradiated a pure HPMC b (HPMC:Nal) (5:1), c HPMC:Nal (5:4)

AFTER IRRADIATION WITH 20KGy

Fig. 2a SEM Photographs of irradiated a pure HPMCb (HPMC:Nal) (5:1), c HPMC:Nal (5:4)

AFTER IRRADIATION WITH 60KGy

Fig. 2b SEM Photographs of irradiated a pure HPMCp (HPMC:Nal) (5:1), c HPMC:Nal (5:4)
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AFTER IRRADIATION WITH 100KGy

Fig. 2c SEM Photographs of irradiated a pure HPMCp (HPMC:Nal) (5:1), c HPMC:Nal (5:4)

3.3 FTIR Spectral studies

The FTIR spectra of pure HPMC and Nal complexed P& different compositions (5:1, 5:4) before arftba
irradiation (20KGy, 100KGy) are shown in Figs 3,&& 3b. The following changes in the spectraluiest have
been observed after comparing the spectrum of caxadlHPMC with that of pure HPMC and Nal before aftdr
irradiation. The absorption band in the region®48996crit is due to the intermolecular hydrogen - bonded O-H
stretching frequency of HPMC which is shifted t®843585, and 3762cfin the 5:1 and 5:4 Nal salt complexed
HPMC films before irradiation and 3465-3542En18400-3500ch for pure HPMC where are as for 5:1 and 5:4 Nal
salt complexed it shifted to 3461-3733 tn8653-3802 cm after irradiation. In addition to this, the stisitoy of
methyl and hydroxypropyl showed an absorption ban@900 critin pure HPMC and is shifted to 2961 and
3110cnt respectively in 5:1, 5:4 complexed films befomadiation and 3620cth3649cmt and 3673cm in pure
as well as in HPMC:Nal complexes after irradiatidhhe C-H,OCH, and CCH assymmetric bending vibratn
methyl group in CHO in pure HPMC exhibited absorption at 1500’@hifted t01459 - 1471cthin the complexed
films respectively. Notably the deformation is fouto be six membered cyclic group and asymmeteicding
vibration of methyl group in C}O is gives rise to a peak at 1650 and 1459 ampure HPMC, and is shifted to
1669 and 1471 cthin the complexed films due to complexation of 4889cnt', 1630cn' and 1626cm in pure
and complex irradiated films. The ethereal C-O-6ugr stretching vibration occurring at 1091 tim pure HPMC

is shifted t01026 — 1076 and 1306 — 1087cin 5:1 and 5:4 salt complexed polymer electrolfilens
respectively.1081cth for irradiated pure HPMC shifted to 1052-1029cthim 5:1, and 1041-1017¢hin 5:4
irradiated complexes. The peak at 850dmassociated with the Ghocking mode of HPMC shifted to 851-895cm
Lin unirradiated HPMC:Nal complexes and 855-886'c898-854crt in irradiated samples respectively. All these
changes in the FTIR spectra are clear indicationghie complexation of HPMC with Nal salt.
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Fig. 3 FTIR spectra of unirradiated a pure HPMC, b(HPMC:Nal) (5:1), c HPMC:Nal (5:4)
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a. Pure HPMC
b. HPMC:Nal (5:1)
after irradiation with 20KGy C. HPMC:Nal (34
— b
&
3
C
b
E
e c
s
|_
T T T T T T T T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (Cm ™ )

Fig. 3a FTIR spectra of irradiated a pure HPMC, b HPMC:Nal) (5:1), c HPMC:Nal (5:4)
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a. Pure HPMC
b. HPMC:Nal (5:1)

After irradiation with 100KGy C. HPMC:Nal (5:4

e/ 2

Transmittance (%)

Ty

| T | I T | T I T |
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (Cm ')

Fig. 3b FTIR spectra of irradiated a pure HPMC, b HPMC:Nal) (5:1), c HPMC:Nal (5:4)
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3.4 Differential Scanning Calorimetry (DSC) Studies

The DSC thermograms for pure HPMC and HPMC:Nal)(53:4)before and after irradiation are shownigs f4,
4a, 4b, 4c, before irradiation for Pure HPMC sheiwesendothermic transition starts fronP6ao 9£C with a broad
peak value at 72.1% [25]. This shifts to 81.3%C and 83.33C in the HPMC:Nal (5:1, 5:4) systems indicating the
presence of Nal in the polymer matrix increasesntleéting temperature. Both pure and HPMC:Nal systshows
only one endothermic broad peak. This peak shiftgatds to higher temperature as the Nal salt cdra@m

increases. The enthalpy was calculated from the flma integral. Table 3 shows the enthalpy of flJfBi(ﬂ.Hf)

which is given by the area under the melting enelothdecreases for all HPMC:Nal complexes because th
crystllanity reduces in all HPMC:Nal polymer filmrom Table 1 and Table 2. it is clear that thecpetage of
crystallnity reduces in all HPMC:Nal complexses wheompared with the pure HPMC polymer films. For

irradiated pure HPMC samples it was observed thaha dose rate increases the melting temperafiye &s well
as the enthalpy of fusiom({ff). However from table 4, for irradiated HPMC comqad with Nal systems, it was

observed that as the dose rate increases the ghédtimperature and enthalpy of fusion increasedHfeMC:Nal
(5:1) and decreases as the Nal salt concentrateadses.

Heat Flow (Exo)
1]

81.3333
83.3333
1 ' 1 ' 1 ! 1 ' | ' I ! 1 ' I '
40 60 80 100 120 140 160 180 200
Temperature ( 'C )

Fig. 4 DSC curves of unirradiated a pure HPMC, b (HPMC:Nal) (5:1), c HPMC:Nal (5:4)
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a. pure Hpmc

b. Hpmec: Nal (5:1)
AFTER IRRADIATION WITH 20KGy c. hpmec:Nal (5:4)

a

Heat flow (Exo)

T | T I T I T | T I T I T | T | T
40 60 80 100 120 140 160 130 200

temperature (°C)

Fig. 4a DSC curves of irradiated a pure HPMC, b (HRIC:Nal) (5:1), c HPMC:Nal (5:4)
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a. pure HPMC
b. Hpmc:Nal (5:1)
AFTER IRRADIATION WITH 60KGy C. Hpmc:Nal {5:4)

JJ
/

Heat flow {Exo)

T T T T T T T T T T T T T T
40 80 80 100 120 140 160 180
temperature C

Fig. 4b DSC curves of irradiated a pure HPMC, b (HRIC:Nal) (5:1), c HPMC : Nal (5:4)
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Heat flow (Exo)

a.pure HPMC
b. Hpme:Nal (5:1)
c. Hpmc:Nal (5:4)

AFTER IRRADIATION WITH 100KGy

da

ff

| T | T | T T
40 &0 80 100

T I | T | :
120 140 160 180 200

Tem perature (° C)

Fig. 4c DSC curves of irradiated a pure HPMC, b (IPMC:Nal) (5:1), c HPMC:Nal (5:4)

Table 3. Heat of fusion & H), Peak temperature for unirradiated pure HPMC and Nal complexed HPMC films.

Sample Peaktemp {C) | Enthalpy of fusion (4Hf) /g
Pure HPMC 72.11 146.32
HPMC:Nal (5:1) 81.27 105.28
HPMC:Nal (5:4) 83.24 53.62

Table 4. Heat of fusion /A H), Peak temperature for gamma irradiated with 20KGy, 60KGy, & 100KGy for pure HPMC and Nal

complexed HPMC films

Dose rate 20KGy 60KGyY 100KGy

Samples Pea(l)(éemp (*':"Hf) Jg Pea(lfctemp (‘i"Hf) g Pea(lfctemp (*f'-Hf) g
Pure HPMC 7211 34.21 69.62 23.62 59.45 31.21
HPMC:Nal (5:1) 68.38 20.25 75.86 47.92 84.86 83.3]
HPMC:Nal (5:4) 86.54 74.77 86.36 68.80 90.18 36.51
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3.5 Electrical Conductivity Studies
The variation of temperature dependent conductigftynirradiated and irradiated pure HPMC and HPNil:
polymer electrolytes as a function of inverse terapge for different compositions of Nal in the f@@nature range

of 313 — 383 K are as shown in the figs 5,5a,5bJ3® temperature dependence of electrical condtycifer)
follows Arehenius equation

—E, ¢
g =g, exp[ xr) 3

Where & is the pre-exponential factoE , is activation energy, K is the Boltzmann constamd T is absolute

temperature. From plots for unirradiated (Fig 3im$ it is clear that the conductivity is found itecrease with
increase in temperature for pure HPMC as well aallithe compositions of HPMC:Nal polymer electtelyilms.
Similar behavior was observed in number of othdymper electrolyte systems [36-40]. As expectedittoeease in
temperature leads to increase in ionic conductivégause as the temperature increases the polyragsdlex at
increased rate to produce more free volume reguitinenhanced polymer segmental mobility. The iaseein
conductivity with increase in temperature may beilatted to the transitions from crystalline to semystalline
phase and then to amorphous phase and is intetpmstbopping mechanism between local coordinate,divcal
structural relaxation, and segmental motion of pwy [41]. This decrease in the degree of crystijlaand
increase in the amorphisity was confirmed with XB@dies. As the amorphous region increases progebgs
however the polymer chain acquires faster intemmadles in which bond rotations produce segmentailomotThis
in turn favor the hopping interchain and intrach@n movements hence the conductivity of the pokgrieecome
high. For low dose irradiation of pure and HPMC:Ngtems, the decreasing trend in the magnitudiené
conductivity (Table 5 5a,5b) is observed as congpawehat for the unirradiated samples. This cdiddattributed to
the fact that during irradiation the energy depabin the polymer causes chain scission or prodadieals which
subsequently decay or cross-link with neighboredjcals resulting in formation of closely spacedicals which in
turn results in chain folding and cross-linking gaflymers, causing the formation of new crystalliegions [42]
leading to a decreada ionic conductivity, however as the radiation eéldacreases the ionic conductivity also
increases which can be interpreted as at highez Bo®l the bonds in the polymer chains are brakesh chain
scission process dominates, which leads to fastetransport through the polymer matrix assistedhleyincreased
segmental motion of the polymer backbone [43-45¢whiesults in increase in ionic conductivity.
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—&— pure HPMC
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Fig. 5 Temperature dependen conductivity of uniradiated a pure HPMC, b (HPMC:Nal) (5:1), c HPMC:Nal (5:2), d HPMC:Nal (5:3),

and e HPMC:Nal (5:4) polymer electrolyte films
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After irradiation with 20KGy
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Fig. 5a Temperature dependent conductivity of iradiated a pure HPMC, b (HPMC:Nal) (5:1), c HPMC:Nal (5:2), d HPMC:Nal (5:3),
and e HPMC:Nal (5:4) polymer electrolyte films
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After irradiation with 60KGy
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Fig. 5b Temperature dependent conductivity of irraliated a pure HPMC, b (HPMC:Nal) (5:1), c HPMC:Nal (5:2), d HPMC:Nal (5:3),
and e HPMC:Nal (5:4) polymer electrolyte films
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After irradiation with 100KGy
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Fig. 5¢c Temperature dependent conductivity of irraiated a pure HPMC, b (HPMC:Nal) (5:1), c HPMC:Nal (5:2), d HPMC:Nal (5:3),

and e HPMC:Nal (5:4) polymer electrolyte films

Table 5. Temperature dependent conductivity valueat different temperatures for unirradiated pure HPM C, and (HPMC:Nal) polymer

electrolyte films.

Conductivity (o) ( Sem ™ 1)

Sample 313K 333K 353K 383K
Pure HPMC 6.530 x107% | 9.372x10~% | 1.395 x10~% | 3.947x10~%
HPMC:Nal (5:1) . . . .

1.402 x10~% | 3.159 x107% | 4.687 x10~= | 1.528 x10~*
HPMC:Nal (5:2) | 6733 x1(1-% | 1.044 x10~7 | 3.586 x10~7 | 9.477 x10~7
HPMC:Nal (5:3) | 4.840x1077 | 8.479x1077 | 3.452x10~% | 8.675x107%

1.126 x1075 | 2.389 x107% | 1.002x10~% | 2556 x10~*
HPMC:Nal (5:4)
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Table 5a Conductivity values at different temperatires for 20KGy irradiated pure HPMC, and (HPMC:Nal) polymer electrolyte films

sample Conductivity () (S Cm~ 1)
313K 333K 353K 383k
Pure HPMC 6.739 x10~2 7.562x10 ¢ 8.614x10~*® 1.008 x10~7
HPMC : Nal (5:1) 8.400 x10~2 9.764 x10~* 1.203x10°7 1.474 x10°7
HPMC : Nal (5:2) 1.112 x10°7 1.478 x10°7 1.859 x10~7 2,053 x10~7
HPMC : Nal (5:3) 1.665 x10~7 2195107 2711 x1077 3.105 x10~7
HPMC : Nal (5:4) 2.267 x10~7 2.828 x10~7 3518 x10~7 4.443x1077

Table 5b. Conductivity values at different tempeatures for 1Of(_)IKGy irradiated pure HPMC, and (HPMC:Nal) polymer electrolyte
1Ims
Sample 313K Condgggvgy X 83;:;?(_ K 383k
Pure HPMC 1.083x1077 1.314x1077 1.822x1077 2.734x1077
HPMC : Nal (5:1) 1.850 x10~7 2.677 x1077 4730 x10°7 8.334x10°7
HPMC : Nal (5:2) 3.558 x10~7 43551077 6.870 x10~7 1.811 x107&
HPMC : Nal (5:3) 1.000 x1(0 -8 1.026 x10~¢ 1.421x10~¢ 4.162 x10-8
HPMC : Nal (5:4) 0.135x10°* 0.151 x10~% 0.308 x10~% 0.752x10~%
CONCLUSION

The complexation of the salt with the host polyrbefore and after irradiation is confirmed by XRDdaRTIR
studies. XRD study shows the percentage of cigsii#y decreases with the increasing of Nal satt eadiation
doses. Normally, for pure HPMC, an increase intafiigity is observed at lower irradiation dose KZgy), whereas
crystallinity decreases at higher dasdswever, in HPMC:Nal polymer electrolyte systems firesence of Nal
prevent polymer chain reorganization resulting @écréased crystallinity compared to pure HPMC. SEMlsis of
pure and complexed polymer electrolytes before aftel irradiation shows a uniform type but with fdient
degrees of roughness and exhibits no featurebwtibile to any crystalline morphology. The DSC lsstevealed
that the presence of Nal in the polymer matrix éases the melting temperature in unirradiated filmsvever it is
observed that the heat of fusioﬁfﬁ‘f) is high for pristine HPMC films. The increase donductivity with the

increasing temperature, Nal salt concentrationthadadiation dose level is attributed to the daseein the degree

of crystallanity and the simultaneous increasentmhousity. Also the hopping mechanism of ion nmoeat as

ions primarily transport in amorphous phase. Theeethis material established a new polymer elégesystem.

The HPMC:Nal (5:4) system before and after irraditiincreases the amorphous phase and enhances the
conductivity. Thus the polymer electrolyte systei®C:Nal with an enhanced amorphous phase and ctinitiy
requires further investigation for electrochemioglls device application.
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