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Abstract: lon conducting solid state polymer electrolytes has been prepared by using poly (ethylene oxide) (PEO), NaClOjs salts and
plasticizer (Dimethyle Formamide [DMF]). (PEO+NaClOs+plasticizer) various polymer electrolyte compositions were prepared in the
W1t% ratios (90:10), (80:20) and (70:30) by using solution — casting technique where methanol as solvent. Several experimental
techniques such as X-ray diffraction, Infrared (IR) and differential scanning calorimetry (DSC) studies have been employed to
determine the complexation of the salt and polymer in the polymer electrolyte.
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1. Introduction

At present, an extensive quantity research work have been
reported on solid electrolytes due to the technological
advantages, such as long self life, extreme miniaturization
and a wide a wide — temperature range of operation. These
solids show appreciable high ionic conductivities at their
operating temperatures. These solids are known as “super
ionic solids” and they find wide application in fuel cells, gas
sensors, electrochemical display devices and solid state
batteries. Due to these facts, research work on solid state
electrolytes is timely an interdisciplinary area in
contemporary science, calling upon the proficiency on
chemists, physicists and material science and engineers [1-
4].

Earlier most of the reports were mad on lithium based
polymer electrolytes and only few reports have been
observed on sodium based polymer electrolytes. Keeping
these aspects in  view, the author prepared
(PEO+NaClO;+plasticizer) polymer electrolytes by using
solution casting technique. The complexation of the PEO,
NaClOs salts and plasticizer (Dimethyle Formamide [DMF])
was examined by using X-ray diffraction (XRD), Infrared
(IR) and differential scanning calorimetry (DSC) studies.

2. Experimental

Poly (ethylene oxide) (PEO) (Aldrich, M.W. 6X10°) and
various compositions of (PEO+NaClOs+plasticizer) polymer
electrolytes were prepared in the Wt% ratios (90:10), (80:20)
and (70:30) by solution-casting technique by using methanol
as solvent. The solutions were stirred for 15-20 hr, were cast
on polypropylene dishes, and were evaporated slowly at
room temperature. Finally, the films were dried thoroughly at
107 Torr [5]. X-ray diffraction (XRD) analyses of all the
samples were carried out by using a SIEMES / D 5000 X-ray
diffractometer (Cu K, radiation A = 1.5406 A). The infrared
spectrum of polymer electrolyte films was recorded on a
Perkin Elmer FTIR spectrophotometer [Model 1605] in the
range of 1000 — 4000 cm™. DSC (TA 2010 instrument) was
used to study the melting temperatures of the polymer
electrolyte films [6].

3. Results and Discussion
3.1 X-ray diffraction (XRD) analyses

X-ray diffraction (XRD) patterns of pure PEO, NaClO; and
plasticizer are shown in Figure 1. A comparison of the
diffraction spectra of complexed PEO with that of pure PEO
and NaClOj; reveals the following details:

a) XRD pattern obtained in the 26 range of 10° to 30°,
where the complexed PEO films to be less intense than
those for the pure PEO films, which indicates that the
addition of NaClO; to the polymer causes a decrease in
the degree of crytallinity of the polymer PEO.

b) Peaks corresponding to the uncomplexed PEO are also
present, on one those of the NaClOs, in complexed PEO
films, showing the simultaneous presence of both
crystalline uncomplexed and complexed PEO [7].

¢) For the higher concentration of NaClO; salt in the
polymer, no sharp peaks were observed, which indicates
the dominant presence of an amorphous phase.

Therefore, the XRD pattern clearly indicates a complexation
between the NaClO; salt and the PEO polymer.

3.2 IR studies

The complexation of pure PEO, NaClO; and plasticizer has
been extensively studied using vibrational spectroscopic
studies [8].The IR spectra of pure PEO, NaClO; and PEO
complexed with NaClO; are shown in Figure 2 and the
vibrational bands observed in this system are given in the
Table 1. The following differences in the spectral features
have been observed on comparing the spectra of complexed
PEO with pure PEO and NaClO;.

a) The intensity of the aliphatic C-H stretching vibrational
band observed around 2897.1 cm™ in PEO decreases with
increasing concentration of NaClO; salt in the polymer.

b)The width of the C-O Stretching band observed around
10952 ¢cm™ in PEO also showed an increase with an
increase of NaClOj; in the polymer.

c)Several new peaks around 4329.6, 4002.0, 2363.4 and
1280.8 cm™ have been observed in complexed PEO.
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Figure 1: X-ray diffraction spectra of (a) Pure PEO (b)
(PEO+NaClOjs+plasticizer) (90:10), (¢) (PEO+NaClOstplasticizer)
(70: 30) and (d) NaClOs salt.
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Figure 2: IR spectra of (a) Pure PEO, (b)
(PEO+NaClO;tplasticizer) (90: 10), (c)
(PEO+NaClO;tplasticizer) (70: 30) and (d) NaClO; salt

The appearance of new peaks along with changes in existing
peaks (and / or their disappearance) in the IR spectra directly
indicates the complexation of NaClO; with PEO. If the
cations of NaClO; get coordinated with the ether oxygen of
PEO, the spectral changes are expected to be in the COC
stretching and deformation ranges. The decrease in the width
of 1095.2 cm™ band, which is assigned to COC symmetrical
and asymmetrical stretching [9], suggests the coordination /
complexation of the salt with the polymer PEO.

Table 1: various vibrational bands observed in the IR spectra
of PEO, (PEO+NaClOstplasticizer) (90:10),
(PEO+NaClO;+plasticizer) (70: 30) and NaClO;.

Pure | (PEO+NaClO; | (PEO+NaClO; NaClO,
PEO | +plasticizer) +plasticizer) (cm™
(cm-1) | (90:10) (cm™) | (70: 30) (cm™)

470.6 520.5 849.1 970.4
843.9 1076.7 1282.2 | 15427
951.7 1454.4 1457.7 | 1702.4
1117.7 1650.6 1644.9 | 1891.9
1237.7 1964.4 1958.2 | 2365.7
1279.6 2930.2 2906 | 3567.8
1349.3 3442.7 3494 | 3650.3
1464.9 4008.2 3992.2 | 37504
1628.9 4332.5 4329

1807.4

1960

1267.1

2237.6

2355.1

2872.2

3448.1

4003.4

4329.5

3.3 Studies of Differential Scanning Calorimetry (DSC):

Figure 3 shows the differential scanning calorimetry (DSC)
curves of pure PEO and various compositions of complexed
PEO. At 70°C an endothermic peak corresponding to the
melting temperature (T,) of the pure PEO was observed.
With the addition of NaClO; to pure PEO, the melting
temperature (T,,) slightly shifted towards lower temperatures
[6 & 9]. The details of the melting temperatures (T,,) of pure
PEO and various compositions of
(PEO+NaClOs+plasticizer) are presented in the Table 2.
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Figure 3: DSC curves of (a) Pure PEO, (b)
(PEO+NaClOs+plasticizer) (90:10), (c) (PEO+NaClOs+plasticizer)
(80:20) and (d) (PEO+NaClO;tplasticizer) (70:30).

Table 2: Melting temperature (T,,) of PEO and complexed
polymer electrolyte systems obtained from DSC studies.

Volume 3 Issue 8, August 2014

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 02015431

Polymer electrolyte Melting temperature
(Tm) °C
Pure PEO 70
(PEO+NaClOs+plasticizer) (90:10) 64
(PEO+NaClOs+plasticizer) (80:20) 60
(PEO+NaClOs+plasticizer) (70:30) 59
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4. Conclusions

Ion conducting (PEO+NaClOs+plasticizer) solid-state
polymer electrolytes were fabricated by using the solution
casting method. The complexation of the polymer and salt
was confirmed by using XRD Infrared (IR) and differential
scanning calorimetry (DSC) studies. At 70°C, an
endothermic peak was observed in DSC study corresponding
to the melting temperature (T,) of pure PEO. With the
addition of NaClO; to pure PEO, the melting temperature
(T,) was slightly shifted towards lower temperature. The
decrease in the melting temperature (T,,) is attributed as an
increment in the amorphous content of the polymer is due to
the addition of the salt and plasticizer to the polymer. Future
scope of study is using these polymer electrolytes a variety
of devices can be fabricated such as fuel cells, sensors,
electrochemical  display  devices, smart windows,
photochemical cells etc.
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