This article was downloaded by: [University of California, San Diego]

On: 20 August 2012, At: 22:13

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Uv-Curable Polymer Electrolyte
Hee-Woo Rhee # , Won Il Jung # , Min-Kyu Song # , Se Young Oh 2
& Jeong-Woo Choi ?

- & Dept. of Chemical Engineering, Sogang University, 1 Shinsu-
Dong, Mapo-Ku, Seoul, 121-742, Korea

Version of record first published: 24 Sep 2006

To cite this article: Hee-Woo Rhee, Won Il Jung, Min-Kyu Song, Se Young Oh & Jeong-Woo Choi
(1997): Uv-Curable Polymer Electrolyte, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 294:1, 225-228

To link to this article: http://dx.doi.org/10.1080/10587259708032288

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708032288
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 22:13 20 August 2012

Mol. Cryst. Lig. Cryst., 1997, Vol. 294, pp. 225-228 © 1997 OPA (Overseas Publishers Association)

Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and Breach Science Publishers
Printed in India

UV-CURABLE POLYMER ELECTROLYTE

HEE-WOO RHEE, WON IL JUNG, MIN-KYU SONG, SE YOUNG OH, AND
JEONG-WQO CHOI

Dept. of Chemical Engineering, Sogang University

1 Shinsu-Dong, Mapo-Ku, Seoul 121-742, Korea

Abstract UV-cured polymer electrolytes were prepared based on polyethylene
glycol diacrylate (PEGDA). A series of PEGDA was complexed with lithium
triflate salt and the effect of chain length of PEG on the ionic conductivity was
studied at various salt concentration. The highest ionic conductivity at room
temperature was 1.7 X 10° S/cm for 14 EGDA at the [EO}/[Li‘] mole ratio of 8
which resulted from the balance between the number of total charge carriers and
hindered mobility of polymer chain. Cyclic voltammogram for
polypyrrole/PEGDA electrolyte/Li foil cell showed a pair of sharp redox peaks
even at room temperature.

INTRODUCTION

To develop rechargeable lithium polymer batteries which have high power and energy
density the solid polymer electrolytes are required to be highly conductive,
electrochemically stable, mechanically strong and flexible. In this respect UV-curable
polymer electrolytes based on PEGDA may be considered as one of the best candidates
due to their additional easy processibility and high transparency. We investigated the
effect of PEG size on the ionic conductivity and optimized the salt concentration. Also
its performance was tested using the cell composed of polypyrrole and Li foil as

electrodes.

EXPERIMENTAL

PEG diacrylate was mechanically mixed with lithium triflate under N, atmosphere and
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then initiator (1 ~ 10wt%, Darocure 1173) and accelerator (1 ~ 10 wt%, triethyl amine)
were added prior to UV irradiation. The mixture was coated on a glass plate using
Doctor blade and cured with UV irradiator (Fusion F-450). The cured film was peeled
off, dried at 80 °C in vacuum oven and stored in glove box for later use. Ionic
conductivity was measured using impedance analyzer (HP 4192A) and the degree of ion
dissociation was characterized by the deconvolution of FTIR (Midac Prospect) spectra.

The electrochemical cell was assembled in a glove box by using Li foil, polymer
electrolyte and polypyrrole. The polypyrrole was electrochemically polymerized on
platinum disc in an aqueous lithium dodecylsulfate solution containing polyethylene
oxide. Cyclic voltammogram was obtained using potentiostat (EG & G 362) interfaced
with IBM PC.

LTS AND DI ION

Ionic conductivities of UV-cured polymer electrolytes are shown in FIGURE 1 as a
function of mole ratio of ethylene glycol (EG) to lithium salt. The number indicates that
of EG unit in PEG. The conductivities ranged from 107 to 10”* S/cm depending on EG
unit in the polymer electrolytes. The maximum conductivity appears at a salt
concentration of 8 and 10 for 9 EG and 14 EG, respectively, which may result from the
balance between the number of charge carriers and hindered mobility of the polymer
chain with increasing salt concentration. The highest conductivity of 1.7 X 10° S/cm was
obtained for 14 EG at the mole ratio of 8.

The ion dissociation in the films was investigated by deconvoluting SOy’
symmetric peak. The frequency window was in the range of 1010 to 1050 cm™. Typical
FTIR spectra shown in FIGURE 2 are for 14 EG films at different salt ratios. The two
peaks at 1030 and 1040 cm' are assigned to free ion and ion pair, respectively. The
deconvoluted result is tabulated in TABLE 1 along with its conductivity. As the salt
ratio increases, relative percentage of free ion decreases but total number of free charge
carriers increases. Also the increased ion-polymer chain interaction reduces the chain

mobility, which is essential for high ionic conductivity. Therefore, the salt ratio should be
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optimized to obtain the highest conductivity.
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Deconvoluted FTIR spectra of 14EGDA/LiCF;SO; films:

(a) [EOV/[Li']=6 and (b) [EO)/[Li']=12.
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FIGURE 3 shows cyclic voltammogram at a scan rate of 20 mV/s for the all solid
state cell which was made with 14 EG. A pair of sharp current peaks occurs around 3.0
V due to redox reaction of polypyrrole. The peak separation between redox peaks is
very small and the ratio of anodic peak to cathodic peak is close to 1, implying that
redox reaction in the cell is quite reversible. The rising peak above 3.5 V may be due to

the decomposition of the triflate ion.

TABLE 1  Result of Peak Deconvolution as a Function of Salt Concentration.

Salt Concentration Free Ion / Ion Pair Conductivity
[EOYILi"] (%) / (%) (S/cm)
6 673/32.7 2.6 x 10
8 80.5/19.5 1.7 x 10°
10 87.0/13.0 6.5 x 10
12 88.4/11.6 4.6 x 10
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FIGURE3 Cyclic voltammogram of Li/14 PEGDA/polypyrrole cell.
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