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Abstract: In this study, styrene derivative having ethylene oxide group (PEGMS) was synthesized as a macromonomer,
and graft copolymer in which side chains were quantitatively introduced into each monomer unit was prepared by radical
polymerization. From the electrochemical measurement of polymer electrolytes, it was found that the higher the molec-
ular weight of macromonomer, the higher the ionic conductivity. Also, the ionic conductivity of the same PEGMS varied
with the concentration of lithium salt. In particular, the polymer substrate was converted from crystalline to amorphous
at [EO]:[Li] ratio of 30:1 and ion conductivity of up to 5.11 x 10” S/cm was observed. However, the higher lithium ion
concentration increased the glass transition temperature of the substrate, while the lower lithium ion concentration did not
suppress the crystallinity of the substrate. Therefore, the amount of lithium salt for a high ionic conductivity should be

adjusted to a level that inhibits the crystallinity of the polymer substrate.
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M2, 2 Ao v 2R wen¢]l PEGMSE $8h7] S8l
CMS(90.0%, TCI), PEGME(H &&= A% 350, 550, 750 g/
mol, Aldrich) ¥ ZvjZ NaH(60.0%, P|dZ o d AL
Aldrich)E F3te] ARgstth. @4 &vi= THF
(tetrahydrofuran, 99.5%, Samchun)e] 2™ HWIZH]=(99.5%,
Aldrich)?} YEF(99%, AldrichyS WHS-AA ¢8-S A A%
T SRAIHT
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Scheme 1. Procedures for the synthesis of PEGMS macromonomer
and preparation of PPEGMS-based solid polymer electrolytes.
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Figure 1. 'H NMR spectra of 4-chloromethyl styrene (a);
PEGME750 (b); synthesized C-16 (¢) in CDCl;.
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Figure 2. FTIR spectra of 4-chloromethyl styrene (a); PEGME750
(b); synthesized C-16 (c).
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Figure 3. GPC trace of polymers in THF at 40 °C.

Ehfol s, AA| 2 7}zke] f)X]ol|A] ERlH Tt B CMS
o] o]FAY 541 = A= F4(6.7 ppm, CH=) 17] ¢}
PEGME®] =t methyl”] (3.4 ppm, -CH;) E49F0) &
TaE AT A, 12959 HEE A AFHOR et
A7F =AU PR R o] A= FTIR S35
X FAE 5 =, A3E Figure 20 YERAATE

A2 FAE DA A= CMSAlA 7]R1sH= C=C
olFAge| F9Ar) 1629 em'olA #EE Y, PEGMES]
C-0-CoA == §ASE 5937} 1106 cm'olA] &2l
A2 Axdow dAE nEERemE CMS 2 PEGME
£ FAFS A= YeEt) 9, vl 221 PEGMS
o] gl AREE PEGMEE #4F0] 350, 550, 750 g/mol
oln], x| EO7)¢] =& A rd zhz} g, 12, 167H¢]
t}. o]ol] 278t & AFelM= CMS2t A 750 g/mol
°] PEGMEZ 3% PEGMSZ C-162% 333t} ulet
Al EARF 350, 550 g/mol: AME-ste] FAE rlE R -
= 27 c-8 ¥ C-127} ¥tk

Scheme 19] F-ZolA & 4= U%o] P dAl= w4
o] A7) wizel] olF AT e] vkeAdo] i, AxHo=w
B3 o] o A|7ko] AQHT) B AYME 7]



NLHSARI=Y S Eeshe SR ER feAle] 3 ol =54 77

e

8 7 6 5 4 3 2 1
ppm

Figure 4. '"H NMR spectrum of PC-8 after polymerization of mac-
romonomer C-8.

Table 1. Polymerization of PEGMS in MDF Solvent for S

Days
Sample PEGMS My’ MWD
(g/mol)
PC-8 C-8 14300 1.46
PC-12 C-12 9400 1.58
PC-16 C-16 19000 1.47

“Estimated by GPC using PS as standard samples at 40 °C in THF.
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Figure 5. Nyquist plots of polymer electrolytes as a function of
macromonomer structure with 1:1 of [EO]:[Li] ratio at 25 °C.
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Figure 6. lonic conductivity of polymer electrolytes as a function of
macromonomer structure with 1:1 of [EO]:[Li] ratio.
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Figure 7. Ionic conductivity of PC-16 series as a function of tem-
perature and [EO]:[Li] ratio.
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Figure 8. Room temperature ionic conductivity of PC-16 series as
a function of [EO]/[Li] ratio.
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Figure 9. DSC curves for PC-16 series with various Li ion con-
centration at a scan rate of 20 °C/min.
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