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2903 24 oEIHolE W9E e N2 A AdF= o|43y] sl bis(2-
methoxyethyl)itaconate (bis(ME)I) & itaconic acid%} 2-methoxyethanold} o] ~H| 23} w8
95ty AR AN bis(ME)I®] 2FEAEL2 o SFd 93l AN/bis(ME)I=9/1
~1/1 2438 MAe A& P J49] 7AA 47 o]l 2A=%+ AN/bis(ME)I= 5/1
# 6/1 (25~35 wt%), LiClO, (15 wt%) 22l 7}4A) (EC/PC=1/1) (40~50 wt% )+ B
oAFEdeh 7l4ast A oleAEAE Ay AFH JAH A& RAFey o]2AERE
8.12x107*~1.87x107%S/ecm& RFrh A o] LAEAL HAFE o] 2AEAE AP
PEOE 4o 2 ¥ o]2dAxA FEXHT] 108 o) £& o] 2ATA & HoFit}

ABSTRACT: Bis(2-methoxyethyl)itaconate (bis(tME)I) was prepared for a new gel electrolyte
containing double comb-like itaconate unit by esterification reaction of 2-methoxyethanol
with itaconic acid. The copolymers were composed of AN/bis(ME)I=9/1~1/1. The optimum
mechanical properties and conductivity were obtained from the composition of AN/bis(ME)
=5/1 and 6/1(25~35wt%), LiClO,(15wt%) and plasticizer (EC/PC=1/1) (40~50 wt%).
They showed a tough film and maintained a mechanical stability as a free standing film. The
plasticized polymer gel electrolytes obtained from them showed ion conductivity of 8.12x10*
~1.87x1073S/cm. The maximum conductivity value obtained from our study was one order
of magnitude higher than that of other PEO-based polymer electrolyte at ambient tempera-
ture.

Keywords: ion-conducting polymer, polyacrylonitrile-co-bis(2-methoxyethyl)itaconate, gel elec-
trolyte, double comb-like polymer.
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Z71718] Bgel o3t 48 ngE AR g 7y
utel ool FiEo] BE 2aF HAdA nEA
nF Hsjdg AM-sle EE-2ER J1A (LPB)7L
Z4o] Ha AUtk glFole AA (LIB)d nis] ==t
3, 0E5¥, &% Aus 9 Ax oy Fo F
Moz z}s4e urtm gt} #x] LPBE cycled|A
LIBrch At Qevt Belicoreodld 300 Wh/
litere] o 4®) Wi, 130 Wh/kge) Zalxd algol
< AANE Agdled o gAA AT Qo
LPB 7ol glo] A4 Fof dhte 1A nEat A
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ol Bellcore?] LPBe] 7|8 #Z+& oMz i
A, B 23, 2w, A3z FAHY QU o
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Hde ¥gsin Jon BFE LIBoA e} o] &
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LiPFg 8, 28]3 182} 7]4& PVDF$} hexafluo-
ropropylene®] 3 & Apgstal Qloh!?

A-AsjdzA thE3d AL PAN, PMMAY
PVDF S a8xle]d o]2dExE 107°Sem™
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2L 71 - dhdt Gt e dAeln). A-g A
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3 Azg 33 F2E JRE ol2drRA iRt
A, oled=A 9 38 o AP ol E o
FIUE #E 2L elEolx ARNEA & #F
Aoz aA Yg Aok 2o aEx A A
3 7ol ¢4 PVDF A-A# A7 7pad 7t
3185 crossed-linked PEO,? radiation cross-link-

Falol A259 A4z 2001 72

A

IS

ed PEO,? low-melting salt @ 11 £3EL 18
9} 33l rubbery electrolytes,'®! PAN %
PMMAE 7lx2 3 Z-A#3 Fo] o4
oI} 1216

olg WeFe e MEE  bis[2-(2-
methoxyethoxy )ethyl jitaconate (bis(MEE)I) & o]
L3 o) 2ARAE A3l BAJo] EEL HAA
T A7 £A4 glol 104S/em o)de] AEEE
HZ v} glom!"8 o]2 acrylonitrile (AN) 3} &
ZEsle o2 wi9ls & 7IXlE EOTPHE olF &
2 298l M7y S48 olizl AE FA4ol
$ae oleAEA TEAE AZIT T $E4E
1250 s R

£ ddlAE bis(MEE)ISt fAlR T2& 714
+ bis(2-methoxyethyl)itaconate®} AN=#}2] o}
7] Z2Ae] FERAE s o] &AL LEA
2A AL ZAEIA

4 3

Bis(2-methoxyethyl)itaconate (Bis(ME))&= &
ol A" Sydl gzt FAskHh
Acrylonitrile (AN), &g, EFAL  calcium
hydride2 ZAZx$ ¥ FH39 AM&3drh aa'-
Azobisisobutyronitrile (AIBN, Aldrich  Chem,
Co., 98%)c derEdqM AZRsA ARR-3tATh
Lithium perchlorate (99.99%) (Aldrich Chem.
Co)e AA glo] Iz AMR-3l9dch. Propylene
carbonate (PC) 12]iL ethylene carbonate (EC)
(Aldrich Chem. Co.)&= A& AF AZFsIH A}
£33t c). Diethyl ether 18|31 #n-hexaned Al¢
£ #€ 34 glol 2z A fejdel
5 (T,) %%& Perkin-Elmer DSC-7-& A3 2.
o ol AgE HE3Y 10 mge] FEME ABE
He 714 £917]1914 43 A& AM3ld -130 T
2 YA F4 -110 CAlM 250 T7R] 10 ¢/
ming| B &2 7}E93AA FA3.

Bis(ME)i2l ANRISl ZZ 8| &Y. AN (106g,
0.2 mol), bis(ME)I (10.24 g, 0.04 mol), Zg8lx
AIBN (0.09 g, 0.054 mmol)& DMF (50 mL)el] &
Mt f8 AZ (150mL)d] ¥t Freeze-
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A AEe UEsgrl. WEL 65 CE YRFIHA H-

B ZolA 2447t Bivig E3S Ao
& diethyl ether (1 L)o] AlA wytsPAA
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AFsl] 1A Ao FEEANE AU FFEA
= 100 ColM 10417 AF Ax3e] ARSI
ek o] 2Ao] AN/bis(ME)I=8/1, 7/1, 6/1,
4/1, 3/1, 2/1 283 1/1%) FFPAE A7) 2
& o) of3le] e Pt

AN/Bis(ME)I=5/1. FT-IR (KBr, cm™) 2920
(br, aliphatic C-H), 1739 (C=0), 2210 (C=N),
1250-1115 (C-0). 'H NMR (CDCl;, ppm) 4.4-3.4
(m, 14 H, 2-CH,CH,-O-CH3), 2.4-2.1 (br, 2 H,
-CH,-CO- and -CH(CN)-), 1.9-1.3 (br, 2 -CH,-
CH(CN)-).

ANZ} Bis(ME)l 3 &A 2 2l Sexe A
Ho7)e] glove box glilA AN/bis
(ME)I=5/1 2534 (35wt%)E EC/PC (1/1,
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aEln 60 wt% & Eiee 9zEd EAER 2
& ol 23l A z3H

OIRNEE &Y. 9o AREE F7) 3.80 mm,
HA 0.78 cm?e] 938 stainless cell $lof] =¥ 3}
cell& 1kge] FA= ¢E& 7igtn 2F Az
A 60 Tl 3412 Bt AHEAlZT. EXE ¢
B ¥ Ad sMgAlE 4Re] A 2 Ao F
Az Argstgch. duldA (Impedence Analyzer,
Model HP 4192A)= 33317110 Col3lz 338
& WA F sl Age A, Alse] 84, vt

e
off I
ox

]
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B A 283 3% I8 dgsin Y4
£ AAAZ t}g impedence analyzers} 71EA3
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£ ZF3eh Heater= 10 CollA 60 T74#) 1 C/
min £E52 3o, njieit EHsle 2UE|
eh}s log conductivity vs. temp. A o2 7|2
st oF Aol AF2 50 mVrmsoliew
¢ 13MHz~10Hz2 834 A 38k ¢
odxa £ & A 2HFFAGA Rejsle 1 ¥
& A3 34 Yo s oA S5 dHds &
B At BAES 71F8% . Nyquist plot
& olgslo 30 TAlMY A RS 7L, ©f
Aggkn Age BEFA () 2 A8 B
(A)g o3l ALE (¢)E Tt el &
Ao 2% WYL =27 FUT P ot
8 5} 1518

< i LN k-

Bis(ME)I¢} ANe¢] gtz @& £95¢o=
DMFdlA Aadaigct. dubd oz PANS DMF9|
351 bis(ME)] 3ZZA = & 38t &
# BN S8 4 HErh FaHor Frts
o fAsHA 20lA F @Ae) JEhyA ¥sith
FTEEAE 4 =g} =& Scheme 19 9.9F
39}l ANT bis(ME)Ie] £%% H]&& AN/bis
(ME)I=8/1~1/12 X3} 59t}. Table 1o &g o]
A9E Yedch £453 F Aol F§ g9
2o el 2 A 5] w ol HFake] DMFE
718te] 3 A3 v diethyl ethere] A& A 3o

(o]
W
CH,C—0 —CH,CH,—0-—CH,
x CHy==CH  + YCH,=C
—0— CH,—0-—CH
eN (ﬁ 0-—CH,CH, )
AIBN, 80 °C
DMF
9
CH,C—0 —CH,CH,—0—CH,

“-Ch, —.C|2H a’x_%c“z _T —_

y
CN G—0—CH,CH,—0—CH,

xly= 8/1,7/1,6/1,5/1,4/1,3/1,2/1,1/1,0/1
Scheme 1
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Aot} 2] 43 diethyl ether % #n-hexaneo) A
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Z49 wetA A A d3E BdFdn) 44-
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& Hazt @A 2AaTE RS £F 24-
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7t ek o] 2AHlE NMR AWEHCGA A& g
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27] g ote] Aolr} Qd%ew 1 ARE
Table 19 Yepligict.

Table 1o FZ#ANN dFAES] 247 B4
o digt ZotE Jepldch. AN bis(ME)I9] £
e Zb7h 53 183 246 g/molo] 7] @i AN/
bis(ME)I=5/1¢] F&#Ae A 7 B &2
FoHlE= 265/246 (w/w)e] 2AE¢ RAFm Qith
olg]dt B W&o FFIAANA F DA E
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bis(ME)I9] @go] Z71848 Asla FAX3<] 7
A& BAFYY. FFHEY Suld O fA=Ex
EEEA 249 wetd & ¥3E RYFUY. B E
ZZF¥YES DMFIE f3sien o dne
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Table 1. Results and Conditions of Preparation of
Radical Copolymerization of Acrylonitrile and Bis
(MBE)I

AN/ AN/ » vield Ty
Bis(ME)I Bis(ME)I* (%) (T)
8/1 8.21/1 1.18 96 - 5.4 hard tough
7/1 7.12/1 124 95 - 82 hard tough
6/1 6.09/1 125 96 -10.0 hard tough
5/1 5.05/1 1.11 98 -10.3 hard tough
4/1 4.13/1 1.14 97 -119 soft tough
3/1 3.07/1 121 95 -20.1 soft flexibl
2/1 2.11/1 1.19 95 -25.7 soft flexible
1/1 1.01/1 1.13 93 -282 soft flexible
0/1 - 078 87 -30.3 soft rubber

?The composition of the copolymers was calculai'd from the
integration ratios of 'H-NMR spectrum. ® The viscosity data
were obtained at 25 °C at a concentration of 1 g/dL in DMF.

Diah ref.

Table 2. Solubility Behaviors of Copolymers of
AN and Bis(ME)I

AN/Bis{ME)] DMF DMSO EC THF CHCl; Bz EtOH HC
8/1 A A XX
7/1
6/1
5/1
4/1
3/1
2/1
1/1
0/1

lCcooo00O00O
0O0O0DO©O 000
C0O0O0DO0OO0O0O0
X X X X X X XXX

ONORONORONGN I
QOO bPP>OD> D
> OD> X X x x X
OO D> x x X %X X

NMP, EC, PC 2&]x1 dimethyl sulfone (DMS) %
o 4 uFHd Sulde vind F Lt
53] AN/bis(ME)I=5/1~3/19] ¥%#A) B3¢
tetrahydrofuran®} chloroformd| = g5 o}t
A g9 dekg 22l wErgds faEA &
ig=

T T .o 2dFHAY 4 -30C #
oA vehta glew ANe| §ake] ZFrlel ulel
-5 C74A Wslaled bis(ME) ©$)7} o]-2ui9]5 3
FAN A fHAGY R AL F UASS
% 4 dalnh

7hasld Add Bz AMES 2EEAE A
£ 333lq AN/bis(ME)I=5/1 218]a 6/1¢] %
e A9s%o" EC/PCE 7ladz AHd 3
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Table 3. Ion Conductivities of AN/Bis(ME)I=5/1
and 6/1, and Alkali Salt Complexes

AN/B(ME)I LiCIO4 EC/PC T, conductivity

AN/B(ME)

(wt%)  (wt%) (wt%) (C) (S/cm)
45.0 15.0 40 -31 812x10°*
5/1 35.0 15.0 50 -48 125x10°
250 15.0 60 -53 1.87x1073

450 150 40 -27 6.14x10*
6/1 35.0 150 50 -43 L12x10°
25.0 150 60 -48 161x10°

A AT AHAA dolvs e 2 F7H U
oh L] Bl A A Wl eF ol
LAEY diF gHEA gEeln AF e HAME
292 A5 A AdAA AN A2 27
A Ea gEolth. o]de] BANA @A A9
AR F2E R BA7 AF¥EH RS Fol
B4AE € EY drt 2lov & Aol AR
H ABE olH% o] H235 HA

Table 394 AN/B (ME)I=5/13} 6/12¢] A A
HE FFA] DSC AHst o] 2HdEEE EYFT

9t} AN/B (ME)I=5/1 (35 wt%), LiClO, (15
wt%)Q) ALl 1.25x10°%S/cme Hod FYr)
7l28lE AR @ w89 AL EC/PC=1¢9 A

;2 Al 50wt% o & IAAE e
Lo v oHgE mEa Ad A gL ¥4
Ron T -48 T o3t HAFo 74sid i
A} Abgel B o] W BuEh) dova A&
& ¢ 5 Utk

oleArE nER Fo BE &% uEA Lit
o] A% Fgo g el 52 ARTE 71
7] el Litgol niale #ANE sl 2
A3lE do7|A] golol 3leH itaconate THAE
AHESE TEFA EAl Asde] A oluF FA)
E 43T F U8 Aoz BAY. A7 FEIA
7h4st A A AE AEEE A $-840] Qe o
AT E HAFE Ao 48 = USdh

A7) et AFgA, A3 AW 54 8x
gt A0)d B4 #E 9= Ay ey
ol digt A= 3 ARE o Feolth

oh'.

3

-
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