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2 kN2 FFY olF Z4 o|2ul¥sE e 2EA 1A A AL Az ANA bis
(MEE)itaconate @& 2-(2-methoxyethoxy)ethanol® itaconic acid@ 9| AH 23} ¥h3-3}
o A3 o]2HEA 28X BEES bis(MEE)itaconate, diethylene glycol dimethacrylate
Z2)3 LiCI0,8l ERE-E =2 E JH=2(BME)E 7AAI2 3l 374 Stz F3 9
gt A3t 7tas A 28 Fe P EC/PCY EA slolA 94 FF§oz A=
7taA 24 EC/PC (1/1)& LiClO, %] 70~150 mol%, 7tZAl= 5~10mol% 181 ¢zde)
de [E0])/[Lit]=10/1, 8/1 ada 6/12 AM3iich AU o] 2AEEE BYFE g7y
9] =& [EO)/[Lit]=8/1010 7lm3} 18z} A A o]HEAHL 56x10°6S/cmz A4
g9d AR A Ao 74t A gEeld BRI A8 S4E v $2 )
AH 4A& 71A0 3.6x1074S/cme s $5F AEEE HAFYr}

ABSTRACT: For a new double comblike ion conducting solid polymer electrolyte, bis[2-(2-
methoxyethoxy)ethylJitaconate (bist MEE)itaconate) monomer was prepared from itaconic
acid and 2-(2-methoxyethoxy)ethanol. The ion conducting polymer films were prepared by
photoinitiated radical polymerization of bis(MEE)itaconate, diethyleneglycol dimethacrylate
and LiClO, with benzoin methyl ether (BME) as a photoinitiator. The plasticized polymer gel
electrolytes were also prepared by photopolymerization in the presence of ethylene carbonate/
propylene carbonate. EC/PC(1/1, 70~150 mol%) as a plasticizer, 5~10% of crosslinker and
concentration of alkali salt [EOQ]1/[Li*]=10/1, 8/1 and 6/1 were used. The optimum [EO]/
[Li*] ratio for high ion conductivity was found to be 8. The crosslinked polymer gel alkali
salt complexes showed ion conductivity 5.6 10°%S/cm and the EC/PC plasticized polymer
gel electrolytes showed ionic conductivity 3.6x10™*S/cm. They showed a rubber elasticity
and maintained a mechanical stability as a free standing film.

Keywords: ion conducting polymer, polyitaconate, gel electrolyte, ethylene carbonate/propylene
carbonate, double comblike polymer.
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Itaconate @& = deladyoleg} Ze 72
£ 7IXa Qlof F#e] & FAE] o] 2ARA E
AzA $&H] hom ¥ jtaconate GRAE o] &
3 olF FH T2E M oledEAy 1EAE
AAslY FFHoE o2 AEEE Foln VAFH
BE7} $5% ol 2z LEAE BYY + Utk
B AR A= bis[2-(2-methoxyethoxy )ethyl]
itaconate (bis(MEE)itaconate) T E AR5}
7t4a3t A o] 2ARA nEAE P 289 A
714 54 2 BAE FHSAh

4 #H

Ale} 9 717|. 2-(2-Methoxyethoxy)ethanol, di-
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ethyleneglycol dimethacrylate (DEGDMA, Al
drich Chem. Co.), o|¥-&2 calcium hydridez 3
Z% & Z5H3}o A3l Benzoin methyl
ether (BME, Aldrich, 98%)& det&dA A|2%
sl AME-8}Th. Lithium perchlorate (99.99%)
9} itaconic acid (Aldrich Chem. Co.)&= A| %8 &
2 a2 AMS-35t}. Propylene carbonate (PC)
az2)3 ethylene carbonate (EC, Aldrich Chem.
Co)e AFE & AF A=3o AH-3tt

Pk FPo] AR UV P=ZE PEN-RAY
POWER SUPPLY MODEL PS-1 (US.A)& A&
sigich 48 nEA 2 g gz B
B9 feldol % (T,) %L Shimadzu DSC-50
& Aoy ol AEe A FAE AM-EHS
-100 ¢ o3l Wa4¢ F AL vIA 917144 10
C/min E£& 20 'C/ming] $& £x2 DSC &4
AEE UG ol2AWEE =4S HP 4192A
impedence analyzer& A}&3}%t}.

Bis(MEE)itaconate2| #}d. S2uigt Eglr~3
(500 mL) 9l itaconic acid (60 g, 0.46 mol), 2-(2-
methoxyethoxy)ethanol (112 mL, 0.92mol), p-
toluenesulfonic acid (0.75 g, 4.4 mmol) 18l &
Fal (225 mL)g B3 Ak ZAE 1083 T4
Z ¥ Dean-Stark FX|& o]&-3ldq i 7tx £9
71614 150 CZ 24717 w3t AR B8 9%
Ho g AAst WPeAT). vhe] #45E F A
ZU7E o] &3le L& AANY o, olnf do
A PHEEE Kugelrohr Z2F AAE o] &3l X2
7] 120 C o)A FHeke] 2-(2-methoxyethoxy)
ethanol-& /3l the 140 CTAA AAE FdA
o] d AP w2z FPEL FFIA
t}. 2 ¥ 160 °C/0.1 mmHgolA AF ZF3ld bis
(MEE)itaconate & 4%ir}. &2/l HA €& B
d2HZ SPELS AAZN A3 wLdz==
o g3 £ 100mL9] 0.05 NK,CO:& A 33ld
9& A3 AANA e Al FFrEE AY
¢ ¥ Kugelrohr X2 thA] SRl HF QA
g 4tk

Bis(MEE)itaconate : Yield, 65%. FT-IR (KBr,
cm™!) : 2889 (aliphatic C-H), 1739 (C=0), 1641
(C=C). 'H NMR (CDCl;, ppm) : 6.4-5.8 (d, 2 H,
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CH,=), 4.4-3.4 (m, 22 H, 2 -CH,CH,-O-CH,CH,-
0-CHy), 24 (s, 2 H, -CH,-CO-).

Polyitaconate D-2X 4l 2N Seixe| &=,
IRz A elg B = bis(MEE)itaconate
g4 (2g, 6 mmol), DEGDMA 7}ai#] (&= 9]
5mol%), LiClO, ([EO)/[Lit]=10/1) =&]x 7
Al BME (M4 @342] 3mol% )& 2mLe] F
T A Egd Rt ol2 7|H E97idA 54
LEt mutsle] gasidch. #dstA 43T As

2 53A &AL H=E By 84E H3E 74 -

2 =33 Fa4 #97]90A 254 nme] e =
AlEle] 7l o} AEA AL AMEsAc) 2dFY
AA3 GolE MAE FEATIL 2475 AF
Azdle dZe|g B4 LEL Mok 28
gE9e E¥ust [EC/[Lit]=12/1, 8/1, 6/1
23 4/1 249 42 d FEPHE: 22 Wy
o] 93l Azt

Ziast TEA W HEld SuA A= st
7128 A ¢FEld EEAE bis(MEE)itaconate
(2 g, 6 mmol), EC/PC (1/1, LiClO,2] 70 moi%),
DEGDMA (234]9] 5mol% %= 10mol%),
LiClO, ([EO]/[Li*]=10/1) 28] /JAl4] BME
(AA d3Ae] 3mol%)E &t AL B9
228 dhxaolA] 5AIZHESE mkele £33t
SH3] SE FAE EFA 24 HEZE Ao
e FAZ =3I Lo FAd E47]4A
254 nme] A& ARSI Fha 7hAst A o] &A
A& Azddch 849 7123 RES AFdA
A A3 AZANAAM dREd S &S AR
ot =F3 7pAAI7} 300, 220, 150, 100 281
30mol% & ¥k gAY A =¥ HF o
of Egu)z} [E0)/[Li*]=8/1 g1 6/1 &4
2ZE g A EE 2L W) o5l A=z

ol2¥ET H/HH. AFL 2dHA2YEIZ o]0
Fem N8E %7 3.80 mm, B3 0.78 cm?e] 98
AF Ateld] A8l 1kge] FAZ & stz
AF AZSHHEA 60 CTAA 32Nt G-t ¢
859 A3 spgRlE] 43Xy $AE viojaz 0|
Hz 2339 1 JFg& A8y FA= 7539
. gedAg 3] $s FA=& impedance
analyzer (Model HP 4192A)& o]£-3lod AF 3}
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NA 7k Fg 71710 S/AA VB 10T
o]3t2 W3t 71717} 10 ¢oldlz 83 ¥
HA 717ld A7 T4, AR WA, wE 34
7 agla 33 A5E Y3 BGAXNE A
71 & impedance analyzer$} 718718 %3y
th 7}97)E 10 THAM 60 TR HE 1 TH 50
1 Ass=Es e, viiuig 333e 2y
Bl vehs log o o) &5 FHoz 723K
% AYe FEL 50 mVrmsol|glew Fogs
13 MHz~10Hz2 ®3A 74 A3t dofdx
7ol ¢8HY AFE FYFAAA Eedly 2
FAE A UG PP A A8 ¢y
2 3% A9 FA S 7183190} Nyquist
plotg o] &3l YAF 2xoMe] A% g RE T
3, o] A3 go} Alge] FFEFA (¢) 2B AR
9 HE (A& ol43ld ARE (0) & T3l

g1 3 2%

7tm nEX fEEly S dxE ¥ M vtz
Ao 3¢ DFA ] gLehe] & &3=HA &
7] W&ol Ao TS W A LAH
AUk ol dLE| Ay} GRAE L3471V AR
qere2 FEH F A2 84 7N 2Y714A4
247 BABIY FEAY F IF A= 93 3
F oleA=A UE AEE ARG =X 89
2 BF ol A= AAAA A4 ddF A =
28 =xd F§9 FFo] JYHJou FAAHL
YEn}R gt

Bis(MEE)itaconate?] @dZH{AEL BUE YA
Al 1A Aol Aslslo] B9 3ol aTHY)
W&ol 7}A2A diethyleneglycol methacrylate
& AH3ideH ol Ztast FAld EO ©9& 7t
A3 ooz A9t o|FA G5l o A
Z" F#A AL L§ 4¥40] A M= ed
4o 93l WHo] dojul= AL HAFT
A A B =4 [EC]/[Lit]=6/1, 8/1 18]
I 10/1 =49 gz Adde fEdele:s
DSC @ #49|H -30, -36 228]1 -43 CE BHAF
o stmaYel oJsie] FTRAY TEA Abee] §
A9 AZ vl HA @& 49 A /A
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z3lded F3Agol 3A vehs BAo] A=A
o 7tE2E7) 10mol% 2 718 Adle] ¥ge 2
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YEpR 2 -58~-80 C Atolol A &l wl - &
Aol & oleAEA TEXZ ALY + UL ¢
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" Figure 1. Glass transition temperature (T,) of the

cross-linked and plasticized polymer gel electrolytes
with 150 mol% of EC/PC and [EQ])/[Li*1=a) 10/
1,b)8/1andc) 6/1.
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Table1. Ton Conductivities of Crosslinked
Polyitaconate Gels-Alkali Salt Complexes®

[itaconate]/ EOJ/[Li* T.(T conductivity
[degdmal [EOVILIT)  T(©) (S/cm)

6/1 -30 1.0x 1078
20/1 8/1 -36 5.6x10°6
10/1 -43 2.3x10°8

2 Polymerizations were performed at 20 C, with 3 mol% BME
by 254 nm UV,

gA €. AFHRgNE 1/wC7t RET ui$
AAA Hez G YHAd9L @& FAR 5= A
o] RS AE AdAg2z FAHE FEI 2N
F3 3 F718 BApA#

7last A OlRNMEHS) O|RVEET. Vi AR A
gZelg Byl =4el [EO)/[Lit]1=6/1, 8/1
a3 10/1Y o o]LAEEE Z42Z 1.0x10°, 5.6
x10® 228)3 2.3x10¢S/cme] e HodFgon
[EOJ/[Li*]=8/1¢ o 5.6x10%S/cm=Z Ht} o]
L2AEEE HAFech ol tiF Has Table 1
o) veht Qlct

Fig. 2(a)dl Yel} Ade LZelge 5= W3
g oleAr e WiEe dFeE|gde =7t F718
A o] AEEI} FaF oz Fasle AL HAF
Ath Jta iz A 4EEd 589 ol 2AER
= 2789 Fxd g3l slavt HA @s 4%
AFEANA [EO]/[Li*]=10/1e14 ehd 27} o
Zte] o)z} itk dgeElgel Yo [EO]/[Lit]=
6/1 o]4Q A% Ao &7 v @Ado] et
on 4/19) A do <A &3 7} dolukx &gk
o}
A gzl tnert 5% 14 AHAL
el sl HA 42 ALET o 2HxET}
aA Mg ¢ 5 e ol ©A st %
TR} Aol f94 Pattez Hdu¥ 5 Qo
7ia A EEA7L @AE 7RI g2 AER
23 A AR 1kge] 35S AAT A A
de] FAE &4 Ad Fo] i) Aoyt Hr)n
deon ATz Asjde AdHe] HI Jd= BY
A A= Ut ol Fold Ao W] WE
dl olof thF BYF 24 L 3E £olv FAYHY
A F A= J3 Fo At etz ez 3

876

—e—-3)

-1

- log{conductivity/Scm™")

12 10 8 6 4
(EOVILI*}

Figure 2. Ion conductivities of a) the cross-linked
polymer gel electrolyte and b) the plasticized polymer
gel electrolytes as a fuction of Li* salt concentration.

B2l dad 544 de ARE aF oA g
VA HY AFEnRe] duds Moz Afd A
S AWM dojvks A4S ¢ Ut Uk 2
FaRel vl nEx AHA | 2§ oldx
g dudx oz AFme M Addx
AFe A AFA AAIE2el o7 AT
Ao}, ojae] FANAM g He AlHe]
Ay 9 AL dgEo Rel gho] ¢dd
A E 24 971 Aok

7ot 3l o|RHET AL o|RWTE. 143} A
g 18z A¢ EC/PC=1/12] FF}EL AHE3I%
= ARE JhaAls gEede 30~300 mol% <]
G& Aoy AlRe] BAE S A ¥
o] RAE & F WY FAZ ALY H$ 23
2 ZtaAle AF Az A 9 SEE] A Ak
3 7haA %o 90~93%9 *& T UL
% 4 AR

7has nEa A GEed E¥A= EC/PC(1/
1)E A439¢ 9 Table 29 o|ledEx AFNES
Uehigith oledATEE EC/PCeo %o} F714
g ZolsliyEd [(EOY/[Lit]=8/19 =4& /K
n8a AAd2x EC/PCe o] 70, 100 2|3
150 mol% Y o A=EE 1.1x10%, 25x10* 1
23 3.6x107*S/cme] g& BAF). o]= Fig. 3
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Table 2. Ton Conductivities of Plasticized
Polyitaconate Gels- Alkali Salt Complexes’

[itaconatel/ [EOJ/[Li*] EC/PC  conductivity

[DEGDMA] mol% (S/cm)

6/1 70 42x107°

20/1 8/1 70 6.2x107%
10/1 70 1.7x107°

6/1 100 1.5%x10™*

10/1 8/1 100 25x107*
10/1 100 2.0x10"*

6/1 150 32x10¢

10/1 8/1 150 36x10™*
10/1 150 1.1x10™*

¢ Polymerizations were performed at 20 C, with 3 mol% BME
by 254 nm UV.

oA FraAle) Yol WE o] 2AEAe HIHE HY
F3 dow stade Fot F7HEHE oj2A==I}
A Fobstn oy g0 AxAe 7143 4
& 3A AagezAM EC/PC AR #4171 Yeptn
Atk

71A4A1E AAE AS BE ZAA 1.0x107'S/
cm o|A4e] AEEE HoFo] H3 3.6x1074S/cm
A F7rstgen gze|ge] =& [EOJ/[Lit]
=8/1¢ ol Hi gg BAFU) & 29 7
g Bl Ao o]2AzEr} o7t ZAAH
A 2 A= 7A@t} (Fig. 2(b)). 2
9] %7} F715lA o]l 2F ol o] i)
& e LEAL AxFgos AF nEA A}
£ 94 #BAZ JF Aoz B F 9l 2EA
A A £ 18R] fedoler Aol HrlE
gl 95l of7| g o] &-aEA AFE Fgd 7[¢s)
<l o] gol Fx7t F718 et Frlsige Al
He Ao A A7z Fge e
t}. ol& TEA AHAEL HAY AFAEC] Bu
A Ao FAIE B2 do FEE FHZ
o wel Ad ks Friske Whd ol2-1RAt
oA 97 AAIH EEF sl el dout
o] 22| &3 Yo] Zadly] o)}

743t A gZE|g B¥Ae 34 EC/PC=1/1
o] BlEY B3] 70~150%9 F& JlAAZ ¥
e AT v QA LA dAsF A 9§
< FA3H o dZEde wxrt IS K

el Aj2238 A6x 19989 114

log{conductivity/Sem ™)

Q 30 70 100 150 220 300

[EC/PCY/{Li*], moi%

Figure 3. Ion conductivities of the plasticized poly-
mer gel electrolytes with [EO1/[Li*]1=8/1 as a func-
tion of the plasticizer concentration.
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Figure 4. Temperature dependence of the ionic con-

ductivity for the plasticized polymer gel electrolyte
with [EOJ/[Li*1=8/1 and 150 mol% of EC/PC.
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