Polymer(Korea) Vol. 25, No. 4, pp 602-607 (2001)

£t o

oJE}TH| | E Y E XTI AT o] &4 olaY2YED
ZZRNY AZ L o]LAHE E4 =)

AN - AP - HPF* - FHA!
e LSRR
(20019 59 269 HF)

Preparation and Ion-Conducting Properties of New Double
Comb-like Acrylonitrile Copolymers Containing Itaconate Units

Chil-Won Lee, Wan-Ho Seol, Byung-Ku Choi*, and Myoung-Seon Gong'
Department of Chemistry, Dankook University, Cheonan 330-714, Korea
*Department of Applied Physics, Dankook University, Seoul 140-714, Korea
Yo-mail : msgong @anseo.dankook.ac.kr
(Received May 26, 2001)

2 2:olF &3 clgAdolE YHE e M2 A HAPz ol&Er] sl bis(2-
methoxyethyl )itaconate (bis(ME)I)& itaconic acid®} 2-methoxyethanols} o ~e|23} yl-g-ol
ofsled ettt AN bis(ME)I®] 23EANEL 2]z FHol o5te] AN/bis(ME)=9/1
~1/1 24& 7FAe A& stk HAe] 7AH 4 oled=Te AN/bis(ME)I= 5/1
2 6/1 (25~35 wt%), LiClO, (15 wt%) 28]x 7144 (EC/PC=1/1) (40~50 wt%)ollA B
o Fnh 7143 A ojAxME AL M VAR AL BaFYen o2¥rEE
8.12x1074~1.87x103S/em& HAFTl ) o|RAZAYE HAFE oAM= H¥HY
PEOE FAlog @& o|edxA IEAHC 108] o] £2 o] 2R & BAFA

ABSTRACT : Bis(2-methoxyethylitaconate (bis(ME)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(tME)I
=5/1 and 6/1 (25~35 wt%), 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 8.12x 107
~1.87%x10%S/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, polyacrylomitrile-co-bis(2-methoxyethyl)itaconate, gel elec-
trolyte, double comb-like polymer.
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Amd, Fd A7 22ln AFE Fo Fg A
71719 BFd gt 28 1= AA)d R A
we] FaAol Fuise] elF 23 AXA aER
o4 A dE AHgdE HE-2EA 14 (LPB)7}
F4lo] g3 itk 2lEol& Ax| (LIB)o visj what
3, 25X, 23 AY3} € Az o4 5o F
Hog zZbgg wm itk dA LPBE cycled|A
LIBET} Astsn ¢lov BellcoreoA 300 Wh/
litere] o] W5, 130 Wh/kge] Eelxg glgol
2 AXE Agsld oAz FANAM A= At
LPB 7ige slof ¥4 Fo shis 1A nE8a A
g Aoltt. A% 1Y% LPBe Aade A-Asfd
ol Bellcore®] LPB9] 7|2 Fx& vlHF &
2}, A B3, B, 3oz FAH Yok o
uAF nEa 71d ol 50% A=A 4 A
AL Tetn glon FI3L LIBAAS o] &
A, A& lithiated metal oxide, 3] A& ethyl-
ene carbonate$} dimethyl carbonate (DMC),
LiPFg @, 28] 2t¥=} 7142 PVDF ¢} hexafluo-
ropropylene} 2Z¥A| & Agstn Yrht?

A-AfdzAH dEHY A& PAN, PMMAY
PVDF Zo sfzleld oledezE 103Scm™!
Axd olgn}. 1y ¥ JIAH A=, gF 5
Fhe] BehgA, F9A £99] 7t dem PVDF/
HFPAE= olv] §3871 2o M2 249 2
2 7\ A i A¢r) e Aot A-8 As
Ao A He 50% o) FH3E 103Sem™'e] o]
LAEEES Rolu AH L& P ¥l J)A
A BErt oo g olg HYdp| sl HrH E
' 2 58 BEdloo} @) F8F A A
A AR F=Y T Ar|sEd A, AW EA,
Aol 59 Fo BAIE Mdshs Hejchit

ol2AEA mEal i dFe B HAE F
& Qg F TRE Ve oW EY PR
34, oledxAe) 38t PR FHAY o]2HE v
FME 798 22 glgelat HA2A &4 BE
Aoz A e £ doh HZo nEA AHE
o3 d1e} $8e PVDF A-AsA 7 7aA7}
3+4-¥ crossed-linked PEO,? radiation cross-link-

#F2of A25F A4z 2001d 7€

ed PEO,? low-melting salt ¥ 1 E§#E& &
9} Z3% rubbery electrolytes, ! PAN 2
PMMAE 7|22 3 A-AHfA To] ol&=Hz
9t} 12-16

ol wWdsE e ARE  bis[2-(2-
methoxyethoxy )ethyl Jitaconate (bis(MEE)]) & ¢]
£ o] 2ARAE AR BAo] FAH I stAA
5 A7HAle A4 glol 10*S/em ol4e] A==
BAZE ul glom!"® o] 2 acrylonitrile (AN)3} F
F3sle] o] w95 & 7IXs EORHE olF &4
2 EYsid Arid BB oilgt JAIF SA4o]
PAE oleAEA TEAE AT} I FEAE
125 = R

B2 A7 E bis(MEE)I9} #4AVE +2E 71X
&= bis(2-methoxyethyl)itaconate$t ANZ}e] o
742 249 FEHAE FAsT o] A=A nEA

24 4dE zA
4 H

Bis(2-methoxyethyl)itaconate (Bis(ME))& &
Hol  AA"E el sl FA e
Acrylonitrile (AN), dgtg, BF92 calcium
hydridez 2% F F{H3lH AHHY. ae'-
Azobisisobutyronitrile (AIBN,  Aldrich  Chem,
Co, 98%)& dAEdr MAAsS AMg-3A.
Lithium perchlorate (99.99%) (Aldrich Chem.
Code AA glo] 2di2 AMR-3l9th. Propylene
carbonate (PC) 18]1 ethylene carbonate (EC)
(Aldrich Chem. Co.)& Al9hg-& AF AZ3I A}
£33} Diethyl ether 18|32 n-hexaneg A|9f
£ F& AA glol adlE AS3IAY. feldele
= (T,) %A Perkin-Elmer DSC-7& AMg-31%e
o ojf] AgE YEI 10mge] BEAME AERE
He 714 2917194 4 FAE AM-3lo -130
2 3N Fell -110 CAA 250 T7A 10 ¢/
ming} ¥&2 7}E3dA Fsrh

Bis(ME)I2} ANTI2| SS8HH| M. AN (106 g,
0.2mol), bis(ME)] (10.24 g, 0.04mol), Z8x
AIBN (0.09 g, 0.054 mmol)-& DMF (50 mL)<j| &
sisld fal WE(150mL)dl ¥}t Freeze-
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Thaw W o3l 7IAE AASY AF el
A HEE LESHT. HEL 65 CR dA3A K-
A LB &4 247 g FEE AR
2% £9¢ diethyl ether (1L)ol AlA] mutabaA
AAE gAsigth. doX AAE diethyl ether®
A A3l DMFE AlAH &9 en HF p-hexaneo 2
AMHste] 1H Aol FFEEANE A FEEA
£ 100 CollA 10412t 2 AZ3] ARSI T
Fek o] =Ao] AN/bis(ME)I=8/1, 7/1, 6/1,
4/1, 3/1, 2/1 28]1 1/19 FFANER 7l 2
< W ol FEE JP3AT

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,-0O-CH,), 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 3EeH9 efE2ld |e2l A
X o2& Br|9 glove box <A AN/bis
(ME)I=5/1 3%%A (35wt%)& EC/PC(1/1,
50 wt% )l £t 80 TollM 208 s} &
3 act. &3 L8t JPH AelelM LiClo,
(15 wt%)& A8l 3AI17 nwhg WYl gz
2E B LAE AxEYT). o] 48 80C=E
qEE HZER 9o Y FAZ =¥ F2
9 of2F B9 A LX &t FtastE o] HEH|
& Azsigch &L AFdAM MM dzAIAA
gHeld B E Azsdt. 29 FF5}A] =
Ao]l AN/bis(ME)I=5/1, 7}14A12] v]&o] 40, 50
a3 60 wt% & X3 4T Y RRANEE 2
< W 23l Az Pt

ol2HEE HH. X AgEL 74 3.80 mm,
HA 0.78 cm®e] Y8 stainless cell Y9 EX
cell& lkge] FAZ ¢&¥& 7ietxy AF A=A
Al 60 CollAl 3A1Zt B9t FAE AR X &
B ¥ Ae] 713 439 FAIE Z43 4o &
A2 A3t g3 YA (Impedence Analyzer,
Model HP 4192A)= &3 3A71°10 Col3l2 &
3 BZE F 77l ARe] §A, Alae €3, v
5 QA 28ln &3 8 dYsia YA
£ AAAIZ t}e impedence analyzer$} 71€ %A%
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£ A58t} Heaters 10 CTAA 60 TR 1 ¢/
min £=2 3gen, jfuit FY3id muEd
Ueld= log conductivity vs. temp. FAog 78
gt IF Ade JEL 50mVrmsollen F
B 13 MHz~10 Hz2 93414 339t o
Jdx &3 F A FHAX A #ejdld 21 FA
B A FYS Ho s i EH3o dyds &
e FA HHEEE 7153140k Nyquist plot
& o]g3ld 30 CAMY ME8F RE& TF3ln, ©
gkt Agel HEFA (1) T AgY HH
(A)E o83l AxX (0)& T3ttt g &
Aol YoF PHE =53 FAF P o3ty
) 3pg T} 15-18

[ |

E-EU I nky

Bis(ME)I2} ANe] itz $@e &95foz
DMFAIA] Z13g3slact. ditdog PANE DMFd|
&= bis(ME)] 35#MER & &3t &
# Aol T 89 Hzrl FaHo s F713)
o gAdsA A T 4ol Yehix fsich
FZHAEY ¥4 A7 AL Scheme 19 89
3Fdct. ANZ bis(ME)I9] F3% H]8& AN/bis
(ME)I=8/1~1/12 N33} c}. Table 19 $%9)
A73E JeId T 958 ¥ Lol 3% &9
2ol ez A8 Wi A3l DMFE 3
7}8led &A% thgo) diethyl etherd] ]34 sle

CHyC~—0 —CH,CH; —0—CH,

X CH,==CH + YCHy=C_
dn G—0—CH,CH, —0—CH,
(o]
AIBN, 80 °C
DMF
(o]

[]
HyC—0 —CH,CH,—O—CH,

+CH, —GH 9X—G-CH;—T——};——-

CN G—0—CH,CH; —0—CH,

xly= 8/1,7/1.6/1.5/1,4/1,3/1,2/1,1/1,011
Scheme 1
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At o8 x4 diethyl ether @ %-hexaned]] 4
A F HE &L ZF 93% o4& HoFU.

AN/Bis(ME)I=5/1, 4/1 8]x 2/1 3ZA
o tg IR A EZH A 2800~2900 cm o)A &
47je] C-H A& A5 & F4H=r) Yo 3
A vehtz glom C=0 W=& 1739 cm™ 'l A 1}
Bhts glovt ANSl Z4o] Z7M8E 1 F7)s
Mz dEEhE e ¥ 5 Atk AN Z-EFA 4
A CNe &4 ¥=E 2210cm oA vehta ¢
ok FFEA ZAA ANe] gapo] 8/1¢1M 1/1
2 93 waks CNe| F¢ e are Hag
Z42ge HolFgion ofd whaled 1115-1250 cm™
Atelof| A vtEpLh C-00] 93 A& Wi=E 12 A7)
7} E718E Ko Fh

'H NMR 2#9EHAN FFNEY Has o
Z4d wetd G 2A HE HdF). 44-
3.2 ppm Alolol| A} 270 9] methoxyethyle] 271 U
Ehar glow 2.6 ppmolA FlEd Feo] WA
49} 1.8-2.2 ppm Alo]ojA) Z3A] Fe] AN o
g3 F471 Jehdar ok ANg ghafo] Zrig)
w2ha] 4.4-3.2 ppm Alole] HlE T wiEdd) o
3 937 A A #aTde BFEA B 24-
2.1 ppm¢] -CH(CN)- mj=z9} PANe] -CH,-7} &
1€ B3k 9 e 5£Uu)9} ZEEA A
7t @Ale] 2A4H|= NMR AWEHA A& gt

& Adbsled Hlmslgden T e vhgA uls) -

oz27] W&o <kzte] o)z} Uflen 1 AFE
Table 1o vJehi A}

Table 19 FFFA NN P g2 =445 B4
d di$ AoE Jepidch. AN bis(ME)Ie] 2
A 242t 53 23 246 g/molo]7) W& AN/
bis(ME)I=5/1¢1 ZZ§Ae 3% F <3S
ZH| = 265/246 (w/w)Q] R & BAE3 Ut
old %t 54 w ol FFAMAAN F FapAle] En|
o 9J3 ZAulE AN/bis(ME)[=8/1~1/194 =
A3t ANel @8o] E4E Ao an A7)y
bis(ME)I12] gate] Zr184E Asln fdAde] #
A& BAFAL. TF2HEY Lo D3P e
FEFHA 244 " & H3E RAFUc) B E
FFENEL DMFdE g3isidjen 2 AxE
Table 29 vlehliith. 1¥be] DMSO, DMAc,

#2(of A257 A4z 20014 74

Table 1. Results and Conditions of Preparation of
Radical Copolymerization of Acrylonitrile and Bis
(ME)I

AN/ AN/ _— yield T,
BistME)I Bis(MEM® "™ (%) ()
8/1 8.21/1 118 96 - 54 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 -11.9 soft tough
3/1 3.07/1 121 95 -20.1 soft flexibl
2/1 2.11/1 119 95 -25.7 soft flexible
1/1 1.01/1 113 93 -282 soft flexible
0/1 - 0.78 87 -30.3 soft rubber
¢ The composition of the copolymers was calculaid 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.

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 X
7/1
6/1
5/1
4/1
3/1
2/1
1/1
0/1

SRR cNoNecNoNoNeNe)
COO0OO0O0ODO0OOOO
O00O00DOOOO
(ONORONCNGRON I
QO0OODPD>OD D
D OP> X x X X X
OO x x X X x X
X X X X X X X X X

NMP, EC, PC 18|11 dimethyl sulfone (DMS) %
o] =4 vgAy fujdls vind F g839d.
53] AN/bis(ME)I=5/1~3/1¢9) Z&%Ho] AL
tetrahydrofuran®} chloroformd] & &350}
=4 89 digg azla deEdde gsEA @
Skoh

FEWAEY T.b 9dE3PAY AS -30C B
oA YEepta glom AN 3] Frld] upe}
-5 T7HA 38l bis(ME)I ©¢]7} o] 2uf¢)53}
FAl date] fHAe Rod 4 5 YL
¢ & AT

7hagte A EdAle ALY FEEAE B
€ 383l AN/bis(ME)I=5/1 183 6/1¢ =
& Adsig.”® EC/PCE 7tadz ALe# 7
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¢ gz AdE AL ¢ds ALY 498 ¥
eyt Az AN YL £ A7 o
PAERon HAP JHE o] UL E FHE F
A4t 7kaAlE EC/PC (1/1, w/w)E M3t
o FiaAle] g ol2ALRe WAE FAR]
98 7h2A7}F 40, 50 18l3 60 wi% 7t £FE 7t
23 AaA HES AxsAct 60 wi% ] JHaA
g ¥fshs A% 2ol vehiy 71AIH E40l
A Azt dad A B G4 dgeld
o] zAd wel oleArEEe Wiy} ttEA el
Aot B3 ABE o]fdld LiCIOE 15wt% 2
A8 Aok

DSC 4783 7tasd Asd Sl F
23 FAMas #EY F QU%eEd ols ZRFHL
2 JhaA/ggede] felse EAA ¥ Ao
2 338 F 929 ot bis(ME) @97t £3¥
og nEA} 7kaAlY] hFEel AR E3Y
o] 2gi5y] YEoz FPLGME F o)F 24
methoxyethoxy ester ©$|7} 7haAlel %32 45
Zgo] AR 7paA EAE ARHos ¥HYE 5
7] otk E=§ ojgjd &7 & &z z
A7} v AR YSE #AIE 5 AU FHA
ol mEA AlEe FAAE T AAoA 22 A
ML RAFAE @Av Az 3ol vl |
< FYdA WE BdFn glon 1 F4Ee d
g -50~-20 CAlolol EAsAt. 42 g B#A
o] B¢ gEolen auEzle] 45 AL & ol 2-4=
4 Aol 712 ke BHeFo]l BaEAT vt
AAe] A8 93l FAeFo] EYHA ¥ F
A B g 20~30 TIHF ¥A eps

a3 AW @ n¥Ae A$ EC/PC=1/19
TPES A3 EY AR FAE S A=
Fo BAE 24 F 4%E FAZ ANE ZS X
e ThaAlE AT ARA Gzio] FuEo W A}
25 7paA Fo) 93~95% 9] Y2 T3 ULE
& 5 Ak P 7Hazt A A Ae] oj2Ax
e Y4y % gdHd M= Arrhenius H Ao uj=
At AR Godies F& FTHE HA4Fo non-
Arrhenius A-Hde] BN HoFUTh Yk
oz uEA HHA B dF FRE DT
A velA =Ho AFaRe] dudx ez A
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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 LiCIO, EC/PC T, conductivity
(wt%)  (wt%) (wt%) (C) (S/cm)
45.0 150 40 -31 812x10**

5/1 35.0 150 50 -48 1.25x10°®

25.0 150 60 -53 187x107°
450 150 40 -27 6.14x10™*
6/1 35.0 150 50 -43 1.12x10°°
25.0 150 60 -48 1.61x10°°

AN/B(ME)

g A3we] AHeAM dovhs A4S & 7 A
t} nFmRel uige nEz A U9 F o
2Axd A duha JRoln AFwe] e
2diglx AT A A AH A H2e] o7
Yue s ol o)ite] FAAA BdAe H¢
Adste] HEg 9 g st g Re] ghol
Behdst A E 2 gy} o B A7 AL
H AEE o3 4ol A3 =Y

Table 394 AN/B (ME)I=5/13} 6/1¢] A A
2 EPAe DSC A} o|2HEEE HAFR
. AN/B (ME)I=5/1 (35 wt%), LiClO, (15
wt%)9! ASdE 1.25x10%S/eme B Fuh
A4zt Asd 9 ke B9 EC/PC=1¢] A
HY FA 50wi% e ¥& JtAAR sk A
Sz ol ke g HAad A g FAF
Hen T, -48 T 818 RFo] rlazd ni
A Alge] #d %o s g dovtn A&
£ 24 F AUt

oJ2ALE IEA Fo Y £FH aBA Lit
7te] 4% el e ved 52 ARRE VA
7] i Litgol e} ANE A 2
ABE do7|A] Yolot el itaconate HHAE
AME BFEEA DEA Ay A ol BA
E A4 F UL Aoz B 4] FEFHA
7143 A dadg AEsE 23 $840] s o
2AEEE HoFE e I8 S AUldth

A7) ety A, A3 AW 54 28la
2w A7H B4 B 7= AYH o
ol it Axjs 3 LHY o Folch

A &: o] A7e HedEAD i

i
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