Polymer(Korea) Vol 22, No. 5, pp 699-707(1998)

EY LRI EA] o|F F4 o2 AEA ZEAI Ax R A7) 43

4 - ¥34!
e L
(1998 449 7Y HF)

Preparation and Electrical Properties of Double-Comblike
Polyitaconate Ion Conducting Polymers

Sung-In Moon and Myoung-Seon Gong'
Department of Chemistry, Dankook University, Cheonan, Chungnam 330-714, Korea
Yo-mail . msgong @anseo.dankook.ac.kr
(Recetved April 7, 1998)

2 %: e F7e 1A EA AAAL A=) H8lA bis[2-(2-methoxyethoxy Jethyl]
itaconate @3 itaconic acid®} 2-(2-methoxyethoxy)ethanol& o 28|23 ¥kgd] 2|3}
B4t A nEx AHFEL bis (MEE)itaconated] @AUZFHA 22]1 MMASe] 5/1,
3/1 2812 1/19] 24 & 7B FFPE Azl on FE ethylene oxide @17} o]F0
olefTolE weldl ol F3A § &HEly BANEY &8 € Aed)ex 58 A3
o, FFHAE] 71438 42 2 943 JAL FFHEA F MMA] ¥ det W3Ey
o dZelgoe A LiICIOE AMEEl gl §A o F3ENERE S§AE Axsigen 1
3= [EO)/[Li*]=10/1, 8/1 28l 6/10|t}. ¥ ZEz A A2 RE dojA o)2Ax
TE BUFEAIA Jeldon) AedlA 6.2x10°S/cme] AEE2AM AYEHQ PEORD 10
vl o] F4EE RAFAU

ABSTRACT: Bis[ 2-(2-methoxyethoxy)ethyllitaconate (Bis(tMEE)itaconate) monomer was
prepared by the esterification reaction of itaconic acid with 2-(2-methoxyethoxy)ethanol for a
new solid polymer electrolyte. The solid polymer electrolytes are based on the copolymers of
itaconate and MMA (itaconate/ MMA=1/0, 5/1, 3/1 and 1/1) and possess double-comblike
pendant short ethylene oxide unit on to an itaconate molecular unit. The thermal behaviors
such as melting and glass transition temperature of polymers and lithium salt complexes were
investigated. The mechanical strengthes and thermal properties of copolymers changed with
an increase of the content of MMA. The homopolymer and copolymers are complexed with
LiClO, salt at the ratio of [EO]/[Li*1=10/1, 8/1 and 6/1. The maximum conductivity was
observed at the homopolymer, and the conductivity value obtained from our study was 6.5 %
107°S/cm, an order of magnitude higher than that of classical PEO-based polymer electrolyte
at ambient temperature.

Keywords: ion conducting polymer, solid polymer electrolyte, polyitaconate, poly(itacomate-co-
MMA), double-comblike polymer.
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B AR M= dicarboxylic acid 3§ESQ ita-
conic acid& ©]&3led PEO ©9]9} #& o]&-uj$)
&€ 7T ABAE o5 e BEAE ¥
dilglen o8] FHE 58 o|F &4 oL )
A5 E 7HRE o] 2AEA TEAE P E2F
A2 Y o] AR E FH3}A o]2AEAY IRA=
Aol 88 ¥ V1 §4E AR
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Algp g9l 77|, 2-(2-Methoxyethoxy)ethanol,
methyl methacrylate (MMA), tetrahydrofuran
(THF), tolueneg calcium hydridez AZXE %
ZHeld AH4ET. oMM EUERE phosphorus
pentoxided| A #F ¥ FF3ld AMEHAL, aa -
azobisisobutyronitrile (AIBN, Aldrich, 98% )< )
BEoll A A3 AR-31 o). Itaconic acid (Al
drich, 99+ %), diethyl ether, lithium perchlor-
ate (Aldrich, 99.99%) gl Zug AMF p-
toluenesulfonic acidE= AAgle] Iz AL
.

if A== THFE guiz2do 1g/dLe) 498
Cannon-Fenske ATA& AME3la] 25 CollA] 24
&t Gel-permeation chromatography (GPC)
= Waters HPLCE& o]&3slglom 379 B9 (-
Stryragel 10% 10° and 10* A)& APz AR o
THFE 8"z AR3-3idt. 4 ¥zpy) 39 29
E@2 Varian NMR (200MHz, Gemini 2000) =
g3 A A¥EYL MIDAC M-12008 A}&-3}
dct. F S AT UV g=&= 2709 20W
mercury lamp (366 nm) & Ao} F4E 2824
% e ¢EdE] 9 EPAEY] =9 agn &
Mol 2E (T,) &AL Shimadzu DSC-508 A
3xon olaf AlgE A AAE AMEIY -100 °C
oldtz Yzt¥ ¥ dA A E97]4lA 10 C/min
EE 20 C/ming] & &EZ A3} FAL EEA
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thermogramg At ¢l Ax: FA2 HP
4192A impedence analyzer& AM-8t% ).

Bis[2- (2-methoxyethoxy ) ethyl]itaconate (Bis
(MEE)itaconate) 2| g, 500 mL F&vle Fekx
=] itaconic acid (60g, 0.46mol), 2-(2-
methoxyethoxy)ethanol (120 g, 1.00mol), p-
toluenesulfonic acid (1.50 g, 8.8 mmol) 181 &
2all (250 mL)& ¥1 F47l22 10£7 bubbling
# % Dean-Stark FAE o] &3t AAaslx B4
7114 150 CAllM 24417 Wrg-3ld BAPE & @
&30z AAs} AYsAct. wgo] F8E F 3
AZW7)E 0] 4319 toluened AAZ}A 2w, o]
dojR M EEE Kugelrohr 3/ 22 & o] 83}
0.1 mmHge] AFoA Z7] 120 C °l3lA N}
2] 2-(2-methoxyethoxy)ethancl& ZR{3lo AA
B9k UelA EFES 140 ColM AF FF3A
v} ukg- monoester& A AR o 160 CTAM FF
7 B wol bis(MEE)itaconated 4glr}. 1
U ZFEAA Bzt =X @& monoester& A
3l7] 913l o] EYE-E methylene chloridedl] &
&3 ¥ 100 mLe] 0.05 MK, CO:2 A&z o
Pt AAsIRen 3z FHFE AAE F
Kugelrohr Zx2 thA] ZH3td D4 4

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,
CH,=), 4.4-3.4 (m, 22 H, 2 -CH,CH,-0-CH,CH,-
0-CHjy), 2.4 (s, 2 H, -CH,-CO-).

Poly (bis(MEE)itaconate) 2|  &. Bis(MEE)
itaconate (11.0 g, 32.9 mmol)3} AIBN (0.5 mol%)
& 25mL £33 HEd Yi freeze-thaw ol
3l g stAsg F YR 60 T 4847
B 29 AYsAch. FHo) FrE F Aol
a4 4e] 2¢AE THFO &g ¥ 27k dieth-
yl etherel]l HAAA o3l en ohr] THFY &
sl AFAE A E I F 60 °C/0.1 torrd
A 24NZVEG Axse HF FHsn FZ 1A
F3AE 4

Poly(bis(MEE )itaconate): Yield 85%. FT-IR
(KBr, cm™): 2876 (aliphatic C-H), 1738 (C=0),
1210-1080 (C-0). 'H NMR (CDCl,, ppm):

#Faol A22A A53 1998 94

4.4-3.2 (m, 22 H, 2-CH,CH,-0-CH,CH,-O-CH3),
2.6 (s, 2 H, -CH,-CO-), 1.8 (m, 2 H, -CH,-).

MMAel2| ZBZeH 4. 20mL F¥ES] bis
(MEE)itaconate (5.0 g, 15.0mmol) 3% MMA
(1.50 g, 15mmol) & Y1, 2% /HAAEA AIBN
(0.5 mol% )& Yol -50 CollA] 33 freeze-thaw
uhdo)] o3l & shAsle ¥ UEIITh o YE
g 60 CE A BANEL FH WgE TY
it 23] 28H ¥ dojR nA ] FHAE
£ THFd] &35 ¥ x}7}1& diethyl etherd] 4
AA Egsin nAide] FFEAE A o] A3
& vl YYACE Ao FFHANES
60 C/0.1 torroll Al 24A17bE QY Ax3 JEshe
S8 AAY F ARE AMR-3H.

Itaconate/MMA =3/1 18]lx 5/1¢) ZZ2¥AE
T 99} YT Wyl ol PR FE2
Z}z} 86% (3/1), 85% (5/1) 1&8]x 87% (1/1)°]
Atk

Poly(itaconate-co-MMA). FT-IR (KBr, cm™):
2860-2910 (aliphatic C-H), 1735-1750 (C=0).
'HH NMR (CDCl;, ppm): 4.2-3.2 (m, 25 H, 2
-CH,CH,-0-CH,CH,-0-CH; and -COO-CHj), 2.6
(s, 2 H, -CH,-CO-), 1.8 (s, 2 H, -CH,~), 1.0 (s, 3
H, -CH3)

Poly (bis(MEE )itaconate) 2} LiCIO, 2| 2iZiz| &t
He| M=, [EOY/[Lit]=6/19] &=4& K& 42
29 E3e 9dE3A (1.0 g) ¢ LiClO, (0.82 g)
£ X4 acetonitrile (15 mL)o] &{3led argon
gas E917]0A 5A17H5¢t mukste] g3t &
datA L33 A B L4 HZgd 9
A FAE =X3tR argon #9794 4dF
AAE) SulE FEAN F 244705 JAF A28
o @z 9 BY¥A Fge Az 2Y HF
ge] &3zt [EOY/[Li*]=8/1 a8l 10/1 &
Aol otzte] B ES 2 Wy 93y A=
¥t 94 MMASte] F3iAEe] &dEg &
AET 2 PYPor ARE AzdIYeH ZE
Y& argon B97]8 dry boxujollA dASAT.

OlRFET &Y. dojzl dde BHAY ANEE
€ $7 3.80mm, A 0.78cm?’e] ¢ 2rlgx
HAZ Ao M=9i2) Aehz 23t e 1kge] 5
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A Bl o1 FAE A Y Yo oy
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cigix|e| B, olF FH4 2 o2 wiHsE e

ol LATA TEAE AR5 98 itaconate T -

A& Coltraind} Salvae] W& Adstd #4st
¢t}.'® Scheme 194 itaconic acid®} 2-(2-
methoxyethoxy )ethanol-& At&u} &z oA o2
gl23] o] o3l bis[2-(2-methoxyethoxy)
ethylJitaconate (bis(MEE)itaconate) G & g
A&} d2ul23} ¥8-& Dean-Stark ¥4
8 oj43lygoen A Zo2A] p-toluene sulfonic
acid 18] 1 toluene £v] & $HIH d&Hoz &
& AAsGh v EHEAdE A= 2-(2-
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Scheme 1

29 =7} Yeha o]Fd# (C=C)o| 1641 cm™o|
A vebde @ 4 Atk 'H NMR 2¥9E4A
= jtaconate @ERA9] allyl $1X2] 447} 2.4 ppm
|4 2-(2-methoxy ethoxy)ethyl7]9] g 283
AEd 27} 3.4~4.4 ppmol| A YERGIL
ZA%e] 4= 5.8~6.4ppmollA HElZLHE
o] ¥ ez vehtn Yo 9.8 ppm F2
A Jel=s @ s 3& v)ukg itaconic acide] 7}
A F40ln o] Kugelrohr 7332 o2
ZFFE DESAT gloiAA gsioh. o A
A mEhg HSEES T Fo T3 Arx
d Aty YL uHeEg L KL0; §908 A
2 8le] vk moncester ¥ itaconic acidg 9&
YA AAY F Ao FHE HEIA G
FAE el & F AU B GBAE
3% HPLCE AM-3lY #Rldld E¢Eo] 1SS
#1319 v}, Bis(MEE)itaconate 3 Exjdl& o]
958 B F e Ad 9l daHEE XY
3l 8717} H7] WE] o] 2AxY nEAte] o
HAz2A HL8 F A& Folth

Bis(MEE)itaconate Ci2tx|2| Zgl. sidz F%
& ZPUE o4 AIBNE 7HAAZ AHgsld 2
Y3t dFAE PE W3 freeze-thaw Y
< A HAEY 7[AE S3 AAST 283
o 60 ColAM 48A% FIE AYP3NKAY. Bis
(MEE)itaconate @ais 338 +24 MMAS] 7]
£ 24 /R 7] dEd g F3el & A
YAt 2y HaZy & e 2-(2-
methoxyethoxy)ethyl7|7} X@=]o] gleomz oy
F3A e A 2 EAReE ARE dAME 2B
F Azte] WY %S da FHo= Y3}
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Bis(MEE ) Itaconate ClZ}x|2t MMASLS] ZE 8L,
ol 2ATA REAZAY 44 JIAH FAe
& #138le] Scheme 294 o] MMAs}e] 3234
e AT Fie 9AdF A 2e Iy
& ARR-3lY o bis(MEE)itaconate$} MMA 9] H]
+ 5/1, 3/1 a8z 1/1 A3AA A8 2
3 27 9 A= Table 14 vheht Uth

FEFRAFAN F DdAEY e 2%
MMAS®] 718 F2& 71 denz ukgy vzt
vl%ss 'H NMRe] ##g¢ vwsid Rke o
U 93] vigt dXEHAt. MMA 5%
A5 IR 289 EFHA 2800~2900 cm™ oA 4
719] C-H &A% ddF§A el vx=3lA el
YAzt C=0 e} 1740 ecm™ B2 o YA
vehda Atk MMA <}l 358482 'HH NMR
2~¥EY A QAFHASG} A veluA g
lppm H#ZA MMAS vj€dr]d] 9% Y H=a
& HAFh

CIISE A ZEeH Y. FEAES THF
o] 885t ethyl etherell AAAFE o FH3ln
s A7 nAd FEANE 4 5 Ao g
E &S ¥HAUE W T o] PRI
@oiR itaconate BAFZYPA R FZFANEL v S
F/do] sojton ojA e EAY nixale] YA4u
A7 Ark. gdFEAe) A=S3 Fdn 1fAE
£ 029dL/gels) 3R F BAZE 1.3x104g/

oy to

#olof #2279 A53 19983 949

ol AEA BEA Az L AV¥ 42

,E—-OCH,CH{OCH,CH,—OCH,

CHy
CH,=C, ML N

4 ~ -
CH{-g—OCH,CH, OCH,CH;~OCH, b Hy
0=(—0CH,CH;~ OCHCH,0CH, G
1 | P 1
" CH,
i Ty L -‘v
H =0
2
0=C—OCH,CH,—OCH,CH,OCH, —CH,
X/Y=1/0, 6/1.3/1,1/1
Scheme 2

Table 1. Results of Polymerization of Bis(MEE)
Itaconate and MMA?®

copolymer  yield i’ M, T
itaconate/MMA (%) (dL/g) (x10 (¢)  remaks

1/0 8 029 13 -50 sticky film
1/0 92 049 36 -49  tough film
5/1 8 048 32 -37 tough film
3/1 8 052 45 -31 tough film
/1 87 068 48 -17  toughfilm

¢ Bulk polymerization; initiator: AIBN, 0.5 mol%; polymerization
temperature: 60 C; Polymerization time: 48 hr; Precipitation
from THF solution into cold diethyl ether.

b Inherent viscosities were measured from the THF solution in
0.1g/dL at 20 C.

mol& Coltraino] AL gholl v]dle] 22 Z1e Ho
FAch 28y BedlA 366 nme] A FALE
3led benzoin methyl ether (BME)& 337jAlA| 2
AHE-EE FAA] g FHA doiR A9 A
$ o & 2 (5.0x10'g/mol) 9] BAFYAE
€ T UM MMAS}e] F5Ae 3¢ 144
T 0.48~0.68dL/g AloldlA EAjsiyen GPC
EAAT $A%S 3.8~6.2x10'g/molz A
th FEEA FolH MMAS gado] Z7t84E 7]
AR 4ol Frhslden Arln UE YPHE F
7}ttt MMAS] 3% ¥sld ue fuilgde &
#3217} g19l e THF, acetone, ethyl alcohol 28],
I acetonitrile $2] YWt $7]|&ujo] B L83
t}.

2ol FUFIA 2L FFUMEY QRH e ¢F
o1& pandl] ol AR F Ax) A4= -100 C
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Figure 1. Glass transition temperature (T) of the co-

polymers of a) itaconate homopolymer, copolymer of

itaconate/MMA =b) 5/1, ¢) 3/1, d) 1/1, polyelectrolyte

of itaconate/MMA=e) 1/1, f) 3/1, and g) 5/1, with

LiClO, concentration of [EOQ]/[Li*]=6/1.
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o] 2=} FolA 1 fled ol /AT olF 3
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oj3le] of7|¥ o] 2-ER} A4F FHLd) 7|5 &
Ao M- o]F FH& /e 1A AHFER
TOE oAz n¥aEe] Ane} fA1G AL B
of FYoh* Fig. 1(e)~(g)el [EO]/[Li*]1=6/1
ol AFHA o] MMA 244 g §aldo)e
so] €izyt Vel ok A A AME oA
MMA¢e] @33o] F71845 feldolexr) &
A o} A FUMEE o ¢ AT

O2HEE. ddFA ¢ THYNEE A=
dzElde] 24 W o]2W=xe] W3S Table
29 HolFE3 Qv

gAdFeA ] A gFElde ¥ =7t [EOCY/
[Li*]=10/1, 8/1 2281 6/12 WA AL o o]
AETE 6.2x1075 2.0%x10° 2837 1.2x10°8/
cmE& 747t HAFC. ddFAe 34 E3A
Yo EOR9le] +8 ggalde sx9 ulusty
& v Liol&9] F=7} F718l1d Axee 238 2
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Table 2. Ion Conductivities of Homopolymer and

Copolymers of Itaconate

[itaconate]/ITMMA] [EO}/[Li*] conductivity (S/cm)

6/1 1.2x107°

1/0 8/1 2.0x10°
10/1 62x1078

6/1 5.7x10°°

5/1 8/1 82x10°
10/1 96x108

6/1 31x10°8

3/1 8/1 42x10°8
10/1 39x10°8

6/1 86x10°

1/1 8/1 50%x1077
10/1 56x1077

A3¥ch. =¥ [EOJ/[Lit]9) ®i7t 1284 Lig
57l A2 ASdxE AEEE Zase FEe
BejFdom Z7to] Al [EO0]/[Lit]=10/14]
A Al Axxg RAFUY. ol e I @7
Zldo] FEAL o] WiA5E 71 A 2 o9
ZAdME gZedae ole-4== Aje] g
2 2B &50] A A B AeE Ho
A},

Itaconate ¥z} Hsjde] [EO]e} [Lit]e &
g weEbd  gEeEld BEEAlEe DSC
thermogram¢] ZA# &zE|del Aol Frisa #
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Figure 2. Complex impedance diagram of copolymers
of itaconate/MMA=5/1 containing LiClO, with con-
centration of [EOJ/[Li*J=a) 10/1, b) 8/1, and c) 6/1.
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Figure 8. Temperature dependence of the ionic con-

ductivity for homopolyitaconate with [EO]/[LitJ=a)

10/1, b) 8/1, and ¢) 6/1.
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