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ABSTRACT

Synthesis and characterization of the PEO-based polymer
electrolytes having B-diketone functional group for

lithium secondary battery

Kim Jieun
Advisor : Prof. Yoo Jikang, Ph.D.
Departmant of Energy Convergence

Graduate School of Chosun University, South Korea

Poly (ethylene oxide) is the most widely studied for polymer electrolytes in t
he lithium secondary battery. However, PEO itself shows low Li* ion conductivity
and can not be used alone as an electrolyte.

In this study, PEOs were modified with acetylacetone which was thought to be a
ble to interact very well with Li* ion via tautomerization. The acetylacetone wa
S reacted with hydroxyl| group at the end of PEO chain. PEO used have hydroxyl gr
oup either at one end (ACAC-PEG) or at both of the end of the chain (DiACAC-PEG)
and are either low molecular weight liquid or high molecular weight solid.

The ionic conductivity of liquid ACAC-PEG increased more than twice and that o
f liquid DiACAC-PEG increased more than three times compared to those of unreact
ed PEGs.

ACAC-PEG (mw:2000) formed a gel when propylene carbonate (PC) was added more t

- viii -
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han 5p 1. When 10u | of PC was added, the ion conductivity of the ACAC-PEG/PC ge
| increased about 3.5 times.

The smaller the molecular weight of electrolyte, the higher the ion conductivi
ty due to the greater mobility of the chain in the liquid and the gel electrolyt
e.

Also both of the liquid electrolyte and the gel electrolyte either DiACAC or A
CAC-PEG had higher ionic conductivity than unreacted PEG, which were improved du
e to the B-diketone functional group having high dipole—ion interaction with [i

thium ion.
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B2 SAZIASLE J120| HIMCHE SE S JHEICH [2,6-7]

2l& OIX &X(lithium secondary battery)= 2I&250 %2 2AXE(7
g/mol ) &2 LE(0.549/em? 1S JIKBEZ 7 g2 el&22 1 molQ &I|st
SHE20| Jisotl) 1D HIUA 25 JIKH, 0l=23 HE0| 3Bz Y2 EZ=3 N
P(-83.045Vyyp )2 MM HSHAO0| =Ct= ZEOI JUCH. DLt 2IE2 SAHEFHD
AMNZEHS Moz 2=1 =0 22 = U 29 /0| Ul HE S It
Ct. 2l& OIXt &XIQ EF0U= 2l& ol2(LiB) &Xl, 2l& 0l Z2I04(LiPB) &XI,
2l& ZSc2IH(LPB) MXIJF QUCH. O & 2l& 0l X9 HALR ¢=2 =222 = 2IsgD
HEASIZ(LiCo0,) L= 2ISUZHASIE(LiMn0,) S AIZ2otH, S20s 2222 &
X(carbon)2 AIE6IH MHEZ= SIISHS AESHC.

Oledst OIXI&AIS A1 EH42 Table 1. Ol LIEFLHRULE.

Table 1. Comparison of performance and characteristics of secondary batteries.
Pb Ni—Cd Ni-MH LiB
OlHX 2= (Wh/kg) 25 55 70 120
= Mk (V) 2.0 1.2 1.2 3.6
=% (3) 500 1000 800 1000
Ao &S & (%/E) 6 15 25 5
S PSP middle middle middle low
_ _ _ LiCo0z2
uA= 2H=2 Pb02 NiOOH NiQOOH _
LiMn204
&Mool & H>S04 KOH KOH Sl
== =2 Pb Cd(OH): MH ErAN=2
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2. cl& OIX+ &X

Jt. elE Olxt &X2 &Eel

ot 2&(discharge)0l JtsatAl ZIO0F &Lt Ol= &X0 AMES=E Y= 22
HEOZ HFZole d=22 HEAIDIIA ZIH JtsotH, 012 2ol dFRe S
et S&0| &tstet A0 S0 0ldst OlR=E &XS MW A22 WHO| gt
2 0120 & = UA =Tt

& (cathode) JIMQt &= E2H, (anode) JITHet 8=

Z FdEN AT 2= I e
(o=

Fig. 1. Configuration of lithium secondary battery.
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cl& OIxt &XIe &= Jcele els0l=01 &Y & €20t &= 20l 80l =,
SN Alle Z30AM 2I&§0I20] WMLt MoHES Sofl 01sctH 832 W2 &Y
S22 M HIIWUXIO stetUldXIel HEiZ2 ME=CH EXNQ 2= #=ZHel
LiCo0,2 02 SOEXH, LiCo0,2 2I1S0/20] AX o2 2|0 Co™It AtstE
0l Co™It CIBiA ABRTHMO2 MIE YEGHIH 0 S2O2 0IS5H0 BAQF ZE
A =0, EelE 2soley 22 d S=2=2 0lset. 0 el g

Ct.
= 2229 "2 s &20/H 0l2 2o
2

=2 & & st X2 HEECH 2 =0
A 20li=s BtE22 OsSa 20 [10]
22 LG — 3 Linlo + xit + xe
=2 n + xit + x6 —» OLix
et LG + 0h ——» Li-C» + COnlix
Negative _ Positive
Electrode Electrode

LiC, Li;_,Co0,

@0 O0©Oqgeny @ L (Li-ion)
@ Co(Cobaly () C (Carbon)

Fig. 2. Charging of lithium secondary battery.
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HE| O a0 XII HIIUUHXS SHEHZ B et Tl i
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==
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o 18
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S QUE 2|§0|20 el
T ¥=2=2 OlsctAH =0 0] Mo 222 NEEQl B30/, 0l 242 222
1 3= 2229 MAXZ CloH 2t20] LT, 2 M20A 20L= Bt22 TUs
b ZCH. [10]
el= LitsCo + xLit + x¢ ————» LiCoO:
22 QlLix —» O + xit + xe
MAES  LitsCok + Olix —— LiCok + On
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Eiectrode g E!ectrode
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Fig. 3. Discharge of lithium secondary battery.
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Lt. 2l& OIXt &KX BF

clg& OIXt &Xl= el& ol &X(LIB)2 2l§ ol=2 Z2I0 MXI(LIPB, PLI), 2l&
ZelH MX(LPB)Z2 LHECH elg& 0lxt MXE ?4dote =2 74 =202 243
(cathode)dt Mol & (electrolyte), S=(anode)0ll et LIS XIMH, 012 Qo B2 A
2, iuXYE, o8 d 5o S40| etdch. [11-15]

(1) el& ol ®Xl (lithium ion battery, LIB)

2lg 0l &Mlle 832 ME2 §$AE MESIH T, YN0l M= St 2l 0l
20| &g = g2t fle= X2, 0l clg2 &4 Ol248=2 EMotH = o 2
& 0|2 MXlet stCt.

%2 S2XZ2E= 2SHOSSAMIESE S MEGIH, CISHOIZ2SAMTE9 R
ol S0A etdEsiH, DA, g2 &g, €2 B89 IHAH0l +ott. =2
CIEDEEMSZS(LiCo0) L= clegY2tetst2(LiMn0s) SO0 ALSE L.

Jeflh LIBY It 2 &2 =Y 4oz, X A0 JtH¥E o &X
LISl c2tolLt &R AHOIAS TEe2 2lst AEBI(AS| HFECZ AHsH AtglEt
oz Qlst gat Y Z2o FH0| ULH.

(2) 2l& ol Zeli ™Kl (lithium ion polymer battery, LIPB)

cl& 0l ZcH &Xle= 2l& 02 &XY |AGtLE doiE 2201 G2 &g,
MM HoHEOl oty DM DEA MHEOl MEECH DX NMHES MEEHEM A
ofoHol &40l Sl oHE M0l 24010, dXQ 29Es L= £83 S LAl IR
Slie &2 8. AFH0l ?=06t0= ez LES, SUHE 89 FUHE D
Jle 88 159 oHAH0| st 20t SEMXZE SE0| Jts56tHCt.

JedLh D2X WUHAM 2l§Z2 diclol gy, 2l& 0I=201 A&6tH 01s0l Jts
g P2 DEX AtE 2801 RAHGHA R FRIF EJALH. 08 Ol 0I2MES
O i ROt et &+ DME D24 MofEel 22 A &Xo HEstIo of
eA30l UCEH.

~g-
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SN a3 £ UAs cE Olz 2cll &8X2 2R MolE=S 2 & O2A Mol
22 MEot=0, 28 D24 MolZolg D24 HESHA el O0IAl J1s 220 cl
&80l =I Z0H0l =0tA= HHES MO0l FEHTO U= SHEHOICH. Olelet EE=z @
ot A MoH& DM MoHES HEES E2ots A0t OIFHKX LCt

(3) 2l& Zcl0f &KXl (lithium polymer battery, LPB)

2lg Z2H ®Xle 2lg =2 Z2l0 &KX (lithium metal polymer battery) 2t &
0

Ecl=dl, Ol 8=2 JIZ 2s 0l2 dX2ds U2 2ls 352 AHESH| 20l
Ch. &= 820t =20 UKl 250t 2 clg& =5 AEE2EN DM D=4 ol
229 2l&E 022 0ls= Jtsa etth. =2 Chst D24 ATHOI OHol OI2d8E =
o etet, UEX M2 RAE, 2E& =sHUe BsdES WHGtAA ot ¢ #
2ot e SOl
Table 2. OIAM= cl& Ol &XI2 EF2 S0l Hotod Eel ot ALt
- 10 -
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Table 2. Characteristics of lithium secondary batteries.

cl& 0l2 &X

cl& 0l=2 22l &X

cl& =5 2l &X

(lithium ion (lithium ion (lithium metal
battery) polymer battery) polymer battery)
N =
= PN = o2 M3 =5 &%=,
eT=1 S| & ez,
(LiCo0z, LiMny04) (LiCo0z, LiMns04) HCA D2T
rSk S| oMl Mol DNEX Mol & DEX Mol &
Mt 3.6V 3.6V 2.4~3V
ol A X _ . .
= high high very high
MO 2
= excel lent good poor
S PSP poor medium good

Collection @ chosun

_11_



cl& OIXEXIel NOtEAE ol SRQA He ME sole 2l§0l20] XUite S
20l MoHZEO0l A2, Ol AHH 20 Ot HXQl +=HUS 20| UL,

Mool EF= A WA MoHED DX MHEZ Ll MM M =2 0l
2 MEE =2 HH S42 ItH 8XEs0| 2=0tU, MlE=E AF=2E RIIE0H
o REE Al 23tz QI8 2o JIs&0l UL WA HoHE=Z L0l M0le RIS
OH0ll= ethylene carbonate(EC), propylene carbonate(PC)S2 1 SRES(LHE)E
Jr&l =02t dimethyl carbonate(DMC), ethylmethyl carbonate(EMC), diethyl

carbonate (DEC) SS9 M KRAES(MET)E JIX 04 S0l YASH 012 E&otH A

=

E5t)IE St 2 RIS E42 Table 3. Ol HelatRUCt. [16]

Table 3. Characteristics of organic solvents used as electrolyte for lithium

secondary battery.

i S
S04 g3 (T) HI& (C) . AT (><1Oj38/cm
M _LiPFs)
EC 39 248 1.86 7.2
PC -49.2 241.7 2.53 5.8
DMC 0.5 90 0.59 7.1
EMC -55 108 0.65 4.6
DEC -43 126.8 0.75 3.1
RIIZHE AtEst Moo 3 ZLo f& 2 oo IJis&0l ULt dHLE D
H DEX MHES MECOPF YoM, NHMECR 222 AN 5t 22 S
= 2o 2tAE SO FE2 M9 RISt 2o ML= Jt&ICH &Eet 2xH,) 3t
SO OHHGIN, IIRN %2 SAS «Ct. 0 20 HEA sasS Ao Uy A
HEZS DM MHER WHMAIDI DA 6= HRIF 20l XSG AL
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H& (polymer electrolytes)

0l

D240 &

2.

H 53 =W o’ W S O R R
S W s [ R = o B -
w Cws w-_ Qwr®
(=] Eimm — N m - .Alm_”_
RN = X 8) oF = < =
Ou_o TA“=_|._A|___O _|_:_._:A|U_IA|_TAm
~ I n AT 0l w . F F 2
— m = - X | K = 0
OF _;._MU_L_NQE*_AHH_WB__L%MENW fﬁ@ﬂh
5 fT s S oEr H 0
Kl aﬂfﬁ%gfoxgmo&m_ﬂﬂga_ M\Jﬂb
& 00 5 H KR L = = zl P g
R W oo OB S F
K ] E
m o wdUERRTEE o fo I
| A o = _ o = oz O or £
» JUggREBicEy 1 o
_|J |
SR I R O T (A WE
ROSHm g O - = ® L
oy o3 sy R ® WSO i @)\
o__#w_:__ol__ﬁ%ﬂl__d@_:mﬁ_o
RU 30 O ~ o 3 K8 K w
RI oy B up 80 OH B o R ™ = Rl m_w ~
BNk R m .o OW RSB oW =
._I.._H_Iﬂmplmu%m_ﬂ_éLmeﬂﬂ.
. ) - = ol
<o s T oo W m R . ®
- T0 = o 23 3K @Al = o = Rl 2
WrAH, 88z 708 xR = £ &
QJHLM_%_EJNBWUONEO_E R
() _|| o ] e — ]
mm U™ 5 gy e = mw wou oy 3% = mm R f =
w R ey s 2H g~ 5B )
= © ®jI T < KO o =~ 1 10 — I 5
“® o= 140 LI s R & E 3 = s
s Sz Ipz¥SBHEY 5 A e 7l
R W %o W AR o S 1 | @
woa a3y _mXpals s
o N o g ol =z & kU
_xﬂf%%nlmaol_gog%mamﬂogm
s M oo 3 K Q0 . B3R T
= — = = -
IR R S I PR W S
mod) o oA i RUOI A <0 =
ol B O 2R MBE @A L = =

lon conduction mechanism of polymer electrolytes.
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Nl 32 PB-diketone

1. Acetylacetone (2,4-pentanedione) tautomerism

a E &
UCH. = Xl H3tE =Btct= 0lefgt & Ol ZEAM ALOIQ AR &S
EEDH 3H(tautomerism)Olet StCt. acetylacetonell BRE IIEE JIQ o E
22 NE IHNEZ keto—enol tautomer &EHE Z=MotH &L HE=2 2
stet=o 3% HEUA HESES B0l 0l AU, acetylacetonel B2

S0l 2ol etEE 2 = UALSZ oz eIt O SMSHH EMHEHCH [23-24]

H.

o o o (@)
M M
CHs (01 a5 CHs

Diketone form Keto—enol form

Scheme 1. Acetylacetone tautomerism.

Acetylacetone2 2L4&tdo =z 0 =4 SH O0|dEM S22 M =MStC.

Stie WSR2 =4 ZE0l 2o &3 2l =0l iR BtS-0l 3J1 20 JtE

=2 FXNE K= Jt2E =2 E2 enol OIdEZHM2 B0
o
T

o

ra

AUl

N

2
w4

il
52

3
=
=)

ulb=

g SIE =2 oS BSUN SR8 2 F=2S AXett. d=E Etis bl=d S

I O %0l &EMotlH, HNE SEHe 2 22 IS0 L= =228 S0 M O

20| =M & & UCH. [25-26]

Table 4. Solvent—dependent keto-enol ratio.

Solvent o
Gas & 1.7

Cyclohexane 42

Toluene 10
THF 7.2

OMSO 2
Water 0.23

— 1 6 —
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2. Lithium acetylacetonate

>

=
o
<
=
®
I}
<
o
=}
D
o
4
gl
=
==

J

=502 2= SEHQ metal acetylacetonatez2 &4
£ acetylacetone2 25Z2Z XM2Iote= AO0ICH. 012

ot acetylacetone®lM =40l22 MHELD S AL =501 2
2ot 6-& ZdIOIE W2lE g4yetlt. Ol 3501232 dipole-ion &S& &0 2

gt N0l Olelgt asHE0 2 2 =5012042 &340l I HE0 0lF0 &
@]

©
I}
&
—
<
®
I}
&
—
o
=}
D
o
=
=
c
=
o
0
—
Pl
o
_O'ﬂ
e
=
=
c
=
o
o
&
—
<
©
o
&
—
o
3
iy
—
@
10
ogr
m
0=
U
m
Q

Ol= B-diketone *x&= 2IS0I=21t2 dipole-ion &4S&Z0| B2 4= £ U
H, 2S00 &stHE0l =J] 0 2l 022 JIE ez &EME &= UAH &

Ct. [30-34]

M,
o o o Ne)
—_—
/
Acety lacetore Metal Acetylacetomate

Scheme 2. Synthesis of metal acetylacetonate.

_17_

Collection @ chosun



Al 3% &8 2H

H1E Aler & J10]

Al

2 AglAE HA AEiel &4 BtSZ22 poly(ethylene glycol) mono methyl ethe
r 350(MW 350, Aldrich), poly(ethylene glycol) mono methyl ether 550(MW 550, Aldr
ich), poly(ethylene glycol) 200(MN 200, Aldrich), poly(ethylene glycol) 300(MN 3
00, Aldrich), poly(ethylene glycol) 400(MW 400, Aldrich)S AISoIR 20, O &
Eiel &4 BtS=2=2= poly(ethylene glycol) mono methyl ether 2000(MW 2000, Aldr i
ch), poly(ethylene glycol) mono methyl ether 5000(MW 5000, Aldrich), poly(ethyle
ne glycol) 2000(MN 2000, Aldrich), poly(ethylene glycol) 4000(MW 4000, Aldrich),
poly(ethylene glycol) 6000(MN 6000, Aldrich), poly(ethylene glycol) 10000(MW 100
00, Aldrich)2 AISGIACH. Ol0 Z&AIZ &EZJ|0le= acetylacetone(99%+, Aldric
h), lithium hydroxide(98%+, Aldrich)E AIE5I% D, 8 =HZ 2ol propylene
carbonate(99.5%, Daejung), lithium perchlorate(95%+, Daejung)S EIISIA2
H, 2 AIY2 EH 210 AHESHRULE.
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d2 XA ol ArZE D101

oo it
e
Y
10
ic]
0%
Y
=
o
12
1
Jn
0x
e
S
ol
o
13
Jn

FT-NMR spectrometer : JEOL JNM-NA300

FT-IR spectrometer : Shimadzu 8601PC

Liquid lonic conductivity measurement : Forston Labs Lab Navigator (CON-BTA)
Electrochemical impedance spectroscopy : Won—a tech ZIVE MP2

Differential scanning calorimetry : TA Co. DSC 2010

Film thickness measurement : TESA u-hite
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H 28 &d

1. Lithium acetylacetonatel &4

500ml =2 SctAA0 SF= 250mlI 2t lithium hydroxide 1.916
2t WBHot =&&S| EoHAIZICEH. ithium hydroxide2 &2& &t EofIt OIF &
20M f2 S2 A 30 acetylacetone (10.01g, 100.0mmol )
=1 & WS AM20 M 2AI12F WEHSHALCE.

[
2 0o

J

I

s = rotary evaporatorg 0|2std =22 Z2HF0
HOIF M Ao HIQ HH ES=2 HULE. 0|2 dichloromethanel & Al
ZEHSIH 0l BtE acetylacetoneE HHGIH M, 30T ME2LL20 M HEG6HH
HME #+=SolCh

L
o o o o
LiCH
HO Z
Acety lacetone Lithiun Acetylacetonate

Scheme 3. Synthesis of metal acetylacetonate.
(Lithium hydroxide)
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2. S0Hol E L=Xe

H

[[oll

Jb. Toluene OIAS B-diketone &&J|E Z2&

100ml 37 Z2tA 30 toluene 35ml 2t poly (ethylene glycol) mono

9

H

[[oll

methy| ether

3.59(10.0mmol) S WEIAIA 23| EdHAIZICH HIb EtAIE 37 EctA SHE0
& XI5t acetylacetone (1.001g, 10.0mmol)E E=Ct. 37 ZctA3 = Jt20 ZH
= BUME dXIoiELCH 37 2etA3T LA 3= B2z UA0tE F 2F sealing
StCt. & 20IlM acetylacetone= ZJt & = 2tMo| SoAlZICH. =& oIt 0IF 0
A £ S8 2HZ 60CUH M 5AI2F JFSGHAULE.

BtE = =822 80CHA rotary evaporatorE 0186t &332 Z0H=0 Toluene
Jt 0l BtE acetylacetoneE Mot g2 SHS Hetlh

MHESE2 1.83%2 =S8 2RULC

Lt. Chloroform OIAISl B-diketone &&J|IE &g

ror

ni

HI

N

g

|10I|

100mI 37 Ec2tA 30 chloroform 35ml 2 poly (ethylene glycol) mono methyl ethe

r 3.59(10.0mmol )= WEIAIHA X3 SaHAIZICH. EIF E2tAIAE 37 EctA3 & 5%
Ol &XI5t10 acetylacetone (1.001g, 10.0mmol)E2 Z=Ch. 37 EctA3 = 20 &
e 2UANE AXI=CH 37 Ec2tAd UHA €RE o2 A0otE F 25 seali
ng 8tCt. &20lA acetylacetoneE ZIb & = 2&0| EoHAIZICH. &8 oIt 0IF
H &= Z& U2 60CUHA 5AI2E JFESEHRAULE.

BtE = =S8 2S rotary evaporatorE 0l&0tH &BS Z0H=0 40COIAM chlorof
orm& MIHGHLD, 80CHA Ol BtES acetylacetoneE HMHet § 2 SHS H et

Al

Collection @ chosun
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Ct. Tetrahydrofuran OIASl B-diketone &&J|E Z2&s N=2X2 &

=

100ml 37 Ec2tA 30 tetrahydrofuran 35ml 2t poly (ethylene glycol) mono methyl
ether 3.5g(10.0mmol)S W EFAIH 2&3| aHAIZICH. =D E2tA3E 372 E2tA3

SHE(| & XI5t acetylacetone (1.001g, 10.0mmol)S €&Ch 37 ZetA3 = 2

sealing &tCt. & 20IA acetylacetoneE ZHIt & = 2&3| SoHAIZICt. =& SolIt
OI20 & = 28 E2HUZ 60CH A 5AI2F JtESHRULCE.

£ rotary evaporatorE O0I&6tH &B= ZUH=0 40COAM
S HMAHGHL2, 80COHIA O B+S acetylacetoneE MHEH & &2 2N

—
D
—
-
QO
-y

<
o
=
o
—h
[
-
QO
5
o

ct. Dimethylformamide OlAS PB-diketone HEIIE Z&& 1DEXQ

=

il

100ml 37 ZctA30 dimethylformamide 35ml 2t poly (ethylene glycol) mono

methyl ether 3.5g(10.0mmol)S WEIAI4 2&3| EcHAIZICH. HIb E2A3IE 37

kA3 SHEO0| &XIGHL] acetylacetone (1.001g, 10.0mmol)E E=Ch. 37 EetA3

= Jt2d Bl 2UMHE EXlci=CE. 37 SctA3 UHA 2= B2 UOtE
Fl 25 sealing 8tCt. &&20lA acetylacetone= &It & =

1 ZoliJt 0IF0 & = =28 EHS 60T A 5AI2E JtE ot ALt
E

gt

[

010
ol
rio
o

=2 85TOIM rotary evaporatorE 0]
dimethylformamide2t 0| B'S acetylacetoneE HMHolL) &2 EMH=S F &Lt

HEd=22 0.675%2 =S&= 2JAL
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Of. Water M2l B-diketone &&ZJ|E Z&st V=X &4

100ml 372 ZectA3A0N =2 35mlet poly (ethylene glycol) mono methyl
3.5g(10.0mmol)S WEHAIH 2&F3| ZoAlI2ICH. =D EetAIE 37 EctA3

()

A X|otD acetylacetone (1.001g, 10.0mmol)S ¥ =Ch. 37 Ec2tA3 & JI2

= | O

= ROAMEZE AXHECH 37 Z2tA3 UHK 2= oz aoE § 2%
StCt. &l=20IlA acetylacetone2 HJt st = &t&G| EoHAIZICH. 22X Z0oHIt

=g EHUS 60CUH A 5AI2E JtEotALt.

acetylacetoneE HIJHotLD Y2 SHZ2 FStHL).

HE=E2 0.169%2 =S8 20

Poly (ethylene glyool) methy| ether  Acetylacetone

Scheme 4. Reaction scheme of hydroxy!| group with acetylacetone.
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Poly (ethylene glycol) mono methyl etherOl B-diketone ZEJI|IE

3
Zgst UEAe gd
Jb. 9RHl &2l ACAC-PEG

K&k 350)

Rl

(1) Poly (ethylene glycol) mono methyl ether (

500mI 37 Z2tA 30 chloroform 200ml 2t poly(ethylene glycol) mono methyl
ether 35.0g(100.0mmol)S wWBIAIA &3l SoHAIZICH. &It EctAIE 37 Ectd

3 &HE0l AXIGHLD acetylacetone (11.011g, 110.0mmol)2 E&=
t2d Zile 2UAHME EXiE0. 37 SctA3a UHA g3 sz 2ot
2% sealing 8tCt. &20IM acetylacetoneS &It & &= 2&
EZoiot 0I1F & = =28 SHUS 60CUHA S5AI2H JtE oLt
B8 = Z&&2 rotary evaporatorE 0|23t A2 ZHFO 40CHA
t, 80COIAM Ol B+S acetylacetoneE HMHEH §l &2

(2) Poly (ethylene glycol) mono methy!| ether (& XI&F 550)

500mI 37 Z2tA3A0 chloroform 200ml 2t poly(ethylene glycol) mono methyl
ether 27.59(50.0mmol)S WHtAIZA 23| EaHAIZICH. Ot EetA3E 37 EctA3
SHE 0l & XI5t acetylacetone (5.5055g, 55.0mmol)S ZE&=Ch. 37 EctA3d = JI2
g Zole 2UANE AXIGIECH. 37 EctA3 UNHK 7= ez 94otE § 2F
sealing &tCt. & 20l A acetylacetoneE It & = 2&5| SoHAlIZICH. 2t& oot
OI20 &l = =8 82H=2 60CHl A 5AI2+ DL otRULCEH.

s

o

rotary evaporator& 0|0l 22 ZO=F
5k, 80COIA Ol BHE acetylacetoneE HMIASH F &

chloroform& H
Ct.

]
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=2 35.6%2 =SE= 2L

CH
\PO/\/]/ + M 60C, 5n
n Chloroform

Poly (ethylene glyool) methyl ether  Acetylacetone

o

Scheme 5. Synthesis of liquid ACAC-PEG.
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L. DX &2l ACAC-PEG
(1) Poly (ethylene glycol) mono methyl ether (2XF&F 2000)

1000ml 37t ZctA 30 chloroform 300ml 2 poly (ethylene glycol) mono methyl
ether 40.0g(20.0mmol )2 WHtAIZA X3 EaHAIZICH. &It EetA3E 37 EZctA3
SHZ0|l & XI5t acetylacetone (2.2022g, 22.0mmol)S E=Ch. 37 EctA3 2
g Zole 2UANE &XIIECH. 37 EctA3 UNHK 7= ez o4otE H 2F

. A20 M acetylacetone= &I &t = 23| ZallAl2ICH. & ZalJ}

sealing StCH
IR0 & &= &8 =M= 60CHAM 12A12F JIZ B L.
S = Z8 =2 rotary evaporator2 0|23l 40CUHA &HZ22 Z20HF=0H 300ml 2

chloroform & 100~200mIE ZZLAIZ11D diethyl ethertl E@MAIZCH. ENM=2S ZH
= 25T NELE00M HXE GHAULCEH.
Al

MESS 17.3%0 £SEZ BUCH

(2) Poly (ethylene glycol) mono methyl ether (=2 Xt&F 5000)

1000ml 37t ZctA A0 chloroform 500ml 2t poly (ethylene glycol) mono methy|
ether 50.0g(10.0mmol)S WHtAIZA 23| EaHAIZICH. &It EetA3E 37 EZctA3
SHE 0l &XIGtY acetylacetone (1.1011g, 11.0mmol)S E&=Ch. 37 EctA3 = II2
g Zole 2UANE AXIiIECH. 37 EctA3 UNHK 7= ez Y4otE § 2F

sealing StCh. A=20| M acetylacetone2 &Il 8t = &t&3| EoHAIZICH. 22X 26l Ot

OI20 & & E& SMHS 60TOUHA 12A12F JIZS 6L,
S = S8 =2 rotary evaporatorE 0l&6t0 40COHAM 32 Z2H=0 300ml 2
chloroform & 100~200mIE ZZAIZ11D diethyl ethertl EMAIZCH. ENMSS Z2H

_26_
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Poly (ethylene glyocol) methyl ether  Acetylacetone

oA M %Nf

Scheme 6. Synthesis of solid ACAC-PEG.
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4. Poly (ethylene glycol)0l B-diketone &HEZJ|E Z&s DEX2

=

il

Jb. A &2l DiACAC-PEG
(1) Poly (ethylene glycol) (2K 200)

500mlI 37+ Z2tA A0 chloroform 200ml 2* poly(ethylene glycol) 20.0g(100.0mmol)
S WPAIA 285l EoHAIZICH. &It SetA3aE 37 SctA3a SE0 £XI6t
acetylacetone (22.022g, 220.0mmol) Ct. 37 EctA23 = Jt2d Hole 24
ME &XIiECH. 37 EetA3 L
A 20 M acetylacetone2 HII st £ 2M3| EoHAIZICH. &2 EdIt 0OI1RH & =
S8 EHUS 60CH A 5AI2F IIZBHALCEH.

B8 = =822 rotary evaporatorE 0|23t A2 ZHFO 40CHA

t =f=

, 80CH M 0| 2t= acetylacetoneE HHsSH F &

K&k 300)

HT

(2) Poly (ethylene glycol) (

500ml 37+ ZctA 30 chloroform 200ml 2t poly(ethylene glycol) 30.0g(100.0mmol )
£ WPHAIA 283l EcHAIZICH. HIt EctA3IE 37 EcdA3 SF0M &XI6tn
acetylacetone (22.022g, 220.0mmol)2 E=Ch. 37 E2tA3 & Jt24 Zole 24
NME &XIiEC. 37 2ctAa UHHA 2+ B2 U0otE §l 25 sealing 8tCt.
A 20 M acetylacetone2 HII st £ 2M3| EoHAIZICH. &2 EdIt OI1FH & =

S8 ENUS 60COAM 5AI2 JHS AL,
=]

01
o
52
-
=
~
(@»)
(@)
=
>

ol

e & E§28 rotary evaporatorS 0|26t &

chloroform& HMIHAGHL], 80CH A O BtE acetylacetoneE HIHSH § &2 E2UHE F

_28_
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1
Jn
u
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(3) Poly (ethylene glycol) (22X 400)

500ml 37t ZtA A0 chloroform 200ml 2 poly (ethylene glycol) 20.0g(50.0mmol)
S

20l &

o

£ WEAIA 285l EdlAl2ICH. &It EctAdIE 37 EctA3
acetylacetone (11.011g, 110.0mmol)2 E=Ch. 37 E2tA3 & Jt2d Hlle
NME &XIiEC. 37 2ctA3a UHHA 7 B2 U0tE F 25 sealing
20l M acetylacetone= &I & = 2Mo| EolAlZICtH. &8 oot 0IF A

=8 ENUS 60COHAN 5AI2+ IS 3HALCEH.

>

=
Bt & S&822 rotary evaporatorE 0|23dlH &Z22 Z0HZ=0 40TCOHA
[

KJ

| ot

=
[

(Rl

ﬁ

‘

SHCt.

chloroform& MG, 80CH M O] BtE acetylacetoneE HIJHSH F &2 S2HZE FH
&t

MEEE2 34.0%2 =S8 2L

(@] (@]
%NOH &c, & N
+
n G’lloroform
Poly (ethylere glyool ) Acetylacetone

Scheme 7. Synthesis of liquid DiACAC-PEG.
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L. DX &2l DiACAC-PEG
(1) Poly (ethylene glycol) (2X&F 2000)

1000ml 37 ZectA30  chloroform  300ml 2  poly (ethylene glycol)
40.0g9(20.0mmol )2 WErAII{ 2&F3| SollAIZ2ICH. HIt E2HAAE 37 AT &5
Ol &XIot) acetylacetone (4.4044g, 44.0mmol)2 E=Ct. 37 Ec2tA3 = =24
Zlles 2UAHME EXHECH. 37 SetA3a UHHXA &
sealing &tCt. A 20l A acetylacetones &It & = 2&3| SoHAIZICH. & oIt
OI20 & & =8 EHZ 60CUH A 12A12F JFESHRAULE.

BtE = Z8'=Z rotary evaporatorE 0|&0t0 40CHAM &3S 200 300ml 2

chloroform & 100~200mIE ZSZLAIZ11D diethyl ethertl E@MAIZCH. ENM2S ZH

S 25T M3BENAM HX otUCH
MEZS2 15.7%2 =S8 B

(2) Poly (ethylene glycol) (2X&F 4000)

1000ml 37  ZectA30  chloroform  300ml 2  poly  (ethylene glycol)
40.0g(10.0mmol )2 wWEIAIZA 2&3| EaHAIZICH. &It E2tAIE 37 A &5
ol XISt acetylacetone (2.2022g, 22.0mmol)2 E=Ch. 37 223 F Jt20
Zile 2UHAME AXIi=CH 37 Z2iA3 UNHA 23s e o4otE ¥ 25
sealing 8tCt. & 20 M acetylacetone= &It & = 2&3| EoiAlZIC}. 20t
OIR & & E& EHZ 60CUH A 12A12F DS SHALE.
2 = E& =2 rotary evaporatorE 0180t 40COHAM &3S 200 300ml 2

roform & 100~200mIE ZS2AIZ]110 diethyl etherOll E&AIZCH. EIEESS ZH
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(3) Poly (ethylene glycol) (2X&F 6000)

1000ml 37 ZctA30  chloroform  500ml 2t poly  (ethylene  glycol)
60.0g(10.0mmol )2 WErAII{ 23| SollAIZ2ICH. HIt E2AAE 37 AT &5
Ol EXI5t2 acetylacetone (2.2022g, 22.0mmol)& E=Ch 37 EctA3a = It
Zlle 2UME &XHECH 37 ZctA3 LA

sealing StCh. A20| M acetylacetone= &Il &t = 2tXM3| ZalAl2ICH. & Zal I}

IR0 & &= &8 M= 60CHAM 12A12F DIZ B L.
S = EZ8 =2 rotary evaporator2 0|23l 40CHA 222 Z20HF=0H 500m| 2
chloroform & 100~200mIE ZZLAIZ11D diethyl ethertl E@MAIZCH. ENM2S ZH

(4) Poly (ethylene glycol) (2X&F 10000)

1000mI 37 Zc2tA 30 chloroform 500ml 2t poly (ethylene glycol) 50.0g(5.0mmol)
S WPAIA 285l EoHAIZICH. &It SetA3E 37 SctA3a &E0 £XIct
acetylacetone (1.1011g, 11.0mmol)2 E=Ct. 37 EctA & It20 Bole 24A
£ dXloiEC. 3+ SctAa UHA L= Az UotE F 25 sealing CF. &
20l acetylacetoneS HIt & = &3 ZoAl2ICH. &2& Eolidt OI1FH & = &
g BUZS 60COM 12A12F DS ot ALY,

Bt2 = E&=S rotary evaporatorE 010t 40COHIAM &3S 200 500m! 2

roform & 100~200mIE ZS2AIZ]110 diethyl etherOll E&AIZCH. EHIEES ZH

0 s
= 25T MSLL20AM A otHCH

MAZ2 17.1%2 =S8 SRULH.

(@] (@]
H\PO/\%/OH 60, th O/\/]/
+
n G’lloroform
Poly (ethylere glyool) Acety lacetone

Scheme 8. Synthesis of solid DiACAC—PEG.
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H 38 0l2 d&x 53

=S
[a—

[am]
4
=2
=

=0 AIE2E BET dAS Z2 1.0om ' o MX A4 22 JIXNEZ2 0l 8%
S MELE2 22 s I E L.

=10 PC HIE2 3& 322 11t 20| o2, 2l 822 AZEst LiCl0s
N sEE 2ot otALt. SEEHUH €0 & LiCI0L B ultra sonic22
S =0F0 EUES HAGHRUCH. EY M = 420AH 85 dAH=2 0I28ES
=Xot ALt

Fig. 5. lonic conductivity measurement process for Liquid electrolytes.
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Glove box PET film 1M LIClOa in PC

FF film

=

N

Hot plate

Copper panel

Fig. 6. lonic conductivity measurement process for Gel electrolytes.
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Lithium acetylacetonate 2 &4
Hol gy

ro

1.

dotJl 918t JtE gt

Acetylacetone@& metal acetylacetonatesS &&
acetylacetone2 35822 Xclot= A O0ICH.

2 A0 A= acetylacetoneOl Iithium acetylacetonate2 BH&tL=XI2 HEE &
OIGtJl IG5t lithium hydroxideE AtSotRUCH. BtE & =01 acetylacetonelt
lithium acetylacetonate FT-IR spectrume Fig. 7. (a)2t (b)0l LIEFLHRACE.

tautomer ZO0lct= S&ES JtM keto
el

BtS &2l acetylacetonel &3 keto—enol
C=0 peak (1727 cm™', 1708 cm') 2t enol form &
JFRICH. (Fig. 7 (a))

0-H peak (3004~2924 cm™')
< acetylacetonel keto form & M =X

Ho
LSt acetylacetone enol

form & M2 carbonyl )
carbony!| C=0 peak (1604 cm '), £
BtE = 2| Jithium acetylacetonate2 &
5t carbonyl C=0 peak (1727 cm™', 1708 cm')Jb At2tELCE.
form & 42l carbonyl C=0 peak (1600 cm ') Mote AE =lstRUCH. (Fig. 7

(b))
Ol2 Qlall Iithium acetylacetonatelt

gys=E
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(a) el
keto
4000 3600 zc;oo 1c;oo
Wavenunrber (am’')
(b) o

4000 3000 2000 1000
Wavenuner (cm'1)
Fig. 7. (a) FT-IR of acetylacetone, (b) FT-IR of Lithium

acetylacetonate.
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Toluene  (hloroform
Fig. 8. Solvent effect on the reaction yield.
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L
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;

[
—a

f.g
e opr= fg =
o= B e
: : : : :
6 5 4 3 2 1

PPM

Fig. 9. H-NWR spectra (a) Poly (ethylene glycol) mono
methy| ether, (b) After the reaction with acetylacetone in
chloroform, (c) After the reaction with acetylacetone in
toluene.
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3. Poly (ethylene glycol) mono methyl etherOll B-diketone ZEI|IE
Zes DEXS g4

Jb. Al 2te] ACAC-PEG

A 350, 55001 Xl Aol poly (ethylene glycol) mono methyl etherOl B
-diketone HEJIE Z&AAU20{, Ol poly (ethylene glycol) mono methy!l ether 2t
acetylacetoneg 1:1.12] = HIZ EBtSoIULCtH.

BtS 9| 2= FT-IRY ' H-NMRZ EQIGIH M, FT-IR spectrumsdt ' H-NMR
spectrum2 CtS &0 LIEHLHRACE.

Poly (ethylene glycol) mono methyl etherll Z&t -O0H JI0l acetylacetone (B
-diketone) Z&J|Jt ZESIH ZH 5§ 2.800 =IHotEH -0HS peakdt 2ASHH &
Ct. S8 acetylacetone ZZJ(Jt keto form@2 EMote B M B A2 =4
otLtet & ZEH CHy of =2 4 JHOF 1:62] HIE JHXIA = Ch. OIIH acetylacetone
O 3BIM EtAS A= § 5.512 peakE MK, 2&F LH CH, & =24= 6 2.052

H’I

peakE JI&ICH. acetylacetonell &EJ|Jt enol forme@ =z EMole & & LS CH
Of A oA JHIJF & 2.259 AXIO =XHotH =CH BtE29 £SE2 ! H-NWR

spectrum@E EOI5IA20, poly (ethylene glycol) mono methyl ether2l & 3.38
CH; -0 peakll ®Z HIE 322 JIEGIH keto form& [Nl acetylacetonel & &
CH, & =4 OiA Ji(s 2.05)2 XH=ZHI2 enol form2 MHSl acetylacetonell 2 2

G CHy o =2 04 JH(s 2.25)2 M=IHIE HE &S 622 LIS &QIGHRIL.
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(1) Poly (ethylene glycol) mono methyl etherQl =Xt&f 350

(a) e

| J\DLN I

T
6 5 4 3 2

pPM

Fig. 10. (a) FT-IR spectral change after the reaction from
PEG350 to ACAC-PEG350, (b) 'H-NMR of ACAC-PEG350.
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(2) Poly (ethylene glycol) mono methyl etherQl =XI&f 550

(a) ot

6 5 4 3 2

pPM

Fig. 11. (a) FT-IR spectral change after the reaction from
PEG550 to ACAC-PEG550, (b) 'H-NMR of ACAC-PEGS50.
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Lt. 0l 2rel ACAC-PEG

Z X 2000, 500091 DX A2 poly (ethylene glycol) mono methyl etherOff B
-diketone HEJIE Z&AA20{, Ol poly (ethylene glycol) mono methy!l ether 2t
acetylacetone2 1:1.12] = HIZ BtSoIRULCtH.

BSol 0{F= FT-IRY ' H-NMRZ EQI5IH 20 FT-IR spectrumdt ' H-NMR spectrum
2 Us g0l LIEHLH UL,

BtS =9 FT-IR spectrumdt B+E &2l FT-IR spectrumS HIWIIAS WH, poly
(ethylene glycol) OiAE Z=THGHAI &LUE peak@l Keto form & DNl carbonyl C=0
peak (1729 cm™', 1709 cm') @ enol form & TSl carbonyl C=0 peak (1627 cm’'),
0-H peak (3304~2924 cm ')t MAZACE. OIS =3 poly (ethylene glycol) mono
methy| ether Ol acetylacetone( B-diketone) & &J|Jt Z&otAUSS & QISHRUL.

Poly (ethylene glycol) mono methyl ether®l Z&t -O0H JI0l acetylacetone (B
-diketone) Z&J|Jt ZESIH ZH 5§ 2.800 =HotEH -0HSl peakIdt 2ASHH &
Ct. &£ acetylacetone ZZJ(Jt keto form@2 EMot= 3R M B A2 =4
otLEet & 2t CHy of =4 A JHot 1:62] BIE JHXIA = Ch. Ol acetylacetone
O 3BIM EtAS A= 6 5.512 peakE JHAIH, & ZE CH; 2 5§ 2.059
peakE JHEICH. acetylacetone2l ZEJ|Jt enol form@Z EXHot= S & L CH,
of &4 A JHIb ¢ 2.252 @XI0 EXMotA ECh. BtS9 #S52 ' H-NWR
spectrunE EQIGIASM, poly (ethylene glycol) mono methyl etherll § 3.38
CH; -0 peakll HZ HIE 322 JIEGIH keto form& NS acetylacetonell & &
CHy & =2 OiA Ji(s 2.05)2 =H=2HI2 enol form {2l acetylacetonell 2 2
Ch CH, O &4 A JH(s 2.25)2 HEHIE Ce S 622 LIS0 =0I6HRUCE.
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(1) Poly (ethylene glycol) mono methyl| ether &Xt&F 2000

(a) Fo g

a
e d
Jm A f,L
T
2

6 5 4 3
pPM

Fig. 12. (a) FT-IR spectral change after the reaction from
PEG2000 to ACAC-PEG2000, (b) 'H-NMR of ACAC-PEG2000.
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(2) Poly (ethylene glycol) mono methyl etherl &2 XF&F 5000

(a) e

° iy MLJK

Fig. 13. (a) FT-IR spectral change after the reaction from
PEG350 to ACAC-PEG5000, (b) 'H-NMR of ACAC-PEG5000.
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4. Poly (ethylene glycol)O0il

AN

il

B-diketone &EZJ|E2 Z

o
Jb. A &2l DiACAC-PEG

SXHEF 200, 300, 4009 M At poly (ethylene glycol )0l B-diketone ZEJ|E
HSAIZHA2O, Ol poly (ethylene glycol )2t acetylacetone2 1:2.22 2 HIZ Et=2
ot Ct.

BISO| 8= FT-IRW ! H-NMRZ2 EQIGHA S FT-IR spectrumzt ' H-NMR spectrum
2 s 0ol LIEFHACE.

B2 =9 FT-IR spectrumdt BFS &2 FT-IR spectrums HIWSIFYS M, poly
(ethylene glycol) OlA= ZMolXl LUE peak?! Keto form & MHSl carbonyl C=0

peak (1729 cm™', 1709 cm') @ enol
0-H peak (3304~2924 cm™)J}

acetylacetone( p-diketone) &H&D|J} 2

Poly (ethylene glycol)2l acetylacetone
2Tt CHy o =4 oA IOt

N S EtAaol =24 otutet &
Ol acetylacetone2l 3&1HH
= 6 2.052] peakE It
ok U CHy o =4
" H-NMR spectrum2 2
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AZJ|Jt keto form2=2
1:62 HIE
§ 5.512 peakE JHXIM,
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(1) Poly (ethylene glycol)el X2 200

(a) e

[

6 5 4 3 2

pPM

Fig. 14. (a) FT-IR spectral change after the reaction from
PEG200 to DiACAC-PEG200, (b) 'H-NMR of DiACAC-PEG200.
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(2) Poly (ethylene glycol)el X2 300

Fig. 15. (a) FT-IR spectral change after the reaction from
PEG300 to DiACAC-PEG300, (b) 'H-NMR of DiACAC-PEG300.
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(3) Poly (ethylene glycol)el X2 400

(a) o>t

| J . T

6 5 4 3 2

pPM

Fig. 16. (a) FT-IR spectral change after the reaction from
PEG400 to DiACAC-PEG400, (b) 'H-NMR of DiACAC-PEG400.
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Lt. DX 2S DiACAC-PEG

=X 2000, 4000, 6000, 1000091 DX

—-diketone HEJIE ZEAIH2H, Ol poly (ethylene glycol)2t acetylacetone2

1:1.12] 2 HIZ BtSotULt.

=2 2= FT-IRL ! H-NMRZ2

0I5 0,

spectrumzt ! H-NMR spectrume CHS &0l U
B2 =9 FT-IR spectrumlt BHES HO
(ethylene glycol) OlIA= Z=MolXl 2y4E

peak (1729 cm™', 1709 cm') 2t enol

0-H peak (3304~2924 cm')Jb Mo g

acetylacetone( B —diketone) Z2DJ|J}

Poly (ethylene glycol)2l acetylacetone

oﬁ%

2 'H-NWR spectrune 2 =0l
0-CH, CH, -0 peakll =& HIE 2
keto form& [H2| acetylacetonell &
enol formg [HC| acetylacetonell &
Het =2 1228 L0 =QIGHALCEH.
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9rek CH, O

_50_

Hl Lot S
peak@! Keto form & [l carbonyl C=0
form & @42 carbonyl C=0 peak (1627 cm'),
| CE.

ZgotUs=S

| FT-IR spectrum2

Jon

EZJ|1Jt keto forme2
N W EFASl =4 BFLEQE & 2T CH, o =4
Ol acetylacetonell 3B1MH EtA9 A=
== § 2.052 peakE JHEICH. acetylacetone2l Z&EJ|Jt enol form
S L Y CHy & =4 A OO 6 2.259] SIXI0 EMSHAH EICt.

ot M,
2

5 5.512] peakE

(ethylene glycol )0l B

2 FT-IR

M, poly

(ethylene glycol)dl

Elots B2

£ JHXI =0



(1) Poly (ethylene glycol) 2 2Xt&F 2000

(a) ot

6 5 4 3 2

pPM

Fig. 17. (a) FT-IR spectral change after the reaction from
PEG2000 to DiACAC-PEG2000, (b) 'H-NMR of DiACAC-PEG2000.
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(2) Poly (ethylene glycol) 2 2XF&F 4000

6 5 4 3 2

pPM

Fig. 18. (a) FT-IR spectral change after the reaction from
PEG4000 to DiACAC-PEG4000, (b) 'H-NMR of DiACAC-PEG4000.
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(3) Poly (ethylene glycol) 2 2X+&F 6000

(a) et

6 5 4 3 2

pPM

Fig. 19. (a) FT-IR spectral change after the reaction from
PEGB000 to DiACAC-PEGE000, (b) 'H-NMR of DiACAC-PEG600O.
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(4) Poly (ethylene glycol) o &X+& 10000

(a) ot

d P |

6 5 4 3 2

pPM

Fig. 20. (a) FT-IR spectral change after the reaction from
PEG10000 to DiACAC-PEG10000, (b) 'H-NMR of DiACAC—PEG10000.
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5. Melting point measurement
Differential scanning calorimetry(DSC)2 DM &4A=° melting points =&
QUCH, =& Z 1} ACAC-PEG, DiACAC-PEGS ==& Lot 8222 ==& &0 =X
ol sitg==5 = A2 EOIGHRCH. FEst Bts=°2 ==& ACAC-PEG
DiACAC-PEGSl ==& 2 X0IJF gl HSE =olE = JAJUTH
Jl. ACAC-PEG
h% ................................................
—— mw2000
........ rrwm
20 40 &0 80 100
Tenperature (C)
Fig. 21. ACAC-PEG DSC curve.
Table 5. Melting points before and after ACAC-PEG reaction.
2000 5000
Reactant 52 60-64
Product 534 614
— 55 —
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Lt. DiACAC-PEG

Het flowv

—— mMw2000
AAAAAAAAAAAAAAAAAA rTWm
—————— nmw 68000
—_——— mw 10000
40 60 80 100
Tenperature (O)
Fig. 22. DiACAC-PEG DSC curve.
Table 6. Melting points before and after DiACAC-PEG reaction.
2000 4000 6000 10000
Reactant 52-54 58-61 60-63 63-65
Product 52.8 58.8 614 62.6
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(1) Poly (ethylene glycol) mono methyl ether (2Xt&F 350)

Table 7. lonic conductivity according to PC/ACAC-PEG350 electrolyte ratio.

(%) PC &t ste=2 S ool o ol
PC (%
(ml) (ml) (ml) (9) (uS/cm)
0 0 4.00 4.00 0.4270 1000
5 0.20 3.80 4.00 0.4271 1143
10 0.40 3.60 4.00 0.4264 1401
15 0.60 3.40 4.00 0.4268 1638
20 0.80 3.20 4.00 0.4270 1875
(2) Poly (ethylene glycol) mono methyl ether (&2 XI&F 550)

Table 8. lonic conductivity according to PC/ACAC-PEGS50 electrolyte ratio.

%) PC & st =2 A ¥ Aol f OI2NEE
PC (%
(ml) (ml) (ml) (9) (uS/cm)
0 0 4.00 4.00 0.4267 308
5 0.20 3.80 4.00 0.4273 351
10 0.40 3.60 4.00 0.4264 454
15 0.60 3.40 4.00 0.4266 589
20 0.80 3.20 4.00 0.4270 811
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Fig. 23. The effect of PC content on the lonic conductivity in Liquid
ACAC—PEG.
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Lt. DiACAC-PEG

St MOl PCol &0l 0% M2l poly (ethylene glycol) 2002 OIRNEEE =X
St ZDt 335uS/cmel 20l LIRt2O, OIE &4 F2 PCO &0l %Y Mo ol2dE
S el 1789 puS/cmet HIWIIAES I OI2METT= 584 Ol& Sotst HE =olg £
UALE.

gt MOl PCol &0l 0% M2l poly (ethylene glycol) 3002 OIRNEEE =F
St Dt 148uS/cmel 20l LIRt2O, OIE &4 F2 PCO &0l %Y Mo Ol2dE
& 24Ol 502uS/cmet HIWoIAS M OI2X TS = 30 014 SItst 218 &g = U
ALCH

gt MOl PCol &0l 0% M2l poly (ethylene glycol) 4002 OIRNMEEE =F
st ZDt 101uS/eme 20l LIRt2O, OIE &4 F2 PCoO &0l %Y Mo Ol2dE
& 2Ol 313uS/cm@t HI LGRS M OI2E TS = 34 04 BItst 212 &g = U
ALCH

Ol= cl& 0l21t2 dipol n 4320l 2 X0 B-diketone Z&JIZ 2IGIN
StAtEl doz M2ECH £ g4 MO poly (ethylene glycol)2 ZHS poly
(ethylene glycol) mono methyl ether B0t o 28 HHE YLt 848 & &I =
of ©H HOtRl AHS &olsh = QU/USCH Olfst o=z oo 0IRE =TI SFate

Nz ZOICt.

(1) Poly (ethylene glycol) (2Xt&F 200)

Table 9. lonic conductivity according to PC/DiACAC-PEG200 electrolyte ratio.

%) PC & Std=E & A ¥ Aol f OI2NEE
PC (%
(ml) (ml) (ml) (9) (uS/cm)
0 0 4.00 4.00 0.4270 1789
5 0.20 3.80 4.00 0.4271 2100
10 0.40 3.60 4.00 0.4264 2365
15 0.60 3.40 4.00 0.4268 2721
20 0.80 3.20 4.00 0.4270 2968
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(2) Poly (ethylene glycol) (22X 300)

Table 10. lonic conductivity according to PC/DiACAC-PEG300 electrolyte

ratio.
PC gdE & A gol o OI2EEE
PC (%)
(ml) (ml) (ml) (g) (uS/cm)
0 0 4.00 4.00 0.4270 502
5 0.20 3.80 4.00 0.4271 638
10 0.40 3.60 4.00 0.4264 767
15 0.60 3.40 4.00 0.4268 957
20 0.80 3.20 4.00 0.4270 1200

(3) Poly (ethylene glycol) (22X 400)

Table 11. lonic conductivity according to PC/DiACAC-PEG400 electrolyte

ratio.
PC gdE & A gol o OI2EEE
PC (%)

(ml) (ml) (ml) (g) (uS/cm)
0 0 4.00 4.00 0.4270 313
5 0.20 3.80 4.00 0.4271 355
10 0.40 3.60 4.00 0.4264 465
15 0.60 3.40 4.00 0.4268 703
20 0.80 3.20 4.00 0.4270 920
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Fig. 24. The effect of PC content on the lonic conductivity in Liquid
DiACAC-PEG.
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Fig. 25. (a) Nyquist plot of poly (ethylene
glycol) mono methyl ether 2000 gel electrolyte,
(b) Nyquist plot of ACAC-PEG 2000 gel
electrolyte.
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Fig. 26. Comparison of ionic conductivity for an unreacted PEG and
ACAC-PEGs having B-diketone moiety.
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Lt. ACAC-PEG

SHZ W ZIMZ A8 PC(IM LiCl04)E 4u | OISt EIb AlOI= ACAC-PEG20001t
ACAC-PEG500001 =05l 23t T Xl Ret XS FUH22 2EHOIRUSH, 5ul 0let It

3
0

o .
pul Olol #JF Aldlle &=%<2 Xt0IJt Dl0letR2U, &0l &
| Ol&h HIb Al ACAC-PEG20001+ ACAC-PEG50002] M &%= X+OIJh S=S3 ol

HMoB SAE0l 200001 It 50002CH ga OI28ESIr =/g0. 8 FIHML
of

Table 12. lonic conductivity according to PC/ACAC-PEG electrolyte ratio.

1 2 4 8 10
Thickness 0.00902 0.00645 0.00664 0.00515  0.00606
Bulk resistance 25141 14472 6429 350 200
2000
lonic

3.59x 107 4.46x 107 1.03x10° 1.47x10° 3.03x 107
conductivity

Thickness 0.01368 0.0094 0.00558 0.00458 0.00316

Bulk resistance 209470 42430 6035 486 163
5000

lonic

6.53x 10 2.22x 107 9.25x 107 9.42x10° 1.94x 107

conductivity
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Fig. 27. (a) Nyquist plot of ACAC-PEG 2000 gel
electrolyte, (b) Nyquist plot of ACAC-PEG 5000
gel electrolyte.
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Fig. 28. The effect of molecular weight on the ionic conductivity in
ACAC-PEG.
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Ct. DiACAC-PEG

S0l MEE0 0K FE2 20151 2AtH 2X2E0l 2000, 4000, 6000, 10000
Ol DiACAC-PEGS] MEEE HIWGHRACH
=XZ EIIMEZ ALESH PC(IM LiClI0)E 4u | 015t EIL Allle 5206 25 &
X REt A2 |02 BEFIFOM, 5u1 0lA HIF Al 2HO0| =0t 22 A& A
S =oIGHACH
5 2ROl 200000 B LIDIXI 4000, 6000, 100000 HIGH MEEIt A5 =
o0, UOXIQ BRE X0l %S 201 4000, 6000, 10000 =22 MEEI} &2
g EOIGIYUCE. E& HIINCQ LS s4E 1 XN0IE Bolels A8 2 £ U™
Ct.
Table 13. lonic conductivity according to PC/DiACAC-PEG electrolyte ratio.
1 2 4 8 10
Thickness 0.01278  0.01124  0.01163  0.01188  0.01194
2000 Bulk resistance 29034 10916 807 168 131
lonic conductivity [|4.40x 107 1.03x10° 1.44x 10 7.07x10° 9.11x 107
Thickness 0.02134  0.02369  0.02146  0.02285  0.0217
4000 Bulk resistance 471933 300447 86964 6003 1185
lonic conductivity [|4.52x10° 7.88x10® 2.47x 107 3.81x10° 1.83x 107
Thickness 0.00873  0.00401  0.00210  0.00394  0.00921
6000 Bulk resistance 210750 63056 2023 1073 646
lonic conductivity [|4.14x10° 6.36x 10° 1.04x10° 3.67x10° 1.43x 107
Thickness 0.00574  0.00719  0.00837  0.00898  0.011
10000 Bulk resistance 68893 39439 34692 6443 1008
lonic conductivity [|8.33x10° 1.82x 107 2.41x 107 1.39x10° 1.09x 107

Collection @ chosun

_69_



Z" (Ohm)

—o— 1yl
—0— 2yl
—— 4yl
—A— 8yl
—&— 10l

T T T T T T
0 2000 4000 6000 8000 10000 12000 14000

—— 1ul
——2ul
—— 4yl
—— 8yl
—&— 10pl

Z (@)

T T
20000 30000 400C

—&— 10pl

T T T
0 1e+s 2et5 3etb

—— 1ul
——2ul
—— 4yl
—— 8yl
—&— 10pl

Z (@m)

Fig. 29. (a) Nyauist plot of DiACAC-PEG 2000 gel electrolyte, (b) Nyquist
plot of DiACAC-PEG 4000 gel electrolyte, (c) Nyquist plot of DiACAC-PEG
6000 gel electrolyte and (d) Nyquist plot of DiACAC-PEG 10000 gel

electrolyte.
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2 AW A= poly (ethylene glycol) mono methyl ether 2t poly (ethylene
glycol )0l acetylacetoneE Z&tot( HA9l ACAC-PEGRF DiACAC-PEG, A4S
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