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ABSTRACT : Lithium p-[methoxy oligo(ethyleneoxy)] benzenesulfonates (LiEOnBS) with different repeating
unit of ethylene oxide were synthesized and were used for preparing gel-polymer electrolytes. The conductivities and
lithium ion transference number were measured as a function of Li-salt concentration and repeating unit of
ethylene oxide of the LIEOnBS. The maximum conductivity of the resulting gel-polymer electrolyte was found
to be 4.89><10™* S/cm (LiEO7.3BS, 0.5 M) at 30 ‘C. The lithium ion transference number (¢ | ;+) measurement were
performed by means of the combination dc polarization and ac impedance methods in gel-polymer electrolytes.
Lithium ion transference number was measured to be in the range of 0.75 ~0.92 for the LiEOnBS containing gel-
polymer electrolytes. The maximum ¢ ;;+ was obtained to be 0.92 for the 0.1 M LiEO3BS containing polymer
electrolytes. The synthesized LIEOnBS showed single ion transport like characteristics when n was large than 3.

Keywords : poly(ethylene oxide), lithium salt, gel-polymer electrolyte, transference number, single ion conductor.
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A)eF. Lithium p-[methoxy oligo(ethylenecoxy)]benzene-
sulfonate®] 3415 ¢]38F poly(ethylene glycol) monomethyl
ether, p-toulene sulfonyl chloride, phenol, chlorosulfonic acid,
28] 3 lithium hydroxide™ =5 AldrichAlell Al 13}
t}. Poly(ethylene glycol) monomethyl ether+= A& A Z3-
7% (80 T, 24A7h3te] = AAE F ARGl
o9 AlofES Mxe AA glo] 2d= ARESHST. 7]
e} el ARgEl guilE dRbEel AAAAE AA
ARE3} ST

A713ke A A&s 913l ARS-= ethylene carbonate (EC)
% propylene carbonate (PC)= MerkAFol| A AA|-E Al &S,
THF (99.9%, 7)== AldrichA}e] A &S F9)38le] H e
o A gle] T Agsek

Lithium p-[methoxy oligo(ethyleneoxy)lbenzene—-
sulfonate (LLEOnBS)9] ¥4J. Scheme 1| Yepd w}
2} ZFo] poly(ethylene glycol) monomethyl ether (1)& p-
toulene sulfonyl chloride®} WH$-3}] PEG-Ts (2)5 3143+
t}. PEG-TsE <97] 3}el|A] phenold}t ¥F5-3}e] p-[methoxy
oligo(ethyleneoxy)]benzene (3)2 3Agt %, ©]& chloro-
sufuric acid® sulfonationd}3x. LIOHZ =3}3}4 lithium -
[methoxy oligo(ethyleneoxy)]benzenesulfonate (4)-2 1433}
ek AR 3 e ot 2ok

PEG-Ts (2) : A7 Zeh~=o] NaOH (9.6 g, 0.24
mol)E A& THF (100 mL)-&vwHoll 713k F A2l
A A AE-$17] 3lell wHFsE A poly(ethylene glycol) mo-
nomethyl ether (n = 3, M,, = 164.20, 32.84 g, 0.2 mol)= 3|

o)
I
CH3(OCH,CHp),OH  + CHg—@ﬁfcl ——>  CH3(OCH,CHy),OTs
1) o) @)

Where n=3,7.3,11.8 and 16.3 OH

LiOH CISO3H
CH3(OCHZCH2)HO@SO3Li oo CH3(OCH,CH2),O
3

(4) (3)
LIEOnBS
LIEO3BS (n = 3) LIEO7.3BS (n =7.3)
LIEO11.8BS (n = 11.8) LIEO16.3BS (n = 16.3)

Scheme 1. Synthetic scheme of lithium p-[methoxy oligo
(ethyleneoxy)]benzenesulfonates.
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. AZfE = sl A7t 7—21‘“’39-
2 AAIBl £33 Ae)e] PEG-Ts (202 4} 49.75
g T 78.1%).
'"H-NMR(CDCLy) § (ppm) : 7.3~7.7 (m, 4H) ; 3.3~4.2
(m, 12H); 3.35(s, 3H); 2.4(s, 3H)
BC-NMR(CDCl;y) & (ppm) : 144.7; 132.9 ; 129.7 ; 127.9;
77.3 ;769 ;76.6 ; 71.8 ; 70.6 ; 69.1 ; 68.6 ; 58.9 ; 21.5
p-[Methoxy oligo(ethyleneoxy)lbenzene (3) : A
Za}a=0] NaOH (5.04 g, 0.126 mol) S 252> 250 mLo]]
= 3% (8.89 g, 0.0945 mol)T} AFA o] Zwjql HE
S R BERERelE (035 gE AH7Fek] 308 ~1
o} wHlkgk & 3= PEG-Ts (n=3, 20 g, 0.063
mol)E 3] x—.'}f{‘:} v 25+ 9F 100 T=E 20
=" 2o % Yt WdAEze}
o]=2} 1 M2] NaOH —’F%"—’.‘EE— F=3 F AERER
ol= & Aot sl 4L wAs T o
A AFelQl p-[ methoxy oligo(ethyleneoxy)Jbenzene (3)= 4
Aok (11.19 g, & 74.2%).
"H-NMR (CDCly) § (ppm) : 7.28 r~7.32 (d, 2H) ; 6.92 ~
6.98 (d, 3H) ; 3.56~4.16 (m, 12H) ; 3.4 (s, 3H)
BC-NMR(CDCl;) & (ppm) : 158.8 ; 129.1 ; 120.1 ; 114.2;
73.1;73.0570.9 ; 70.6 ; 70.5 ; 53.9
Lithium p-[methoxy oligo(ethyleneoxy)lbenzene-
sulfonates (4) : A+ Ze}2~=9) A = p-[methoxy
oligo(ethyleneoxy)Jbenzene (n = 3, 6 g, 0.025 mol)= A A=
FEEIE 150 mLol] £33 T AxE9]7] 3lollA
0 Colsle) £ER U F AAE FLEEE 6 mLo]
35 FE2EAHZA 349 2 0.03 mol)= X *13] 233t
o} HA3] Ao R &3 T 1247 AX wHksly LiOH
(133 g, 0.0325)% 27 30 mLell 39 0 COIE}A &
woll4] AA15] alzich oju) heEe] pH 8%
B8 138 2elvin S5 4 SWAT o
= %k oJekE 15 mLol Fo] A== HAAES
quer]E 013-5}"% At o35 olekE %— *% x4
U F oe eEl s Hrske] A= lithium
p-[methoxy oligo(ethyleneoxy)|benzenesulfonates (4)5 2
Atk (5.05g, TE 62%).
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'H-NMR (D,0) & (ppm) : 7.43~7.46 (d, 2H) ; 6.77~6.80
(d,2H) ; 3.27~3.97 (m, 12H) ; 3.04 (s, 3H)

BC-NMR (D,0) & (ppm) : 160.0 ; 133.3 ; 127.1 ; 114.5 ;
70.7 5 69.7 ;694 ;693 ;69.2 ; 689 ; 68.6 ; 68.0 ; 66.9 ; 57.8

Ab7)e} ke mpH o7 ;=73 11.8 18|aL 16.39] lithium
p-[methoxy oligo(ethyleneoxy)]benzenesulfonateS- 4 3}
Aok 34d= LIEOnBS®| HHg o9 Zoje] w& NMR
spectrum dates= T3} 7o)

LiEO7.3BS. 'H-NMR (D,0) & (ppm) : 7.69~7.72 (d,
2H) ; 7.03~7.06 (d, 2H) ; 3.55~4.22 (m, 29H) ; 3.31 (s, 3H)

BC-NMR(D,0) & (ppm) : 159.780 ; 134.665 ; 126.891 ;
114207 ; 70.436 ; 69.207 ; 69.027 ; 68.895 ; 68.408;
66.728 ; 57.509

LiEO11.8BS. 'H-NMR (D,0) & (ppm) : 7.67~7.70 (d,
2H) ; 7.02~7.04 (d, 2H) ; 3.55~4.21 (m, 49H) ; 3.30 (s, 3H)

BC-NMR(D,0) & (ppm) : 160.23 ; 135.2 ; 127.3 ; 114.69;
70.92 ; 69.68 ; 69.60 ; 69.51 ; 69.37 ; 68.88 ; 68.76 ;
67.60 ; 67.23 ; 64.20 ; 57.98

LiEO16.3BS. 'H-NMR (D,0) & (ppm) : 7.63~7.66 (d,
2H) ; 6.97~7.00 (d, 2H) ; 3.26~4.15 (m, 63H) ; 3.26 (s, 3H)

BC-NMR (D,0) & (ppm) : 160.135 ; 135.052 ; 127.256;
114.557 ; 70.809 ; 69.576 ; 69.410 ; 69.279 ; 68.779 ;
68.653 ; 67.493 ; 67.083 ; 57.879
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Figure 1. 'H-NMR and"”C-NMR spectra of LIEO3BS.
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Figure 2. Ionic conductivity of the liquid electrolytes for
different concentration of LIEO7.3BS at 30 C.

—m— 0.5M Liquid electrolytes
@®--0.1M Liquid electrolytes

—0O— 0.5M gel electrolytes

10”4 O:-- 0.1M gel electrolytes
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=)
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Figure 3. Ionic conductivity of the liquid electrolytes and gel-
type polymer electrolytes for LIEOnBS with various ethylene
oxide repeating unit.
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o] Zo]o] W2 ¢ 2 Figure 59| EAI5}SI), olLal &
Atol=7} Egkz]o] Qx| k= lithium-p- toluene sulfonate
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Figure 4. Li" ionic transference number of LiEO7.3BS at
different concentration.
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Li* Transference Number (t)

0.2

Repeating unit of ethylene oxide

Figure 5. Li" ionic transference number of LIEOnBS having
different ethylene oxide repeating unites at 30 C. Con-
centration of LIEOnBS is 0.1 M (—m— ) and 0.5 M (--4---).
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-1 0 1 2 3 4 5 6 7
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Figure 6. Linear sweep voltammography of Li ‘ gel polymer
electrolytes | Ni sandwich cell at 30 C. Sweep rate =10 mV/s.
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