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Linear and Nonlinear Conductivity Spectra of Tetraethylene
Oxide-Organosiloxance Copolymer/LiClO, Complex
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(Received December 13, 1996)

The frequency dependence of linear to third-order nonlinear complex conductivities at different
temperatures in tetraethylene oxide-organosiloxane copolymers was measured. A characteristic conduction
relaxation phenomenon was observed in the spectra, which suggested the existence of different ion
condugction mechanisms between the high and low-frequency regions. We also found that the ratio of
linear to nonlinear conductivities was closely related to the elementary process of ionic transport.
Furthermore, the ratio obtained from nonlinear measurements allowed an estimate of the important
parameters which characterized ionic transport in ion-conducting polymers, such as the hopping distance
of ion or the size of a connected cluster of the site capable of the ion hopping, without the need for any

additional assumptions.

1. FZHE

Bl A4 vEBYEESTOMRIEHCKREL, Z0
WEpR X, BERICHZ2MbTE < OEHEED TWDY,
FOHET, FBALY b3 —OF kLR L W5
W, 14 v GEcET 28R eEHRES 2 TE, LeL
s e, ZOREDL  EHNEF I BHRALLG]S 5 FHK
ThbbBGERICES hTwiz, bhubiid, RO
BB OEBEA R VORISR, FERTZEIEIC £ TR
Lle, 2L T, HFBEEBARY M VOFHEEERER
Bz KEEHTH D Z L BRI, —H, A 4 VHENS
BTDOAZ BEBREOWIRD I DD E T VIEE, KK
DA A EHBEEREET 200w, HEESEWI L, K
KEMPMENZ &, FREEVEM (B2 135788 FERE)
THHZEBDITONE, IhoDFEEGFERLPEHL
TeHiiz vy o R BROIEESEK L LICIO, & OEEGEY &
B s, REdCCl, 44 rBEEEC DL
BWEEL /-0, ZOVuXBREESGFROESHEEHA

F—U—R IR EBLE, A7 by, ot
HEW, A4 BEME

* RS LR E TR (992 [ R K Ik
4-3-16)

Department of Materials Science and Engineering,
Faculty of Engineering, Yamagata University, 4-3-6,
Jonan, Yonezawa, Yamagata 992, Japan

W, JEEEEARY PVOERET>7:. ZORBES
WET 5.

2. B B

FER I 7o BB R 0 D CH R L Tz tetraeth-
ylene oxide-organosiloxane copolymer (TEOS) % ~_— &
w LiClO, % I 2 7- &4k ([Lit]/[0]=0.02) TH 5.
B 1z TEOS OffE= % R ¥, AR L 7z TEOS I3 H0E &
X-ray BELL R8T, FRBOELSTFTH S 2 L 2R
Uz, &7, R2wvAad s 7 (R BEEERED » Hw
THIE L 7z TEOS QERFER C*=C'+jC” (J7E A ¥
#7010 Hz) OWPERER 2R, # 70°C R & RfENMTFEE
T3, Ihid, 77 ARBOFEELRRT S, HWE,
B bbb hosike Ul @B R ORI EER 0,5 =
6y +jo." (n=1,3,5-) »%F ¥ # 3% 10 mHz~1 MHz T
HIEOfER Y AT L2 REH L, B LT LiER
AL, HIER Ar B TITo 7,

3. EREBER

JREONI-EREBEEBEA T MV e =o' +je”
DREFIZTT, o & o & HEFAWEEI CI—EH 2R
L, AEBSBEAT 2 E/EVWEAT S, £/, REORED
EEBRARY PNVIRERBEMCY 7 P LTWE, §



Fj“‘““——__‘—_

88 (44) BESERE B2%E H25 (197

CH,

I | |
-Si-0-(CH,CH,0);5i-0-(CH,CH ,0) ;Sli-
i

4 ~ 4

|
0 0 CH, o
I | 4
CH, CH P:

2 -

| i 5

cle CH, k)
|
Y o]
I

|
-Si-0-(CH,CH,0);Si-0-
| I
I TEOS f#i&st
Fig. | Structural formula of tetraethylene oxide-organo-

siloxane copolymers (TEOS). 2 b
120°C e iy
2l 80° uumummuumm«‘.
5 o 40°C
uaz 0° Coammas
41— i 6
\D': 20°
((\E\ 3+ =°—‘ 8- =G
6/ é,, -40°C
C 2 - 10 -
) .
-60°C, 80°C
1k 12 -
] | 1 | ]
o -4 -2 0 2 4 6 8
-150 50 log f (f:Hz)
Temperature (C) B 3 SUSEREER 0 =0+
1.0 Fig. 3 Frequency spectra of the real and imaginary com-
08 ponents of the linear conductivity for TEOS.
{g 06~ 2
3 g% [Li*}/[01=0.02
= 04 Op
Q 00 —~
0 Q a
02} 90 % e
[72]
0.0 L 5
4150 -100 -50 0 50 = A ol
o) -
Temperature (°C) 4f (x10%)  (x10%) (x10%
2 TEOS ##R C,*= G/ +jC” | | | | |
“ Fig. 2 Temperature dependence of elastic constant C,*= -6 o 1 5 3 4 s 6
C/+jC,” at frequency 10 Hz for TEOS. log f (f:Hz)
‘ 4
e o e . . . S 1 20°C(x10%
70°C Bt O # I AR ST or* DR E S BRH/N ' 0°C(x10%
~ 2k . .
Xl o Twhb, IROFHFBEREEART bV o' = < 20°C(x10%
g
o Hjos” i LTk DR e R Lz, B4 £ ok
. (@)
ot OPEFERT. o* I& o BEADE— 7, o" DIERT =
— N Dm -
BOY — 2 BEUEMITR ALY P VRRT, PRY, & ? W)
EOEY bz, of bABKHS VIEREM 7 L 4 ! 1 | ! |
ST - ., S ” - 6
Tz, bivb B U 7 B S R ORI DR o ! me;mf >
X N }I/ Y R bz f “ :_‘I“ % dnl'e 8?(2) ?E ﬁ N, Yy x 7 3 4
WiET 2 L BB AT, T ORE, KAEE-. Fig. 4 Frequency spectra of the third-order nonlinear
g q y sp

. . conductivity for TEOS.
dnx‘elax:AGn—(rd‘%Ef (I’l:L 3’) (1)

2T, MBRBEE A, , RERING o, SEAIRHIO AR 2 3 N R CIERIZEBA =7 NV Olliikd Tk % L
TH an B THB, HS5, HOW(HHXEANT, ThT ReRY. MPOOEEE data, EHIFHREEREZxRT,




RO THEEHROIER

) 1 I 1 1
2 0 2 4 6 8
log f (f: Hz)

log ol' (S/m)

ST S

-2 0 2 4 6 8
logf (f: Hz)

K 5 SPEBERRY byl s T DORER
Fig. 5 Comparison of observed (circles) and fitted
(solid lines) frequency spectra of the linear con-
ductivity for TEOS.
1
T
E
2
=
3 I | | ! |
0 1 2 3 4 5 6
logf (f: Hz)
4
S 20c
. o
g
£ o
I s g
& o
4 | | | | |
0 1 2 3 4 5 [
logf (f: Hz)
B 6 3ROIEHMPEBER T P EHigED TEOO

FEE S
Fig. 6 Comparison of observed (circles) and fitted
(solid lines) frequency spectra of the third-order
nonlinear conductivity for TEOS.
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