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Synthesis of a Novel Sodium-type Sulfonated Polyimide and Cation Dependence of Organized
Structure and Ion Conductivity

(MJapan Advanced Institute of Science and Technology, *Institute for Aqua-Regeneration,
Shinshu University) OYuma Yamamoto,' Kentaro Aoki,' Nobuyuki Zettsu,? Yuki Nagao'

We have performed the structural and electrochemical characterization of highly organized
sulfonated polyimides (SPI) thin films as polymer electrolytes layer, protonated SPI (SPI-1-H)
and lithiated SPI (SPI-1-Li) were revealed to form a lamellar structure derived from their
lyotropic liquid crystal natures. Moreover, the degree of structural ordering increased with
humidification, leading to enhanced ion conductivity. In this study, we expanded same analogy
to Na-ion conductive SPI-1-Na and compared the organized structure and ion conductivity with
H- and Li-type SPI compounds. Grazing-incidence X-ray scattering (GIXRS) showed that SPI-
1-Na thin film formed a lamellar structure at more than 60% relative humidity (RH), while the
extension of the lamellar distance (d) with humidification was smaller than SPI-1-H and SPI-
1-Li. Furthermore, we found SPI-1-Na exhibited higher ion conductivity than SPI-1-Li at lower
RH range, however this trend reversed at higher humidity (> 80% RH).

Keywords : Sulfonated Polyimide; Ion Conductivity, Polymer Electrolyte; Lyotropic Liquid
Crystal; Organized Structure

B TEMRE T D ANKR AR Y A X RSPHIZBW o8 Q B 0
T, WFF+ > X ZHBELOLI & L7= SPI-1-X(Fig. 1)iZ V Saw, "
FhEEy 2RI R L5 A SHEEETRR L. & e ¥

KIZEENF O EHIMEN M 52 L T, BWnA i Fig.1 Structure of SPI-1-X.

HarTZen@EInTnsg D, SEFk41E X =Na & L7z SPI-1-Na Z 8 LI A Ak
L. TV &EEA A2 % RN L 7= SPI-1 SIS 1) 2 ffkig i & 1 A4
BEED T F A AR Z i Uc, RS XOBEGELINE OFE R, Na AR13AH xHT B
60%LL ECT A THEEEILT 2000, INBIZHED 7 A 7@k « ofREIE H

. V- a), b)
NN Y o Y - Y
HL _(Flg a?o = fz e ek g_zio_ m SPLIH - 24
oo AveE—=FrxflE 1 :: 52 ]
DR, RREMTIENa S| Dmmgtd o 40 | 22
. 12{ £-357
{Z'KliLIMKJ: D %)l%]l/\/rj_ 1.0 : 300 K -§-4~0-
AR RRT, x Nle o8 ® sonm | $%°1'9 - ,
B 80%LL T Z ftEA 0 20 40 0 8 100 - 40 50 60 70 8 90 100
o . Relative humidity % Relative humidity %
yAABULL T By (Fig. 2 b), Fig. 2 a) Lamellar distance & and b) ion conductivity of SPI-1-X thin films.

1) T. Honbo et al., ACS Appl. Polym. Mater., 2010, 6, 13217.

© The Chemical Society of Japan - [F12501-1vn-01 -



