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Tetraethylene oxide-organosiloxane hybrid (TEOS), a flat membrane, was obtained by mixing solutions of 
tetraethylene oxide and methyltrichlorosilane in a Teflon vessel. In the frequency spectra of the linear 
conductivity of the ionically conductive membrane using TEOS as a matrix (TEOS/LiC104), relaxations 
associated with the electrode and interfacial polarizations were observed. 

(Keywords: siloxane; poly(ethylene oxide); polyelectrolyte; electric relaxation; ionic conductivity) 

Introduction 

Ravaine et al.1 reported the application of the sol-gel 
method for the preparation of a polyether-polysiloxane 
hybrid. (The sol-gel method is the condensation of 
alkoxymetals to prepare a metal oxide gel z.) Recently, 
Fujita and Honda 3 reported the preparation of a new 
class of poly(ethylene oxide)-polysiloxane hybrid 
membrane, which is elastic, free-standing and excellent 
as a matrix in a solid polymer electrolyte. However, to 
prepare this hybrid membrane, allylation of oligo- 
(ethylene oxide) followed by hydrosilylation is needed; 
these procedures are very laborious. 

This paper describes an easy method of preparing the 
tetraethylene oxide-methylsiloxane hybrid (TEOS). It 
is a single vessel reaction and produces a flat membrane. 
Also, the linear conductivities a* = at + ia'~ of the 
membrane containing LiCIO4 were measured. 

Experimental 
Preparation of  the membrane. Tetraethylene oxide and 

methyltrichlorosilane were purchased and used without 
further purification. Tetrahydrofuran (THF) was dis- 
tilled on sodium and L i C 1 0  4 w a s  dried at 100°C in vacuo 
before use. 

The equation for the preparation of TEOS is shown 
in Scheme 1. Tetraethylene oxide 14.6 g (0.075 mol) in 
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Scheme 1 

THF (20 ml) and methyltrichlorosilane 7.47 g (0.05 mol) 
in THF (20 ml) were mixed. The mixture was quickly 
stirred and poured into flat-bottomed Teflon vessels and 
allowed to stand for a few days in a dry atmosphere at 
room temperature. After the membrane formed, it was 
put in another Teflon vessel. Then it was heated at 140°C 
in vacuo for I day. 
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Figure l Plots of the logarithms of the linear conductivities a' 1 and 
a~ against the logarithm of frequency 
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Synthesis of TEOS: Y. Ueno et al. 

In the case of the TEOS/LiCIO 4 membrane, LiC10 4 
(0.638 g, 0.006 mol) was dissolved in dry T H F  with 
tetraethylene oxide and it was mixed with methyltri- 
chlorosilane solution. The procedures followed were the 
same as those above. 

Measurement o f  conductivity. Gold was vacuum- 
deposited onto both sides of the film samples to serve 
for electrodes. The linear conductivities were measured 
by applying a sinusoidal electric field with amplitude Eo 
and angular frequency ~o, and detecting the in-phase and 
90 ° out-of-phase components of the electric current with 
frequency co, I] and I~. The complex conductivity, 
tr* = a'l + ia'~ from a'l = I ' l /Eo and cr'~ = I~/Eo, was 
obtained. Details of the experimental set-up have been 
described previously 4. 

Results and discussion 

The TEOS membrane ( ~ 1 0 0 # m  thick) is free- 
standing, fiat and semitransparent. 

Figure 1 shows the frequency spectra of the linear 

conductivity a* at temperatures between - 7 0 ° C  and 
20°C. The plateau of tr' 1 in the low frequency range 
corresponds to the direct current conductivity. As the 
frequency increased, cr~ increases first gradually and then 
rapidly due primarily to the dielectric loss. The plateau 
of tr'; is attributed to the dielectric relaxations associated 
with the electrode and interfacial polarizations. These 
results are the same as those obtained for the Li+-doped 
poly (ethylene oxide) membrane system s. 
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