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Abstract

New polymer films were synthesized that are mixed ionic-electronic conductors.

Preliminary ion transport measurements have been made on these materials in the reduced

state where electronic conductivity is negligible. We also have made preliminary

measurements of switching times for these materials. Theoretical studies have been

performed ion pairing in insulating and electronically conducting fdms.

Progress

A. Substituted Polypyrroles and Polythiophenes

In the last year we succeeded in growing films from the polyether substituted pyrrole,

3,6-dioxaheptyl-pyrrole-3 acetate, which was electrodeposited on polished platinum surfaces

to give smooth polymer fdms. These fdms were structurally characterized by SEM, STM, and

profilometry, and electrochemically observed to undergo reversible oxidation at 0.3V vs

Ag/AgC1. Ion diffusion measurements, determined by ac impedance techniques on the

unoxidized film, with an electrolyte consisting of LiBF4 and MSO3CF3 (M = I,i, Na, K) in

tetraethylem_glycol dimethyl ether gave Dap p = 10 -8 cm 2 s "1. Ion diffusion in these films is .

one to two orders of magnitude greater than that for pure polypyrrole. Cyclic voltammetry

indicates much faster switching time for the substituted pyrrole than simple pyrrole films,

again confirming the faster ion diffusion in the oligoether substituted material.
I

Very recently we have grown fdms of similarly substituted polythiophenes. The key

synthetic step in the preparation of the thiophenes was the addition of a small concentration

of bithiophene in the electrochemical cell. Initial ac impedance measurements have been

performed on these systems.
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IIi, Theoretical modeling of polymer electrolytes and mixed ioniC-electronic

conductors.

Modeling and formal theoretical studies being carried out in conjunction with our

experimental studies are focusing on the role of Coulomb interactions in modifying the

conductivity both in pure polymer electrolytes and in polymer-based mixed conductors. The

anion/cation coulomb attraction results in extensive ion pairing, which can decrease the

effective carrier number and the resulting conductivity. Such trapping effects can be

overcome by enclosing the cation in a cryptand or crown ether, as demonstrated in our 1990

Chemistry of Materials paper (Doan et. al.). Alternatively, change of charge density should

modify the screening of the attractive coulomb potential, and may therefore lead to breakup

of ion pairs at higher charge density (higher ionic concentration in electrolytes, more partial

reduction or oxidation in mixed-conductive electrodes).

To elucidate the effects of charge density, we are carrying out two types of simulations.

Monte-Carlo calculations on a simple electrolyte model have clearly demonstrated two

characteristic times for the correlated ion hopping process; the in'st is simply the ion hopping

time, while second and larger time corresponds to a relaxation of the Coulomb field around

an ion, and is indeed sensitive both to temperature and to overall charge density. This

suggests that the effects of pairing might well drop off with higher concentration, as has been

suggested in the electrolyte literature for the past half century.

To clarify precisely how pairing effects conductivity, we are engaged in molecular

dynamics study of concentrat,,;d electrolytes. We find that the effective potential of mean

force (causing pairing) between cation and anion indeed does become less structured at lower

temperature, lending to increased p_ring at higher temperature (as has been observed

experimentally). This stands in sharp contrast to other models in the electrolyte literature,
L

and clearly shows the level of understanding that dynamics simulation can provide. The
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frequency-dependent conductivity obtained from these simulations provides, by comparison

with experimental vibrational and microwave spectra, a direct comparison of the modeling
,,

and the laboratory materials.
i
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