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Organic anhydrous super-protonic conductors (proton conductivity 6 > 10~* S/cm) have attracted much attention
because of the possibility for the application to solid electrolytes in next-generation hydrogen fuel cells. Despite many
attempt to realize efficient anhydrous organic proton conductors, materials design guidelines have yet been established
because of the lack of knowledge about the proton conduction mechanism. Recently, we have proceeded basic studies
focusing on single-crystalline organic solids composed of small molecules of acids and bases. As a result, we found that
(1) hydrogen-bonding network structures, (2) intermolecular pKa differences, and (3) molecular rotational motions are the
keys for efficient proton conduction in anhydrous organic crystals. In this study, based on this knowledge, we aimed to
establish the materials design guidelines for room-temperature super-protonic conductors, by newly synthesizing organic
acid—base hydrogen-bonding co-crystals, evaluating their anhydrous proton conductivities in details, and investigating
their conduction mechanism both experimentally and theoretically. We successfully obtained new anhydrous organic
proton conductors, and realized super-protonic conductivity at elevated temperatures. Especially, chirality can control the
molecular rotational dynamics in organic crystals, which can be useful guideline for designing anhydrous super-protonic

conductors. Demonstration of the electrochemical device performances is now ongoing.
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Fig.1(a) The chemical structures, and (b) temperature
dependence of the anhydrous proton conductivities of
the newly established anhydrous organic proton
conductors composed of chiral camphorsulfonic acid
and azoles.
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