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Elucidation of Anhydrous Hydrogen Ion Conduction Process Mechanism
by Theoretical Chemistry and Theoretical Proposal for Materials Design

Yuta HORT™

This study focuses on advancing a sustainable, clean energy future by exploring fuel cells that utilize
hydrogen energy, emphasizing the development of solid electrolytes that function in dry environments at
temperatures between 100 to 300°C. These materials, particularly those containing heterocyclic compounds
such as imidazole and triazole, demonstrate promise in improving fuel cell efficiency and durability due
to their ability to conduct protons at high temperatures. This work investigates the molecular-level proton
conduction mechanisms within these materials using first-principles calculations, spotlighting compounds
such as imidazolium succinate, imidazolium methanesulfonate, and 1,2,4-triazolium methanesulfonate.
The calculations revealed the role of molecular motion and intermolecular proton transfer in facilitating
conduction, highlighting the significant impact of proton defect formation on conductivity. This work not
only deepens the understanding of proton conduction dynamics but also provides crucial insights for
designing next-generation solid electrolytes for fuel cells, contributing to the pursuit of fossil fuel-
independent energy solutions.
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