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The impact of surface composition on Tafel kinetics leading to
enhanced electrochemical insertion of hydrogen in palladium

Olga Dmitriyeva*, Steven C. Hamm, David L. Knies, Richard Cantwell, Matt McConnell

Coolescence LLC, 2450 Central Avenue Suite F, Boulder, Colorado 80301, United States

Abstract

Our previous work experimentally demonstrated the enhancement of electrochemical hydrogen
insertion into palladium by modifying the chemical composition of the cathode surface with Pb,
Pt and Bi, referred to as surface promoters. The experiment demonstrated that an optimal
combination of the surface promoters led to an increase in hydrogen fugacity of more than three
orders of magnitude, while maintaining the same current density. This manuscript discusses the
application of Density Functional Theory (DFT) to elucidate the thermodynamics and kinetics of
observed enhancement of electrochemical hydrogen insertion into palladium. We present
theoretical simulations that: (1) establish the elevation of hydrogen’s chemical potential on Pb
and Bi surfaces to enhance hydrogen insertion, (2) confirm the increase of a Tafel activation
barrier that results in a decrease of the reaction rate at the given hydrogen overpotential, and (3)
explain why the surface promoter’s coverage needs to be non-uniform, namely to allow
hydrogen insertion into palladium bulk while simultaneously locking hydrogen below the surface
(the corking effect). The discussed DFT-based method can be used for efficient scanning of

different material configurations to design a highly effective hydrogen storage system.
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