Better than just overpotential and chronopotentiometry? Investigating activity and stability metrics for multi-objective exploration of water oxidation catalysts
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The ongoing development of electrocatalysts for water electrolyzer anodes is a multi-objective optimization problem, as various data-driven theoretical1 and experimental2 approaches are being done to discover new compositions and improve performance. Catalysts are typically evaluated by activity and stability, often measured respectively using overpotential and chronopotentiometry or chronoamperometry time, but these metrics alone can lead to oversimplified and erroneous interpretations3,4. Here, we propose two objectives: turnover frequency at a set potential5, and price-normalized stability number6. We use oxygen evolution reaction (OER) in alkaline media as a starting point, since OER is a key kinetic bottleneck and alkaline electrolysis is the most mature electrolyzer technology7. We also construct methodologies to extract these objectives or calculate lower-bound estimates from a wide range of data reporting conventions and applicable assumptions in the literature. For example, all atoms in a material are assumed active if active sites were not quantified, which would result to a lower-bound turnover frequency. Similarly, all active metals are assumed to dissolve at the end of chronopotentiometry or chronoamperometry measurements if exact dissolution was not measured, resulting in a lower-bound stability number. A Pareto front is also plotted on catalysts that are Pareto optimal8, that is if one catalyst is not outperformed by another on either activity or stability. Although this work can function as a reference for further studies on catalysts on this Pareto front, a stronger point to emphasize is that more accurate activity and stability techniques must be conducted for more reliable comparisons and multi-objective optimizations.
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