Anomalous behavior of interfacial ions at electrocatalytic interfaces
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Ions, together with the solvent, make up half of the solid-liquid interface and shape the local reaction environment, and need to be considered in a holistic view of the “active site”. In this way, cations affect the activity of several important electrocatalytic reactions, including the hydrogen evolution reaction(1), oxygen evolution reaction(2), oxygen reduction(3), CO2 reduction(4), and alcohol oxidation(3). 
In this contribution, I will demonstrate how we can directly detect interfacial ions experimentally using soft X-ray absorption spectroscopy (XAS) and electrochemical quartz crystal microbalance. For this, we use mesoporous platinum, with a large ratio between the interfacial and bulk electrolyte in the pores. This allows an otherwise bulk-sensitive technique to provide quantitative data on the concentration and degree of hydration of cations and anions at the platinum electrolyte interface. We have used this methodology to track the interfacial anion and cation concentrations as a function of electrode potential, bulk ion concentration, pH, and anion and cation identity. 
This reveals a charging behavior which differs from conventional capacitive models. Under certain conditions, we observe an increasing cation concentration at increasing potential, non-monotonic surface charging, and changes in desolvation behaviour depending on the adsorbates on the Pt surface. This shows how adsorbates reshape surface charge and the ions attracted, altering the local reaction environment. 
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