Investigating Copper Dissolution During Alkaline Oxygen Evolution: Insights from operando X-ray Absorption Spectroscopy and Voltammetric Studies
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Copper is gaining attention as electrocatalyst for alkaline oxygen evolution reaction (OER) due to its low cost and potential for high activity.[1] However, its stability for water electrolysis remains a major challenge, as dissolution is strongly linked to the OER mechanism. Building on our previous spectroscopic investigation, where the active participation of a high-valent Cu species as a key OER intermediate was identified,[2] this work investigates how the mechanisms governing OER pathways also contribute to copper dissolution, providing new insights into the degradation of Cu-based electrocatalysts.
By combining operando X-ray Absorption Spectroscopy (XAS) with voltammetric techniques, copper dissolution was studied under different electrochemical conditions. For instance, synchrotron-based XAS at the Cu K-edge was employed to confirm the strong correlation between OER and dissolution, showing that copper dissolution at reductive potentials only occurs if the preceding potential hold is above the OER onset (left). This was complemented with other techniques such as Inductively Coupled Plasma Mass Spectrometry (ICP-MS) and Electrochemical Quartz Crystal Microbalance (EQCM) that were used in voltametric mode to provide further insights into this behaviour (middle), focusing on the strong reduction typically associated to the CuI/Cu0 redox.
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To get insights into the dynamic reconstruction of the copper electrode during OER, we studied the effect of varying the lower potential limit (LPL) and selectively blocking the formation of high valent Cu species through continuous cycling around the Cu²⁺/Cu³⁺ potential region (right). The large signal at LPLs between 0.05 and 0.45 VRHE suggests dissolution mechanism to be related to a surface reconstruction at reductive potentials. These experiments allow us to evaluate how dissolution pathways are strongly linked to the OER mechanism, offering a deeper understanding of Cu stability in alkaline media and providing guidance for improving the durability of Cu-based OER electrocatalysts.
Figure: Behaviour of copper electrodes in aq. 1 M KOH: left) The decrease of the Cu K-edge XAS at 9200 eV signal is only observed at Chronoamperometric holds above 1.7 VRHE; middle) Frequency change measured by EQCM during voltammetric cycling above and below the OER onset; right) electrochemical signal of the copper anodic peak at -0.05 VRHE attributed to the CuI/Cu0 transition for different Lower Potential Limits (LPL) after blocking the Cu²⁺/Cu³⁺ region. 
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