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Understanding how catalyst surfaces evolve during operation and identifying active sites at the atomic scale is essential for understanding performance, degradation mechanisms, and for rationally improving materials and reaction conditions. Electrochemical Scanning Tunneling Microscopy (EC‑STM) is a powerful operando approach for probing structural dynamics at electrochemical interfaces down to atomic‑scale resolution.

In this work, we use EC‑STM to investigate the dynamics of the potential‑induced lifting of the reconstruction on Au(111) in sulfuric acid. EC‑STM imaging was performed in the potential region where the well-studied sulphate-assisted lifting of the reconstruction is observed. In addition to the commonly reported formation of monoatomic-height islands following the lifting of the reconstruction, we find that the surface undergoes successive and extensive restructuring steps. Potential-dependent imaging reveals large‑scale rearrangements of surface atoms, leading to the formation and evolution of extended surface features whose size and morphology exceed the previously reported islands and defect growth.[2-3] Time-dependent imaging further shows that the islands are dynamic, evolving over the course of minutes after a potential change, even under steady electrochemical conditions.

Through this example, we also introduce a newly developed EC-STM solution designed to address challenges specific to EC-STM, offering improved performance and usability for correlation studies of electrochemical activity and surface morphology.
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