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Figure 1 Schematic diagram of the multiscale gas bubble evolution [4] (color online).
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nucleation [24].
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Figure 5 (a) Catalyst layer doped with PTFE nanoparticles [65]. (b) Schematic diagram of the interfacial microenvironment within the catalyst layer
after the addition of polytetrafluoroethylene [66]. (¢) Schematic diagram of Au/PE catalyst for highly efficient electrocatalytic CO, reduction in
biomimetic artificial lung [67]. (d) CO, distribution near LC-Ag surface [69]. (e) Schematic diagram of the influence of electrode morphology on
bubble release diameter and thickness of the diffusion boundary layer [70]. (f) Schematic diagram of the high-rate and stable production of syngas by
3D porous structure and electronic effect between Cu and Ag [71] (color online).
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Figure 6 (a) The formation steps of a single CO nanobubble on a gold nanoelectrode [79]. (b) Variation of Gibbs free energy during the CO bubble
nucleation [79]. (c) Contact angles of bubbles on the surface of the Au electrode in IL solutions with different carbon chains [80]. (d) Peak and residual
currents of nanobubble nucleation at different IL concentrations [80] (color online).
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Advances in multi-scale nano-micro bubble evolution of electrocata-
lysis reaction electrode interfaces
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Abstract: The process of electrocatalytic reduction, including hydrogen evolution reaction (HER) and CO,
electroreduction (CO,ER), involves the generation of nano-micro bubbles on the electrode surface. The evolution of
these bubbles, including nucleation, growth, and movement, often leads to the reduction of the active electrode area,
thereby affecting the electrochemical reaction efficiency. Therefore, current research focuses on understanding the
evolutionary behavior and regulatory mechanism of surface bubbles during electrocatalytic reactions. This work
presented the multi-scale evolution process of surface bubbles and their relationship with electrocatalysis performance.
Besides, the mechanisms of bubble nucleation, growth, and detachment were introduced. Subsequently, regulating
strategies of nano-micro bubbles behavior in HER and CO,ER were discussed in detail. Finally, we described the current
research and development trends of nanoscale bubbles at electrode surface in electrocatalytic reactions from both
experimental and computational perspectives.
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