Operando Confocal Fluorescence Imaging of Electrochemically-Induced pH Gradients at Structured Electrified Interfaces
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Abstract:
Local pH gradients and diffusion-layer thickness near electrochemical interfaces are closely associated with proton-coupled electrochemical reactions and mass-transport processes. However, conventional electrochemical measurements mainly provide global current responses, without spatial information on local interfacial processes [1].
In this work, electrochemical control was combined with HPTS(8-Hydroxypyrene-1,3,6-trisulfonic acid trisodium salt)-assisted confocal fluorescence microscopy (CFM) to visualize electrochemically-induced local pH changes under operando conditions [2]. During benzoquinone reduction in acidic media, proton consumption increases the local pH near the electrode surface and enhances HPTS fluorescence, which can be resolved at defined focal planes by CFM.
The method was validated on Au-coated flat fiber electrodes and then extended to etched microstructured fibers [3], where fluorescence responses at selected focal planes were correlated with local electrode geometry. AZ1518 photoresist was further used to define micrometer-scale access to the Au layer with controlled lateral dimensions and exposure depth, thereby confining the reaction to selected regions of the microstructure. Localized fluorescence enhancement near these openings confirmed spatially controlled reaction zones at the micrometer scale.
Overall, this work highlights HPTS-assisted operando CFM as a useful approach for visualizing local pH gradients and probing geometry-dependent mass transport at structured electrochemical interfaces, offering a basis for further analysis of spatially confined electrochemical reactions.
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a) Schematic of the HPTS-assisted imaging configuration on a photoresist-confined Au-coated microstructured fiber electrode. b) Representative SEM images and CFM z-stack x–z reconstructions of the corresponding microstructured fiber electrode.
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