Mapping the Electrochemical Interface with Fluorescence Confocal Laser Scanning Microscopy
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Coupling electrochemistry with optical techniques has experienced a resurgence of interest in recent years, as it provides deep insights into the interfacial processes at play [1–3]. In this context, fluorescence confocal laser scanning microscopy (F-CLSM) offers high-spatial-resolution characterization of electrode surfaces, both in the lateral plane (xy) and along the axial (z) direction, perpendicular to the electrode surface [4]. This makes the technique particularly well-suited for probing surface heterogeneity and mapping the diffusion layer of various electrodes.

To illustrate the diverse possibilities of this approach, we have selected several exemplary cases where F-CLSM coupling proves especially insightful. The first case study focuses on specific reactivity occurring within the diffusion layer when electron transfer is coupled with a chemical step [5,6]. Unlike conventional current measurements, which provide no information on the fate of electrogenerated molecules, chemical imaging of the diffusion layer offers striking new insights in such scenarios.

We will also discuss enzymatic electrodes, first establishing a proof of principle before exploring in depth the impact of ionic strength on local electrochemical activity [7,8].

In conclusion, these findings open the door to reaction layer imaging at macro- or micrometric resolution and could help unravel complex electrochemical reactions, including those involving short-lived transient species.


References

[1] J.-F. Lemineur, H. Wang, W. Wang, F. Kanoufi, Annu. Rev. Anal. Chem., 2022, 15, 57–82.
[2] E. Labbe, O. Buriez, Curr. Opin. Electrochem., 2025, 49, 101613.
[3] N. Sojic, L. Bouffier, Curr. Opin. Electrochem., 2022, 34, 101007.
[4] L. Bouffier, T. Doneux, Curr. Opin. Electrochem., 2017, 6, 31–37
[5] A. de Poulpiquet, B. Goudeau, P. Garrigue, N. Sojic, S. Arbault, T. Doneux, L. Bouffier, Chem. Sci., 2018, 9 (32), 6622–6628.
[6] A. L. Dauphin, A. de Poulpiquet, A. Papageorgiou, B. Goudeau, J.-M. Noël, D. Zigah, G. Longatte, T. Doneux, L. Bouffier, Chem. Biomed. Imaging, 2025, 3 (10), 672–680.
[7] B. Tassy, A. L. Dauphin, H. M. Man, H. Le Guenno, E. Lojou, L. Bouffier, A. de Poulpiquet, Anal. Chem., 2020, 92 (10), 7249–7256.
[8] H. M. Man, I. Mazurenko, H. Le Guenno, L. Bouffier, E. Lojou, A. de Poulpiquet, Anal. Chem., 2022, 94 (45), 15604–15612.
