Comparative Analysis: Bridging SECM
Applications from Electrocatalysis to
Battery Research

1. Introduction: A Unified Approach to Interfacial Chemistry

Scanning Electrochemical Microscopy (SECM) provides a high-resolution map of
electrochemical activity on a surface. While the applications may seem distinct, the
methodologies used to study electrocatalysis and battery interfaces share a common
foundation. This document compares the key findings from the electrocatalysis case
studies (OER and HER) with the study of the Solid-Electrolyte Interphase (SEl) in
batteries, illustrating how the same powerful techniques can be adapted to explore
different scientific questions.

The core principle remains the same: correlating the probe’s current to a local
property of the substrate. The key difference lies in the experimental goal and the
interpretation of the resulting data. In catalysis, we seek to maximize activity; in
battery SEl analysis, we often seek to confirm uniform passivation.

2. Activity vs. Passivation: Two Sides of the Same Coin

e In Electrocatalysis (OER/HER), the primary objective is to locate and quantify
sites of high electrochemical activity. The SECM experiment is designed to
measure the rate of a desired reaction. A “hotspot” of high current is a positive
result, indicating a highly efficient catalytic site.

e In SEI Formation Analysis, the objective is often the opposite: to verify the
formation of a uniform, electronically insulating, and ionically conductive
passivation layer. The experiment is designed to probe for defects. A “hotspot”
of high electron-transfer current is a negative result, indicating a poorly formed
or damaged SEI that could lead to dendrite growth and battery failure.



3. Comparative Framework: Electrocatalysis vs. SEl Analysis

The following table breaks down the parallels and distinctions between the two
application areas:

Feature Electrocatalysis (OER & HER) SEl Formation in Batteries

Characterize the passivating
properties and ionic
conductivity of the SEl layer.

Identify & quantify sites of high

Primary Goal . -
catalytic activity.

. . Feedback Mode: Probe current
Generation/Collection: Substrate

generates a product (e.g., 0,, Ho),
SECM Mode and the probe detects it.

Feedback Mode: Probe current

increases over active sites.

decreases over well-passivated
(electronically insulating) areas.
AC-SECM: Measures local
impedance to decouple
topography from conductivity.

_ . e A region of high electron-
. A region of high current, indicating o
Interpretation of ) ) . transfer current, indicating a
a highly active catalytic site.

a “Hotspot” (Desirable) defective or “leaky” SEl layer.
(Undesirable)
OER: Optimal Pt-Ag alloy SEIl: Spatially resolved maps of
Key Findin compositions were rapidly SEI' uF;lit V\)//ere eneratedp
fro):n Case ¢ identified from a library. ider?tifyin)g/ weakgspots pro;me to
HER: Intrinsic activit iati
Studies nirinsic activity variations dendrite formation before they

among individual Pt nanoparticles
. grow.
were quantified.

4. Methodological Bridge: Translating Techniques

The experimental strategies are highly transferable between the two fields.

From High-Throughput Screening to Defect Mapping

The technique used to screen the Pt-Ag catalyst library for OER hotspots is directly
analogous to how one would map an electrode to find defects in the SEI.

e Catalyst Screening: An area scan is performed to find regions of maximum
current, which correspond to the best catalysts.



e SEl Defect Mapping: An area scan is performed using a redox mediator that
should be blocked by a healthy SEI. Regions of maximum current now
correspond to pinholes, cracks, or electronically conductive domains in the SEI
where it has failed to passivate the electrode.

From Single-Particle Kinetics to Local SEI Characterization

The method for measuring the HER rate on a single Pt nanoparticle can be adapted to
study the local properties of the SEI at a specific point.

¢ Single-Particle Kinetics: The probe is positioned over a single nanoparticle to
measure its specific reaction rate constant (k).

e Local SEl Analysis: The probe can be positioned over a specific point on the
electrode to:

1. Monitor Growth: Track the change in feedback current over time as the SEI
forms during the initial charge cycles.

2. Measure Local Impedance: Use AC-SECM to determine the ionic
conductivity and charge-transfer resistance of the SEl at that specific
location, providing a much more detailed picture than bulk electrochemical
impedance spectroscopy (EIS).

5. Conclusion

The power of SECM lies in its remarkable versatility. The same instrument and
fundamental principles can be used to accelerate the discovery of new catalysts and to
diagnose critical failure mechanisms in batteries. The key is a thoughtful experimental
design that considers what chemical process is being measured and how the resulting
current map should be interpreted. Whether searching for regions of high activity or
uniform passivation, SECM provides the essential spatial resolution needed to

understand and engineer the next generation of electrochemical materials and
devices.



