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1. Introduction

This document provides a comprehensive protocol for the operation of the BiolLogic
M470 Scanning Electrochemical Workstation. The M470 is a modular, state-of-the-art
instrument that enables researchers to utilize up to nine different local
electrochemistry techniques, making it a versatile tool for a wide range of
applications, including corrosion science, battery research, electrocatalysis, and
biological systems analysis [1].

Scanning Electrochemical Microscopy (SECM) is a powerful scanning probe technique
that provides spatially resolved electrochemical information about a sample’s surface.
It measures the faradaic current of a redox mediator at an ultramicroelectrode (UME)
probe, which interacts with the sample surface. This allows for the mapping of local
electrochemical activity and topography with high resolution [2].

This protocol will cover the basic principles of SECM, the components of the M470
system, step-by-step operating procedures, and guidelines for data analysis. It is
intended for both new and experienced users to ensure safe and effective operation of
the instrument.

2. Safety Precautions

e Electrical Safety: The M470 system is an electrical instrument. Ensure all
connections are secure and cables are not damaged. Do not operate the
instrument in a wet environment.



e Chemical Safety: Handle all chemicals, especially redox mediators and
electrolytes, with appropriate personal protective equipment (PPE), including
safety glasses, gloves, and a lab coat. Work in a well-ventilated area or a fume
hood.

e Probe Handling: SECM probes are delicate and expensive. Handle them with
extreme care to avoid breaking the tip. Always inspect the probe under a
microscope before and after each experiment.

e Moving Parts: The scanning stage has moving parts. Keep hands and any loose
items clear of the stage during operation to prevent injury or damage to the
instrument.

3. System Components and Setup

The BioLogic M470 system consists of several key components that work together to
perform SECM and other scanning probe experiments.

3.1. Core Components

Component Description

. A high-precision x,y,z positioning system with a 110 mm scan
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range on all axes and 20 nm resolution [3].

SCV470 Control Unit Houses the modular electronics for the various techniques.
SP-300 A research-grade potentiostat integrated into the system for
Potentiostat/Galvanostat precise electrochemical control.

Electrochemical Cell Various cells are available, such as the uTriCell™, Shallow

uTriCell™, and Foil Cell, depending on the application [3].

The ultramicroelectrode probe is the heart of the SECM
UME Probe experiment. Various probe materials (Pt, Au) and diameters (1
um to 25 um) are available [3].

A long working distance microscope for viewing the probe

VCAM3 Video Microscope
and sample surface.



3.2. Initial System Setup
1. Power On: Turn on the M470 control unit, the SP-300 potentiostat, and the
computer.
2. Launch Software: Start the BioLogic M470 software on the computer.

3. Install Probe: Carefully mount the desired UME probe into the probe holder. Use
the VCAM3 microscope to inspect the probe tip for any damage.

4. Prepare Electrochemical Cell:
o Mount the sample securely in the electrochemical cell.

o Add the electrolyte solution containing the redox mediator.

o Place the reference and counter electrodes in the cell.

5. Mount Cell: Place the electrochemical cell on the M470 scanning stage.

6. Connect Electrodes: Connect the working electrode (probe), reference
electrode, and counter electrode to the appropriate terminals on the M470
headstage.
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4. Experimental Procedure: SECM Feedback Mode

Feedback mode is the most common SECM technique. It maps the sample’s
conductivity and topography by measuring the probe current’s response to the
recycling or blocking of a redox mediator at the sample surface.
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4.1. Preliminary Steps

1. Select Redox Mediator: Choose a redox mediator with a stable and well-defined
redox potential (e.g., ferrocenemethanol, Ru(NHs)s**/%*). The concentration is
typically in the mM range.

2. Determine Probe Potential: Perform a cyclic voltammogram (CV) of the redox
mediator in the bulk solution to determine the diffusion-limited potential. The
probe will be held at this potential during the SECM experiment.

4.2. Probe Approach Curve

The approach curve is crucial for positioning the probe at an optimal distance from the
sample surface.

1. Position the Probe: Using the manual controls in the M470 software and the
VCAM3 microscope, carefully lower the probe until it is just above the sample
surface (a few hundred micrometers).

2. Set Approach Parameters: In the M470 software, configure the approach curve
experiment:
o Start and End Z position: Define the vertical range of the approach.

o Step Size: A smaller step size (e.g., 1 um) provides higher resolution.

o Speed: Set the approach speed.

3. Run Approach Curve: Start the experiment. The software will record the probe
current as it moves towards the sample.

4. Interpret the Curve:
o Conductive Surface: The current will increase as the probe approaches the
surface due to positive feedback (mediator recycling). The curve will show a
sharp increase upon contact.

o Insulating Surface: The current will decrease as the probe approaches the

surface due to negative feedback (hindered diffusion). The current will drop
to near zero upon contact.

5. Retract and Position: Based on the approach curve, retract the probe to a
desired working distance (typically 1-2 probe diameters) for the imaging scan.



4.3. Area Scan (Imaging)

1. Define Scan Area: In the M470 software, define the x,y area to be scanned.

2. Set Scan Parameters:
o Scan Rate: The speed at which the probe moves across the surface.

o Step Size [ Resolution: The distance between data pointsin thexandy
directions.

3. Start Scan: Begin the area scan. The software will move the probe in a raster
pattern across the defined area, recording the probe current at each point.

4. Data Visualization: The software will generate a 2D or 3D map of the probe
current versus position, providing a visual representation of the sample’s
electrochemical activity.

5. Data Analysis

The M470 software suite includes powerful tools for analyzing SECM data.

e 3DIsoPlot™: Used for creating and visualizing 3D maps of the data. It allows for
the generation of shaded surfaces, wireframes, and contour plots.

e MIRA (Microscopic Image Rapid Analysis): An advanced tool for analyzing SECM
approach curves and area scans. It can be used to fit approach curves to
theoretical models to extract quantitative kinetic information.

6. Maintenance and Troubleshooting

e Probe Cleaning: After each experiment, gently rinse the probe with deionized
water and the solvent used for the electrolyte. If necessary, the probe can be
polished using a fine alumina slurry.

e Cell Cleaning: Thoroughly clean the electrochemical cell between experiments
to avoid cross-contamination.

e Troubleshooting Common Issues:
o Noisy Signal: Check for proper grounding and shielding. Ensure all cable

connections are secure.



o Probe Crash: If the probe crashes into the surface, immediately stop the
experiment. Inspect the probe for damage. Re-run the approach curve
carefully.

o Inconsistent Results: Ensure the electrolyte solution is fresh and the
reference electrode is functioning correctly.



