The Wild West of
Nanoelectrochemistry
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Nanoelectrochemistry

ion HE electrochemistry
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Electrochemical Scanning Probe Microscopy
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Bias Modulation
SICM
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CO, Capture and Utilization

Carbon Dioxide Variations
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CO, reduction in water on polycrystalline Au foil.

Crystalline Polycrystalline

Rain Mariano, Matt Kanan
Kanan Lab, Stanford University
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Kanan, M. W. Science 2017, 358 (6367), 1187-1192.
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Scanning Electrochemical Cell Microscopy (SECCM)
‘Scanning Droplet’

Restrict electrochemical measurement to a small point of a large sample

100 nm

Ann. Rev. Anal. Chem. 2013, 6, 329-51. 11
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SECCM Key Attributes:
Simple quick probe fabrication

\L 30 pm Optical Microscope i/

(a)

Laser —
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) Glass tube
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Nanopipette i

-> 4 seconds to fabricate 2 nanoscale probes

(b)

Shen, Y.; Zhang, Z.; Fukuda, T. Nanotechnology 2015, 26 (15), An, S.; Stambaugh, C.; Kim, G.; Lee, M.; Kim, Y.; Lee, K.; Jhe, W. 12
155702. Nanoscale 2012, 4 (20), 6493-6500.
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SECCM Key Attributes:
Electrochemical spectroscopy mapping

(Cyclic voltammetry, amperometry, potentiometry, arbitrary waveforms)

Hopping CV Scan
A E

\ é cv cv

. = t

Anal. Chem. 2015, 87, 5782. 13
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SECCM Key Attributes
Resolution

Feedback response (positive, negative, increasing, decreasing, or transient)

Approach Stop at Surface
Ag/AgCl wire
Voltage Voltage
Source Source I I —
In air ! Contact
Echem I i} |
species 5 — : : — T
Nanodrop in B —
contact, _ - —
- =L
closed circuit € ;L ]
Open circuit (i>>0pA) ) - ]
(i~ 0pA) —

! ok h
Conductive Conductive Py S T NI T IO
Substrate Substrate A A '
n
[ ]

o
o
l

<
S
i -__g 50 |
0 ——
;J'!f 1 | 1 | | | 1 | 1 |
2°° 183 185 187
- Contact s
i R ~ . ; Z extension (pm)
0 2 4 6 8
Time/s 14

CAPITAL THINKING. VICTORIA UNIVERSITY OF

MAI | TE IHO KI TE PAE

GLOBALLY MINDED. .3 WELLINGTON
\

TE HERENGA WAKA




SECCM Key Attributes

Quantitative:
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Anal. Chem., 2012, 84(52), 2483—-2491.
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SECCM to map CO, reduction activity
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Want to improve CO, reduction activity on Au?

-> increase grain boundary density

I H, evolution
[001] 032 B CO, reduction
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Specific current density (mA cm2)

Ann. 500 Ann. 500 after rolling Ann. 500 after hammering
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Effect of 2D transition metal

dichalcogenides layer thickness
TMDCs: MoS, MoSe, WS, WSe,

Collaborator: Dr. Matéj Velicky

One-layer——>

Two-layer \ !
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SECCM configuration

Quasi-Reference Electrode (QRE) Electrolyte Solution
(Ag|AgCl) =1 || (1 mM RuHex + 10 mM KCI)
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Correlating electrochemical response with
material structure

Optical Microscopy

Atomic Force Microscopy
(AFM)

pm

Manuscript in preparation
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Kinetics of RuHex reduction

Finite element simulations
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McKelveylLab.com
McKelveyLab w @McKelveyLab

Electrochemical Redox-Active 2D Materials Fuel Cells
Sensors Enzymes
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