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Synchrotron radiation
- light of dreams
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INTRODUCTION

Dream: Identification of catalytic states and tracking their evolution

“Hiking map” of electrocatalysis The need to measure faster
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Sampling time needs to be matched to kinetics for a “hiking map” of electrocatalysis
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INTRODUCTION

Key electrochemical processes and their time constants

Electrochemical processes
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Synergy between electrochemistry and X-ray absorption spectroscopy (XAS)

E-pH diagram
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CHANGES PRIOR TO ELECTROCATALYSIS

Possible modification of electrocatalysts before any electrocatalysis

(a) Synthesis & Storage (b) Electrode preparation (c) Immersion
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Electrocatalysts usually have reactive surfaces. Unwanted side reactions are likely

Risch et al., chemRxiv, doi 10.26434/chemrxiv-2022-lhwmb; Morales et al., ChemElectroChem 8, 2979 (2021): Mierwaldt et al. Catalysts 4, 129 (2014)




CHANGES DURING TO ELECTROCATALYSIS

Effect of change in composition on OER electrocatalysis

ERHE_pH diagram
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More Mn* in Li,Mn,0, results in less O, evolution (as expected)
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CHANGES DURING TO ELECTROCATALYSIS

Post-mortem soft XAS study of a manganese oxide

Catalytic trend Mn-L edge XAS
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Mn oxidation is detrimental to electrocatalytic activity of (undoped) Mn oxides

Risch et al., chemRxiv, doi 10.26434/chemrxiv-2022-lhwmb 10



CHANGES DURING TO ELECTROCATALYSIS

Post-mortem soft XAS study of a manganese-cobalt oxide

Catalytic trend Mn-L edge XAS
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Cobalt addition stabilizes Mn oxides = relevant for application

Villalobos et al., ChemElectroChem 9, 202200482 (2022) 11



CHANGES DURING TO ELECTROCATALYSIS

Do all electrocatalysts degrade with operation?

Electrochemistry and TEM Mn-K edge EXAFS
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CHANGES DURING TO ELECTROCATALYSIS

Why do certain catalysts improve in operation?

Activity per site vs total current Property-activity correlations
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Requirements for beneficial modifications provide new insights into the rational catalyst design

Villalobos et al., Adv. Energy Mater. 11, 2101737 (2021) 13




CHANGES DURING TO ELECTROCATALYSIS

In situ soft Mn-K edge XAS: repeatable changes

Mn-L edge XAS Trend
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SUMMARY

Summary and outlook

Future
2022
Past &
Present .
1990-2021 + In situ studies to
PS resolve E-pH diagram
¢ Ex situ / post mortem studies
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Risch et al., chemRxiv, doi 10.26434/chemrxiv-2022-lhwmb

2022+

+ Fast operando studies for
mechanistic insight

* Long intermittent XAS
experiments to track corrosion

+ Comparison of states rather
than potentials
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= Electrocatalysts may change before

electrocatalysis

= QOxidation state is important for
electrocatalysis
= Mn oxidation causes
degradation
= Co addition thwarts
degradation and stabilizes
material
= Requirements for beneficial
changes of a Co oxide
» Moving in the E-pH diagram

= Qutlook
= Better understanding of
corrosion requires slower
measurements
= Better understanding of
catalysis requires faster
measurements
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