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Unique role of Mdssbauer spectroscopy in catalysts

Hyunkyung Choi"’, Gwang-Min Sun', Chul Sung Kim? and Young Rang Uhm'

'HANARO Utilization Division, Korea Atomic Energy Research Institute, Daejeon 34057, Korea
*Department of Physics, Kookmin University, Seoul 02707, Korea

Fe-based catalysts are widely used in various catalytic fields, including photocatalysis, electrocatalysis,
lithium-ion batteries, Fischer-Tropsch synthesis (FTS), and biomass conversion due to their widespread availability
in nature, low cost, high reactivity, and low toxicity. Mossbauer spectroscopy is considered a powerful technique
for identifying the structural characteristics of all iron species involved in catalytic processes, determining the
catalytic state identifying active sites, and investigating the correlation between catalytic activity and bonding
structure of catalysts. It is a highly important technique inn the investigation of catalytic activity and bonding
structure relationships.

Mossbauer analyses are very useful in clarifying the catalytic reaction mechanism. Fe-base catalysts are one
of the areas where Mossbauer spectroscopy can play a unique role. For example, Fe-N-C catalysts have been
extensively investigated electrocatalysts for oxygen reduction reactions, and Mdssbauer spectroscopy has been
applied in this field to identify the chemical properties of active sites in Fe-N-C catalysts. Iron carbides are
considered to be the most active phase for FTS, and Mdssbauer spectroscopy is widely used to determine the
chemical state of catalysts. Using X-ray diffraction methods in actual catalyst research is complicated due to the
fact that catalysts are highly dispersed nanoparticles. However, Mdssbauer spectroscopy can provide information
on the size and distribution of catalyst particles, allowing for the determination of the active state of the catalyst
without the limitations. Furthermore, if the active component of a catalyst contains atoms with Mdssbauer nuclei,
information on the oxidation state of theses atoms can be obtained form the isomer shift in the Mdssbauer
spectrum. Thus, a clear understanding of the most suitable areas for specific Fe-based catalysts and the significant
role of Mdssbauer spectroscopy in specific catalyst fields related to mechanism elucidation is needed. Finally, the

potential application areas for Mossbauer spectroscopy in the future are discussed.
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