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Catalysis has gained strongly growing interest for both a clean and a
sustainable future in society. Catalysis is the key technology for emission
control to remove CO, NOx, hydrocarbons and volatile organic
compounds (VOCs). Furthermore, electro- and thermal catalysis are the
crucial tools to convert wind and solar power to fuels and chemicals. In
emission control and power-to-X processes the reaction conditions are
very dynamic and we face the challenge that the catalysts themselves
are also very dynamic (see e.g. perspective article, ref. [1]). In many of
these cases, noble metal catalysts are indispensable. For next-
generation catalysts, the scarce and expensive noble metal loading
needs to be decreased as much as possible by discovering and
developing new materials in a knowledge-based way. Hence, the
understanding of the most active sites is crucial. Finally, the stability
needs to be addressed and, preferentially, catalysts are to be reactivated
in situ during operation.
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In this respect, operando spectroscopy has gained a lot of attention, unravelling the dynamic structural
changes of catalysts, even in a time and spatially resolved manner [2,3]. Furthermore, the dynamics can be
exploited to reactivate the catalysts or improving their activity. In this seminar, case studies from emission
control (single sites, clusters, particles, [4,5]) and CO2-hydrogenation (methanation, Fischer-Tropsch
reaction on Ni and Co-based catalysts, [2, 6-8]) will be presented to show the current status and future
opportunities in these fields. Prototype examples are Pt/CeO2 catalysts for emission control, Cu/ZnO for
methanol synthesis and Ni-Fe/Al2O3 for CO2-methanation. The examples highlight the importance of
operando spectroscopy, the dynamics of catalysts and the potential of hard X-ray based techniques as
powerful tool to bridge the gap between applied and industrially oriented environments, recently even using
in situ and operando X-ray tomography [9].
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