
 
 
 
 

  
 

 

Abstract: The talk will focus on heterogeneous (electro)catalytic interfaces that are exceptionally dynamic 
under reaction conditions. A prime example is supported sub-nano cluster catalysts, which hold great 
promise as they are economical and can be highly active. I will show that, under the influence of catalytic 
temperatures, pressures, presence of solvent or electrotyle, and/or electrochemical potential, such catalysts 
populate many distinct structural and stoichiometric states, which form a statistical ensemble that evolves 
together with the catalysed reaction. Metastable states in this ensemble play a key role in catalysis, and 
dictate the catalytic activity, selectivity, and durability, while the most stable form (the usual focus of 
research) can be catalytically irrelevant. Many rules of catalysis need a revision within this new paradigm. 
Scaling relations routinely break down, and that actually can be used strategically in catalyst design. Phase 
diagrams contain many structures per phase. Operando spectra need to be interpreted differently. The 
theory of Ostwald ripening needs to be extended. Most importantly, the catalytic mechanism is not one, but 
a swarm of many.  

Several catalytic systems will be used to illustrate these points: semiconductor-supported Pt clusters 
and cluster alloys used for hydrocarbon dehydrogenation for endothermic cooling in aviation, and clusters 
of Pt, Pd, Au, Ag supported on graphite used for ORR catalysis. The talk will contain a mix of theory and 
experiment. 
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