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Rational design of novel efficient catalysts requires an 
understanding and quantitative picture of the mechanism, 
energetics and kinetics of the catalytic cycle. In our 
approach1,2, we address this by using density functional 
based molecular dynamics (DFT-MD) methods, taking the 
role of temperature and solvent explicitly into account.  
We demonstrate how, for important types of metal-based 
molecular catalyst, this approach can provide novel 
fundamental insight. In particular we show how protic 
solvent molecules can play an active role by participating 
via hydrogen bonding and mediating proton-transfer 
processes. This yields a picture of the free-energy profile, 
reaction mechanism and kinetics that can be fundamentally 
different from that predicted by static gas-phase calculations 
without explicit solvent. 
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Solvent molecules play an active role in 
ruthenium-catalyzed conversion of 
formaldehyde to methanol. 


