Please read the papers of your group!
Critical analysis is fine but ignoring the progress is wastefu



Theincompletelecture

A Catalysis is a mulsicale phenomenon.
A Refers to scales and times.
A We discuss somghysicechemical foundations.

A We discuss material dynamics at a molecular
level and place this in other temporal
phenomena.

A We almost omit alinesoscopicand macroscopic
phenomena related to chemical engineering and
material synthesis.



Catalysiss still phenomenologyor
oblackmagia@ tfie complexityissue

A The mechanisms and active sites of some homogeneously
catalysed reactions are known.

A In heterogeneous catalysis, the concept how the catalyst
modifies the course of a chemical reaction is well established:
adsorption and spatio-temporal separation.

A Proof-of-principle systems in heterogeneous catalysis have
been studied to a great extent (ammonia synthesis, oxidation
of CO).

A Many chemically only slightly more complex reactions are still
far away from a fundamental understanding

Avalidated sequence of elementary reaction steps
Aidentification of the rate determining step: selectivity
Anature of active site.
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The dirty dozen

Catalysissthe changeof areaction rate.

It is kinetics and not thermodynamics: the energy profile of a reaction can
change, but not the the beginning and the end of it.
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It functions without apparent consumption: it converts more moles of
reactants than its owmolarity:.

Conventional wisdom assumes reaction cycles as mechanism in which the
active part of the catalyst is regenerated.

We cannot determine a mechanism but only exclude options of a mode of
operation.
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Kinetic measurements have nothing causal in common with a mechanism.

¢tKS | OUAGS LI NI 2F GKS OFGlrteaid Az
Only a small number of potentially active atoms are really active at a unit tin
the assumption that all accessible active atoms represent active sites is wro

For this reason it is at the present time impossible to determine the activity c
a catalyst: its efficiency in conversion per unit tittef) or during its lifetime
(ton).

We use approximate scaling (conversion or rate per surface or mass)



The standard model

In heterogeneous catalysis the
catalyst is assumed to contain
stable active sites that are
regenerated into their active
form after each reaction cycle.

The reaction is dynamical.
Reactants can diffuse after
chemisorptiont o fAihi gh
Si t e sdesord thrdugh
dynamics.

The catalyst material is static
and pre-determined by
synthesis: during operation no
structural modification but
participation of charge carrier
reservoirs are assumed.




Thesingle crystal approach (&rt)
Catalysis can only be understood if we know where
the atoms are
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