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For solid catalysts that do not rely on transition metal (oxide) reactivity such as acidic 

zeolites, predictions of barriers for elementary steps are now possible with near 

chemical accuracy using hybrid MP2:DFT techniques.
1
  

Understanding the structure and reactivity of complex solid catalysts based on 

(supported) transition metal oxides
2-4

 is more difficult and profits from a close coupling 

of experiment and quantum mechanical calculations. We discuss 

- use of DFT with GGA functionals to understand ultra-high vacuum model systems 

(surface science) such as Au on ultrathin Al2O3 films
5
 

- use of quantum mechanics and IR spectroscopy to analyse the differences and 

similarities of gas phase clusters and solid catalysts for (transition) metal oxides
3,6

 

- the merits and limits of DFT, specifically the need for hybrid functionals, (V2O5)
7,8

 

(CeO2)
9
 

- role of different spin states and broken symmetry approaches
2,6

 compared with results 

of wave-function based correlation methods
10,11
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