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Gas-phase experiments are ideally suited to probe, in the absence of obscuring effects, the
role of electronic structures of "bare" transition-metal oxides in their reactions with
hydrocarbons.

To this end, mass-selected, electronic ground states of cationic metal oxides are prepared
and, under single-collision conditions, reacted with various substrates. These molecular
beam experiments permit to determine directly at a molecular level

. reaction rates

. kinetic isotope effects

. bond dissociation energies
. branching ratios.

Based on these experimental findings and in combination with computational studies, the
potential energy surfaces for the seemingly simple process (1) are constructed

MO*+ RH — M' + ROH (1)

It will be shown that, for some transition-metal oxides (e.g. FeO") the reactions cannot be
described in terms of a single-potential energy surface. Rather, two different spin states
play a decisive role in the oxygen atom transfer process. Consequences of these findings
for the interpretation of P-450 mediated hydrocarbon oxygenation will be discussed
[1,2,3].
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