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Vanadium oxygen cluster anions are formed by the assembly of VO, tetrahedra, VO; square pyramids,
or VO; octahedra. Although some vanadium oxygen clusters show high catalytic ability, they are easily
isomerized or decomposed under the catalytic conditions. Therefore, the stability increase and the
detailed information of the active sites are necessary

By the substitution of the vanadium atom of the VOs-based vanadium oxygen clusters, to the different
metal atom, the stability toward hydrolysis and acids increased drastically. They show high catalytic
ability for the oxidation of sulfides.

While VO, tetrahedra interact with metal cations, VO; square pyramids interact with several anions
by the condensation. The presence of palladium cations and fluoride anions during the condensation
process of vanadium oxygen clusters, gave the vanadium oxygen cluster with both VO, tetrahedra and VO,
square pyramids in one cluster fragment. Palladium cations are stabilized by VO, unit, and fluoride
anions are covered by VO; square pyramids

Fluoride containing vanadium oxygen clusters exhibit structural resemblance. By the control of
coordination geometry of vanadium oxygen units on the same structural analogue, the difference of
catalytic activity for the epoxidation of olefins were investigated. The order of the catalytic
performance was V0, unit with one terminal oxygen species < VO, unit < VO, unit with two terminal oxygen
species. The active site of the vanadium oxygen cluster with V04 unit with two terminal oxygen species
was revealed.




