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This thesis reported the preparation, characterization and catalytic
performance of supported bimetallic PtRu catalysts with extremely high dispersion
prepared by adsorption of Pt3Rug(CO)z1(us-H)(u-H); cluster from CH.Cl, onto
v-Al,03, MgO and TiO,. Changes in cluster precursor and interaction with the support
surface after adsorption of the vacuum-dry samples were observed by infrared (IR)
and extended X-ray absorption fine structure (EXAFS) spectroscopy. The cluster
precursor adsorbed chemically in the form of bimetallic carbonyl species on all
supports and was unable to be re-extracted by CH,Cl, solvent. However, the metal
cluster core remained intact only on y-Al,O3 and decreased in Pt-Ru contributions
were observed on the adsorption on MgO and TiO,. It was possible that loss of
hydrides took place during adsorption. The precursor adsorbed on y-Al,O3 support by
interactions between cluster metal and surface oxygen as well as with oxygen of CO
ligands and surface hydroxyl groups and/or AI** acid sites. Interactions on MgO and
TiO, also occurred via oxygen of CO ligands of precursor and surface hydroxyl
groups forming adsorbed carbonates and carboxylates species. Hydrogen bonding
was observed on MgO and partial decarbonylation from Ru atoms was observed on
TiO,. Carbonyl ligands of adsorbed precursor could be completely removed in He

flow at 300°C for 2 hours resulting in high dispersion of supported bimetallic PtRu
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particles. The average metal-metal bond distances of catalysts supported on y-Al;Os,
MgO and TiO, were: Pt-Pt, 2.64, 2.69 and 2.65 A; Pt-Ru, 2.68, 2.69 and 2.69 A;
Ru-Ru, 2.62, 2.63 and 2.65 A, respectively. The average metal-metal coordination
numbers for PtRu catalysts supported on y-Al,O3, MgO and TiO, were: Pt-Pt, 1.7, 1.3
and 1.8; Pt-Ru 2.2, 0.9 and 1.9; Ru-Ru, 2.1, 2.6 and 2.4; Ru-Pt, 1.0, 1.1 and 0.9,
respectively.

Supported PtRu catalysts prepared from Pt3Rug(CO)21(us-H)(u-H)s were active
for both ethylene hydrogenation and n-butane hydrogenolysis. The apparent activation
energies for ethylene hydrogenation for catalysts on y-Al,03, MgO and TiO, were 8.4,
7.6 and 8.1 kcal/mol, while the apparent activation energies for n-butane
hydrogenolysis were 30.9, 15.5 and 28.2 kcal/mol.

Supported PtRu catalysts prepared from Pt3Rug(CO)21(us-H)(u-H)s supported
on y-Al,O3 and MgO were compared with those prepared from a mixture of Pt(acac),
and Ru(acac);. Although this was the first report for supported PtRu catalysts
prepared from Pt(acac), and Ru(acac)s, the resulting materials did not contain any
Pt-Ru bonds after treatment in H, flow at 300°C. The catalysts prepared from the
mixture of organometallic precursors were also active for ethylene hydrogenation with

similar range of apparent activation energies.
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