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Abstract

H-ZSM-5 supported transition metals have been classified as bifunctional catalysts for
many petrochemical reactions. The adsorption of noble metal atoms in group VIIIB and
group IB on H-ZSM-5 zeolite have been investigated by the density functional theory with
B3LYP functional to understand the metal/support interaction. Three different cluster-size
models, namely Z-5T, Z-10T and Z-12T clusters, provided the same structures and partial
charges of the active site of H-ZSM-5 and Metal/H-ZSM-5. Modes of the metal-zeolite
interaction and their strength depended on electron configuration of the metal atom, the
presence of the Brgnsted acid site and the employed zeolite cluster. Metal atoms in group
VIIIB, except Pd, interacted with the Bragnsted acid site of zeolite through bonding with a
framework-oxygen and a Brgnsted proton while metal atoms with full d-shell ground state
interacted with the zeolite framework through Coulombic interaction and small electron
transfer. Large zeolite clusters favored the binding between a metal atom and the Brgnsted
proton. The extended framework around the Brgnsted acid site strengthened the binding
between a metal atom and a framework-oxygen atom while the confinement effect including
in HZ-10T cluster decreased the metal-zeolite binding energy. The single point calculation
with M06 and M06-2X functionals on the B3LYP-optimized structure provided the same
trends of the binding energy, partial charges and NAO electron configuration of the metal and
the Brgnsted proton. The difference between cluster effects on the binding energy
determined by the B3LYP functional and by the hybrid meta functionals (M06 and M06-2X)
originates from the middle-range Van der Waals interaction that was neglected in B3LYP

functional.
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