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Abstract:

Zeolites have a high impact in chemical industries because of their wide range of
applications in adsorption, separation and particularly as they regarded as catalysts.
Among the various pore zeolites, ZSM-5 is one of the most important zeolite for being
used for many organic reactions such as butene isomerization and propene oxide
isomerization.

Firstly, the adsorption and skeletal isomerization of 1-butene to isobutene on the
nanoporous H-ZSM-5 catalyst has been studied by ONIOM calculations. The adsorption
energy of 1-butene from ONIOM (MP2:M06-2X) calculations is -16.5 kcal/mol. This and
other results obtained with the M06-2X functional are in better agreement with the
experiment than corresponding ones from the WB97X-D functional. The reaction
mechanism of the skeletal isomerization of 1-butene is proposed to proceed in four steps:
1) protonation of adsorbed 1-butene to a secondary alkoxide intermediate, 2) methyl shift
between adjacent carbon-carbon atoms of the secondary alkoxide to form the primary
alkoxide, 3) proton transfer to form the tert-butyl carbenium ion, and 4) deprotonation of
the carbenium intermediate, leading to isobutene as the reaction product. The third step
of the reaction is rate determining with an activation energy of 34.7 kcal/mol, in good
agreement well with the experimental value of 30.0 kcal/mol.

Next, the reaction mechanism of propene oxide on H-FER has been studied with
quantum calculation. The adsorption of propene oxide, propanal and propanone on H-
FER zeolite are calculated and found to be -25.5, -24.5 and -26.0 kcal/mol, which agree
well with experimental data for the propanone interacted with zeolite (-31.1 kcal/mol).
The isomerization reaction mechanism of propene oxide is considered to proceed through
a stepwise mechanism: (1) the epoxide ring protonation, and, concurrently, the ring-
opening, and (2), the 1,2-hydride shift formatting the adsorbed carbonyl compound. Two
different types of product, propanal and propanone, were observed. For the propanal
product, the ring opening step is found to be the rate-determining step with an activation
barrier of 31.6 kcal/mol, whereas for the propanone product, the hydride shift formatting
step is found to be the rate-determining step with a higher activation barrier of 48.9
kcal/mol.
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