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Abstract:

Brønsted acid sites in zeolites catalyze three simple monomolecular reactions for alkanes: cracking, dehydrogenation, and hydrogen exchange. Previous experiments indicate that the apparent activation energy for dehydrogenation increases with alkane chain length, while for cracking and hydrogen exchange it decreases.  To better understand the reason for this behavior, we have studied the dehydrogenation reaction using the B3LYP/6-31G(d) method of density functional theory and a zeolite cluster model containing five tetrahedral (Si, Al) atoms.  We studied a multi-step reaction path in which the alkane first abstracts a proton from the zeolite, producing H2 and a surface-bound alkoxy species.  In a subsequent step the alkoxy species forms the product alkene by returning a proton to a framework oxygen.  We report activation energies for n-alkanes from ethane through hexane including the effects of scaled zero-point energies and the 6-311+G(3df,2p) basis set.  For propane through hexane, the activation energy is essentially constant.  We are currently re-optimizing the transition state structures in a much larger cluster model of H-ZSM-5 in order to determine how the zeolite framework affects the activation energies.
We have also discovered a new single-step dehydrogenation reaction pathway in which the formation of H2 and re-protonation of the zeolite occur simultaneously.  For the single-step pathway for ethane, we obtained an activation energy which is 3.1 kcal/mol less than for the multi-step path previously studied.  We are currently studying the analogous pathway for the longer alkanes.  These results may help elucidate the unusual dependence of the dehydrogenation activation energy on alkane chain length.
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