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Abstract
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The catalytic reaction cycle for the oxidative dehydrogenation of ethylbenzene (EB) over Fe-
ZSM-5 have been investigated by the ONIOM(M06/6-31G**:UFF) method. The complete reaction
cycle consists of three sub-reactions: (i) nitrous oxide decomposition, (ii) oxidative dehydrogenation
of EB, and (iii) dehydration for active site regeneration. The calculated energy barriers of the rate-
limiting steps for the reactions (i), (ii) and (iii) are 47.72, 21.19, and 35.67 kcal/mol indicating that
the nitrous oxide decomposition is the controlling reaction for the entire reaction cycle. For the
reaction (ii), we proposed newly two consecutive reaction pathways, A and B. The first C-H bond
cleavage of EB for each pathway is found to be the rate-limiting step where the calculated
activation barrier is 21.19 kcal/mol for Pathway A which is higher than that for Pathway B (13.89
kcal/mol). The reaction rate constants calculated from the ZPE corrected activation barriers of the
rate-limiting steps are 9.44 x 10" and 4.63 x 10~ s at 273.15 K for Pathways A and B,
respectively. We predicted that styrene formation from oxidative dehydrogenation of EB occurs via
a consecutive reaction starting from breaking of secondary C-H bond followed by primary C-H

bond, respectively.
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