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Abstract
The catalytic epoxidation of alkenes to produce epoxides such as ethylene oxide (EO) and
propylene oxide (PO) has received considerable attention due to their importance in the
petrochemical industry. Herein, density functional calculations with the M06-L functional have
been used for investigating the reaction mechanisms of ethylene epoxidation with nitrous oxide
(N20) over Fe-BTC. The reaction is initiated by with the decomposition of N,O to generate the
active O on Fe site of Fe-BTC and N2. The barrier for this step is 23.7 kcal/mol. The ethylene
molecule then reacts with the Fe-O site via the C-O bond formation leading to form
ethyleneoxy intermediate. The activation barrier of this step is 2.2 kcal/mol. Consequently, the
intermediate can be transformed either to the undesired acetaldehyde via 1,2-hydride shift or

to the desired ethylene oxide by the formation of a C-O bond to close the ring in the



intermediate. The activation barrier for the acetaldehyde formation is 14.3 kcal/mol, while the
formation of ethylene oxide requires somewhat smaller activation barriers of 5.1 kcal/mol. This
difference is also reflected in the reaction rate constants for formation of ethylene oxide being
2-4 orders of magnitude larger than the ones for acetaldehyde formation. The results indicate
that Fe-BTC might indeed be a good selective catalyst for ethylene epoxidation by molecular
N,O. Moreover, the results of the aerobic propene epoxidation also show that the formation of
propene oxide is favored over the carbonylic products mainly due to the activation barriers
being 2-4 times smaller for both reaction cycles. The epoxidation activation energies are also
smaller than the barrier obtained for the formation of a pi-allyl radical. Therefore, a high
catalytic selectivity of the Fe-BTC catalysts with respect to the propene oxide formation can be

expected.
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