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It has recently been discovered that the H-ZSM-5 zeolite is able to catalyse the dealkylation of
alkylphenols with high activity and selectivity [1-3]. This process is of particular interest as not only
the products (phenol and olefins) have a high added value, but also because alkylphenols can be
obtained in high yield from lignin depolymerization [4]. The development of this reaction
represents therefore a key step in the production of commodity chemicals from renewable
resources. However, many of its aspects, concerning the reactivity of different reagents and the
reaction mechanism in particular, are still unclear. For instance, it has been noticed that 4-
isopropylphenol is much more reactive than 4-n-propylphenol which is in its turn more reactive
than 4-ethylphenol.

To better understand the differences in reactivity between those model reagents and, more in
general, the reaction mechanism, we have investigated the reaction with dynamic and static
periodic density functional theory calculations. Molecular dynamics (MD) simulations are
particularly suited to assess the flexible behaviour and stability of the reaction intermediates in the
zeolite pores at reaction conditions, by fully taking into account their mobility and entropic effects.
With static calculations, on the other hand, we calculated the energetics of the transition states
connecting such intermediates and explored which mechanisms are more likely to occur in the
catalyst pores.From MD simulations, we determined that isopropylphenol forms more reactive
intermediates than the other two reagents. For instance, we compared the length of the C-C bond
that must be broken to achieve dealkylation and found it to be significantly longer for
isopropylphenol than the other two molecules. This applies to all the possible intermediates that,
based on similar reactions already investigated [5], might be formed in the zeolite channels.
Moreover, the calculated reaction barriers for the plausible dealkylation mechanisms nicely follow
the reactivity trend observed experimentally. Our hybrid static-dynamic approach has then allowed
us to collect clear indications on the reasons which underlie the different reactivity of alkylphenols
in the H-ZSM-5 catalyst.
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