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The methanol conversion process is an appealing zeolite-catalyzed process for the
production of base chemicals as it relies on alternative carbon rich feedstocks.! We
performed free energy simulations of key reaction steps — methylations and framework
bound methoxy group formation — to determine accurate reaction kinetics. Earlier
kinetic studies, following static approaches, typically focused on the reaction of one
reactant molecule.” However, to mimic industrial methanol-to-olefin (MTO) conditions,
one should account for higher reactant loadings. In this contribution, the effect of
additional protic molecules like water or methanol on the reaction kinetics will be
emphasized. It is found that the role of these surrounding protic molecules is twofold.
Prior to reaction, multiple methanol or water molecules tend to form protonated
clusters, hereby delocalizing the position of the Brgnsted acid site.> Moreover, this
behaviour highly depends on the loading of the protic molecules in the zeolite’s unit
cell. Secondly, the free energy barriers and kinetics of methylation and methoxy group
formation are significantly affected by the observed proton mobility and cluster
formation as these reactions involve the migration of protons. The metadynamics
approach was applied, as this technique is specifically designed to sample reaction
pathways in complex molecular environments, hereby taking into account the
framework flexibility and the presence of additional guest molecules.® Additionally,
transition path sampling was applied to sample a larger number of possible reaction
pathways.” The results are in accordance with and complement a set of experimental
catalytic and spectroscopic data.
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