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Abstract:Adsorption of the reactants from the gas phase onto the Breonsted acid sites inside the pores is the first
step in any zeolite-catalyzed reaction. Hence, a reliable estimate for the corresponding heat of adsorption is
necessary for a precise description of chemical pathways and to allow accurate predictions of experimentally
observed reaction barriers and rates. In a previous paper, we have benchmarked different DFT methods on a
series of hydrogen-bonded alcohol and nitrile complexes [1] for which experimental heats of adsorption on H-
ZSM-5 are available in the literature [2]. Static calculations allowed to recover the experimentally observed trends in
adsorption enthalpy provided dispersion interactions were properly accounted for. In the literature, similar methods
have also been applied to the study of alkene adsorption, [3] however, recent reports have highlighted the
significance of temperature effects when no strong interaction between the adsorbate and the zeolite host exists.
In these cases, the additional conformational freedom contributes to the experimentally observed adsorption
behavior.[4]

In this contribution, static calculations with different state-of-the-art DFT methods are combined with ab initio
molecular dynamics simulations to study the adsorption of various guest molecules in H-ZSM-5. A systematic
assessment is made of the influence of the zeolite model and DFT method, the conformational freedom of the
adsorbate and the flexibility of the zeolite lattice at finite temperatures on the predicted heat of adsorption,
depending on the governing interactions in the different adsorption complexes. These insights lead to an improved
description of the host-guest interactions in zeolite systems, ultimately enabling a more accurate prediction of
apparent barriers and overall rate coefficients of catalytic reactions.
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