
Abstract

Microporous materials play a crucial role in a wide range of applications in chemical
engineering, chemistry, material science or lately even in medicine. Zeolites and metal-
organic frameworks (MOFs) take a prominent place among them. The most important
fields of applications include gas separation, purification or gas storage. A detailed
understanding of adsorption properties of these materials represents a long-standing
effort from experimental as well as computational chemistry community. However, ac-
curate computational description of adsorption in microporous materials represents a
significant challenge for computational chemists as: (i) unit cells of the crystalline mi-
croporous materials are typically large, (ii) dispersion interactions are of importance,
and (iii) there are metal cations, often with open-shell electronic structure, present in
the framework interacting strongly and specifically with adsorbing molecules. Despite
a significant progress made in theoretical description of adsorption mechanisms in both
zeolites and MOFs in last decade, there is a number of applications and systems for
which the commonly used computational approaches fail to provide a needed accuracy.
A whole class of such systems is represented, for example, by MOFs containing tran-
sition metal coordinatively unsaturated metal sites, the cus sites. Herein, we focused
on proposing a computational scheme that can improve accuracy specifically for these
systems or applications.

The aim of the dissertation is accurate description of adsorption in microporous ma-
terials that would allow for improved understanding of adsorption mechanism in these
materials and could then lead to a rational design of adsorbents with desirable properties.
The thesis includes a methodological section in which a previously proposed DFT/CC
correction scheme was modified specifically to this end. The extended DFT/CC scheme
was then applied for investigation of two types of microporous materials MOFs con-
taining cus sites and zeolites.

Adsorption of various small molecules (H2O, CO2, CH4, C3H6, C3H8 and CO) in
the CuBTC MOF was studied. The suitability of various density functional theory
(DFT) based methods for the description of adsorption on cus sites was analyzed first.
Both standard DFT and dispersion corrected DFT (DC-DFT) functionals were found
to be unable to yield sufficiently accurate results. Therefore, an extension of system-
specific DFT/CC approach for accurate calculations of adsorbent-adsorbate interaction
was proposed for description of adsorption in CuBTC. Importantly, the results obtained
with this new approach were found to be in almost perfect agreement with available
experimental data (errors ∼ 1 kJ.mol−1) showing superior accuracy of DFT/CC over
standard DFT or DC-DFT methods.

Adsorption of an environmentally consequential adsorbent, the carbon dioxide, in
various zeolitic materials, was also studied. Specifically, a link between CO2 adsorp-
tion heats and zeolite framework topology and composition was established based on
the accurate DFT/CC calculations. Key factors influencing the stability of CO2 ad-
sorption complexes were identified following a very good agreement between available
experimental and computational results.

The DFT/CC correction scheme was thus shown to be a viable approach for obtaining
accurate description of the adsorption processes in various microporous materials even if
a rather problematic systems or applications are considered. This method outperformed
other DC-DFT methods commonly used in the field.


