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ABSTRACT

Structural and dynamical properties of small gas molecules in metal organic framework
(MOF) were investigated using quantum chemical calculations and molecular dynamics (MD)
simulations. The best binding energies of CH; and CO, molecules on MOF were obtained from
the quantum calculations at ONIOM (MP2/6-31G(d,p):HF/6-31G(d,p)) with basis set super
position error (BSSE). The preferential adsorption sites of gas molecules observed from
molecular dynamics simulations agree well with those obtained from quantum calculations.

MD simulations of adsorption and self-diffusion of gas molecules in Zeolitic Imidazolate
Frameworks (ZIFs), members of MOF family, were conducted. The force-field parameters used
for the flexible ZIF lattices were developed from Amber parameters. The lattice flexibility was
needed for the diffusion of guest molecules in the system. The partial charges for the lattice
atoms were obtained from the “Restrained Electrostatic Potential (RESP) charge”, which were
calculated from quantum calculations at HF/6-31G(d). Behaviors of H,, CO,, CHy, C,Hg and CoHg
molecules in ZIF-8 lattice and also their structural properties were investigated to understand
the adsorption and separation processes.

The Monte Carlo simulations of CO, and CHs molecules in ZIF-78 were performed to
obtain the adsorption isotherms. The force-field parameters validated from the adsorption
isotherms were, then, used for the MD simulations of CO, and CH, diffusions in ZIF-78.
Moreover, the structures of Layer-Pillar MOFs were optimized using quantum calculations at
B3LYP/6-31G(d). Their rotational energy barriers and optimum structures are comparable with

the experiments.



