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A Density Functional Theory Study on a Series of Functionalized
Metal-Organic Frameworks
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In order to find out rational design and synthetic strategies toward efficient hydrogen
storage materials, we performed quantum mechanical calculations on a series of the
Metal-Organic Frameworks (MOFSs) containing functionalized organic linkers. Based on
the shape of frontier orbitals and the electrostatic potential map of various MOFs from
density functional theory calculations, it was found that the delocalization of electron and
asymmetric polarization of the organic linker play an important role in the hydrogen
storage capacity of Metal-Organic Frameworks. The prediction of the modeling study
could be supported by the hydrogen adsorption experiments using MOF-5 and' amine
substituted MOF-5, which showed more enhanced hydrogen storage capacxty of amine
substituted MOF-5 compared with that of MOF-5.
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Fig. 1. The potential energy scanning for various GGA functionals.
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@ (b)

Fig. 2.Optimized structural geometry of (a) IRMOF-3 and (b) IRMOF-18. In IRMOF-3,
an intra-molecular hydrogen bond between oxygen of carboxylato and hydrogen of
amine strongly maintains the co-planarity of benzene ring and zinc-oxo
carboxylato ring and then finally increase the delocalization of electron along two
rings. The structure of IRMOF-18 shows that the benzene ring and zinc-oxo

carboxylato ring is orthogonal.
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Fig. 3.Hydrogen adsorption isotherms for IRMOF-1 and IRMOF-3 at 77K. The sample of
~ 0.1 g was placed in the adsorption cell equipped with a vertical stopcock. The
cell was then evacuated in order to remove a solvent at room temperature until 1
x 107 kPa. The adsorption isotherms of Hz were measured with a volumetric gas
adsorption apparatus. The sample portion of the adsorption cell was immersed in
liqwid nitrogen. The nitrogen level remained constant during the adsorption

experiment. Each point in the isotherm was recorded after 5 min equilibrium.

- 332 -



pP-27
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