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Abstract

A detailed chemical understanding of H, interactions within the nanoporous crys-
talline structure of metal-organic frameworks (MOFs) is critical for the design of
new sorbent materials. With state-of-the-art density functional approximations, we
present predictions of H, adsorption equilibria for four MOFs: MOF-5, Ni,-m-dobdc,
Cu(I)MFU-4l, and V-btdd. Energy decomposition analysis offers a finer understand-
ing H,-binding with the delineation of the interaction energy into chemically intuitive
contributions that arise from permanent electrostatics, dispersion, polarization, and
charge transfer. Placing particular emphasis on multiple hydrogen ligation at open
metal sites in MOFs, we show it not only has a multiplicative effect on the usable
capacity of materials but also results in more effective usage of available binding sites.
With predictions of feasible ligation of three equivalents of H, per open metal site in
metal-exchanged MFU-4[ and four equivalents per metal site in Ca-porphyrin, a motif
that can be incorporated in MOFs, a path toward high-density hydrogen storage is

envisioned through the lens of density functional simulations.



