Modes of binding of molecular hydrogen in porous materials for hydrogen storage.
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Among the various types of media considered for mobile storage of hydrogen as a fuel, porous materials are highly attractive in a number of important respects, most notably the easy adsorption/desorption kinetics. The principal problem associated with their practical use, however, is the fact that binding of hydrogen by physisorption is so weak that operating pressures at RT are not greatly improved  relative to that for pure compressed hydrogen. It is therefore imperative that new porous materials be developed which interact more strongly with molecular hydrogen  without causing the molecule to dissociate.  In fact, the discovery (by G. J. Kubas, LANL) that hydrogen can be chemically bound in molecular form in certain metal complexes has given us this opportunity to tune the interactions of hydrogen with metal atoms in the poruous host materials accordingly. The availability of such unsaturated metal binding sites is just one of several ways currently being investigated to improve the binding of molecular hydrogen in porous hosts. Our experimental probe is provided by the rotational energy levels of the bound H2 molecule, which are highly sensitive to the environment with which it interacts. Transitions between these levels can readily be observed by inelastic neutron scattering techniques. This technique provides extraordinarily fine detail on the interaction of molecular hydrogen with porous host materials. I will describe the results of a series of such studies on H2 in zeolites, metal-organic framework compounds, hybrid materials with unsaturated metal binding sites, etc. and discuss the implications of our findings for future developments in hydrogen storage by porous materials.

The work reported herein is the result of a large number of collaborations with many investigators and their groups, particularly those of  A. K. Cheetham, O. Yaghi,, M. Eddaoudi,  A. Bug and G. J. Kubas. 

