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Dense packing of molecular hydrogen in a porous
hydride and the value of in situ diffraction studies of

gas adsorption
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Nanoporous materials have attracted great attention for gas storage, however, high volumetric storage capac-
ity remains still a challenge. We investigate [1] a magnesium borohydride framework with small pores and
a unique partially negatively-charged non-flat interior for hydrogen and nitrogen uptake by using neutron
powder diffraction, volumetric gas adsorption, inelastic neutron scattering, and first-principles calculations.
Hydrogen and nitrogen occupy distinctly different adsorption sites in the pores with very different limiting ca-
pacities: 2.33 H2 and 0.66 N2 per Mg(BH4)2. Molecular hydrogen is packed extremely dense with about twice
the density of liquid hydrogen (144 g H2/L of pore volume), independently measured by three experimental
methods. A penta-dihydrogen cluster is discovered where H2 molecules in one position have rotational free-
dom whereas in another have a well-defined orientation and a directional interaction with the framework.
This study [1] reveals that densely packed hydrogen can be stabilized in small-pore materials at ambient pres-
sures.
Studies of physisorbed hydrogen require the use of neutron powder diffraction. For heavier molecules, in situ
X-ray powder diffraction allows to study adsorption thermodynamics and kinetics [2, 3], revealing simultane-
ously the microscopic origins of guest-host and guest-guest interactions. (Quasi)-equilibrium isotherms and
isobars can be built directly from sequential Rietveld refinements, both on adsorption and desorption, thus
addressing the hysteresis and kinetics of gas adsorption/desorption. Detailed picture of guest reorganization
with an increasing uptake can be obtained.
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