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            Abstract
The storage of large quantities of hydrogen at safe pressures1 is a key factor in establishing a hydrogen-based economy. Previous strategiesâ€”where hydrogen has been bound chemically2, adsorbed in materials with permanent void space3 or stored in hybrid materials that combine these elements3â€”have problems arising from either technical considerations or materials cost2,3,4,5. A recently reported6,7,8 clathrate hydrate of hydrogen exhibiting two different-sized cages does seem to meet the necessary storage requirements; however, the extreme pressures (âˆ¼ 2â€‰kbar) required to produce the material make it impractical. The synthesis pressure can be decreased by filling the larger cavity with tetrahydrofuran (THF) to stabilize the material9, but the potential storage capacity of the material is compromised with this approach. Here we report that hydrogen storage capacities in THF-containing binary-clathrate hydrates can be increased to âˆ¼4â€‰wt% at modest pressures by tuning their composition to allow the hydrogen guests to enter both the larger and the smaller cages, while retaining low-pressure stability. The tuning mechanism is quite general and convenient, using water-soluble hydrate promoters and various small gaseous guests.
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                    Figure 1: Raman spectra of the THF + H2 double hydrates.[image: ]


Figure 2: Magic angle spinning 1H NMR spectra of the THF + H2 double hydrates formed at 120â€‰bar and 270â€‰K as a function of concentration of THF.[image: ]


Figure 3: H2 gas content as a function of THF concentration, and a schematic diagram of H2 distribution in the cages of THF + H2 hydrate.[image: ]


Figure 4: Formation/release kinetics of the H2 + THF double hydrate in the pores of silica beads.[image: ]
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        Editorial Summary
Fuelling the hydrogen economy
Clathrate hydrates, in which an ice lattice plays host to molecules of hydrogen gas, are leading candidates for hydrogen storage devices in fuel cells. Some structure II hydrates, with two different sizes of molecular cage, have already achieved good hydrogen storage performance. However, the harsh conditions required for their synthesis and performance make actual applications of the material rather unrealistic. The practical feasibility of these materials for hydrogen storage is now brought closer with the development of structure II gas hydrates stabilized by the inclusion of a water-soluble guest, tetrahydrofuran (THF). The presence of THF enables both the large and small cages of the clathrate to contain hydrogen, achieving an uptake of 4 wt % hydrogen at reasonable pressure conditions, moving these systems still closer to the accepted target for some fuel cell applications.
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