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Report:

It is well known that dense monoatomic hydrogen, if ever it would be obtained
experimentally, would be probably a room temperature superconductor. The high value of T,
which had been calculated in the standard BCS model, comes from very high phonon
frequencies in the dense lattice made from light atoms (i.e. hydrogens). Despite enormous
experimental efforts, until now metallic hydrogen has been never observed experimentally,
even at pressures as high as 300-350 GPa. Some recent calculations put onset of
metallization in solid hydrogen at pressures as high as 600 GPa, far away from the current
experimental limit for static pressures. There is another possibility to create a dense net of
light elements which would have metallic conductivity. It was noticed recently [1,2] that
"light" hydrides (such as CH,, SiH,, AlH; or MgH,) might indeed be high-T.
superconductors, if they would be transformed into metallic state by pressure (at ambient
pressure these hydrides are insulators). Until now, there are no published data on pressure-
induced metallization in these systems. In 2006, we had studied crystal structure of o-AlH;
in the wide pressure range 0-110 GPa, aiming to find new structural modifications with
dense hydrogen sublattice and possible metallic conductivity. Taking into account limited
amount of allocated beamtime, we focused on AlH;, whereas study of others hydrides
(MgH,) will be subject of new proposal. We had measured more than 100 pressure points
and discovered two new structural modifications: monoclinic phase II, at pressures above 60
GPa, and cubic phase III, at pressures above 100 GPa [3]. Whereas exact atomic positions in
the low-symmetry phase II are not determined yet, the cubic phase III is remarkably simple.



We had determined positions of Al atoms in the structure and, using molecular dynamics
calculations, were able to select possible locations of H-atoms in the unit cell. Final structure
of the phase III is highly interesting. The shortest allowed H-H distances are only 0.15 nm,
and considerably shorter than the shortest Al-H distances (0.17 nm; notice that at P=0 in
AlHj; and all other “light” hydrides the situation is just opposite, i.e. the Me-H distances are
always the shortest ones), which means that H-H interactions and electronic hybridisation
becomes very important in the phase III. Moreover, these distances are shorter than the
expected Hy-H, intermolecular distances in molecular hydrogen at the highest ever reached
static pressure, 350 GPa [4,5]. Indeed, our preliminary results on transport properties of AIH;
under pressures up to 160 GPa, carried out in collaboration with Max Plank Institute, show
that the phase III of AIH; is metallic [3]. So we conclude that the predicted by theory
“hydrogen dominant metals alloy” is finally found in our experiment.
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Fig. Equation of state of a-AlH; measured at the ID9A in the ESRF
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