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Solid hydrogen was predicted to be metallic and even a room-temperature superconductor under very high pressure.
The pressure is predicted to be so enormous exceeding 400 GPa [1], which is yet out of range for experimentalists. Hence, the
pressurized hydrogen-rich materials are expected as alternative approach which may offer a hold great promise that could a
so-called “chemical pre-compression” from the metal atoms combines and additional pressure facilitate hydrogen densities in
the range where the metallization could occur. Two systems are focused in this thesis. The first system is YH; and the second is
perovskite hydrides CaCoH; and CaNiH;. Relatively high volumetric hydrogen content are expected in both sample to emerge at
pressure accessible in a diamond-anvil cell.

- Yitrium can form a hydride able to absorb about 300 mol% hydrogen, which is a yellowish transparent insulator with
hep-structured YH; at ambient pressure. The band gap is very large with 2.8 eV [2]. From a study of the optical properties at
ambient pressure, the semiconductor gap remains open until at least 25 GPa. Further extrapolating the pressure dependence of
the gap, an insulator to metal (I-M) transition is expected at 55 + 8 GPa [3]. A theoretical prediction indicated the occurrence of
pressure-induced superconductivity with 7. of 40 K at 17.7 GPa in the high-pressure fcc phase of YH; [4]. We focus our attention
to unravel the metallization in YH; via electrical resistance measurement under high pressure and low temperature. We have
succeeded in synthesized the insulating transparent YH; samples by hydrogenation from yttrium metal in fluid H, under high
pressure. Measurement of the electrical resistivity at high pressure and low temperature demonstrated an electronic phase
transition from insulator to metal at around 70 GPa in the fcc phase and possible superconductive transitions with small
resistance drops were also found at pressures above 40 GPa.

- The cubic perovskite-type ABH; comprised of a divalent metal (A) and a transition metal (B) exhibit a variable degree
of hydrogen deficiency, but the ideal perovskite structurc is stable at ambient pressure [5]. However, the possibility to induced
I-M (ransition by applying pressure of perovskite-type hydride has never been considered. This hydride correlate with the
characteristics of the transition metal d-band. the 4s band may lic between the localized 3d-like states. There are perovskite
hydrides CaCoHj; and CaNiH;. Both samples reveal that the cubic perovskite phase is found to be stable in a wide range of high
pressure, and no structure phase transition at room temperature to 62 GPa and 83 GPa, respectively. The I-M transition at high
pressure in CaT-H; for T=Ni, Co were found. In CaCoHj, the negative slope of dp/dT manifests the non-metallic behavior at 17
GPa. Upon increasing the pressure, above 40 GPa the dp/dT slope reversed to positive, leading support to the occurrence of
metallization. In the case of CaNiH;, the onset pressure of metallization is 15 GPa. However, the superconductivity was not
observed yet up to 80 GPa in both samples.

These results could be an important step towards understanding underlying physics of superconducting metallic

hydrogen-rich systems which a new system to study high temperature superconductivity.
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