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Abstract of Thesis

Hydrogen was predicted to show metallic behavior and even a possible high—temperature superconductor
under sufficient pressurization [1]. Further calculations predicted that pure hydrogen showed atomic
phase under 500 GPa and became a superconductor with the transition temperature (7.) of 300-350 K [2].
While the high pressure is beyond the present experimental conditions, it is predicted that some
hydrogen—rich compounds could be metallic and superconductive under comparable lower pressure than that
of pure hydrogen due to the chemically pre—compressed from relative heavier elements [3]. In fact,
sulfur hydride (H,S), one of the hydrogen-rich compounds was recently reported to be a superconductor
with a high 7. of 203 K under 150 GPa [4], which strongly motivates the superconductor research in
hydrogen—-rich compounds. Transition metals could combine with hydrogen atoms to form the close—-packed
structures with a signally rich variety of hydrogen coordination modes. One of the hydrogen—rich metal
hydride BaReHy with 9 hydrogen atoms in the unit cell showed superconductivity at a pressure above 100
GPa with a maximum 7. near 7 K [5]. Here we focused on LisMoH;; which is one of the hydrogen-rich metal
hydrides with 11 hydrogen atoms in the unit cell. According to the calculation of the density of states,
the valence band of LisMoH;; is dominated by the hydrogen 1s orbital and the band gap is 4 eV at ambient
pressure [6]. Therefore, LisMoH,; can be expected to show the metallization and possible higher 7.
superconductivity, whose character comes from hydrogen. The electrical resistance and the crystal
structure of LisMol;; were investigated extensively under high pressure and low temperature. The LisMoH;;
sample was synthesized by high—pressure and high—temperature treatments and provided by Prof. Orimo in
Tohoku University. The sample was an insulator at ambient pressure and exhibited insulating behavior up
to 84 GPa. The superconducting behavior with a small resistance reduction at low temperature was found
at pressure around 100 GPa, which was confirmed by the applying of magnetic field. Intriguingly the
appearance of the superconductivity of LisMoH;; displayed an effect of annealing time dependence, which
was also observed in the previous reports in BaReHy [5]. The onset 7. of the LisMoH;; sample presented
5.4 K at 100 GPa and exhibited a negative pressure dependence showing the decrease to 4.5 K at 155 GPa.
By further increasing the pressure, 7, rapidly increased to 6.4 K at 160 GPa and remained almost unchanged
until 210 GPa the highest pressure of this experiment. Synchrotron powder X-ray diffraction measurements
results revealed that LisMoH;; demonstrates no structural phase transition up to 130 GPa keeping with the
hexagonal structure, which claims that the observed superconducting signal is not from high—pressure
by—-product but from LisMoH;;. These results highlight the important role of pressure in exploring the
superconductivity of hydrides, which promote future high—pressure experiments for the nature of dense
pure hydrogen with the possible high—temperature superconducting behavior. Furthermore, the study of
hydrogen—-rich hydride provides the insight into the new superconducting phase at ambient pressure for
the extensive utilization in electronic materials and hydrogen storage materials
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WIZ, MBRKFBETERET 2 L0 IEWEN T TERAB LOBGEESHFTE L0 b0 THD, FEEE,
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