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Fig. 1 Schematic of a cubic-type multi-anvil apparatus. (a) dies and side blocks and (b) a cubic pressure medium con-
taining a sample squeezed by six pistons made of tungsten carbide.
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Internal hydrogen
source

Cubig pressure
medium
Electrode
Fig. 2 Schematic of a high-pressure cell assembly designed for
hydrogenation experiments. The sample capsule with the
sample is placed in the hydrogen sealing capsule with two
pellets of internal hydrogen source. The hydrogen sealing
capsule is located in the cylindrical graphite heater. The heat-
er is put in the hole drilled in the cube, where top and bottom

side of the heater are contacted with electrodes for supplying
electric current.
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Fig. 3 Series of powder X-ray diffraction profiles taken during LiH
and Ni mixture was hydrogenated at 3 GPa and 600°C. The
profiles are drawn at a 10 min interval. Bragg peaks from
NiH,, Li,Ni,,H, and LiNiHj are indicated by open squares,
closed circles, and open circles, respectively.
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(a) NiH, (b) Li,Ni, H (b') LiNiH, (c) LiNiH,
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Fig. 4 Schematic drawing explaining the formation process of provskite-type LiNiH;. (a) NiH,, (b) Li,Ni;.,H, (b")

hypothetical LiNiH,, and (c) LiNiH;.
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Fig. 5 Crystal structure of (a) Al,Cu alloy and (b) Al,CuH,. The
dark cyan rhombuses show the interstitial sites in which
hydrogen atoms occupy. The arrows show the motion of
aluminum atoms during the hydrogenation reaction. Hydro-
gen atom position in (b) was determined by first-principles
calculations.
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Fig. 6 X-ray diffraction profiles of Al,Cu alloy in hydrogen fluid
taken at 10 GPa and (a) 600°C, (b) 900°C, and (c) 800°C.
Closed triangles, closed circles, and closed squares indicate
Bragg peaks from Al,Cu, AlCu,;s, and aluminum, respec-
tively.
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Fig. 7 (a) Powder X-ray diffraction pattern of the recovered
hydrogenated sample at ambient conditions (circles) and
simulated X-ray diffraction pattern by introducing the twist
of AlgCu square antiprism (line). (b) Simulated X-ray
diffraction pattern without twist. Closed triangles, closed cir-

cles, and closed squares indicate Bragg peaks from Al,Cu,
AlCu, 5, and aluminum, respectively.
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Fig. 8 Decomposition pressure-temperature conditions of A,CuH,
obtained by in-situ synchrotron radiation X-ray diffraction
measurement.
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Syntheses of novel metal hydrides under high
pressure and high pressure with the aid of
in-situ synchrotron radiation X-ray diffraction
measurement
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Abstract High-pressure and high-temperature synthesis is a powerful technique to obtain novel materials. It
is, however, difficult to explore synthetic conditions in wide range of pressure and temperature.
In-situ synchrotron radiation X-ray diffraction technique enables us not only to search synthetic
conditions quickly but also to investigate reaction process and thermodynamic properties of target
materials. Synthetic study is expected to be facilitated based on the obtained information. Theo-
retical calculation is also useful in designing target materials and to analyze experimentally ob-
tained data. In the present paper, we will describe our recent synthetic study of novel metal hy-
drides under high pressure and high temperature in which in situ synchrotron X-ray diffraction
technique was effectively used.
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