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Fig. 1 (Color online) Symmetrization of hydrogen bonding under
high pressure.
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Fig. 2 (Color online) Change in potential curve of hydrogen bond-
ing with increasing pressure.
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Fig. 4 (Color online) Crystal structure of boehmite.
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Fig. 5 Photos of (a) 4K GM cryostat in PF-18C, PF, KEK and
(b) Mito system in BL-11 (PLANET), MLF, J-PARC.
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Fig. 6 Sequential (a) X-ray and (b) neutron diffraction patterns under pressure, showing crystallization of newly disco-
vered MgCl,+10H,0O (or its deuterated form in (b)) from amorphous state.
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Fig. 7 (Color online) X-ray diffraction pattern of MgCl,*10H,0
and ice VII mixture taken at 300 K and 2.1 GPa.
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Fig. 8 Sample (dotted square) of Fe-silicate-water system reco-
vered from 5 GPa, 1773 K.
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Fig. 9 Powder diffraction profiles obtained at ~4 GPa and high temperatures in runs (a, b) including water and (c, d)
without water. The horizontal axis (TOF in usec) can be converted to d (in A) by multiplying with 505.555 and
26.5. In both runs, iron bce—fec phase transformation occurred at ~867 K. In the run including water (a), Mg
(OD), (A) disappeared due to dehydration at ~773 K, while in the run without water (c), peaks of MgO (V)
disappeared and then olivine (cross) appeared instead. A bottom profile in the run without water was obtained
using a larger beam size to determine the lattice parameters of NaCl used as a pressure marker (asterisk). (b,d)
The 111 and 200 diffraction peaks (squared by rectangles in (a, b)) of fcciron or its hydride measured every hour
for about 10 hours. All the peaks in the run without water (d) showed no changes in both the positions and the
line width, while those in the run including water (b) shifted slightly with time.
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Fig. 10 A series of X-ray imaging photos taken with increasing tem-
perature at ~6 GPa. A number of Fe drops fell down and
up due to gravity and thermal convection.
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Abstract Notable amount of hydrogen can be stored in the materials of the earth’s mantle and core. Hydro-
gen may significantly affect the physical properties of deep-earth minerals. For understanding in-
ternal compositions of icy planets which remains unknown, we have to clarify the phase relations
of H,0-salt systems and crystal structures of salt hydrates. In this paper, we review the back-
ground and current status of studies on hydrogen in the deep-earth and planetary materials using
synchrotron and spallation neutron sources.
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