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It is widely accepted that the atmosphere and the oceans of the Earth are formed by degassing of the Earth’s mantle. Most
the water may have been lost or it may still be stored in the Earth’s mantle. If considerable amounts of water are present in th
Earth’s mantle, such water plays a key role in the geodynamics of the Earth’s interior, because it affects the melting temperatur
and the transport properties of minerals as well as their elastic properties. Recent high pressure experiments suggested that m
components of the transition zone of the mantle, wadsleyite and ringwoodite, can store significant amount of water [1-4], anc
the lower mantle minerals, consisting of Mg-perovskite, magnesiowustite and Ca-perovskite, can potentially store considerabl
amounts of water [5]. More recently, the substitution mechanism of protons in wadsleyite was studied experimentally by using
neutron diffraction technique [6] and theoretically by the first-principles calculations [7] within the density functional theory
(DFT) [8]. However the effects of water solution on their physical properties have not yet been fully understood. Then the first
principles DFT calculations are performed here to investigate change in compression mechanism of hyd&0g, My SiO;
and MgO, and influence of proton incorporation on the phase transitions between three polymorphSi@4 Mg, forsterite,
wadsleyite and ringwoodite, and partitioning of p&O, into MgSiO; and MgO. Calculated bulk moduli of hydrous V8O,
have become significantly lower than that of water-free one, in which the calculated result of ringwoodite supports the high
pressure experiment [9]. Calculated bulk moduli of hydrous Mg-perovskite and periclase are also much lower (-10%") than tha
of anhydrous one. Our free energy calculations suggest that partitioning pressure from hydrous ringwoodite to perovskite an
hydrous periclase become significantly larger than that for anhydrous case. If water remains considerable amounts of water in tt
lower mantle, there has still been possibility that 660 km seismic discontinuity is derived from the partitioning between hydrous
minerals.
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Behavior of hydrogen isotopes in brucite at high pressures and temperatures
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Hydrogen plays important roles in chemical and physical properties of hydrous minerals such as rheology, electrical conduc
tivity, and diffusivity. Brucite Mg(OH} is one of the representative hydrous minerals occurring in the earth’s crust and mantle.
It has a Cd} structure (S.GP-3m1), which is consisted of edge-sheared Mg&ztahedra where OH-bonds are bound along
c-axis (Zigan and Rothbauer 1967). The brucite layer is a fundamental building unit of hydrous phyllosilicate including micas,
serpentines, clay minerals and dense magnesium hydrous silicates (DMHS). OH-bond possibly largely affects the nature of ir
terlayer forces and the stability of such hydrous phases under geological pressure and temperature conditions. In the prese
study, we have performed X-ray powder diffractometry, micro-Raman spectroscopy and high pressure-temperature interdiffusio
experiments of hydrogen isotopes in brucite to understand their behaviors at high pressures and high temperatures.

Protonated and deutriated water were mixed to be desired D/H ratios, and then added to MgO powder. The starting materia
encapsulated in an autoclave were heat at 250 degC and under autogenic pressure as high as 40 bars for 168 h. The grain siz
recovered brucite is smaller than 10 micron in diameter. In order to determine isotope effects on lattice parameters, the brucit
powders were examined by X-ray powder diffractometer. In diffusion experiments, two semi-circular disks of pure Ma@®H)
Mg(OD), were compressed in a diamond anvil cell and heated at 300 degC for “40 hours in a furnace in argon atmosphere. Th
pressures of the samples after cooling were "1-2 GPa. H-D diffusion profiles of recovered samples were obtained on the basis
the intensity ratios of OH and OD stretching peaks by a micro-Raman spectroscopy.

An isotope effect on lattice parameters of brucite could be successfully recognized by precise XRD measurements in thi
present study. The-axis of brucite is nearly constant with respect to the D/H ratio. Howeverciteis of Mg(OH), linearly
decreases down to 99.7 % with increasing deuterium content. This tendency suggests that the OH- and OD-bonds oriented alo
c-axis constrain the spacing of basal plane of the brucite structure. Smaller amplitude of the stretching vibration of OD than
that of OH causes the shrinkage @fl . Diffusion profile measurements of the recovered sample from 1.8 GPa and 300 degC
tentatively clarified that the H-D interdiffusion coefficient4D ) is 10~ m?/s order. This value tends to be much larger than
those of other cations in silicates. For instance, the B of brucite is more than ten orders of magnitude larger than the Si-
self diffusion coefficient in forsterite estimated considering the same temperature and grain size with those in the present stud
(Brady 1983, Hallwig et al. 1982). It was also clarified that thge 3, in Mg(OH) is faster than that in Mg(ODR) This fact
is inconsistent with that small distance between nearest-neighboring hydrogen isotopes in Mg¢ki€h) is deduced from its
c-axis length, could enhance exchange of hydrogen isotopes. The width of hydrogen-bearing layers is not simply related to th
Dy p. Higher frequency (3650 cit) of OH stretching vibration than that of OD (2693 ch) is a plausible explanation of
high Dy —p in proton-rich brucite. OH-bond which is a majority of hydroxyl bonds in proton-rich brucite would cause high
probability of hydrogen isotope exchange.
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Melting of transition metal-hydrogen systems under high pressure
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Microscopic dynamics of molecular hydrogen in liquid state is important for understanding its transport properties. Nuclear
magnetic relaxation times of compressed liquid molecular hydrogen were measured at room temperature using a diamond an
cell. We determined spin relaxation times of molecular hydrogen at pressures up to 1.8 GPa at 294+/-1 K temperature, whel
active dynamics of the molecules are quantitatively described from the observed results [1]. The dynsmics of molecules in highly
compressed hydrogen is in reasonable agreement with the standard kinetic theory assuming hard-sphere molecules.

[1] T. Okuchi, J. Phys. Chem. C, 116, 2179 (2012)
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First principles molecular dynamics study on filled ice hydrogen hydrate under pressure
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We present a study on the structural and vibrational properties of filled ice C2 hydrogen hydrate under compression by first prin
ciples molecular dynamics (FPMD). It is essential to note that the experimentally reported cubic Fd-3m (space group) C2 phas
reflects the symmetry at high (room) temperature when the hydrogen bond network is disordered and the hydrogen molecule
are orientationally disordered. In this sense; theubic” symmetry would definitely be lowered at low temperature where the
hydrogen bond network is ordered and the hydrogen molecules are aligned. Indeed, we found tetragonal symmetry (P41212 al
Pna21 space group) in our FPMD at low temperature. This finding demonstrates that the thermal effects play an essential ro
in stabilizing the structure to appear as cubic below 40 GPa. We also observed an indication of transition to an unknown higt
pressure phase above 40 GPa which is consistent with the experimental findings. Moreover, we extend our efforts to determir
the phase boundary line between hydrogen bond ordered (disordered) phases and the H2 rotation and non-rotation phases
rough approximation. The vibrational frequencies are extracted from Fourier analysis of the MD trajectories, which are in good
agreement with experimental data. Hydrogen bond is predicted to symmetrize below 60 GPa based on the analysis of O-H stretc
ing frequencies and radial distribution function g(OH). In comparison with the pure ice VII, the hydrogen bond symmetrization
pressure in C2 hydrogen hydrate is much lower as reduced by a factor two.
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Vibrational properties of hydrous ringwoodite, first principles investigation
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TSUCHIYA, Junt*
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!Senior Research Fellow Center, Ehime University

Wadsleyite and ringwoodite are primary constituent minerals in the Earth’s transition zone. These phases can contain up to
few wt% H,O in the crystal structure and are thought to be the most important water reservoirs in the Earth. We have investigate
the high pressure protonation sites in hydrous wadsleyite using first principles calculation and found that the gx%ytgdn (be
most favorable for protonation in wadsleyite because of the electric imbalance of this site. On the other hand, the crystal structur
of ringwoodite does not have such peculiar protonation sites and the reason of such high retention of water in ringwoodite ha
been unclear so far. In present study, | have calculated the vibrational properties of hydrous ringwoodite under pressure wit
various protonation models by first principles. Comparing with the IR and Raman measurements, | will discuss the protonatior
sites in hydrous ringwoodite.

Research supported in part by special coordination funds for promoting science and technology (Supporting Young Researche
with Fixed-term Appointments) and Grants-In-Aid for Scientific Research from the Japan Society for the Promotion of Science
20103005 and 21740380.
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A high-temperature neutron difraction study on Mg(@D)
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'Hokkaido University?JAEA, 3The Univerity of Tokyo

The structure of deuterated brucite, Mg(@DWas investigated by measuring neutron diffraction at high temperature and at
atomospheric pressure to see the dynamic behavior of D atoms with increasing temperature. The neutron diffraction experimen
from 202K to 600K were carried out at the beamline of Wide-Angle Neutron Difractometer (WAND) in the High Flux Isotope
Reactor (HRIR), Oak Ridge National Laboratory, USA. Rietveld analysis was performed with both the single D site model and
the three-site D model. D atom sits at a crystallographbisi2e on the 3-fold rotation axis in the single D site model and at a 6
site with occupation factor of 1/3 in the three-site D model. Analysis for 600 K data was not successful using the single D site
model but was successfully converged using the three-site D model. This is possibly due to the strongly anisotropic D motion.
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Hydrogen solubility into Fe-C and Fe-Si alloys at high pressure
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The most of the Fe-Ni cores of terrestrial planets are considered to contain light elements, such as S, Si, O, C and H. Hydroge
is considered to be one of the plausible light elements in the planetary cores. It is important to understand the effect of coexistin
light elements, i.e. C and Si, on the solubility of H into Fe. Here, we have carried out in-situ X-ray diffraction experiments on the

Fe;C-H and FeSi-H systems to investigate the solubility of hydrogen into Fe-C and Fe-Si alloys under high pressure.

The experiments were performed up to 19 GPa and 2073 K for FeSi-H system and up to 17 GPa and 1973 &-fbr Fe
system. Hydrogen dissolved in FeSi and FeSlittdride was formed above 10 GPa. This hydrogenation pressure is much larger
than that of Fe, suggesting that presence of Si in Fe metal increases the minimal pressure for H incorporation. Hydrogen conte

(x) increases from 0.07 to 0.22 with increasing pressure forl® GPa and the H content in FeSik$ lower than that in FeH
The effect of carbon on hydrogenation pressure and H solubility will also be discussed.

Keywords: Hydrogen, hydride, Fe-alloy, diffraction
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Hydrogen in the core inferred from high P-T reaction of Fe-Ni-Si-H20

000 Y“.o0000Y,o0o0o000 2
KONDO, Tadashi*, Yuki Yoshidd, Takumi Kikegawa

!DpoDO0D0OD0D000000,2000000000
!Graduate School of Science, Osaka Universitystitute of Material Structure Science

Iron-nickel alloy containing some light elements is considered to be main constituent of the Earth core. We have reportec
the effect of nickel on iron-water reaction under high pressure and temperature at the Joint Meeting in 2010, which suggest
a significant extending of oxyhydroxide phase to higher pressure than pure iron?water system. We have further studied th
reaction of iron-nickel alloy and water by adding silicon which is one of the most plausible light elements of the core using
a laser-heated diamond anvil cell combined with X-ray diffraction measurements at KEK-PF:AR-NE1A. The starting material
of iron-nickel-silicon alloy was prepared in an arc furnace in a pure Ar atmosphere. The foiled iron-nickel-silicon alloy was
loaded into the sample hole of Re gasket, with distilled water. Pressures were calculated using the equation of state of ice V
phase. The sample was heated with Nd:YAG laser using a double-sided heating techniques. The temperatures were determir
by the thermal radiation from the heated sample. The experimental conditions were up to about 40GPa and 2000K. In siti
observation at pressures and temperatures is essential to identify the reaction phase because the iron rich hydride producec
the reaction is unquenchable to the ambient condition. We observed the reaction between the iron-nickel-silicon alloy and wate
and phase transition of each phase at high pressure and temperature. In the present study, oxyhydroxide and metal hydride wi
stable to 38GPa and 1000K, while oxide and metal hydride was produced at higher pressure and 1650K. The stability field o
oxyhydroxide expands more than Fe-Ni-water system to higher pressure of 42GPa. The produced hydride phase with a dhc
structure transformed to an fcc structure at higher temperature at 1900K 42GPa. The results indicate that hydrogen was mu
partitioned to mantle phase by silicon and nickel in the core material.
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