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%5 354[a] “High-pressure phase transitions in
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Dr. Takehiro Kunimoto (Postdoctoral
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“Sound velocity measurements of MgSiO,
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Hello GRC! A greeting from ‘Lei-san’ . It
was a great pleasure to meet GRC friends in
GCOE-TANDEM 2013 symposium on March this year.
I have been a G-COE Postdoctoral fellow at GRC
between 2009 and 2012, and I left GRC just one
year before. Thanks to the kind help of GRC
members during my sky with myfamily in
Matsuyama. After I left GRC, I went back to my
former Sichuan University (SCU), being a new
principle investigator (PI) at Institute of
Atomic and molecule physics (IAMP) in SCU, one
of the members of TANDEM. The High Pressure
Science and Technology (HPST) Lab. is the
largest research group in IAMP. Currently,
there are 5 faculties, and nearly 40 graduate
students in the Lab. We are carrying out unique
high-pressure researches mainly focusing on
large volume press (LVP) technology, materials
under high pressures, high—pressure physics
and chemistry, shock-wave experiments and
large—scale molecular dynamics simulations.
The HPST Lab. houses a two—stage gas gun,

6 X800 ton, 6X1400 ton and 6X2500 ton cubic
presses. The domestic cubic press equipped with
self-designed 6-8 two—stage system
recentlyenhances the pressure to 35 GPa.

It is a new scientific career and challenge
for me to be a new PI in HPST. At present, Lei’s
group has 3 master course students and 1
undergraduate student. In next
another 2 new master students will join my group.
Supported by start-up funds of SCU, we are
carrying out unique researches mainly on Raman

semester,

spectroscopy under extreme conditions (Raman
Lab. is under construction) and chemical
reaction under high pressure.

Similar to  temperature and chemical
composition, pressure is one of the essential
factors that can influence the chemical
reaction process. It was generally considered
that the advantage of use of high pressure in
a chemical reaction fundamentally lies in
increasing the surface intimate contact
between two reagents, enhancing the collision
cross section for reaction, preventing thermal
decomposition and volatility of the reagents
and products at high temperature. Actually, the
effect of pressure on chemical reaction is far
In early 2008, I
independently discovered a novel high—pressure
solid-state metathesis (HPSSM) reaction
between BN and 1.iGa0, and produce GaN and LiBO,.
Subsequently, the  HPSSM
successfully extended to
systems. Recently, more than ten kinds of HPSSM
reactions between BN and ternary metal oxide
(AM0,, A = alkaline or alkaline—earth metal,
M = main group or transition metal) have been
found. The striking feature of the chemical

routes is that they are based on a solid-state

more than we understood.

reaction  was

other elemental

reaction proceeding via the ion exchange
between B and M, in which pressure play an
essential role in the reaction process. Fig.2
is the typical optical image of metal-ball-1like
Fe N (x=2.5~3.5) product of a HPSSM reaction.

The HPSSM reveals that pressure can open an
unexpected ion—exchanged pathway for synthesis
reaction. The metathesis reaction is one of
four basic chemical reactions (synthesis,
decomposition, replacement, and metathesis);
metathesis reaction high
pressure has attached less attention. We
believe that HPSSM is just the tip of the
iceberg. It can be expected that much more
important materials could be

through the proposed HPSSM reaction. It is also

however under

synthesized

possible to access novel materials via



different high—-pressure chemistry synthetic
strategy.

We are also looking forward to establishing
close and sustained
collaborations with GRC
on any high—pressure

related researches and

@

training of young
scientists and graduate
students.
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<% Equation of state of hydrous phase A,
Mg,Si,04 (OH) 4

Dense hydrous magnesium silicate minerals
(DHMS) are important potential water carriers
in the deep mantle, where most of the hydrous
minerals were dehydrated. Phase A is one of the
members in Mg0-SiO,~H,0 (MSH) system with the
general formula mMg,Si0,. nMg(OH),, and the
ideal endmember is Mg;Si,04(0H)s, with about
12wt% water. It was synthesized first by Scar
et al. (1976) and by Ringwood and Major (1976)
in the studies of the MSH system at pressures
greater than b5GPa. Phase A is a breakdown
product of serpentine at high pressure and low
temperature condition (Komabayashi et al.,
2006). Ohtani et al. (2004) also reported that
the serpentine transformed to phase A at depth
greater than 180 km (~6 GPa) in a cool
subduction slab, and phase A is stable to 11 GPa
before hydrous phase E becomes the main water
carrier in the slab. So phase A is of great
interest since it might be a potential water
carrier in subduction zone after serpentine
dehydrated. Its equation of state (EoS)
therefore has been of particular interest.

The EoS of phase A has been determined by
using single crystal or powder X-ray
diffraction (Crichton and Ross, 2002; Kudoh et
al., 2002; Kuribayashi et al., 2003; Pawley et
al., 1995; Sanchez-Valle et al., 2006), however,
most of them were done at ambient temperature
and few information about the thermal expansion
(Pawley et al. 1995). Since the importance and
unclearess of the thermodynamic properties of
Phase A, we have conducted a study on the high
temperature and high pressure EoS
synthetic Phase A by synchrotron powder
diffraction, up to ~10GPa, 500°C.

Fe—free Phase A was synthesized successfully
by using mixture powder of MgO, Mg(OH), and Si0,,
and it was used for 7n situ X-ray diffraction
experiment under high pressure and high
temperature at beamline AR-NE7 in photon
factory (PF), Tsukuba, Japan. 49 pressure -
volume — temperature (P-V-T) data were fitted
to a high temperature Birch-Murnaghan equation

of a



of state (see the figure), yielding the values
of Vo= 511.7(4) R° K,= 106.4(32) GPa, K’
3.6(6), dK/dT = -0.009(6) GPa / K, and thermal
expansion a=3.73(39) X 10° /K; for comparing

with previous studies, we fixedK’ to 6, and got
the V, = 512.9(4) A°, K,= 94.1(13) GPa, dK/dT
= -0.019(5) GPa / K, and thermal expansion «
= 4.46(34) X 10° /K. V, is quite consistent
with previous studies, while the bulk modulus
obtained is much smaller than that reported by

Pawley et al. (1995), and consistent with the

results from recent studies within uncertainty.

dK / dT of phase A was reported independently
for the first time. The compressibility of
phase A is very anisotropy along a— and c—axis,
and a—axis 1is more compressive than c-axis,
which supported previous studies (Holl et al.,
2006; Crichton and Ross, 2002)

(D3))

(Cuiping Yang

Pressure (GPa)

480 485 490 495
Volume (A*)
P-V-T data of Phase A with high temperature

Birch-Murnaghan equation of state fitting. Solid
lines are isothermal compression curves at room
temperature (27°C), 100°C, 200°C, 300°C, 400°C,
500°C and 600°C, respectively.
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