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The CeO 2-ZrO 2 (CZ) material with the highest
oxygen storage/release capacity (OSC) is a CeO2ZrO2 solid solution, which possesses an atomically
homogeneous and ordered arrangement of Ce and Zr
ions, assigned to a κ-Ce2Zr2O8 fluorite phase (Fig. 1)
[1]. A total of 89% of the Ce ions in the Pt-promoted
κ-Ce2Zr2O8 are available for the oxygen storage/release
process, in contrast to CeO2 itself which has an OSC
value of 2%. The κ-Ce2Zr2O8 transforms to pyrochlore
Ce2Zr2O7 under reducing conditions during the working state, and the Ce2Zr2O7 returns to κ-Ce2Zr2O8 under
oxidizing conditions. The real-time study of the dynamics of these processes is relevant to understanding the
OSC functionality of the CZ materials, and has been
achieved using time-resolved XAFS for the ﬁrst time [2].
In pyrochlore Ce2Zr2O7, the Ce ions are in the +3 charge
state and 8-fold coordinated, while the Zr ions are +4
and 6-fold coordinated. In the transformation between
κ-Ce2Zr2O8 and Ce2Zr2O7, the Zr sites show a change
in coordinated oxygen number with no change in valency, whereas the Ce sites show a change in valency
with no change in coordination number. Time-resolved
energy-dispersive XAFS spectra at the Ce L3-edge and
the Zr K-edge with energy ranges of 5.67-5.87 keV and
17.8-18.8 keV respectively were recorded at the NW2A
beamline at the PF-AR. Si(111) (Ce L 3-edge) and
Si(311) (Zr K-edge) bent-crystal polychromators (Braggtype) were utilized to obtain elliptical optics for focusing
the incident X-rays at the sample.
By means of the real-time measurements we have
succeeded in characterizing the electronic and structural
transformations of the Pt-promoted CZ catalyst with ordered arrangement of Ce and Zr ions during the oxygen
storage/release processes at 573-773 K [2]. Isosbestic
points were observed in all of the XANES spectra except for the ﬁrst 0.9 s and the last 2 s of the transformation, indicating that the majority of the κ-Ce2Zr2O8
transforms directly to pyrochlore Ce2Zr2O7. The change
in Ce valency at 773 K was almost complete after only
1 s (with 90% of the Ce ions active in oxygen release
and 80% in oxygen storage). Thus the oxygen storage/
release process is a dynamic event involving Ce2Zr2Ox
nanoparticles, which are 200 nm in dimension.
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Figure 1
Tetrahedral (Td) and octahedral (Oh) sites in the fluorite Ce2Zr2O8
structure based on the oxygen sub-lattice ( O h sites are not
occupied). Oxygen atoms begin to migrate by moving from Td sites
to Oh sites.

To elucidate the dynamics of the Zr-O bond formation/breaking in the CZ solid solution during the OSC
function, the change of the coordination sphere around
the Zr ions was monitored using both energy-dispersive
XANES and EXAFS at the Zr K-edge with a time resolution of 2 ms. Figure 2 (a) shows real-time k3-weighted
energy-dispersive EXAFS Fourier transforms for Pt/
Ce2Zr2O8 during the oxygen release process at 773 K.
The changes in the coordination number and bond distance of Zr-O were successfully analyzed although the
obtained distances are averaged. The results at 773
K are plotted in Fig. 2 (b). During the oxygen storage
process (Fig. 2 (c)) the coordination number and bond
distance slowly increased over a period of 5 s, reaching values of 7.0 and 0.214 nm respectively. Only small
increases are seen during the first 1 s, in contrast to
the change in Ce valence, and Ce2Zr2O7 transformed to
Ce2Zr2O8 after 6 s. During the oxygen release process
the coordination number decreased from eight to seven
in the ﬁrst 1 s, followed by a gentle decrease to six. The
bond distance rapidly shortened from 0.220 nm to 0.214
nm within the ﬁrst 1 s, followed by a continuous decrease
to 0.208 nm at the onset of the change in the coordination number.
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eO2-ZrO2 (CZ) materials can store oxygen under oxygen-excess conditions and release it under oxygen-deﬁcient conditions. Due to their high oxygen storage/release capacities (OSC) they are widely used as promoters
in three-way automobile catalysts. We have succeeded for the ﬁrst time in characterizing the electronic and
structural transformations of a Pt-promoted CZ catalyst with ordered Ce and Zr ions during the oxygen storage/release
processes at 573-773 K using real-time energy-dispersive XAFS, and discover new chemistry.
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Figure 2
Real-time DXAFS at 2 ms time resolution at the Zr K-edge.
(a) Serial Fourier transformed k3-weighted EXAFS functions during the oxygen release process at 773 K. (b) Time proﬁles of the coordination
number and bond distance of Zr-O during the oxygen release process at 773 K. (c) Time proﬁles of the coordination number and bond
distance of Zr-O during the oxygen storage process at 773 K. Large circles in the time proﬁles: 100 ms acquisition for comparison.

The fractions of Ce2Zr2O8 and Ce2Zr2O7 during the
oxygen storage and release processes at 573, 673 and
773 K were also determined by a linear combination
analysis of the energy-dispersive XANES spectra at the
Zr K-edge. For example, the Ce L3-edge XANES analysis
for the oxygen release process demonstrates that 90% of
the Ce4+ ions in Ce2Zr2O8 were reduced within 1 s at 773
K, whereas it took 4 s for 90% transformation at the Zr
sites as deduced from the Zr K-edge XANES analysis.
Based on the time-resolved XAFS analysis, we
conclude that the electronic and structural transformations at the Ce and Zr sites during the oxygen storage/
release processes do not synchronize with each other
in the solid solution. In both the storage and release
processes a change in the valence of the Ce sites preceded a structural transformation at the Zr sites, making
or breaking Zr-O bonds. The dynamics at the Zr sites
observed with energy-dispersive XAFS characterization
involves changes in the local structure, the number of
coordinated oxygen atoms, and oxygen diffusion. This

new aspect may be explained by valence ﬂuctuation at
the Ce sites and charge redistribution due to a change
of the lattice constant involving a modification of the
Ce-O distance. This study has successfully revealed for
the ﬁrst time the dynamics and roles of the Ce and Zr
ions in the industrially practical Pt/CeO2-ZrO2 catalyst,
demonstrating the promise of the application of dynamic
XAFS to a variety of mixed oxide catalyses.
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Much attention has been paid to sulfur-free transportation fuels produced by gas-to-liquid (GTL) processes
relating to the petroleum price soaring, exhaustion of
petroleum, and environmental problems on exhaust
gases [1]. The GTL process consists of the production
of synthesis gas (syngas, mixture of CO and H2) from
natural gas, whose main component is CH4, and Fischer-Tropsch synthesis from the synthesis gas (nCO+2nH2
→(CH 2) n+nH 2O). Conventional syngas production
method is steam reforming (CH4+H2O→CO+3H2), which
is an energy-consuming process. Recently, oxidative
steam reforming of natural gas, where oxygen is also
introduced to the catalyst bed, is expected as a more
energy-efficient syngas production method. Here, hotspot formation is a serious problem which can cause the
severe catalyst deactivation by very high temperature.
Our purpose is development of catalyst with high resistance to hot-spot formation.
The temperature profile of the catalyst bed and IR
thermograph (Figs. 1(a) and (b)) clearly showed a very
high temperature region at the inlet of the catalyst bed
and a much lower temperature region in the downstream were observed over Ni(2.6), where a number in
(a) Catalyst bed temperature profiles
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the parenthesis represents the loading amount (wt%)
of metal components. The hot-spot formation and
large temperature gradient make the operation difﬁcult.
The Pt(0.1) exhibited a ﬂatter temperature proﬁle than
Ni(2.6). However, the catalytic activity was not enough.
The temperature proﬁle on the Pt(0.1)+Ni(2.6) catalyst
was similar to that on the Ni(2.6), which indicates that
the additive effect of Pt introduced by the co-impregnation method is small. In contrast, the temperature gradient on the Pt(0.1)/Ni(2.6) is much smaller than those of
the other three catalysts, which means that the additive
effect of Pt introduced by the sequential impregnation
method is remarkable in spite of very small molar ratio
of Pt to Ni [2]. The Pt(0.1)/Ni(2.6) and Pt(0.1)+Ni(2.6)
were characterized by Pt L3- and Ni K-edge EXAFS,
FTIR of CO adsorption, TEM, amount of H2 adsorption,
and temperature programmed reduction. A possible
model structure of Pt-Ni bimetallic particles is also illustrated in Fig. 1(c). The additive effect of Pt can be
caused by surface Pt atoms on the Pt-Ni bimetallic particles, which is strongly influenced by the preparation
methods. In addition, similar behavior was observed in
the case of the modiﬁcation with Pd [3].
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xidative steam reforming of methane is a promising syngas production method, which will contribute to energyefﬁcient production of liquid fuels from natural gas. Conventional catalysts cannot be applied to the oxidative
steam reforming of methane because of serious problems of hot-spot formation. The purpose of this study is
catalyst development for the catalysts with high resistance to hot-spot formation by an effective modiﬁcation of Ni catalysts with very small amount of noble metals. As a result, it is important that Pt and Pd atoms should be located preferably on the surface of bimetallic particles.
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Figure 2
Hot-spot formation mechanism of monometallic Nl catalysts (a) and suppression mechanism of hot-spot formation of Pt/Ni and Pd/Ni
bimetallic catalysts (b).

Figure 2 depicts the hot-spot formation mechanism
on Ni catalysts and suppression mechanism of hotspot formation on Ni catalysts modiﬁed with Pt and Pd
[1]. Hot-spot formation over the Ni catalysts at the inlet
is due to exothermic combustion reaction over the oxidized Ni catalysts with O2 in the gas phase (Fig. 2(a)).
In particular, the oxidized Ni species loses the reforming activity and solely has the combustion activity. On
the other hand, at the outlet of the catalyst bed where
no oxygen remains, the Ni species are maintained in
the metallic state; the Ni species presents the reforming activity. In this reaction zone, only the endothermic
reaction proceeds and the catalyst bed temperature
decreases, which results in a large temperature gradient. In contrast, on the Pt/Ni and Pd/Ni catalysts, the
reduced state of the species is maintained even in the
presence of oxygen in the gas phase, and the reduced
species can also serve as the active site for the methane reforming as well as the combustion (Fig. 2(b)). The
endothermic reforming reaction can contribute to a temperature decrease at the inlet of the catalyst bed, which
is connected to ﬂat temperature proﬁle and suppression
of hot-spot formation.

The EXAFS analysis gave the ratio of noble metal
atoms located at the surface of bimetallic particles, and
the ratio is closely related to the suppression of hot spot
formation. The modification of Ni catalysts with small
amount of Pt and Pd gave the excellent property of
noble metal catalysts with higher loading amount, which
results in saving of the usage of noble metals and decrease of the catalyst cost.
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Figure 1
Oxidative steam reforming of methane over Pt-Ni bimetallic catalysts.
Reaction conditions: CH4/H2O/O2/Ar = 4/3/2/1, total ﬂow rate=430 cm3/min, 0.1 MPa, cat. weight=0.08 g, 1123 K.
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XAFS Analysis of the Speciﬁc Interaction of Cu+ in CuMFI
with Dinitrogen Molecule at Room Temperature

N
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here are few materials that can adsorb dinitrogen (N2) molecules easily and safely around room temperature.
In the present work, we found that a copper-ion-exchanged MFI-type zeolite (CuMFI), which exhibits an extremely efﬁcient adsorption of the N2 molecule even at room temperature, could be successfully prepared by ion
exchange in an aqueous solution of Cu(CH3COO)2 containing a component of NH4CH3COO. The structure of the adsorbed N2 species on Cu+ in MFI was determined by XAFS (X-ray absorption ﬁne structure) measurements. The threecoordinated monovalent copper ions formed in MFI act as the active sites for N2 adsorption at room temperature, with
the N2 molecules adsorbing linearly. The results provide signiﬁcant information on the development of materials with
catalytic functions of efﬁcient N2-ﬁxation catalysts, N2-activation catalysts, as well as NOx decomposition catalysts.
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Figure 1
IR spectra of N2 species adsorbed on CuMFI at 300 K under
various pressures. The ﬁtted (single component) IR spectra of the
samples are represented by the dotted line.

NH4CH3COO [3,4]. The prepared material is stable
and safe. The ion-exchange method used here has the
following unique characteristics; first, the copper-ion
exchange takes place exclusively on the ion-exchangeable site that acts as the active site for N2 adsorption,
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Figure 2
(a) Fourier transform of the EXAFS oscillations at the K-edge of the copper ion exchanged
in the CuMFI sample and (b) XANES spectra of CuMFI in the different stages.(c):The k3
weighted curves as a function of k vector for (1) the CuMFI sample evacuated at 873 K and (2)
the sample exposed to N2 gas of 15 kPa at 300 K. The experimentally obtained curve and
best-ﬁtted curve are given by the black and red lines, respectively.
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Recently, there has been a renewal of interest in the
ﬁelds of fundamental research into the adsorption, activation, and ﬁxation of small molecules, in particular N2,
which is relatively inert [1]. However, there are few materials that can adsorb N2 molecules easily, safely, and
rapidly at temperatures around 300 K. Two candidates
exhibiting N2-adsorption are metallic Li and Mg, however the reaction of N2 with these materials is not fast at
room temperature. In addition, these materials are hazardous under ambient conditions. We have discovered
for the ﬁrst time [2] that a copper-ion-exchanged mordenite sample, which has an ion exchange capacity beyond 100% (i.e., a nonstoichiometrically ion-exchanged
material), exhibits a prominent adsorption feature for N2
molecules even at 300 K. The present work is intended
to develop a preparation method for a copper-ionexchanged MFI-type zeolite sample (CuMFI: Scheme
1) endowed with an activity against N2 molecules at 300
K, and also to obtain further information on the states
of the active centers for N2 adsorption. As a result, we
have succeeded in the preparation of CuMFI, which
exhibits extremely efficient adsorption of N2 molecule
at room temperature, by ion exchange in an aqueous
solution of Cu(CH3COO)2 containing a component of

Si

N

0

-1
CHIOBS
CHICAL

-2
-3

2

4

6

8
k(1/ Å)

10

12

14

and secondly, the extent of the reduction of the divalent
copper-ion exchanged attains a value as high as 88%
after evacuation of the sample at 873 K. On this sample,
N2 was efﬁciently adsorbed, resulting in the appearance
of an IR band due to the adsorbed N2 molecules (Fig. 1).
These observations were rationalized as showing that
site-selective ion exchange with copper ions occurs,
and that the divalent copper-ions exchanged in this way
can be reduced easily and efﬁciently to monovalent ions
[3-5]. In addition, CuMFI exhibits a high efﬁciency for N2
adsorption at 300 K where the monovalent copper ions
act as adsorption sites; approximately 86% of them are
effective for N2 adsorption. In this case, the heats of adsorption of N2 also show large values, ranging from 87
to 60 kJ mol−1.
The XAFS method is a very powerful and indispensable tool for the characterization of the surface states
of catalysts, and is also the best method for obtaining
structural information related to the active centers in various catalytic and adsorption processes. The measurements of the XAFS spectra of CuMFI were carried out
at BL-9C (Figs. 2(a) and 2(b)). From this experiment,
the coordination environment of the copper ions adsorbing N2 for this sample was clariﬁed by EXAFS analysis,
and the resultant data were well ﬁtted as shown in Fig.
2(c) (EXAFS and their ﬁtting data: N(Cu-O) = 2.7 ± 0.2,
N(Cu-N) = 1.1 ± 0.1; r (Cu-O) = 1.97 ± 0.01Å, r (Cu-N)
= 1.91 ± 0.01Å). XANES spectra also indicate that the
monovalent copper ion is the active center. By a combination with various other spectroscopic methods, such
as IR, diffuse reflectance UV-Vis, and photoluminescence spectra, it was concluded that the N2 molecules
were adsorbed linearly at 300 K on the three-coordinated monovalent copper ions formed in MFI. The ﬁnal
adsorption model obtained is given in Scheme 2. The
density functional theory (DFT) calculation was also applied for the proposed N2-adsorption model (Fig. 3), and
the resultant IR and adsorption heat values were evaluated to be 2305 cm-1 and 101 kJ mol-1 for the N2 species
adsorbed on the three-coordinated copper ion; both val-

ues are in fair agreement with the experimental values.
To clarify the active center for the N2 adsorption, we
also examined the effects of the Si/Al ratio of the mother
MFI on the N2 adsorption phenomena at 300 K and on
the ion-exchange feature of the CuMFI. The CuMFI
sample with an Si/Al ratio of 19.8, which had been prepared by using a Cu(C2H5COO)2 solution, exhibited extremely efﬁcient N2 adsorption in terms of both the number of adsorbed molecules and its energetic behavior,
as compared to samples with other Si/Al ratios and/or
with other ion-exchange solutions [6].
In this way, the XAFS spectra provide significant
structural and electronic information on the copperion exchanged in MFI which plays the important role
in the N2 adsorption. These results are expected to be
important in developing more efﬁcient materials for N2ﬁxantion or N2-activation, as well as for NOx decomposition [7-10].
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In-Situ XAFS Studies of Au Par ticle Formation by
Photoreduction in Polymer Solutions
he photo-reduction formation mechanisms of gold particles in an aqueous ethanol solution of HAuCl4 with
poly(N-vinyl-2-pyrrolidone) (PVP) have been investigated using transmission electron microscopy (TEM) and insitu X-ray absorption ﬁne structure (XAFS) analyses. It was found that the reduction of AuCl2− to Au0 atoms is a
slower process than that of AuCl4− to AuCl2−, and proceeds concurrently with the association of Au0 atoms to form seed
Au particles with diameters between 5.5 and 30 Å.

T

REX2000 program (Rigaku Corp.). The k3-weighted EXAFS function was Fourier transformed into r space over
a range of typically between 3 and 16 Å-1.
Figure 1(a) shows the Fourier transforms of the
Au-L3 edge spectra for the Au colloidal solutions stabilized by PVP before and after photo-reduction. The
peak around 2.0 Å observed for the sample before
photo-reduction is assigned to the Au-Cl bond in AuCl4−,
and that observed around 2.8 Å after long-duration
photo-irradiation is assigned to the Au-Au metallic bond
in Au particles. A noticeable decrease in peak intensity
for the Au-Cl bond is seen below 30 min, although the
peak attributed to the Au-Au bond appears only after
30 min, indicating the onset for the formation of Au
particles. It is noted that between 30 and 120 min the
peak intensity for the Au-Cl bond of the photo-irradiated
sample is nearly the same intensity as that for the Au+Cl− bond in the AuCl powder sample, the spectrum of
which is shown in Fig. 1(b). It is also observed that the
peak intensity for the Au-Au bond becomes gradually
higher with increasing reduction time, while the peak for
the Au-Cl bond decreases only until the reduction time
reaches 360 min. Thus the reduction of AuCl2− to Au0
atoms and the association of Au0 atoms to form seed
Au particles (with the coordination number of the Au-Au
bonds less than 10 and an estimated particle diameter
between 5.5 and 30 Å) proceed concurrently. After long

For the preparation of small metal particles, metal
ions are often chemically reduced in protective media.
As the protective media for colloidal metal particles in
aqueous solutions, water-soluble polymers such as
poly(vinyl alcohol) and poly(N-vinyl-2-pyrrolidone) (PVP)
have often been used [1, 2]. The use of a polymeric
matrix allows control of the nucleation and growth of
the metal particles, which imparts new properties to the
polymeric materials. Various studies on the preparation of Au particles by photo-irradiation have been carried out, and it is well-known that preparative photoirradiation is a powerful technique for regulating size
and shape in the particle formation process. However
the formation mechanisms of Au particles have not yet
been elucidated, and must be investigated in order to
improve the preparative technique for the control of particle size and shape.
In-situ XAFS measurements at the Au-L3 edge were
performed at BL-10B and BL-7C. Controlled UV light
with a UV-30 cut ﬁlter was used to investigate the mechanisms of Au particle formation during photo-irradiation.
The sample solutions contained AuCl4− in quartz cells
sealed with Kapton ﬁlms, and were continuously stirred
and photo-irradiated using a mercury lamp during the
in-situ XAFS measurements. The absorption spectra
were recorded in the transmission mode at room temperature, and data analysis was performed using the

photo-irradiation with the association of Au0 atoms to
form seed Au particles.
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photo-irradiation times, the seed Au particles are activated to create larger Au particles. The TEM observations indicate that the slow progression of Au particle
growth continues, and larger particles (with diameters
larger than 500 Å) form under dark conditions after
photo-irradiation for 750 min [3].
In summary, an Au-L3 XAFS analysis of colloidal dispersions of Au particles in PVP solutions revealed that
the electronic structure of the photo-irradiated samples
is composed of three stable states, Au3+ (a reactant,
AuCl4−), Au+ (stable product, AuCl2−), and Au0 atoms (or
Au particles produced from Au0 atoms). The reduction
of AuCl2− to Au0 atoms is a slower process than that
of AuCl4− to AuCl2−, and proceeds concurrently during
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Figure 1
In-situ EXAFS results: Fourier transforms of the Au-L3 edge spectra for (a) Au colloidal solutions stabilized by PVP and (b) AuCl powder,
HAuCl4·3H2O aqueous solution and Au foil. (a) shows the time dependence of the spectra during photo-reduction over a period of 750 min.
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e performed in situ X-ray diffraction experiments to investigate the structural changes which occur as hydrous
Mg-silicate melts under high pressure and high temperature. We used a new encapsulation method, a DIA
multi-anvil apparatus and synchrotron radiation. For each hydrous melt composition, the ﬁrst sharp diffraction
peaks, FSDPs, which reﬂect the periodicity of silicate network ordering, showed lengthening or no shortening between
3 and 5 GPa in spite of the compression. This behavior results from changes in the polymerization of the silicate network caused by the transition of dominant water speciation from Si-OH to Mg-OH. This change can help explain the
physicochemical properties of hydrous silicate melt at high pressure.

W

The X-ray interference functions for each hydrous
Mg-silicate melt are shown in Fig. 1. The first peaks
(FSDP) are indicated with arrows. The FSDP for silicate
melt and glass is often related to the silicate network
structure (see e.g., [3]), which can be illustrated by
linkages of corner-sharing SiO4 tetrahedra. The position of the FSDP reflects the periodicity of the silicate
network ordering with the distance of 2π/Q [Å] (Q =
4πEsinθ/12.398 [Å-1], where Q, E and θ are the scattering vector, the energy of the X-ray, and the Bragg angle,
respectively). The pressure dependence of the position
of the FSDP for each composition melt is shown in Fig.
2. The position shifts to lower distances up to ∼3 GPa in
each hydrous Mg-silicate melt, suggesting a signiﬁcant
decrease in the periodicity of the silicate network. In
contrast, at pressures between 3 and 5 GPa the FSDP
position either moves to the longer distance side or does
not move with increasing compression. In particular, a
lengthening of the periodicity at pressures between 3
and 5 GPa is obvious for the Mg2SiO4 composition. This
discontinuous behavior in the periodicity of the silicate
network is not observed for anhydrous MgSiO3 melt [4],
also shown in Fig. 2.

It is widely known that the presence of water has
dramatic effects on the physicochemical properties of
silicate melt, such as density, viscosity, and phase relations. A particularly interesting example can be seen in
the hydrous MgO-SiO2-H2O system under high-pressure
conditions. It is well understood that the melt composition at low pressures is enriched in SiO2 (up to 5 GPa
for the Mg2SiO4-MgSiO3-H2O system). In contrast, an
abrupt change from a SiO2-rich to a MgO-rich composition begins at higher pressure (see e.g., [1]). The atomic
scale structural mechanism for this evolution with pressure has not been investigated with in situ observations
until the present study.
The starting materials were prepared from mixtures
of powdered Mg(OH)2 brucite and SiO2, with molar
proportions of 1 : 1, 2 : 1 and 3 : 2 for hydrous enstatite
(En), hydrous En50-Fo50, and forsterite (Fo). The H2O
contents by weight were 15.2%, 18.3%, and 20.4%,
respectively. High-pressure and high-temperature X-ray
diffraction experiments were performed at the PF-AR
NE5C beamline using the MAX80 DIA-type press and
polychromatic X-ray energies. To maintain the hydrous
silicate melt and ensure high X-ray transparency at high
pressure and temperature, we have developed a new
encapsulation method using single-crystal diamond and
platinum (see e.g., [2]).
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Figure 2
Pressure dependence of the positions of FSDP. The region
(1) hatched with blue indicates the region in which SiOH water
speciation is dominant in the silicate melt. The region (2) hatched
with yellow indicates the region in which MgOH water speciation is
dominant. The data for anhydrous MgSiO3 melt is taken from [4].

The structural change in the silicate network can be
explained as a transition of the dominant water speciation in the melt. The decrease in periodicity up to 3 GPa
is ascribed to a de-polymerization of water on the silicate network, which can be described schematically by
the following relationship.
SiOSi + H2O → 2SiOH
(1),
where “SiOSi” and “SiOH” indicate the silicate network,
in the melt and the water speciation produced by dividing the silicate network, respectively [5]. The silicic melt
generation in the lower pressure region, as described
above, has been regarded as the result of this water sol-

ubility mechanism. On the other hand, the lengthening
of the silicate network ordering at pressures between 3
and 5 GPa can be interpreted as the following relation,
as proposed by a recent NMR study (see e.g., [7]).
SiOH + SiOMg → MgOH + SiOSi (2).
The “MgOH” on the right hand side is a new water speciation, reported in [6]. This relation suggests that repolymerization of the silicate network (SiOSi) occurs,
with a change in preference of the hydroxyl component
from SiO2 to MgO at high pressure. In this mechanism,
the MgO component plays an important role in the repolymerization. In fact, the lengthening of the silicate
network ordering is obvious in the Mg2SiO4 melt, which
has the highest MgO content in this study. Moreover,
this water solubility mechanism offers a promising
explanation for the genesis of MgO-rich melt under hydrous conditions at high pressure.
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Figure 1
Interference functions Qi (Q) for Mg2SiO4-H2O (a), Mg2SiO4-MgSiO3-H2O (b) and MgSiO3-H2O (c). Arrows indicate the position of the ﬁrst
sharp diffraction peak, FSDP, for each Qi (Q).
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