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Ab initio quantum chemical investigation of arsenic sulfide molecular diversity
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The structural diversity of arsenic sulfide molecules in compositions betwegh Aad As, S was investigated using ab initio
guantum chemical calculations. The /8 molecule consists of four trigonal pyramid coordinations of As atoms bonding to
three S atoms. In the AS; composition, only one type of molecular configuration corresponds to an uzonite-type molecule. In
the As S, composition, two molecular configurations exist with realgar-type and pararealgar-type molecules. Three molecular
configurations are in the AS; composition. The first configuration comprises trigonal pyramidal As atom coordinations of two
types: bonding to two S atoms and one As atom, and bonding to one S atom and two As atoms. The second is the molecul
configuration of dimorphite. The third comprises trigonal pyramidal As atom coordinations of two types: bonding to three As
atoms, and bonding to one As atom and two S atoms. Th&Asomposition allows molecular configurations of two types.

One is comprised of trigonal pyramidal As atom configurations of one type bonding to two As atoms and one S atom. The othel
comprises trigonal pyramidal As atom coordinations of three types: bonding to two S atoms and one As atoms, bonding to on
S atom and two As atoms, and bonding to three As atoms. Th8 A®lecule has trigonal pyramidal As atom coordinations

of two types: bonding one S atom and two As atoms, and bonding to three As atoms. j®&@dsposition permits only

one molecular configuration, which suggests that the mineral duranusite comprises,$hendlecular geometry. In all, ten
molecular configurations are predicted in the molecular hierarchy of the arsenic sulfide binary system. The simulated Rama
spectral profiles are helpful in searching for undiscovered arsenic sulfide minerals.

Keywords: arsenic sulfide minerals, molecular configuration, diversity, hierarchy, ab initio quantum chemical calculation
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Manganese(lll) oxide hydroxide is found in nature as the minerals groutite (alpha-MnOOH), feitknechtite (beta-MnOOH),
and manganite (gamma-MnOOH). Manganite is one of the naturally occurring polymorphs of Mn3+OOH with an InOOH-
related structure. The oxide hydroxides of trivalent cations have an InOOH-related structure, in which the trivalent cation is
octahedrally coordinated by oxygen. INOOH, beta-CrOOH, epsilon-FeOOH, and delta-AIOOH have orthorhombic unit cells.
However, manganite is monoclinic because of the Jahn?Teller distortion. Here we report the pressure?volume-temperature r
lation of gamma-MnOOH. The aim of this study was to determine the compression behavior of an oxide hydroxide with an
INOOH-related structure.

The high-pressure X-ray diffraction study was carried out at the station NE7A at the Photon Factory Advanced Ring (PF-AR)
in High Energy Acceleration Research Organization (KEK). The PF-AR operates at 6.5 GeV with an injection current of 60 mA.
We used a Kawai-type multianvil apparatus driven by a large volume press, MAX-IIl. Tungsten carbide cubes (Tungaloy grade
F) of 22 mm edge length were used for high-pressure generation.

Experiments were performed up to a pressure of 18.0 GPa and a temperature of 700K. The pressure?volume data were fitt
by a third-order Birch?Murnaghan equation of state with the following parametgrs185.22(8) &, K, = 77(2) GPa and K
=12.0(5). The temperature dependence of the bulk modulus was determined to be dK/dT=-0.022(6) GPa/K. This study show
that the most compressible axis is the b-axis. The beta angle in the monoclinic unit cell decreases with increasing pressure.

o0o000:0000,00000,000,MnO0H,000,0000
Keywords: X-ray diffraction, Equation of state, High pressure, MNOOH, Synchrotron radiation, Hydrous mineral
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When one end of vacuum-dried gabbro blocks was subjected to uniaxial loading, the unloaded end became electronicall
positive (+80 mV at 50-MPa). Hot point probe tests using the hot-probe with 423 K of the temperature and the cold one with
293 K found that the Seebeck coefficient of the loaded volume decreased from "15.8 mV/K to “14.9 mV/K when loaded, while
the coefficient of the unloaded end did not change remarkably ("15.6 mV/K). This means that this gabbro originally included
a small number of hole charge carriers and the carriers in the loaded volume increased when loaded. From the viewpoint ¢
the fundamental band model of solid state, the most reasonable mechanism of the increment is the decrease of the energy ¢
between the acceptors and the valence band top. Shear stress/strain would effectively shift the energy levels because early stuc
have found that the electronic conductivity of gabbro is almost independent of the hydrostatic pressure. Based on this idea,
generation model of the stress-induced electromotive force is proposed. Since this model is expected to be universally applicab
to various types of rocks, similar electromotive forces in the crustal scale may be induced by seismic, volcanic, and tidal activities
in the Earth and Moon.

gooob:bbodog,bbobobooog,bboo,obbbood
Keywords: gabbro, hole charge carrier, electromotive force, Seebeck coefficient

1/1



Japan Geoscience Union Meeting 2013 ‘e < ;’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

SMP44-P08 go:booboboobo 00:50 200 18:15-19:30

OD00D000O0000000EELS] 0000000000000 O0000
Ferrous to ferric ratio measurement in chlorite using electron energy-loss spectroscop

(EELS)

00000 ', 00000 2,00000¢0
Sayako Inou&’, KASAMA, Takesh?, Kogure, Toshihird

l0000,?00000000000000
LEarth & Planetary Sci., Univ. Toky@Center for Electron Nanoscopy, DTU

Determination of FET /Fe ;.. ratio in iron-bearing minerals is important and has been conducted using several analyti-
cal technigues such as Mosbauer spectroscopy, X-ray absorption near-edge structure (XANES) and X-ray photoelectron spe
troscopy. Compared to these techniques, electron energy-loss spectroscopy (EELS) in Transmission electron microscopy (TEN
is capable of giving information of the chemical state of constituting elements in specimens, with a spatial resolution down to the
nanometer scale. Detailed analysis of energy-loss near-edge structure (ELNES)-0f €@ré-loss edges provides information
about the iron oxidation state, and several methods have been proposed to quadtifyFee,..; from the ELNES of iron
(Garvie and Buseck, 1998; van Aken et al., 1998). However, because a number of silicate minerals are electron-beam sensitiv
the influence of radiation damage on the quantification offFe;,.,; by EELS should be considered. Moreover, sample prepa-
ration processes for TEM such as argon ion-milling and focused-ion-beam (FIB) milling form a damage layer on the specimer
surface, which may also affect the quantification. In this studyFéFe ,,:o; quantification in chlorite, rather beam-sensitive
iron-bearing phyllosilicates, has been performed using EELS equipped to a field-emission gun TEM with a monochromator,
considering the influence of radiation damage and sample conditions on the measurement.

Fe3T /Fe . ratios obtained from the same grain of chlorite indicated that the ratio increases significantly with the electron
dose to be radiated during TEM observation and EELS acquisition, suggesting that the oxidation of iron proceeds with vitrifi-
cation of chlorite by radiation. Hence, it was necessary to acquire sevefal e ., ratios as a function of electron dose
(i.e., time) and estimate 'the damage-free ratio’ by extrapolation. The surface damage layers with a thickness of several tens ¢
nanometers, which were formed during FIB milling, are likely oxidized and therefore partially associated with the increase in the
Fe3t JFe o1 ratios.

Keywords: EELS, TEM, Phyllosilicate, Chlorite, Iron valence state, FIB
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Cathodoluminescence (CL) analysis provides useful information on the existence and distribution of defects and trace elemen
in materials, which are related to genetic conditions such as formation temperature, metamorphic process and geochronologic
situation. U-Pb zircon dating (e.g., SHRIMP) is an important tool to determine geological age of a micro-ordered zircon, where
CL image has been used for observation of internal zones and domains with different chemical compositions and structure
disorder at spatial high resolution. CL of zircon is caused by various types of emission centers, which are divided into two
groups: extrinsic center such as rare earth element (REE) and intrinsic center such as lattice defects. Above all, CL of zircol
is closely related to metamorphic process and radiation from contained radionuclides. Most zircon has yellow emission, whict
seems to be assigned to radiation-induced defect or ¢#dters. According to Nasdala et al. (2002) and Hancher and Hoskin
(2003), the yellow emission band has been recognized to be eliminated by heat treatment. Therefore, the radiation effects c
zircon CL have been studied for Héon-implanted samples annealed at various temperatures to clarify radiation-induced defect
centers involved with yellow CL emission in zircon.

A single crystal of zircon from Malawi (MZ) was selected for annealing and k& implantation experiments. The sliced
samples were cut perpendicular to c- and a- axes, and annealed at 100 to 1400 deg. C for 12 hours. Zircon crystals in Takida
granodiorite (TZ) and Kurobegawa granite (KZ), and the sliced MZ were implanted tyidteat 4.0 MeV corresponding to
energy of alpha particle ford¥®U and?32Th. The radiation dose was set at 4.77 x1@nd 5.11 x 10° C/cn¥. CL spectra in the
range from 300 to 800 nm with 1 nm step were measured by a scanning electron microscopy-cathodoluminescence (SEM-CL
The operating condition was set at 15 kV accelerating voltage and 0.1 nA beam current. All CL spectra were corrected for the
total instrumental response.

CL spectra of untreated and annealed zircon almost show emission bands at 370 nm assigned to intrinsic defect center a
at “480, 580 and 760 nm to By impurity centers [Cesbron et al, 1995; Gaft et al, 2005]. Yellow CL emissions have been
undetected in annealing zircons above 700 deg. C, where an elimination of radiation-induced defect centers may be appear
due to recrystallization of the structure suggested by Nasdala et al (2002). Blue CL intensity at “370 nm gradually increases witl
an increase in annealing temperature, which may be responsible for a formation of intrinsic defect center due to a recovery ¢
the framework structure from metamict by heating. CL spectra of MZ show an increase in the yellow emission intensity with an
increase in radiation dose of Féon implantation as well as the emission related to the impurity centers (REE), thodgiokie
implantation reduces the intensity of impurity centers. Yellow emission intensity has a tendency to depend on radiation dose o
He' ion implantation. TZ and KZ, with young formation ages of 1.93-1.20 Ma and 1.7-0.9 Ma, respectively [Harayama,1994;
Harayama et al., 2010], show dull yellow CL emission attributed to radiation-induced defect center, suggesting relatively low
radiation dose of alpha radiation frof¥fU and?32Th on them. If the component of yellow emission could be deconvoluted from
the CL spectra in zircon, the intensity of yellow emission should be used for an indicator to evaluate total exposure doses on i
during geological age.
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Emission mechanism of cathodoluminescence in smithsonite
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Cathodoluminescence (CL) has been widely applied in mineralogical investigation, especially for carbonates. CL of carbonate
is characterized by various types of emission centers such as impurity and defect centers. Smithsonigi l{Zs@®ission
centers of divalent Mn ion as activator and divalent Fe ion as quencher (Gotte and Richter, 2004). However, the defect cente
in smithsonite has not been investigated so far, since its emission is not so often found in carbonates. We have detected bl
CL emission in smithsonite, suggesting structural defect center. In this study, we have assigned emission bands in CL spect
including defect center and clarified the mechanism of the CL in smithsonite in a wide temperature range.

Three crystals of smithsonite from San Antonio, Mexico (S-08, S-11) and Slaiman, Uzbekistan (S-17) were selected for CL
measurements after carbon-coating on their polished surfaces. SEM-CL analysis was conducted using an SEM (JEOL: JSN
5410) combined with a grating monochromator (Oxford: Mono CL2) to measure CL spectra ranging from 300 to 800 nm in 1 nm
steps at accelerating voltage of 15 kV and beam current of 1.0 nA. The CL emitted from the samples was collected by a photo
counting method with a photomultiplier tube, and converted to digital data. All spectra were corrected for total instrumental
response determined using a calibrated standard lamp. The sample temperature can be controlled in the range from -190 to
degree C with flowing liquid nitrogen and using an embedded heater in a cryostage (Oxford: C1003). CL color imaging was
carried out with Luminoscope (ELM-3 R) consisting a cooled CCD camera by excitation voltage at10kV and beam current of
0.5 mA.

CL spectra of S-11 at room temperature show a board band at around 650 nm in red region, which can be assigned to tt
electronic transition from excited state of 4G to ground state of 6S corresponding to divalent Mn activator substituted for Zn ion.
S-08 has a broad band at around 400 nm in blue region in its CL spectrum. Its emission might be caused by the defect center
smithsonite lattice. S-17 has also emission peaks at around 650nm in red region and 400nm in blue region. The deconvolutic
of the spectra in an energy unit using a Gaussian fit reveals that a red emission has two components peaked at 1.61 and 1.82
and a blue emission consists of two components at 3.28 and 3.82 eV. Therefore, there are at least two deferent defect cent
in smithsonite, suggesting different crystal fields between them. The intensity of a blue emission decreases with an increase
sample temperature as explained by a temperature quenching theory based on an increase in the probability of non-radiati
transition with the rise of temperature (Mott-Seitz model). Activation energy in each temperature quenching process can be
calculated by an Arrhenius plot using integrated intensity of each component as a luminescent efficiency. It results in activatior
energy of 0.027 eV for component centered at 3.28 eV. This energy value corresponds to the energy of O-Zn-O bending vibratio
(0.024 eV: Frost et al, 2008), suggesting energy-transfer from the radiation to lattice vibration as photon. However, the intensit
of a red emission is not affected by the change of sample temperature. These facts indicate that the temperature quenchi
mechanism might depend on the types of emission centers related to impurity or structural defect.
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Numerical definition of particle size and shape of volcanic ash by statistical particle im-

age analysis method.
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[1] Introduction

The exact definition of particle size and shape is a factor of importance in many researches connected with several geology sc
ences which objections are sea sand, soil and volcanic ash. The object of this report is to describe the various methods of definil
these properties and to give the result of some measurements made on volcanic ash as model sample by statistical particle imé
analysis.

[2] Methodology

The statistical particle image analysis is possible to obtain the significant difference evaluated result of particle size and shap
information by over the ten thousand numbers of particles projection images from microscopic method. The methodology of this
technique is based on the digital binary image processing technology from projection image picture of CCD camera on micro:
scope. In each CCD camera pixels has size. The determinations of particle size and shape parameter are calculated by the part
projection images which are constructed from the number pixels in CCD camera. The most of the advantage of this method is nc
only possible to described numerical definition of particle analysis but also available to the diverse analysis by two dimensiona
correlations plot between shape parameter and particle size.

[3] Material and method

Volcanic ash sample was from the Ito Pyroclastic Flow as model sample. This sample was sieved by 5 phi mesh sieve an
it was come from under the mesh to isolate small particle from bulk sample. An automated particle characterization systen
(Morphologi G3,Malvern Instruments) was used to evaluation of statistical particle image analysis. The observation mode wa:
diascopic mode (Transmittance mode) . Volcanic ash sample were dry dispersed using the integrated Dry sample dispersic
unit via an instantaneous pulse of compressed air, and measured using Standard Operating Procedures (SOPs) which define
software and hardware settings depending. Measurements were made in an enclosed glass plate as sample carrier, minimiz
environmental exposure. The analysis generated high quality images from over ten thousands of sample particles.

[4] Result

Total number of 96,029 particles was measured. Volume based circle equivalent diameter of particle size distribution (VCED)
were monomodal and 14.31(d10), 30.32(d50), 45.79(d90) in micro meter. However, the number based percentage of small pa
ticles (<3 micrometer) was 74.91%. To concerning shape distribution and shown in Fig.1. Circularity was bimodal, however
aspect ratio was monomodal. Recalculation of VCED was shown Fig.2 which was shape distribution data. Represented on amou
of volume based percentage , the circle like particles were 3% and the angular like particles were 64% .However , in count base
percentage , circle like particles were 55% and angular like particles were 21%.

[5] Summary

This report will be more discuss about application and capability of numerical definition of volcanic ash by the statistical
particle image analysis as new approach for this research area.
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Fig.1 Shape distribution by particle image (a) Circularity (b) Aspect ratio
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Fig.2 Recalculated VCED (a) Circle like (Circularity >= 0.850 Aspect Ratio >= 0.450 ) (b) Angular like
(Circularity Between 0.400 - 0.750 , Aspect Ratio >= 0.450) (c) Total

@/

2/2



Japan Geoscience Union Meeting 2013 ‘e < ;’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

SMP44-P13 go:booboboobo 00:50 200 18:15-19:30

000000000000000000000000000000 _
Temperature quenching mechanism of cathodoluminescence in dolomite
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Cathodoluminescence (CL) has been widely applied in mineralogical and petrological investigations, especially for carbonates
Dolomite commonly red CL emission related to an impurity center of divalent Mn (Reeder , 1987; Gillhaus et al, 2001), but of
which each occupancy in Ca site (A site) and/or Mg site (B site) has not been precisely estimated. Furthermore, temperature effe
on CL efficiency has not been discussed in spite of potentially important function to control CL emission mechanism, though the
factors effected on dolomite CL such as luminescence centers have been extensively investigated. In this study we have clarifie
luminescent mechanism of dolomite in a wide range of temperature using a SEM-CL, and confirmed a temperature quenchin
of its emissions. The quenching process has been quantitatively evaluated by CL spectral deconvolution method assuming tl
Mott-Seitz model, where site occupancy for Mions in dolomite lattice has been also evaluated.

Three dolomite samples from Binntal/VS, Swiss (D-17a), Arizona, USA (D-26a) and New Mexico, USA (D-28a) were se-
lected for CL measurements after carbon-coating on their polished surfaces. These samples cdmtaimd/as an activator,
but too low for divalent Fe as a quencher.

SEM-CL analysis was conducted using an SEM (JEOL:JSM-5410) combined with a grating monochromator (Oxford: Mono
CL2) to measure CL spectra ranging from 300 to 800 nm in 1 nm steps with a temperature controlled stage from -190 to 25(
°C . The dispersed CL was collected by a photon counting method using a photomultiplier tube (R2228) and converted to digita
data. All CL spectra were corrected for the total instrumental response.

All samples exhibit a broad band in red region CL spectrum between 580 and 640 nm at room temperature. The spectral peal
are sharpened and enhanced at lower temperature due to reduction of thermal lattice vibration and an increase in luminesce
efficiency, suggesting high spectral resolution of the emission bands at low temperature. Therefore, a Gaussian fitting was col
ducted to quantitatively deconvolute spectral data obtained at low temperature in an energy unit. Two emission components
around 1.84 and 2.15 eV. The former can be assigned to the emission derived from Mn ion impurity occupied at A site, the latte
to the emission at B site. The component intensities decrease in two steps of temperature range between -190 to -100 and -
to 150°C with an increase in sample temperature. In general, luminescence efficiency of the material decreases with a rise i
temperature due to an increase in non-radiative transitions. This phenomenon has been recognized in several minerals such
quartz, cristobalite and tridymite as temperature quenching. By assuming the Mott-Seitz model, activation energy in temperatur
guenching process can be calculated by a Arrhenius plot using integrated intensity of each component as an emission efficienc
Each activation energy was determined as follows; 0.03 eV for A and B sites belowC1&d 0.100 eV for A site and 0.097 eV
for B site above -50C. The former corresponds to the value of O@bration, and the latter to Ca-O or Mg-O vibration. Judging
from the similarity of the activation energy in the process of temperature quenching and lattice vibration energy, the temperaturi
guenching energy might be transferred as a phonon to the specific lattice vibration through non-radiative transition.
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