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1) Probing the Ba 5d states in BaTiO3 and BaSO4: A resonant x-ray emission
study at the Ba-L3 edge; K. Yoshii ef al.

i) Determination of Co and Fe K absorption edge using the high-resolution X-ray
fluorescence emission spectra; Y.Ito et al.

iil) The Observation of The Profile Change of Fe K« 1, 2 spectra using excitation
energy around K-absorption Edge; S. Fukushima et al.

iv) Quantitative Determination of the Oxidation state of Fe in Fe304 by

High-resolution X-ray Fluorescence Spectroscopy; S. Fukushima et al.
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Quantitative Determination of the Oxidation state of Fe in

Fe;O, by High-resolution X-ray Fluorescence Spectroscopy

S. Fukushima™, Y. 1t0®, T. Fu;ii® , T. Tochio™, M. Terasawa®, K. Yoshii®

and Y. Yoneda®

(1) ASCA, NIMS,1-2-1 Sengen, Tsukuba, Ibaraki 305-0047 Japan (2) ICR, Kyoto University, Gokasho, Uji,
Kyoto 611-0011, Japan (3) Department of Applied Chemistry, Okayama University, 3-1-1 Tsushima-naka,
Kita-ku, Okayama 700-8530 Japan (4) Department of Physics, Kobe University, 1-1 Rokkodai, Nada, Kobe
657-8501 Japan (5) LASTI, Univ. of Hyogo, 3-1-2 Koto, Kamigouri, Ako, Hyogo 678-1205, Japan (6) JAERI,
SPring-8, 1-1-1 Koto, Sayo-cho, Sayo-gun, Hyogo 679-5148 Japan

The oxidation state analysis of Fe in several kinds of compounds or materials has strongly
been requested, because this information is so important to reveal the expression mechanism
of the property of Fe contained materials. In addition, any technique for this aim should be
non-destructive in practical. On the basis of this point, this group has been investigated for the
application of the combination of High-Resolution X-ray Fluorescence Spectroscopy
(HRXRF) and non-linear least square curve fitting analysis using measured spectra [1] as the
component profiles. The x-ray spectral measurement was executed for using RIGAKU
3570EKI system. This system had the double-crystal monocromator with (+, +) setting [2,3],
and two Si(220) crystals were used as analyzer.

High-resolution Fe Ka,» spectrum of Fe;O4 and the result of the curve fitting analysis are
shown in Fig.1. The result of the analysis shows that about 90% of Fe in Fes;O, should be Fe**.
The similar result was obtained from the experiment using the same type spectrometer in the
SPring-8 BL14B1. In contrast, the case using Fe Kf was shown in Fig.2, and the result of the
analysis show the reasonable conclusion as Fe?*:Fe** = 1:2. Thus, it can be concluded that
using Fe KB is suitable for the quantitative oxidation state analysis in practical. The result of
the oxidation analysis of Fe in RuFeOs will also be presented in the poster. The difference
between Ka.; » and KB, 5 spectra has been investigated on the basis of the considerations.
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Fig.1 The result of the analysis using Fe Ka.. Fig.2 The result of the analysis using Fe Kp.

[1] S.Fukushima, T.Maruyama, K.Yamada and E.Takahashi, Advances in X-ray chemical analysis, Japan,
Vol.25 (1994) 79-91.

[2] Y.Gohshi, H.Kamada, K.Kohra, T.Utaka and T.Arai, Applied Spectroscopy 36 (2) 1982, 171-174.

[3] T. Tochio, Y. Ito, and K. Omote, Phys. Rev. A65 2002, 042502-1~6



The Observation of The Profile Change of Fe Ka, , spectra

using excitation energy around K-absorption Edge

S. Fukushima®™, K. Uchida®, Y. 1to®, M. Huruya®, T. Fujii®®, T. Tochio®,

M. Sato®, T. Ninomiya® and M. Terasawa®

(1) ASCA, NIMS,1-2-1 Sengen, Tsukuba, Ibaraki 305-0047 Japan (2) ICR, Kyoto University, Gokasho, Uji,
Kyoto 611-0011, Japan (3) Department of Applied Chemistry, Okayama University, 3-1-1 Tsushima-naka,
Kita-ku, Okayama 700-8530 Japan (4) Department of Physics, Kobe University, 1-1 Rokkodai, Nada, Kobe
657-8501 Japan (5) JASRI, SPring-8, 1-1-1 Koto, Sayo-cho, Sayo-gun, Hyogo 679-5148 Japan (6) LASTI,
Univ. of Hyogo, 3-1-2 Koto, Kamigouri, Ako, Hyogo 678-1205, Japan

When the oxidation state analysis of Fe using high-resolution X-ray florescence spectroscopy
is carried out, it has often been observed that Fe** state is almost covered by Fe®" state using
W or Rh target, sufficiently higher excitation energy than Fe K-absorption edge. One of the
typical examples is the case of Fe3O,. For investigation about this phenomenon by means of
RIXS, the observation of the spectral change of Fe Ko, emission lines was executed for in
the Fe oxides changing the excitation energy around Fe K threshold.

The high-resolution Fe Ko measurement was executed using RIGAKU 3570EMF system in
BL46XU in SPring-8, which had the double-crystal type monchromator [1,2] with two
Ge(111) crystals.

Fig.1 shows the
measurement result of Fe
Koy, spectra in FesOy
with  the  excitation
energies. All the spectra
shown in this figure were
analyzed with non-linear
least square curve fitting
method with measured y
spectra as the component A — 1 1 ZJ’M}
3r0flles 'II::3'::|h for t the . r ;:‘::'&: TIDDO.E-J; Hi’?;;g;?gﬁﬂcuENER}'GI:();DSI ?160&}0
ecision of the existence ; .
ratio between Fe?*and 6340.00 5352$RGY Gliit;m 640000 Fig.2 The change of Fe Ko peak top
Fe¥". '_I'he result of the Fig.l The profile changg of.Fe ;?tt'[?:l];u%r Ezggretirﬁs; rlctp?gri?c? ncfor\{ﬁ o
analysis and the changes Koo spectra with the excitation . eaion energy.
of the peak top intensity  energy.
of Fe Ka in proportion to the excitation energy was shown in Fig.2. It is so interesting that the
spectrum of FesO, excited with 7117eV shows the almost same profile of FeTiO; (Fe**). And,
the investigation about this phenomenon has been discussed at present.

[1] Y.Gohshi, H.Kamada, K.Kohra, T.Utaka nad T.Arai, Applied Spectroscopy 36 (2) 1982, 171-174.

[2] T. Tochio, Y. Ito, and K. Omote, Phys. Rev. A65 2002, 042502-1~6.

[3] S.Fukushima, T.Maruyama, K.Yamada and E.Takahashi, Advances in X-ray chemical analysis, Japan,
Vol.25 (1994) 79-91.
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Determination of Co and Fe K absorption edge using the
high-resolution X-ray fluorescence emission spectra

Y.1to™, N.Shigeoka™, H.Ohashi®”, T.Tochio®, S.Fukushima®, M.Terasawa',

T.Fujii®, H.Kageyama®, K.Yoshii'”, Y.Yoneda!” and A.Nisawa®

(1) ICR, Kyoto University, Gokasho, Uji, Kyoto 611-0011, Japan (2) Department of Physics, Kobe University,
1-1 Rokkodai, Nada, Kobe 657-8501 (3) ASCA, NIMS,1-2-1 Sengen, Tsukuba, Ibaraki 305-0047 Japan (4)
LASTI, Univ. of Hyogo, 3-1-2 Koto, Kamigouri, Ako, Hyogo 678-1205, Japan (5)Department of Applied
Chemistry, Okayama University, 3-1-1 Tsushima-naka, Kita-ku, Okayama 700-8530 Japan (6)KANSAI Center,
AIST, 1-9-31 Midorigaoka, Ikeda, Osaka 563-8577 Japan (7)JAERI, Spring-8, 1-1-1 Koto, Sayo-cho, Sayo-gun,
Hyogo 679-5148 Japan (8) RIKEN HARIMA INST., 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5148 Japan

For the fluorescent X-ray spectra excited with the energy near or around the absorption edge,
the spectral change generally appears in the profile. One of the important phenomena under
such excitation condition is the process that an inner shell electron is excited to any
unoccupied orbital just below the valence band (resonance excitation) and the subsequent
electron transition from an occupied orbital to inner shell is caused (RIXS). On the other hand,
in the case that no resonance excitation occurs in the atom, the spectral change can be also
observed in the excitation energy region just below the absorption edge (electron Raman
scattering). This kind of change can be interpreted to the excitation of inner shell electron to
the virtual level that is described as the partially unoccupied level. Thus, the emission
spectrum profile appears in the form that is missing in the high energy side of the spectral
profile in the fluorescence region. When the excitation energy goes just under the threshold
for the ejection of the electron to the vacuum level, the profile and peak position of the x-ray
spectrum begin to change. It is considerable that the point between the fluorescent X-ray
region and electron Raman scattering region should correspond to the X-ray absorption edge,
and this fact gives the practical and physical
method to decide the energy value of absorption  s9304 y .

. Ko
edge clearer than the direct measurement of the 7707.2 eV B
absorption edge. s
The experiments were executed for the X-ray g L ‘
emission spectra in Fe and Co, respectively at & .o, \??0?_2 i Koty

SPring-8 BL14B1. The high resolution X-ray
fluorescent spectra were measured using a
RIGAKU system 3570EMF with double-crystal — *
type spectromator [1, 2].

Peak Energy

6890

The result of the measurement of Co Koy, of
metallic Co is shown in Fig.1, for example. Ko 2
spectra show the clear edge at 7707.2eV. The 7700 7740 7780

. . . Excitation Energy [eV]
energy position of this value can be defined as the

. . Fig.1 The changes of the peak positions
absorption energy value of metallic Co K-edge. g of Co Kalgz spectra irr)] metr;llic Co

[1] Y. Gohshi, H. Kamada, K. Kohra, T. Utaka and T. Arai, Applied Spectroscopy 36 (2) (1982) 171-174.
[2] T. Tochio, Y. Ito, and K. Omote, Phys. Rev. A65 (2002) 042502-1~6



Probing the Ba 5d states in BaTiO; and BaSO,: A resonant
X-ray emission study at the Ba-L; edge

Kenji Yoshii'?, Ignace Jarrige!”, Daiju Matsumura®, Yasuo Nishihata'?,
Chikashi Suzuki®®, Yoshiaki 1to®, Takeshi Mukoyama®, Tatsunori Tochio®,
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(1) Japan Atomic Energy Agency, Sayo, Hyogo 679-5148, Japan
(2) Japan Atomic Energy Agency, Tokai, Ibaraki 319-1184, Japan
(3) Kyoto University, Uji, Kyoto 611-0011, Japan
(4) Kobe University, Kobe, Hyogo 657-8501, Japan
(5) National Instutite of Materials Science, Ibaraki 305-0047, Japan

We have directly probed the Ba 5d states in the ferroelectric barium titanate BaTiO3 using
two bulk-sensitive spectroscopic probes, resonant x-ray emission spectroscopy (RXES) and x-
ray absorption spectroscopy in the partial fluorescence mode (PFY-XAS) at the Ba-L3 edge.
The results are compared with those of the non-ferroelectric barium sulfate BaSO,.

The experiments were carried out using synchrotron radiation at the BL-15XU beamline
of SPring-8 [1]. It was found that while the RXES spectra point to a localized character for
the Ba 5d states in both compounds, the main peak of the PFY-XAS spectrum, corresponding
to the dipolar transitions from 2p to 5d, is found to be significantly broader for BaTiO3 than
for BaSO4. On the basis of band structure calculations, this broadening is ascribed to strong
hybridization between the unoccupied Ba 5d and O 2p states in the ferroelectric phase. This
suggests that the hybridization between the conduction states of the Ba** and O ions, and not
only Ti*" and O, plays a central role in determining the electronic structure of BaTiOs, and is
therefore likely to be indirectly correlated with the occurrence of ferroelectricity in this
material.

[1] D. Horiguchi, K. Yokoi, H. Mizota, S. Sakakura, H. Oohashi, Y. Ito, T. Tochio, A. M. Vlaicu, H. Yoshikawa,
S. Fukushima, H. Yamaoka and T. Shoji, Rad. Phys. Chem. 75 (2006) 1830-1834.
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