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Fig. 1 Unit cell of Barium titanates. An arrow indicates displace-
ment of a Ti ion from the body-center position, i.e. an elec-
tric dipole moment in the unit cell.
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(a) Fluorescence X-ray  (b) Raman Scattering

Fig. 2 Two intrinsically different X-ray emission processes. (a)
Fluorescence X-ray or (also known as) characteristic X-ray:
the incident X-ray excites a core electron followed by the de-
excitation of a shallower core electron. (b) Raman Scatter-
ing: the incident X-ray excites a core electron followed by the
coherent de-excitation of the electron via charge-transfer
(CT) excitations or crystal field (dd) excitations.
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Fig. 3 Schematic transition diagram of the X-ray Raman scattering
in the X-ray emission process. Taking pd hybridization into
account, the |d®> ground state is hybridized with the |d', L)
states with different symmetry through a configuration inter-
action to form a ground state | GS) and two charge-transfer
states, | CT1) and | CT2) as an initial state |i>. Black (Blue)
arrows correspond to the elastic (Raman) processes.
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Fig. 4 Ti KB resonant X-ray emission spectrum of BaTiO;. The ex-
citation energy of the incident X-ray, which is equal to the
elastic peak energy, is tuned to the white-line peak of the ab-
sorption spectrum shown in the inset. Besides the four
fluorescence peaks (KB, 3, KB, KB", KpB»s), two faint Ra-
man peaks (CT1 and CT2) are observed.
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Fig. 5 Enlarged graphs of Ti Kf resonant X-ray emission spectra of BaTiO; around the CT peaks. (a) Temperature de-
pendence of the powder sample. (b) Particle-size dependence of the nanopowder samples. (¢) Electronic field de-
pendence of a crystalline sample. For each graph, tetragonal distortion of the sample is increased from bottom to

top with an offset for each spectrum.
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Fig. 6 Temperature variation (a) and particle-size dependence (b)
of X-ray diffraction pattern around {200} peaks of BaTiO;.
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Local electric polarization of a typical ferroelectric
barium titanate probed by resonant X-ray emis-
sion spectroscopy

Nobuo NAKAJIMA Graduate School of Science, Hiroshima University
Higashi-Hiroshima 739-8526, Japan

Abstract With the rapid improvement of nanofabrication techniques of electronic devices, an atomic-scale
characterization is required to understand the electric field response of dielectric materials in
multilayer ceramic capacitors. We have intensively studied the dielectric property of a typical fer-
roelectric material, BaTiO3, using resonant X-ray emission spectroscopy, with a focus on the
covalency between Ti4* cations and O2~ anions. Especially, Raman scatterings mediated by char-
ge-transfer excitations contain local information around the emitting atoms, since the scattering is
a rapid-response and coherent second-order optical process. This enables one to observe applied
field response of a single electric polarization in dielectric domains. In BaTiOs, it is found that the
electric dipole moment remains above the Curie temperature with sufficient intensity, and that the
displacive-type mechanism of ferroelectric phase transition becomes conspicuous in nanoparti-
cles, leading to novel properties such as gigantic enhancement of dielectric constant.
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