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Introduction 

X-ray Raman scattering (XRS) spectra of ferroelectric 
BaTiO3 (BTO) were observed under excitation at around 
the Ti K absorption edge. BTO undergoes ferroelectric 
phase transition at about 120ºC from tetragonal 
ferroelectric phase to cubic paraelectric phase. The 
mechanism of the phase transition is still under discussion, 
because the hybridization between Ti and O affect to it 
strongly [1]. In this study, unoccupied Ti 3d state was 
observed by XRS of Ti 2p3d excitation, where underline 
denotes core hole.  

Experimental 
The XRS and Ti K XAS experiments were performed 

at beamlines BL7C and BL15B1. X-ray emission spectra 
having an energy centered at the Ti Kfluorescence lines 
(K1=4510.84 and K=4504.86 eV) were observed. The 
energy resolution for both the Ti K XAS and XRS 
measurements was about 1 eV for 5 keV photon.  

Commercially obtained powder and single domain 
crystals of BTO(100) were used. Resonant XRS spectra 
of powder sample were observed in detail, and the 
azimuth dependence of the XRS spectra was observed for 
the single crystal. BTO has a perovskite structure. Cations 
(nominally Ti4+, Ba2+) are displaced along the c-axis 
relative to the anion (O2-) site, then spontaneous 
polarization (PS) is produced along the c-axis.  

Results and Discussions 
Figure 1 shows Ti K XAS spectrum of powdered BTO. 

Inset shows entire XAS spectrum, while the main panel 
shows pre-edge structure overlapping electric dipole (ED) 
and quadrupole (EQ) transitions, both of which are split 
into t2g and eg states by the ligand field. Excitation energies 
of XRS measurements are denoted by the position of the 
vertical bars and numbers. 

Figure 2 shows azimuth dependence of XRS spectra of 
single crystal BTO(100). The XRS spectra in the 
configuration E//b  and E//c  are shown. Seven Raman 
peaks (P1 - P7) were observed. In the previous XRS study 
of TiO2, the P1 - P4 were assigned to the unoccupied Ti 3d 
state, while P5 - P7 were assigned to unoccupied Ti 4p 
state. The P1 and P2 correspond to core-exciton of Ti 
2p3/23d(t2g) and Ti 2p3/23d(eg), respectively, while the P3 

and P4 correspond to Ti 2p1/23d(t2g) and Ti 2p1/23d(eg), 
respectively. The eg states have orbits along the Ti-O 
bonds, while t2g states have orbits pointing between two 
Ti-O bonds. The result suggests anisotropy of Ti 3d state 
concerning to the spontaneous polarization direction. The 
XRS would reveal the effect of the hybridization to the 
ferroelectric phase transition. 
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Fig.1. Ti K XAS spectrum of BTO. Inset shows entire

XAS spectrum. Main panel shows pre-edge structure
overlapping electric dipole (ED) and quadrupole (EQ)
transitions, both of which are split into t2g and eg states by
the ligand field.  

 
Fig.2. Azimuth dependence of XRS spectra of single 

crystal BTO(100). The XRS spectra in the configuration 
E//b (dot and line) and E//c (solid line) are shown.  
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