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1   Introduction 
BaTiO3 (BTO) is one of the typical ferroelectric 

materials having perovskite structure and undergoes 
ferroelectric phase transition at TC (~120ºC) from 
tetragonal ferroelectric phase to cubic paraelectric phase. 
The cations (nominally Ti4+, Ba2+) are displaced along the 
c-axis relative to the anion (O2-) site and spontaneous 
polarization is developed along the c-axis at room 
temperature. Though the BTO is classified into 
displacement type phase transition in general, the 
mechanism of the transition has not been elucidated fully 
yet, because the hybridization between Ti and O affects 
strongly [1]. We have reported X-ray Raman scattering 
(XRS) spectra of BTO observed under excitation at 
around the Ti K absorption edge, which showed 
anisotropic electronic structure of unoccupied Ti 3d state 
at room temperature [2]. In this study, azimuth 
dependence of the XRS was observed to investigate the 
anisotropy in high temperature paraelectric phase. 

 
2   Experiment 

The XRS and Ti K XAS experiments were performed 
at beamline BL7C. Single crystal BTO(100) having 
single domain was used in this study. A sample holder 
that can rotate the sample around c-axis at high 
temperature was installed to the x-ray emission 
spectrometer (ESCARGOT). Temperature were raised 
gradually from room temperature to about 150°C via TC. 
 
3   Results and Discussion 

Figure 1 shows Ti K XAS spectra of paraelectric 
BTO(100) at 150°C observed by partial photon yield 
(PPY) method that detect the emission around the Ti Kα 
fluorescence peak. Inset shows entire XAS spectrum, 
while main panel shows pre-edge structures. It is known 
the pre-edge structures are overlapping between electric 
dipole (ED) and quadrupole (EQ) transition peaks, both 
of which are split into t2g and eg states by ligand field [3]. 
In the figure, both the XAS spectra excited along c-axis 
(E//c) and b-axis (E//b) are shown. There is no significant 
difference between these spectra, though the XAS spectra 
showed clear anisotropy in ferroelectric phase. The XRS 
measurement was observed under excitation energy just 
below Ti K absorption edge (4965.5eV) as denoted by the 
arrow in the figure. 

Figure 2 shows azimuth dependence of XRS spectra of 
BTO(100) at 150°C, where the XRS spectra of E//b and 

E//c are shown. The low energy four peaks (P1~P4) are 
the XRS by Ti 2p3d and the high energy three peaks 
(P5~P7) are the XRS by Ti 2p4p excitations, where 
underline denote core-hole, which reflect unoccupied Ti 
3d and Ti 4p density-of-states, respectively [4]. The XRS 
spectra, which showed clear anisotropy at eg peaks in 
ferroelectric phase [2], changed to isotropic gradually 
with increased temperature. Fig. 2 shows the spectra at 
paraelectric phase, but it still shows small anisotropy at eg 
peaks (P2, P4). The result suggests that there is a residual 
anisotropy of Ti 3d state in paraelectric phase and the 
phase transition of BTO includes order-disorder aspects. 

 
References 
[1] R.E. Cohen, Nature 358, 136 (1992).  
[2] Y. Tezuka, et al., PF Act. Rep. 2010, #28, 92(2011) 
[3] T. Uozumi, et al., Europhys. Lett. 18, 85 (1992). 
[4] Y. Tezuka, et al., PF Act. Rep. 2006, #24, 69(2007). 
* tezuka@cc.hirosaki-u.ac.jp 

4960 4962 4964 4966 4968 4970 4972 4974
≑

≑

≑

egt2g

 E//c
 E//b

Photon Energy (eV)
In

te
ns

it
y 

(a
rb

.u
ni

t)

BaTiO3 (100)≑

PPY

EQ

ED

t2g eg

150C
4965.5eV

Ti 4p

4960 4970 4980 4990 5000

≑≑

≑

Ti3d

Photon Energy (eV)

 
Fig.1 XAS spectra of paraelectric BTO(100) observed 

by partial photon yield method (inset) and pre-edge 
structures (main).
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Fig.2 Azimuth dependence of XRS spectra of 

paraelectric BTO(100). 


