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It was reported that barium titanate (BaTiO3), a well-known ferroelectric material with a perovskite 
structure, possesses ferromagnetic properties when it is doped with iron ions up to a few percent, 
thus making a good candidate for the group of dilute magnetic oxides (DMO) [1, 2]. However, 
ferromagnetism may appear also from impurities in the material, such as clusters or secondary 
phases. In our previous study of BaTiO3 doped with 2 atom % of iron (BaTi0.98Fe0.02O2.99 ) we 
found no ferromagnetism and no trace of secondary phases [3]. In this research we extended our 
previous study of magnetism in Fe-doped BaTiO3 ceramics by increasing the amount of Fe up to 
10% and increasing the final annealing temperature. 
 
We synthesized four samples of Fe-doped BaTiO3 with the composition BaTi0.9Fe0.1O2.95, In 
addition we synthesized undoped BaTiO3, as a reference sample. All samples were prepared by a 
solid state reaction method, by the same synthesis steps as in our previous study [3]. Undoped 
BaTiO3 was sintered at 1250 oC in nitrogen atmosphere. Sintering of Fe-doped BaTiO3 ceramics 
was carried out at 1250 oC in oxygen (FBTO1250) and nitrogen (FBTN1250). After sintering, both 
samples were divided into two parts. One part of FBTO1250 was additionally annealed at 1400 oC  
in oxygen (FBTO1400) and one part of FBTN1250 was additionally annealed at 1500 in nitrogen 
(FBTN1500). The crystal structure of the samples was analysed by XRD, confirming a single phase 
(P 63/m m c) of hexagonal crystal structure for FBTO1400 and FBTN1500 samples, and an 
admixture of tetragonal (P 4 m m)  phase to the dominant hexagonal phase for the FBTO1250 and 
FBTN1250 samples. The undoped BaTiO3 reference sample has a single-phase tetragonal structure 
(P 4 m m). 
 
We used Fe K-edge EXAFS and XANES to analyse the valence state and site occupancy of Fe in 
the BaTi0.9Fe0.1O2.95 ceramics. The Fe XAS spectra were measured in fluorescence detection mode. 
In addition we measured Ti K-edge XANES spectra in transmission detection mode to identify 
possible changes of valence state of Ti cation in the structure. All X-ray absorption spectra were 
measured at the beamline A1 of HASYLAB at room temperature. The samples were prepared in the 
form of homogeneous pellets pressed from micronized sample powders mixed with boron nitride 
powder with total absorption thickness of about 2 above the Fe K-edge and Ti K-edge. A Si(111) 
double-crystal monochromator with 1 eV resolution at the Fe K-edge (7112 eV) and 0.7 eV 
resolution at the Ti K-edge (4965 eV) was used. The absorption spectra were collected within the 
interval from -250 eV to 1000 eV of the Fe K-edge and -250 eV to 240 eV of the Ti K-edge. The 
three 10 cm long ionization chambers were filled with 950 mbar N2, 350 mbar Ar, and 530 mbar 
Ar, respectively, for measurements of Fe K-edge spectra. For Ti XANES spectra the ionization 
chambers were filled with 600 mbar N2, 160 mbar Ar, and 230 mbar Ar + 300 mbar N2, 
respectively. The exact energy calibration was established with a simultaneous absorption 
measurement on the Fe and Ti metal foils placed between the second and third ionization detector. 
XANES and EXAFS spectra were analysed with IFEFFIT code [4]. 

XANES analysis shows that there is no difference in valence state and local symmetry of iron 
atoms for all four samples of BaTi0.9Fe0.1O2.95 ceramics. Fe is in trivalent form as in the case of 2% 
doping [3]. Ti K-edge XANES spectra of the Fe-doped samples are identical. Ti XANES of the 
reference undoped BaTiO3 (Fig. 1 left) exhibits a slightly different shape, due to the difference in 



crystal structures: the tetragonal against the prevailing hexagonal in Fe-doped BaTiO3 ceramics. A 
comparison of the energy position of Ti K-edge of the samples with well-established references 
with Ti4+ valence state shows that all titanium in the samples is in +4 state. Qualitative EXAFS 
analysis shows that the local neighbourhood of Fe in all samples of Fe-doped BaTiO3 is similar 
(Fig. 1 right), with small but significant differences in the first coordination shell. In magnetic 
measurements the samples annealed at 1250 oC. exhibit a very low saturation magnetization. 
However, after additional annealing at a higher temperature the saturation magnetization suddenly 
increases. The increase of magnetisation is correlated with observed structural changes in the local 
Fe neighbourhood. 
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Fig. 1 (Left) Comparison of the Ti K-edge XANES spectra of BaTi0.9Fe0.1O2.95 ceramics (green - FBTN1500, 
blue - FBTO1400 samples, red - FBTN1250 and orange - undoped BaTiO3 reference sample with well-

established Ti4+ valence state. (Right) Comparison of Fourier transforms magnitudes of the k3-weighted Fe 
EXAFS spectra of BaTi0.9Fe0.1O2.95 ceramics. The spectra are displaced vertically for clarity. 
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