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Dilute magnetic oxides (DMO) are a significant group of new materials that are interesting for 
application as spintronics. Candidates of these materials possess room-temperature ferromagnetism, 
when doped with few percent of transition metal ions, as for example Mn doped ZnO [1]. In our 
research we focused on the Fe-doped BaTiO3. Barium titanate is a well-known ferroelectric 
material with a perovskite structure. It was reported that doping of barium titanate with iron ions 
leads to ferromagnetism [2-4], thus this material is a good candidate for DMO.  However, in spite 
of reports, which claimed room temperature ferromagnetism in this material [2-4] the nature of 
magnetism is still not clear. Ferromagnetism may appear also from impurities in the material, such 
as clusters or secondary phases. Therefore additional studies on the existence of the intrinsic 
ferromagnetism in Fe-doped BaTiO3 are needed.  

We synthesized two samples of Fe-doped BaTiO3 with the composition BaTi0.98Fe0.02O2.99, and 
annealed them in different atmospheres, one in oxygen and the other nitrogen. We assumed that 
iron incorporation (on Ba or Ti site) depends on annealing atmosphere. Samples were prepared by 
solid state reaction technique. High purity raw materials BaCO3 (99,8%), TiO2 (99,9%), Fe2O3 
(99,945%) were mixed by grinding in planetary mill in the ethanol ambience at 200 rpm for 1 h. 
After mixing powder was divided on two parts and pellets were pressed. Half of material was 
calcined in oxygen atmosphere and other half in nitrogen atmosphere at 1000 oC for 1h. After 
calcination pellets were crashed and mixed in agate mortar. The calcined powders were pressed into 
pellets and sintered at 1250 oC for 5 h in the same atmosphere.. The crystal structure of the samples 
was analysed by XRD, confirming a single phase with (P 4/m m m) crystal structure. 

We used EXAFS and XANES methods to analyse the valance state and site occupancy of Fe in the 
BaTi0.98Fe0.02O2.99 ceramics. X-ray absorption spectra were measured on the beamline C of 
HASYLAB in fluorescence detection mode at room temperature. The samples were prepared in the 
form of homogeneous pellets pressed from micronized powder of Fe-doped BaTiO3 mixed with 
boron nitride powder with total absorption thickness of about 2 above the Fe K-edge. A Si(111) 
double-crystal monochromator was used with 0.5 eV resolution at the Fe K-edge (7112 eV). The 
absorption spectra were collected within -250 eV to 788 eV interval of the Fe K-edge. The three 10 
cm long ionization chambers were filled with 1000 mbar N2, 380 mbar Kr, and 580 mbar Kr, 
respectively. Samples were placed between first and second ionization chamber. The exact energy 
calibration was established with a simultaneous absorption measurement on the Fe metal foil placed 
between the second and third ionization chamber. XANES and EXAFS spectra were analysed with 
IFEFFIT code [5] 

The XANES spectra of the two samples (Fig. 1) are identical, indicating that there is no difference 
in valence state and local symmetry of iron atoms in the samples annealed in different atmospheres. 
Comparison of the XANES spectra of the samples and reference Fe compounds with well-
established Fe2+ and Fe3+ valence states showed that all iron in synthesized samples is in trivalent 
form (Fig. 1, left).   

For EXAFS analysis FEFF6 [6, 7] models were constructed for Fe located on Ba and Ti site, based 
in the  BaTiO3 crystal structure (P 4/m m m). Fe surroundings are significantly different for both 
crystallographic sites Fourier transforms of EXAFS spectra of both samples are almost identical, 
indicating that Fe cations in both samples have very similar local structure. For sample annealed in 
oxygen a very good fit was obtained in the k-interval of  [4 A-1 − 11 A-1] and R interval of [1.2 A-1 
− 4.2 A-1] with the model for Fe on Ti crystallographic site (Fig. 1, right). Only minimal number of 



parameters in the FEFF model were allowed to vary in the fit: the lattice expansion and Debye-
Waller factors for the three closest-neighbour shells. The shell coordination numbers were fixed at 
their crystal structure values. No significant distortion of the local structure around Fe on Ti site 
were detected, and no Fe impurities or secondary phases were detected in the  BaTi0.98Fe0.02O2.99 
samples. Therefore we can conclude, that Fe3+ atoms substituted Ti4+ on B sites of the perovskite 
BaTiO3 host matrix.  Magnetic measurements showed that this well-processed Fe-doped BaTiO3 
ceramics at doping level 2% is nonmagnetic.  

 

 

Figure 1: (left)Comparison of the Fe K-edge XANES spectra of BaTi0.98Fe0.02O2.99 annealed in oxygen and 
nitrogen atmospheres and reference samples with well established Fe2+ (FeSO4) and Fe3+ (Fe2O3) valence 
states; (right) Fourier transform magnitude of the k2-weighted EXAFS spectrum of the BaTi0.98Fe0.02O2.99 
sample annealed in oxygen, calculated in k-interval of [4 A−1 - 11 A−1] . Blue line - experiment, red line – 

best fit EXAFS model. 
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