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Perovskite-type ferrites (R1-xAxFeO3-δ, where R is a rare-earth element and A is Ca, Sr, or 
Ba) exhibit unique electrical, magnetic, and catalytic properties. These make them suitable for 
various applications, such as cathode materials for solid oxide fuel cells [1–3] and catalysts 
[4,5]. In substituted La1-xSrxFeO3-δ ferrite, an increase in the number of oxygen vacancies can 
be achieved by high-temperature vacuum annealing. Our previous work showed that this 
process was accompanied by a change in the oxidation state of iron ions from a mixed Fe3+/Fe4+ 
state to a purely Fe3+ [6–9]. The resulting compositions can be described by the formula La1-

xSrxFeO3-x/2. The equiatomic La0.5Sr0.5FeO2.75 composition corresponds to the maximum 
oxygen vacancy concentration in the series and exhibits a cubic structure (Pm ̅3m space group) 
for the metal sublattice[8]. Notably, these compounds have antiferromagnetic ordering, for 
instance, the LaFeO3 and SrFeO2.5 ferrites are antiferromagnets at room temperature (TN ~750 
K [10,11] and ~690 K [12], respectively). 

Although the La0.5Sr0.5FeO2.75 ferrite is considered a key composition for practical 
applications, it remains unexplored within the La-Sr ferrite system. Low-temperature behavior 
has been observed for La-Sr ferrites [13, 14]. We decided to study this ferrite using neutron 
diffraction as a direct method to investigate its crystal and magnetic structures. 

A polycrystalline La0.5Sr0.5FeO3-δ sample was synthesized by a glycine-nitrate combustion 
method and subsequently annealed at 1100°C for 10 h in air. Details of the preparation 
procedure are described in [6]. After synthesis, the as-prepared La0.5Sr0.5FeO3-δ ferrite was 
annealed in vacuum (10-6 Torr) at 650°С for 10 h to reduce oxygen concentration. 

Neutron diffraction data were acquired on the DN-12 diffractometer at the IBR-2 reactor 
with the detector rings positioned at 55° scattering angles. The powder bulk sample of 
La0.5Sr0.5FeO2.75 in an aluminum container was cooled in a closed-cycle cryostat to about 14 K 
and diffraction patterns were collected at eight temperature points up to RT (292 K).  

  

Fig. 1 Left: Neutron diffraction pattern of La0.5Sr0.5FeO2.75 at 292 K. The bottom curve (Yobs-Ycal) represents 
the difference between the experimental data and calculated data. The vertical bars indicate the position of 
magnetic (bottom) and nuclear Bragg (top) peaks. Right: Temperature dependence of the magnetic moment 
values of Fe ions obtained by Rietveld refinement. The blue curve is a guide to the eye 
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Figure 1 (Left) presents the results of the Rietveld refinement of the room-temperature 
diffraction pattern performed using the FullProf program suite. The fit converged with Rp = 
15.3% and Rwp = 14.2%. The lattice parameter a=3.907 Å are agrees with the cubic Pm ̅3m 
structure reported recently [8] for the metal sublattice of the ferrite. The crystal phase Bragg R-
factor is 11.5%. An excess intensity is observed in the difference curve for the (211) reflection. 
This reflection is purely crystallographic, with no magnetic contribution. This effect is likely 
due to higher oxygen content in these planes, since oxygen ions contribute significantly to the 
overall scattering. Consequently, the symmetry of the structural refinement should be lowered 
to resolve this discrepancy. 

A magnetic reflection at 4.5 Å corresponding to the antiferromagnetic phase was observed. 
The magnetic contribution was fitted using a model with G-type antiferromagnetic ordering and 
a doubled lattice parameter. A magnetic R-factor of 3.61% was obtained. 

The temperature dependence of the magnetic moment of the iron ions is shown in Fig. 1, 
Right. The variations of the magnetic moment below ~200 K are rather sluggish, while a small 
drop (~18%) is observed above ~200 K. Additional experiments planned in the near future will 
help to determine the exact temperature interval of this change and provide insights into its 
origin.  
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