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the Bi1−xLnxFeO3 ferroelectrics doped with Mn3+/4+ [17, 18] 
and Ti4+ [19, 20] ions. Taking into account that the aliovalent 
doping results in the appearance of cation vacancies in the 
host lattice [21], one can conclude that the presence of lat-
tice defects dramatically affects the stability of the cycloidal 
modulation and unlocks the weak ferromagnetic moment pre-
dicted by crystal symmetry of BiFeO3 [22]. Indeed, recent 
investigations of the Bi1−xCaxFe1−yByO3 (B = Mn3+/4+, Ti4+) 
systems have found that B-site substitution that results in the 
elimination of oxygen vacancies suppresses a wFM contribu-
tion specific to the lightly-doped Bi1−xCaxFeO3−x/2 ferrites 
[23, 24]. Over-compensatory Ti4+ doping (which should pro-
duce cation vacancies) [21] restores the wFM phase [23]. To 
support the hypothesis that lattice defects can play a key role 
in the development of spontaneous magnetization in the polar 
phase of BiFeO3-based perovskites, investigation of the effect 
of Ti4+ for Fe3+ substitution on the multiferroic behavior of the 
ferroelectric and antiferromagnetic Bi0.9La0.1FeO3 was carried 
out (the light La doping was used to hamper the formation of 
impurity phases [1, 25]; the particular chemical composition 
was selected in accordance with the structural phase diagram 
for the Bi1−xLaxFeO3 system) [14].

2. Experimental

Ceramic samples of Bi0.9La0.1Fe1−yTiyO3 (0  ⩽  y  ⩽  0.1) were 
prepared by a conventional solid-state reaction method using 
the high-purity oxides Bi2O3, La2O3, Fe2O3 and TiO2 (Sigma-
Aldrich, ⩾99%). The reagents were taken in stoichiometric 
cation ratio, mixed using an agate mortar and pressed into pel-
lets of 10 mm diameter and 2–3 mm thickness at applied load 
of 1 tonne for 1 min. The synthesis was carried out in air at 
950 °C for 30 h. X-ray diffraction (XRD) was performed on 
crushed pellets. XRD patterns were collected over a 2θ range 
of 15°–100° in steps of 0.01° and exposition of 2 s per step 
using a Bruker D8 Advance diffractometer with Cu Kα radia-
tion. The data were analyzed by the Rietveld method using the 
FullProf program [26]. Microstructural characterization was 
performed on gold-coated fractured surfaces using a VEGA-3 
SB (TESCAN) scanning electron microscope (SEM) oper-
ated at an accelerating voltage of 30 kV. Local ferroelectric 
properties were investigated with piezoresponse force micros-
copy (PFM) using a commercial setup NTEGRA Prima (NT-
MDT). The NSG30 probes with a resonance frequency around 
300 kHz were used. Domain visualization was performed on 
mechanically-polished surfaces under an applied ac voltage 
with an amplitude Vac = 5 V and frequency f = 100 kHz. 
Magnetic measurements of ceramic samples were performed 
with a cryogen-free Physical Properties Measurement System 
(PPMS DynaCool, Quantum Design).

3. Results and discussion

Powder XRD patterns obtained for the Bi0.9La0.1Fe1−yTiyO3 
(0  ⩽  y  ⩽  0.1) compounds at room temperature were success-
fully indexed using the hexagonal cell with =a a2 p and 

=c c2 3 p ( ≈a cp p ~4 Å are the parameters of the primitive 

pseudo-cubic perovskite subcell) to yield the extinctions of 
reflections consistent with the space group R3c (figure 1). The 
decrease of the splitting of fundamental reflections indicating 
the suppression of the rhombohedral distortions was found in 
the Bi0.9La0.1Fe1−yTiyO3 (0  ⩽  y  ⩽  0.1) series with increasing 
Ti content (inset in figure 1). The character of change of the 
lattice distortions (which can be described in terms of the 
deviation of the =a c a c/ 6 /p p  ratio from the value charac-
teristic of the ideal perovskite structure ( =a c/ 1p p )) can be 
followed from the compositional dependence of the normal-
ized cell parameters (figure 2). In accordance with a change 
of the average ionic radius of the B-sublattice ions ( +rTi4  = 

Figure 1. Observed, calculated and difference x-ray diffraction 
patterns obtained for the Bi0.9La0.1FeO3 compound at room 
temperature (S. G. R3c; a = b = 5.5787(1) Å, c = 13.8050(1) Å). 
The low intensity peaks seen at around 20° and 29° are due to the 
small Kβ component of the radiation leaking through the Kβ filter 
(Ni foil placed before detector) as ‘images’, at lower angles, of the 
very strong corresponding Kα peaks. The change in intensity seen 
near the fundamental reflections (1 0 0)p and (1 1 0)p (at around 22° 
and 31°, respectively) is due to the Ni absorption edge of the Kβ 
filter. The inset shows selected Bragg peaks reflecting the influence 
of Ti substitution on the crystal structure.

Figure 2. Compositional dependences of normalized lattice 
parameters and primitive cell volume for the Bi0.9La0.1Fe1−yTiyO3 
system. The straight lines are linear fit reflecting a Vegard’s law 
behavior.
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