
V A Khomchenko and J A Paixão 

3

Bi0.95Ca0.05Fe1−xTixO3−δ [x  =  0, 0.05, 0.1; δ  =  (0.05  −  x)/2] 
series [28] (inset in figure 1). The irregular character of the 
cell volume change should be associated with the mechanism 
of charge compensation specific to these materials. Similarity 
of the cell volumes characteristic of the Bi0.9Ca0.1Fe0.95Ti0.

05O2.975 and Bi0.9Ca0.1Fe0.9Ti0.1O3 compounds seems to origi-
nate from the two mutually compensating effects: compres-
sion of the cell upon Ti4+ for Fe3+ substitution ( +rTi4   =  0.605 
Å  <  +rFe3   = 0.645 Å) [38] and expansion of the cell due to the 
substitution-driven elimination of oxygen vacancies [39]. At 
x  >  0.1, charge compensation is expected to be achieved by 
creating cation vacancies [36, 37], and thus a drop of the unit 
cell volume should be observed.

The Bi0.9Ca0.1FeO2.95 perovskite is known to be a weak 
ferromagnet [22, 29]. Spontaneous magnetization typical of 
this material (Ms  ≈  0.22 emu g−1) [22] is close to the mag-
netization releasing upon the magnetic field-driven removal 
of the cycloidal modulation in BiFeO3 (Mi  ≈  0.25 emu g−1) 
[15]. Magnetic measurements of the Bi0.9Ca0.1Fe1−xTixO3−δ 
(x  ⩽  0.1) compounds have revealed a trend towards suppres-
sion of the weak ferromagnetic contribution with increasing Ti 
content (i. e., with decreasing concentration of oxygen vacan-
cies) [figure 2; the M(H ) loop for the x  =  0 sample (whose 
properties were described in details in [29]) is given for the 
comparison]. The Bi0.9Ca0.1Fe0.9Ti0.1O3 compound, which 
is supposed to have the lowest concentration of vacancies 
in the lattice, exhibits a negligible remanent magnetization 
and demonstrates a typical metamagnetic behavior associ-
ated with the field-induced melting of the magnetic cycloid 
[15]. The results confirm the key role of oxygen vacancies in 
the development of spontaneous magnetization in the polar 
phase of the Ca-doped BiFeO3 and support the suggestion 
that the spin cycloid should be unstable with respect to the 
local strain fields generated by structural defects [40]. Despite 
the decrease of the remanent magnetization observed with 

increasing Ti content, the high-field magnetization (related to 
the field-stabilized weak ferromagnetic state) increases with 
increasing Ti concentration (figure 2). This behavior should be 
associated with the increase of the strength of superexchange 
interactions Fe-O-Fe taking place as a result of the filling of 
oxygen vacancies.

The appearance of remanent magnetization which has pre-
viously been found in the Bi0.9Ca0.1Fe0.9Ti0.1O3 compounds 
(Mr  ≈  0.1 emu g−1) [30–32] can be associated with a chem-
ical inhomogeneity of the samples. Indeed, a local deviation 
from the nominal chemical composition giving rise to the 
formation of Ti-enriched clusters could yield a weak ferro-
magnetic behavior characteristic of the BiFe1−xTixO3 solid 
solutions [37]. Similar to the effect produced by rare-earth 
doping [16], the Ca2+/Ti4+ co-substitution results in decrease 
of the critical field required to destroy the spin cycloid (in the 
x  =  0.1 compound, the antiferromagnetic-weak ferromag-
netic transformation starts at H ~ 30 kOe to be completed at 
H ~ 60 kOe) (figure 2). Being superimposed on the intrinsic 
effect associated with the substitution-related instability of 
the cycloidal modulation [16], the deviation from the average 
chemical composition could trigger the appearance of weak 
ferromagnetic clusters. Indeed, in the Bi0.9La0.1FeO3 anti-
ferromagnet, 2% Ti4+ doping results in the establishment 
of weak ferromagnetic state with the remanent magnetiza-
tion of ~0.25 emu g−1 [41]. A similar effect has also been 
reported for the Ti-substituted Bi0.9Nd0.1FeO3 [42]. The effect 
of over-compensatory Ti4+ doping can be illustrated by com-
paring the magnetic properties of the x  =  0.1 and x  =  0.15 
compounds (figure 3). The x  =  0.15 sample demonstrates the 
M(H) dependence expected for weak ferromagnets (Ms  ≈  0.3 
emu g−1). A high coercivity (Hc  ≈  9 kOe) specific to this 
compound rules out the possibility that the weak ferromag-
netic behavior is due to the presence of ferrimagnetic impurity  
γ-Fe2O3 (Hc ~ 0.1 kOe). The weak ferromagnetism can hardly 

Figure 2. Field dependences of the magnetization obtained for 
the Bi0.9Ca0.1Fe1−xTixO3−δ (x  =  0, 0.05, 0.1) compounds at room 
temperature.

Figure 3. Field dependences of the magnetization obtained for 
the Bi0.9Ca0.1Fe1−xTixO3−δ (x  =  0.1, 0.15) compounds at room 
temperature.
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