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Isothermal structural transitions, magnetization and large piezoelectric response in
Bi1−xLaxFeO3 perovskites
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We report on the discovery of an isothermal structural transition observed in Bi1−xLaxFeO3 (0.17 � x � 0.19)
ceramics. At room temperature, an initially pure polar rhombohedral phase gradually transforms into a pure
antipolar orthorhombic one. The polar phase can be recovered by annealing at T > 300 ◦C. In accordance with
neutron powder diffraction data, an inverse isothermal antipolar-polar transition takes place at T > 300 ◦C,
where the polar phase becomes more stable. The antipolar phase is characterized by a weak ferromagnetic state,
whereas the polar phase has been obtained in a mixed antiferromagnet–weak ferromagnet state. The relatively low
external pressure induces polar-antipolar transition, but there is no evidence of electric-field-driven antipolar-polar
transition. The observed large local piezoelectric response is associated with structural instability of the polar
phase, whereas local multistate piezoelectric loops can be related to the domain wall pinning effect.
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I. INTRODUCTION

BiFeO3 is a very rare example of a single-phase mate-
rial in which ferroelectricity, antiferromagnetism, and fer-
roelasticity coexist in a broad temperature range.1 High
transition temperatures and a large spontaneous polarization
make this compound a good candidate for various device
applications.1 Intriguing behavior was recently found in
lanthanide-substituted compounds.2–7 Namely, double polar-
ization hysteresis loops and enhanced piezoelectric activity
(up to 110 pm/V, compared with 60 pm/V for parent BiFeO3)
were revealed in Sm-doped thin films at the phase boundary
of a rhombohedral-to-orthorhombic phase transition.2,3 A
similar structural transition was also observed in ceramic
samples of the Bi1−xNdxFeO3 system around x = 0.15.4–6

Crystal structure refinement showed that the Bi0.85Nd0.15FeO3
possessed an antipolar orthorhombic structure (the space group
Pbam can be used as a first approximation to describe the
structure of the room-temperature phase), which transforms
into nonpolar Pnma on heating slightly above 300 ◦C.4–6

The origin of the double hysteresis loops and corresponding
enhancement of the piezoelectric properties of Bi1−xSmxFeO3
thin films was discussed in terms of the electric-field-induced
transition from a nonpolar orthorhombic (Pnma) to a polar
rhombohedral (R3c) phase.7

Taking into account the results of recent research,2–7 we
decided to reinvestigate the Bi1−xLaxFeO3 system in a broad
range of lanthanum concentrations. In previous studies, it
was reported that x � 0.15 compounds possessed a polar
structure (space group R3c).8,9 For higher lanthanum con-
centrations, data on structural state and physical properties
of the system were contradictory,6,9–11 because the sample
preparation procedure was not optimized. In this paper, we
report on the striking structural, magnetic, and piezoelectric

behavior observed in Bi1−xLaxFeO3 multiferroics near the
polar-antipolar phase boundary.

II. EXPERIMENTAL

Ceramic samples of Bi1−xLaxFeO3 (x = 0, 0.16 <∼ x <∼
0.5) were prepared by a solid-state reaction technique using
the high-purity oxides Bi2O3, La2O3, and Fe2O3 taken in a
stoichiometric ratio and thoroughly mixed using a planetary
mill (Retsch). Pure BiFeO3 was synthesized at 870 ◦C for
10 min. Doped compounds were prepared at 950–1040 ◦C
for 15 h (synthesis temperature was increased with increasing
lanthanum content).

X-ray diffraction (XRD) patterns were collected at room
temperature using a DRON-3M diffractometer with CuKα

radiation. Neutron diffraction data were obtained using a
high-resolution neutron powder diffractometer E9 (Fire-
pod) at the Berlin Neutron Scattering Center (BENSC) of
Helmholtz-Zentrum Berlin (HZB). A neutron beam with
a wavelength of 1.7977 Å was generated from a Ge
(511) monochromator. The crystal and magnetic structures
were analyzed by the Rietveld method using the FullProf
program.12

Local ferroelectric properties were investigated with
piezoresponse force microscopy (PFM) using a commercial
setup NTEGRA Prima (NT-MDT). The setup was calibrated
using commercial PZT (52/48) films (Inostek). Measurements
were performed under an applied ac voltage with amplitude
Vac = 2.5 V and frequency f = 50 kHz. Piezoresponse versus
dc voltage hysteresis loops [deff

33 (V)] were measured in
the pulse dc mode.13 A commercial tip-cantilever Arrow
Silicon SPM Sensor system (Nano World) was used. Magnetic
properties of the samples were investigated with a SQUID
magnetometer (MPMS-5; Quantum Design).
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III. RESULTS AND DISCUSSION

A. Crystal structure

Figure 1(a) shows XRD data obtained at room temperature
for an x = 0.18 compound prepared at 970 ◦C. The spectrum
was collected from the flat of the pellet immediately after
the synthesis. One can see that the XRD pattern can be fitted
using a polar rhombohedral R3c model characteristic of pure
BiFeO3. Figure 1(b) demonstrates the XRD spectrum collected
after 5 days of holding the pellet at room temperature. The
pattern can be fit well using an antiferroelectric orthorhom-
bic PbZrO3-like model, previously successfully applied to
Bi0.85Nd0.15FeO3 ceramics.4,5 It is important to note that the
previous electron diffraction study of the orthorhombic phase
showed that it has the Pnam structure, combining a complex
(a−a−c+)/(a−a−c−) octahedral tilting with antipolar dis-
placements of A-site cations along the [110/1̄1̄0]c directions of
the parent cubic perovskite cell.4 However, it was also proven
that this NaNbO3-like tilting is not strong and/or sufficiently
ordered to give clear superlattice reflections in conventional
x-ray or neutron diffraction experiments.4,5 Accordingly, the
space group Pbam (combines a−a−c0 octahedral tilting with
antipolar displacements of A-site cations along the [110/1̄1̄0]c
axis; the structure is characteristic of PbZrO3 perovskite)14

can be used in practice.4,5 The primitive-cell volume for the

(a)

(b)

(c)

FIG. 1. (Color online) Observed, calculated, and difference XRD
patterns obtained for x = 0.18 samples: (a) immediately after
synthesis; (b) after 5 days at room temperature; and (c) obtained
for relaxed samples, x = 0.175, and fitted in the two-phase model.
Upper ticks denote Pbam; lower ticks, R3c.

Pbam lattice is about 0.2% smaller than that obtained for the
R3c one. For an x = 0.175 compound, x-ray diffraction pattern
obtained immediately after synthesis was satisfactorily fitted
using the rhombohedral structural model. Holding the sample
for 5 days at room temperature resulted in the appearance of a
mixed structural state with a strongly dominant orthorhombic
phase [Fig. 1(c)]. The roughly estimated phase ratio is 4:1.
XRD measurements performed after 2 months did not reveal
any structural changes. However, the initial rhombohedral
phase became dominant (about 60%–70%) after annealing of
both x = 0.175 and x = 0.18 samples at 350 ◦C for 1 h. The
traces of the orthorhombic phase were still detected after 1 h
of annealing at 600 ◦C, however, they completely disappeared
after heat treatment for 10 h. Complete disappearance of the
orthorhombic phase can also be achieved either via long-time
annealing (20 h) at a moderate temperature (480 ◦C) or
using short-time annealing (30 min) at 900 ◦C. A cool-down
to 5 K has almost no effect on the phase ratio at room
temperature. The rhombohedral structure of the x = 0.16
compound is stable under ambient conditions; no changes
in x-ray diffraction patterns were detected during a 3-month
control.

It is worth noting that the sample cooling rate does not
affect the structural behavior: both quenched, from 350 ◦ to
970 ◦C, and slowly cooled (100 ◦C/h) samples have similar
XRD patterns. However, both the duration and the temperature
of the annealing are important: a higher temperature and longer
duration of heat treatment favor a recovery of the rhombohedral
phase at room temperature. Samples synthesized at a higher
temperature and characterized by a larger average grain size
demonstrate much faster structural transformation at room
temperature, and complete isothermal transition into the
orthorhombic phase can take only 1 day. So, one could suggest
that the rearrangement and accumulation of structural defects
during annealing and/or synthesis play an important role in the
recovery of the rhombohedral lattice.

Somewhat different XRD results were obtained for the
x = 0.18 sample ground into a powder immediately after
synthesis. (Scanning electron microscopy measurements gave
an average grain size of about 4 and 13 μm for powder
and bulk samples, respectively.) For ground samples, traces
of the Pbam phase (less than 5%) were detected. This
powder was subjected to the low pressure of 0.2 GPa applied
at room temperature for 5 min. The following XRD data
confirmed the complete transformation into the Pbam phase.
It is worth noting that this pressure value is comparable to
the internal stresses typically occurring within ceramics.15

The pressure-induced polar-antipolar (R3c to Pbam) phase
transition has been observed in parent BiFeO3 at a much higher
pressure.16 This transition is directly related to a smaller unit
cell volume of the antipolar phase. The samples ground into
a powder also exhibit an isothermal structural transition as
well as complete recovery of the polar phase with annealing
at 600 ◦C during 12 h. However, there is no evidence of a
completed isothermal transition into the Pbam phase. Taking
these facts into account, one could suggest that the strain/stress
redistribution inside the grains (or strain relief) along with
the structural defect rearrangement plays an important role
also for the occurrence of isothermal structural transformation
under ambient conditions. To our knowledge, this is the first
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evidence of isothermal polar-antipolar structural transition for
ceramics. Isothermal martensitic-like transitions have been
reported earlier for many metallic alloys.17

Further increasing the lanthanum content hampers the
formation of the rhombohedral phase. XRD data are in
agreement with the assumption that compositions with
x > 0.20 have an orthorhombic structure closely related to
the antipolar PbZrO3-type one. However, there are some
changes in XRD pattern leading to poor resolution of some
small superstructural diffraction peaks in the Pbam model.
The basic perovskite peaks can be well described using a√

2a × √
2a × 2a orthorhombic unit cell (a is the parameter

of the cubic perovskite subcell), however, we failed to describe
well all the peaks associated with antipolar displacements
using a commensurate antipolar

√
2a × 2

√
2a × 2a supercell.

So, one could suggest that the basic orthorhombic symmetry
is retained and some changes in XRD patterns are associated
with the modulated antipolar ordering. This type of structure
is preserved up to the x = 0.45 composition; intensities of the
peaks associated with antipolar displacements decrease with
increasing lanthanum content. The crystal structure of x > 0.5
compounds is well described with the nonpolar Pnma space
group. Apparently, the change in antipolar order is the result
of the high concentration of lanthanum ions that are polar-
inactive and destabilize the commensurate antipolar order.
It is probable that the crystal structure descriptions reported
earlier6,9–11 are associated with incorrect identification of the
superstructure peaks as impurities and/or with a synthesis
temperature that is too low, which could give rise to chemical
inhomogeneity.

Results of the neutron diffraction measurements performed
on samples crushed into a powder confirm the conclusions of
the XRD data analysis. For the x = 0.185 compound (whose
XRD measurement performed immediately after synthesis
revealed an initially rhombohedral structure), NPD spectra
were collected at 20 ◦, 240 ◦, 340 ◦, 420 ◦, and 700 ◦C. As
expected, the room-temperature NPD data were reasonably
well fitted using the antiferroelectric Pbam model. However,
it was found that the agreement between experimental and
calculated patterns could be improved by introducing an
additional structural phase, R3c. Using a two-phase structural
model allowed us to reduce χ2 from 9.84 to 7.93, so we are
inclined to think that the minor part (∼7.5%) of the initial
structural phase survived during the isothermal transformation.
Increasing the temperature was found to change the phase ratio.
A fraction of the rhombohedral phase rises to 10.5%, 24%,
and 53% with an increase in temperature to 240 ◦, 340 ◦, and
420 ◦C, respectively, thus demonstrating a gradual antipolar-
to-polar structural transformation upon thermal excitation. At
700 ◦C, the compound possesses a single-phase orthorhombic
Pnma structure. Characteristic NPD patterns of the x = 0.185
compound are shown in Fig. 2. Structural data obtained by the
Rietveld refinement of NPD spectra at selected temperatures
are summarized in Table I.

Using of the two-phase model (Pbam + R3c) in the NPD
refinement of the x = 0.25 sample at room temperature did
not improve reliability factors of the fit in contrast to the
x = 0.185 sample. For the single-phase Pbam model, the
overall difference between observed and calculated profiles

FIG. 2. (Color online) Observed (circles), calculated (solid line),
and difference patterns resulting from Rietveld analysis of neutron
powder diffraction data for the x = 0.185 sample obtained at 960 ◦C.
Bragg reflections are indicated by tick marks.

was rather good as shown in Fig. 3; however, detailed
verification of the fitting revealed the existence of several
low-intensity peaks, which cannot be adequately fit by the
mentioned model (see the insets in Fig. 3). Very similar
NPD patterns were also collected at 220 ◦, 320 ◦, and 370 ◦C.
Taking into account that the Pbam refinement describes very
satisfactorily all the remaining peaks (χ2 ∼ 8), we suppose
that these unsolved low-intensity peaks may indicate an
incommensurate structure, which can be described as a first
approximation by a Pbam model with a commensurate subcell.
It is necessary to emphasize that the unsolved low-intensity
peaks cannot belong to any impurity phase: all these peaks
disappear upon the temperature-induced transition to the Pnma
phase, as confirmed by analysis of the spectra obtained
at 470 ◦ and 700 ◦C. A precise determination of crystal
structure of the low-temperature polymorph remains an open
issue.

Taking into account all the data collected for 0.17 � x �
0.19 compounds, one can state that the following sequence
of transitions is realized upon cooling: the nonferroelec-
tric orthorhombic phase Pnma transforms into the polar
rhombohedral R3c and then to the antipolar orthorhombic
Pbam. Both isothermal and thermal phase behavior can be
understood by assuming that the energetic barrier between
polar rhombohedral and antipolar orhorhombic phases is large,
whereas the thermodynamic potentials (Gibbs free energy)
are very close. So these phases can coexist or exist uniquely
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TABLE I. Structural parameters for the Bi0.815La0.185FeO3 compound obtained by Rietveld refinement of the NPD patterns collected at 20 ◦,
420 ◦, and 700 ◦C.

T (◦C) Model Cell (Å) Atom Wyck x y z R factors (%)

20 Pbam a = 5.5896(1) Bi/La1 4g 0.706(2) 0.1236(9) 0 Rp = 3.71
(92.5%) b = 11.2663(2) Bi/La2 4h 0.706(2) 0.1240(10) 0.5 Rwp = 4.99

c = 7.8020(1) Fe 8i 0.2393(7) 0.1268(5) 0.2487(12) RB1 = 6.27
O1 4g 0.292(2) 0.1515(13) 0 RB2 = 5.01
O2 4h 0.294(2) 0.0837(11) 0.5 RBmag1 = 3.45
O3 8i 0.0380(13) 0.2615(8) 0.2821(9) RBmag2 = 2.69
O4 4f 0 0.5 0.1887(14) χ 2 = 7.93
O5 4e 0 0 0.219(2)

R3c a = 5.5663(10) Bi/La 6a 0 0 0
(7.5%) c = 13.7447(20) Fe 6a 0 0 0.226(2)

O 18b 0.467(4) 0.055(4) 0.967(3)
420 Pbam a = 5.6297(4) Bi/La1 4g 0.735(5) 0.1367(20) 0 Rp = 3.26

(47%) b = 11.2259(8) Bi/La2 4h 0.742(2) 0.1186(18) 0.5 Rwp = 4.48
c = 7.8354(3) Fe 8i 0.232(3) 0.1243(10) 0.2459(18) RB1 = 8.84

O1 4g 0.259(5) 0.169(4) 0 RB2 = 2.28
O2 4h 0.273(4) 0.077(3) 0.5 χ 2 = 6.51
O3 8i 0.008(7) 0.242(3) 0.291(2)
O4 4f 0 0.5 0.203(4)
O5 4e 0 0 0.205(5)

R3c a = 5.591 53(1) Bi/La 6a 0 0 0
(53%) c = 13.801 03(1) Fe 6a 0 0 0.2277(5)

O 18b 0.4520(10) 0.0183(13) 0.9624(7)
700 Pnma a = 5.6212(1) Bi/La 4c 0.0255(10) 0.25 0.9883(12) Rp = 2.97

(100%) b = 7.9290(2) Fe 4b 0 0 0.5 Rwp = 4.57
b = 5.5809(1) O1 4c 0.4853(15) 0.25 0.0764(14) RB = 6.43

O2 8d 0.2095(9) 0.5345(8) 0.2148(10) χ 2 = 6.78

during a short window of time in a very wide temperature
range. The isothermal transition between them occurs via the
mechanism of inhomogeneous nucleation, which is strongly
affected by temperature. The higher the temperature, the more

FIG. 3. (Color online) Observed (circles), calculated (solid line),
and difference patterns resulting from Rietveld analysis of the neutron
powder diffraction data for the x = 0.25 sample obtained at 990 ◦C.
Bragg reflections are indicated by tick marks. Insets (a) and (b):
Enlargement of part of the room-temperature experimental and
calculated spectra obtained for x = 0.25 and x = 0.185 samples,
respectively.

effectively transition occurs, due to increasing mobility of the
defects. At a higher temperature, the polar phase is more stable
than the antipolar one, so an inverse isothermal transition
takes place. One could suggest that the large energetic barrier
between the two phases is associated with a low mobility of
the lanthanum ions due to their relatively low polarizability.
The rhombohedral polar phase becomes completely unstable
at x > 0.20, where a modified type of the antipolar structure
is observed.

B. Magnetic properties

Figure 4(a) shows the field dependencies of the magne-
tization for x = 0.16, x = 0.175, and x = 0.18 samples at
room temperature. The x = 0.16 sample is rhombohedral,
whereas the relaxed sample with composition x = 0.18 has
an orthorhombic (Pbam) structure. The x = 0.175 sample is
in the intermediate stable structural state [Fig. 1(c)]. One can
see that the rhombohedral sample exhibits a metamagnetic
transition. This transition is associated with collapse of the
spatially modulated antiferromagnetic structure.8,9 In parent
BiFeO3, this transition appears in a magnetic field of about 14 T
at room temperature.9 In larger magnetic fields, a weakly
ferromagnetic state is stabilized. The field dependencies of
magnetization for x = 0.175 and x = 0.18 samples are typical
of weak ferromagnets. However, the x = 0.18 compound
possesses a spontaneous magnetization 20% larger than that
obtained for the x = 0.175 sample. To understand the origin
of the smaller magnetization of the x = 0.175 compound,

054109-4



ISOTHERMAL STRUCTURAL TRANSITIONS, . . . PHYSICAL REVIEW B 83, 054109 (2011)

FIG. 4. (Color online) (a) Field dependence of the magnetization
obtained for rhombohedral x = 0.16, relaxed x = 0.175, and or-
thorhombic x = 0.18 samples at room temperature. (b) Dependencies
obtained for relaxed and annealed (1 h at 350 ◦C and 30 min at 900 ◦C)
x = 0.175 samples. (c) tField dependencies of the magnetization for
rhombohedral x = 0.175 and orthorhombic x = 0.18 compounds.

we annealed this sample at 350 ◦ and 900 ◦C and measured
magnetization immediately after each annealing. A crossover
from weakly ferromagnetic to antiferromagnetic behavior was
observed [Fig. 4(b)]. It is worth nothing that the magnetization
in a magnetic field of 5 T for the pure rhombohedral sample
becomes equal to the magnetization of the pure orthorhombic
x = 0.18 sample [Fig. 4(c)], in agreement with a completed
metamagnetic transition into a weakly ferromagnetic state.
Thus, we can explain the magnetization data assuming that
the minor part of the initial sample does not exhibit either
weak ferromagnetic or metamagnetic behavior, associated
with Pbam and R3c phases, respectively. This means that
the minor part of the relaxed x = 0.175 sample exhibits pure
antiferromagnetic behavior associated with a change in the
structural symmetry due to misfit strains at the interfaces
between the phases. To our knowledge, this effect has not
been reported previously for ceramic samples. The appreciable
remanent magnetization observed for the pure polar phase
x = 0.175 [Fig. 4(c)] apparently can be associated with
material inhomogeneity (lattice defects, local variations of the
chemical composition), which favors stabilization of the weak
ferromagnetic phase in the absence of a magnetic field. So the
polar x = 0.175 composition is at the concentration border of
the antiferromagnet–weak ferromagnet transition within the
polar structure. It is important to note that both the polar and

the antipolar phases have the same magnetization in the weakly
ferromagnetic state, thus demonstrating a similar origin of the
canted magnetic structure for both phases [Fig. 4(c)]. The
weak ferromagnetic state is a result of Dzyaloshinskii-Moriya
interactions.18 However, in BiFeO3 the interplay between
magnetoelectric and Dzyaloshinskii-Moriya interactions leads
to the appearance of a modulated magnetic structure with zero
spontaneous magnetization. An external magnetic field favors
a weak ferromagnetic state, thus leading to metamagnetic
behavior. Substitution of the bismuth ions with polar low-
activity lanthanum ions leads to a decrease in off-centering
distortion.19 Apparently, this favors weak ferromagnetic state
stabilization. However, the polar phase becomes structurally
unstable before the pure weakly ferromagnetic state is realized
within the polar phase.

C. Piezoelectric properties

Local piezoelectric loops have been measured in a broad
range of applied bias voltage. Well-saturated local piezore-
sponse hysteresis loops were obtained for parent BiFeO3

under the application of a maximum bias of 50 V [Fig. 5(a)].
Similar measurements were done in different parts of various

FIG. 5. (Color online) Typical room-temperature local piezore-
sponse loops for (a) rhombohedral x = 0 and x = 0.16 compounds
and (b) x = 0.175 ceramics in rhombohedral and orthorhombic
states.
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granules, thus checking the effect of grain orientation and the
possible contribution to electrostatic charges. Hysteresis loops
of the piezoelectric coefficient were measured on the x = 0.16
compound using the same parameters as for the parent BiFeO3

and the results demonstrated a more than threefold increase in
the piezoresponse [Fig. 5(a)]. A slightly larger piezoresponse
value (up to approximately 240 pm/V) was revealed for the
x = 0.175 composition having a polar rhombohedral state.
One from the measured local loops is presented in Fig. 5(b).
The domain switching had a multiple step-like character. PFM
measurements performed for the relaxed x = 0.175 compo-
sition showed vanishing switchable polarization in different
parts of the sample [Fig. 5(b)]. However, PFM data obtained
for the annealed sample containing about 60%–70% polar
phase (roughly estimated from XRD data) displayed a clear
piezoelectric response, which was strongly position dependent
(Fig. 6). The hysteresis loops of the piezoelectric coefficient
had the standard shape. All measurements were done using
the same setup parameters. So the results displayed in Figs. 5
and 6 can be directly compared in magnitude. The magnitude
of the piezoresponse for a mixed polar-antipolar state was less
than that for the pure rhombohedral compositions. We failed to
observe any piezoresponse associated with domain switching
for the pure orthorhombic antipolar x = 0.18 compound. The
macroscopic P-E dependencies for the antipolar compositions
showed strongly linear behavior up to 100 kV/cm. It was
shown earlier that thin films of composition Bi0.8La0.2FeO3

exhibited a linear P-E dependence up to the field of
500 kV/cm.20

We suggest that the anomalous local hysteresis loops
observed for the pure polar phase [Fig. 5(b)] could be caused
by the domain wall pinning effect associated with charged
defects. Double hysteresis loops due to the domain wall
pinning effect were observed in the parent polar BiFeO3.21

The high stability of the antipolar phase in an external electric
field seems to be related to the polar low-activity nature of
lanthanum ions. Strong enhancement of the piezoresponse
can be caused by the structural instability of the ferroelectric
phase near the polar-antipolar phase boundary. Usually, a large
piezoresponse is expected in the case where two different

FIG. 6. (Color online) Local piezoresponse loops for x = 0.175
ceramics containing 60%–70% polar phase. Data were collected from
different parts of the same grain.

ferroelectric phases coexist. However, there are two different
mechanisms of piezoelectric property enhancement.22 The
first mechanism is associated with polarization rotation, while
the second is related to polarization extension, which is
pronounced near the Curie point or polar-nonpolar mor-
photropic phase boundary.22 So we can conclude that the
enhancement of the piezoelectric properties in Bi1−xLaxFeO3

results from polarization extension occurring near the polar-
antipolar morphotropic phase boundary. It was suggested22

that the polarization extension mechanism may not fully
develop near a polar-antipolar phase boundary because both
phases have nonzero polarization on the unit cell scale.
However, we have observed the largest piezoreponse in the
uniform polar state. Our observation is similar to that for
AlN doped with scandium, where a large piezoresponse
was observed in the single-phase state and explained by
structural competition and softening of the C33 elastic
constant.23

IV. CONCLUSIONS

In summary, our results demonstrate that the initially rhom-
bohedral polar structure of samples near the morphotropic
phase boundary in Bi1−xLaxFeO3 ceramics gradually trans-
forms into an antipolar orthorhombic structure at room temper-
ature, whereas an inverse antipolar-polar transition is observed
as the temperature rises above 300 ◦C. Both isothermal and
thermal phase behavior can be understood by assuming that
the energetic barrier between polar rhombohedral and antipolar
orhorhombic phases is large, whereas the thermodynamic
potentials (Gibbs free energies) are very close to each other.
The polar-antipolar transition can also be induced under a low
external pressure, but an electric-field-driven antipolar-polar
transition is not observed in macroscopic measurements up
to 100 kV/cm and local probe measurements by PFM. The
crystal structure of x > 0.20 compositions is consistent with a
modified antipolar order in comparison to compounds with a
lower lanthanum content. The antipolar phase is characterized
by a weak ferromagnetic state, whereas a polar phase at
the morphotropic phase boundary was obtained in a mixed
antiferromagnet-weak ferromagnet state. The mixed structural
state possesses magnetic properties that are very different from
those characteristic of the structurally uniform compositions.
A structural instability of the polar phase at the morphotropic
polar-antipolar phase boundary is responsible for the large
piezoresponse, with a magnitude much greater than that for
the initial BiFeO3.
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