
reaction method using the oxides Bi2O3, Sm2O3 and
Fe2O3. The compacted mixtures of reagents composed
at the desired cation ratios were annealed at 850 !C for
6 h followed by final synthesis at 920 !C (x = 0.1),
950 !C (x = 0.15) or 960 !C (x = 0.2) for 5 h. The heat
treatment was carried out in air with heating/cooling rate
of 5 !C min!1. Phase analysis of the samples and investi-
gation of their crystal structure were performed by XRD
technique using an automated Philips PW 1050/35 dif-
fractometer with Cu Ka radiation. XRD patterns were
collected over an angular range 20! 6 2h 6 100! with
steps of 0.02! and exposition intervals of 25 s per step. Lo-
cal ferroelectric properties of the samples were investi-
gated with PFM using a commercial setup NTEGRA
Aura (NT-MDT) equipped with a lock-in amplifier
(SR-830A, Stanford Research) and a function generator
(FG-120, Yokagawa). A commercial tip-cantilever sys-
tem ArrowTM Silicon SPM Sensor (NanoWorld) was used.
Domain visualization was performed under an applied
AC voltage with the amplitude VAC = 5 V and frequency
f = 50 kHz. Magnetic properties of the samples were
investigated with a SQUID-magnetometer (MPMS-5,
Quantum Design).

The results of our XRD measurements carried out for
Bi1–xSmxFeO3 (x = 0.1, 0.15, 0.2) samples are consistent
with the data from previous structural investigations
[13]. Indeed, the XRD pattern obtained for the x = 0.1
compound can be successfully indexed in a rhombohe-
dral system with lattice parameters a " 5.5665 Å and
c " 13.7974 Å (Fig. 1). Spectrum collected for x = 0.2
samples is indexed using an orthorhombic cell with
a " 5.6214 Å, b " 7.8077 Å and c " 5.4371 Å. A more
complex character of the diffraction pattern is observed
for the x = 0.15 compound. The corresponding spec-
trum contains two main components attributed to the
presence of orthorhombic phases with unit cell parame-
ters a " 5.5889 Å, b " 11.2055 Å, c " 7.7955 Å (#93%)
and a " 5.6200 Å, b " 7.8447 Å, c " 5.4214 Å (#7%).
Traces of Bi2Fe4O9/Bi25FeO39 impurities, which are rou-
tinely observed in BiFeO3-based compounds if synthesis
is performing at too high a temperature [14,15], were
also detected. It is worth noting that the same coexis-
tence of the main orthorhombic phases (but without
the presence of Bi2Fe4O9/Bi25FeO39 impurities) was ob-
served for Bi0.85Sm0.15FeO3 samples prepared at the
lower temperature of 920 !C [13]. Thus, increasing
annealing temperature does not result in a full structural
homogenization of Bi0.85Sm0.15FeO3 compound and
provokes a decomposition of the main perovskite-like
phases. This conclusion is consistent with the results of
the XRD measurements performed for x = 0.15 samples
synthesized at different temperatures [16].

Taking into account that in case of the macroscopic
P–E (polarization vs. electric field) measurements intrin-
sic ferroelectric properties can be masked by significantly
large leakage currents typical of Bi1–xLnxFeO3 com-
pounds [11,17], room-temperature investigation of ferro-
electric properties was performed via the local testing
using a PFM technique. In PFM experiments, an AC elec-
tric field is applied between the conductive scanning probe
microscope tip and the bottom electrode. The piezoelec-
tric response of the surface is detected as a periodic deflec-
tion of the cantilever and used to construct ferroelectric

domain images. Domains with oppositely oriented polar-
ization are distinguished by different contrast in the PFM
image. In our experiments, bright and dark contrasts cor-
respond to domains with polarization vectors directed
normally to the free surface of the ceramics and to their
bulk, respectively. Examples of the measurements are
shown in Figure 2. In accordance with a primary struc-
tural model proposed for the x = 0.1 compound (R3c
structure permits polar ionic displacements along the
[0 0 1] direction [18]), PFM measurements reveal a clear
contrast corresponding to antiparallel ferroelectric do-
mains (Fig. 2(a)). Surprisingly, PFM contrast was also
found on the surface of x = 0.15 samples (Fig. 2(b)). A
change of the phase of the piezoresponse is observed after
applying a DC voltage locally (Fig. 2(c)), thus proving the
existence of a switchable spontaneous polarization. The
results are not consistent with the hypothesis that the crys-
tal structure of the compound can be described using the
antipolar model Pbam [13]. Taking into account that cen-
trosymmetric Pbam and noncentrosymmetric Pba2 space
groups give the same reflection conditions [18], the latter,
which allows polar ionic displacements along the [0 0 1]
direction, might be used as a first approximation to de-
scribe symmetry of the dominating perovskite-like phase.
Rietveld refinement [19] of the XRD data confirms the
appropriateness of the polar model [16], but a final con-
clusion should only be drawn after more comprehensive
structural investigations, which should include neutron
and synchrotron X-ray diffraction measurements. PFM
experiments performed for the x = 0.2 compound reveal

Figure 1. XRD patterns obtained for Bi1–xSmxFeO3 (x = 0.1, 0.15,
0.2) samples at room-temperature (circles are experimental data, lines
are simulations). The allowed Bragg reflections for the corresponding
space groups (R3c, Pbam/Pba2 + Pnma/Pn21a and Pnma/Pn21a,
respectively) are indicated by ticks. The inset for the x = 0.15 sample
shows an enlarged part of the spectra. The peaks marked by ; and $
are characteristic of perovskite-type orthoferrites and Bi2Fe4O9/
Bi25FeO39 impurities, respectively.
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