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Pressure-induced polar phases in relaxor multiferroic PbFe0.5Nb0.5O3
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The structural, magnetic, and vibrational properties of PbFe0.5Nb0.5O3 relaxor multiferroic have been studied
by means of x-ray, neutron powder diffraction, and Raman spectroscopy at pressures up to 30 GPa. Two
successive structural phase transitions from the initial R3m polar phase to Cm and Pm monoclinic polar
phases were observed at P = 5.5 and 8.5 GPa. Both transitions are associated with anomalies in pressure
behavior of several stretching and bending modes of oxygen octahedra as well as Fe/Nb localized vibrational
modes. The G-type antiferromagnetic order remains stable upon compression up to 6.4 GPa, assuming possible
multiferroic properties of pressure-induced phases. The Néel temperature increases with a pressure coefficient
(1/TN )dTN /dP = 0.012 GPa−1. The observed pressure-induced phenomena in PbFe0.5Nb0.5O3 are in drastic
contrast with conventional multiferroics, exhibiting a general tendency towards a suppression of polar phases
and/or magnetoelectric coupling under pressure.
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I. INTRODUCTION

The multiferroic materials, revealing a coupling between
ferroelectric and magnetic orders, recently have become
the focus of extensive scientific research. A coexistence of
ferroelectric polarization and magnetic order in such materials
provides a route for a construction of novel electronic devices
with a possibility to control magnetic properties by electric
field and vice versa [1–3].

The two types of multiferroic materials are generally
known. In the first one, classical multiferroics, such as BiFeO3

and hexagonal RMnO3 (R = Ho, Y, Lu, . . . ), the ferroelectric-
ity and magnetism have different origins and coupled relatively
weakly, leading to substantially larger ferroelectric transition
temperatures with respect to magnetic ordering ones [1,2]. In
the second one, discovered quite recently, the ferroelectricity
appears due to violation of the inversion symmetry of the
crystal structure by incommensurate magnetic order. Typical
representatives of these materials are orthorhombic RMnO3,
RMn2O5 (R = rare earth elements), and RbFe(MoO4)2, which
exhibit strong magnetoelectric coupling, close ferroelectric
transition, and magnetic ordering temperatures [3–5].

An unusual type of multiferroic material, with properties
distinctive from those described above, is the lead ferroniobate
PbFe0.5Nb0.5O3, exhibiting a pronounced magnetoelectric
coupling [1,6]. In addition, lead ferroniobate is a promising
basic compound for a development of piezoelectric, elec-
trostrictive, capacitor, and pyroelectric materials [1,7,8]. Due
to a chemical disorder of magnetic Fe3+ and nonmagnetic
Nb5+ ions, having different charges and randomly occupying
the same crystallographic sites, PbFe0.5Nb0.5O3 demonstrates
a relaxor ferroelectric behavior and a coexistence of the spin-
glass and long-range magnetic order [9–11]. In the paraelectric
phase, PbFe0.5Nb0.5O3 has an ideal perovskite cubic structure

of Pm3̄m symmetry [12]. Below the ferroelectric transition
temperature, TC = 376 K, the tetragonally distorted structure
of P 4mm symmetry is formed [13]. Below Tt = 355 K, another
polar phase is formed. Its symmetry is still debated, and
two structural models were proposed: a rhombohedral R3m

one [12,14], supported by the analysis of the experimental
behavior of the quadratic paramagnetoelectric effect [10], and
an alternative monoclinic Cm one [13,15]. Below the Néel
temperature TN = 153 K, the antiferromagnetic (AFM) G-type
ground state is stabilized on the diluted magnetic lattice of
Fe3+ ions [14,16]. At low temperature Tg = 10.6 K, a spin
cluster glass state coexisting with the G-type AFM one is
formed [10,11].

The classical oxide multiferroic materials demonstrate
a general trend towards a suppression of ferroelectricity
and/or magnetoelectric coupling under pressure, as experi-
mentally found for BiFeO3 and hexagonal RMnO3 [17–19]
This behavior is in-line with a tendency for a suppression
of ferroelectricity in displacement-type ferroelectrics under
pressure [20].

In comparison with conventional multiferroics, the pressure
behavior of relaxor multiferroic materials remains poorly
explored. The relaxor multiferoric PbFe0.5Nb0.5O3 is a suitable
model system to gain insight into high-pressure effects on
structural, magnetic, and multiferroic properties of such
systems. A study of the dielectric properties of PbFe0.5Nb0.5O3

at moderate pressures up to 0.6 GPa revealed a reduction of
the ferroelectric transition temperature, indicating instability
of the ambient pressure rhombohedral polar phase [21]. In
order to study in detail the high-pressure effects on the crystal
structure and magnetic and vibrational properties of relaxor
multiferroic PbFe0.5Nb0.5O3, we have performed powder
x-ray and neutron diffraction, as well as Raman spectroscopy
experiments in the 0–30 GPa pressure range.
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II. EXPERIMENTAL

The PbFe0.5Nb0.5O3 sample was prepared by standard two-
stage ceramic technology using a mixture of chemically pure
powders PbO, Fe2O3, and Nb2O5, taken in stoichiometric ratio.
A synthesis was performed at a temperature of 1000 °С for
2.5 h in the air environment and sintering at 1150 °С for 3.5
h, with the subsequent cooling in a mode of the switched off
furnace [22].

Angle-dispersive x-ray powder diffraction patterns at high
pressures up to 30 GPa and ambient temperature were
measured at the Extreme Conditions Beamline [23] P02.2 at
the third-generation synchrotron radiation source PETRA III
located at the Deutsches Elektronen Synchrotron (DESY),
Hamburg, Germany. The diffraction images were collected
with the wavelength λ = 0.29118 Å on the amorphous silicon
flat panel detector bonded to a ScI scintillator (XRD 1621)
from Perkin Elmer and located at a distance of 402.33 mm from
the sample. The two-dimensional x-ray diffraction (XRD)
images were converted to one-dimensional diffraction patterns
using the FIT2D program [24].

Raman spectra at ambient temperature and pressures up to
30 GPa were collected using a LabRam spectrometer (NeHe
excitation laser) with a wavelength of 632.8 nm, 1800 grating,
confocal hole of 1100 μm, and a 50× objective. The BX90-
type diamond anvil cell [25] was used for the x-ray diffraction
and Raman experiments. The sample was loaded into the hole
of the 120-μm diameter made in the Re gasket intended to
be �30-μm thickness. The diamonds with culets of 250 μm
were used. Neon gas loaded under pressure of �0.15 GPa was
used as a pressure-transmitting medium. The pressure was
determined by the ruby fluorescence technique [26].

Neutron powder diffraction measurements at high pressures
up to 6.4 GPa were performed at selected temperatures in the
range of 10–290 K with the DN-12 spectrometer [27] at the
IBR-2 high-flux pulsed reactor [Frank Laboratory of Neutron
Physics, Joint Institute for Nuclear Research (JINR), Dubna,
Russia]. The sample with a volume of �2 mm3 was loaded into
the sapphire anvil high-pressure cell [28]. Several tiny ruby
chips were placed at different points of the sample surface, and
the pressure was determined by a standard ruby fluorescence
technique. Measurements of the pressure distribution on the
sample yield typical pressure inhomogeneities of ±15%.
Diffraction patterns were collected at scattering angle 90°,
with the resolution �d/d = 0.015. Experimental data of
the x-ray and neutron powder diffraction experiments were
analyzed by the Rietveld method using the FULLPROF [29] and
MRIA [30] programs.

III. RESULTS AND DISCUSSION

A. X-ray diffraction

X-ray diffraction patterns of PbFe0.5Nb0.5O3 at selected
pressures and ambient temperature are shown in Fig. 1. For
the description of the experimental data at moderate pressures,
the rhombohedral R3m and monoclinic Cm models were
tested. The analysis by the Rietveld method has shown that
the rhombohedral structural model is in better agreement with
the experimental data than the monoclinic one; thus, we have

FIG. 1. (Color online) X-ray diffraction patterns of
PbFe0.5Nb0.5O3 measured at selected pressures and ambient
temperature and refined by the Rietveld method. Experimental points
and calculated profiles are shown. Tick marks at the bottom and top
represent the calculated positions of diffraction peaks for the R3m

rhombohedral phase (at P = 3.3 GPa) and Pm monoclinic phase
(at P = 27.2 GPa), respectively. Inset: pressure dependence of the
full width at half maximum of the diffraction peak, corresponding to
(202) reflection of the rhombohedral phase.

chosen the rhombohedral model for further evaluations. The
corresponding weighted R-factor values, obtained at P =
3.3 GPa, are Rwp = 3.98% for the R3m model and 4.12%
for the Cm model. One should note that the average lattice
symmetry of disordered compounds, such as PbFe0.5Nb0.5O3,
depends on the features of the local atomic order, which
may be distinctive for the samples synthesized by different
procedures. The difference between R factors obtained for the
R3m and Cm models is relatively small, and the present data
could not exclude unambiguously the Cm model. However,
the R3m symmetry of the ambient pressure crystal structure
of PbFe0.5Nb0.5O3 is also supported by the analysis of the
experimental behavior of the quadratic paramagnetoelectric
effect [10].

At pressures above 5 GPa, an additional broadening of
the diffraction peak located at 2θ = 8.3°, corresponding to
the single (202) reflection in the initial rhombohedral R3m

phase (indexes are given in hexagonal setting), was evidenced
(Fig. 1, inset). This implies the appearance of a structural
phase transformation, which leads to a lowering of the lattice
symmetry. A splitting of the (202) peak into two components
is expected for the tetragonal structure of P 4mm symmetry,
found in PbFe0.5Nb0.5O3 at elevated temperatures or for the
monoclinic structure with Cm symmetry previously discussed.
Both models were tested in the diffraction data refinements by
the Rietveld method, and better fitting quality was achieved
for the monoclinic Cm model. The corresponding weighted
R-factor values, obtained at P = 5.5 GPa, are Rwp = 3.24%
for the P 4mm model and 3.01% for the Cm model.

At pressures above 8.5 GPa, a drastic broadening of
the diffraction peaks located at 2θ = 8.4, 10.3, and 13.4°
was detected (Fig. 1), indicating the appearance of one
more structural transformation, causing further lowering of
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TABLE I. Structural parameters of the rhombohedral and mon-
oclinic phases of PbFe0.5Nb0.5O3 at selected pressures and ambient
temperature. The Rp and Rwp factors values are also given.

P (GPa) 3.3 5.5 13.8 27.2
Symmetry R3m Cm Pm Pm

Lattice parameters
a (Å) 5.6775(8) 5.6092(8) 3.9093(6) 3.8451(7)
b (Å) — 5.6243(8) 3.9353(6) 3.8826(8)
c (Å) 6.9536(8) 3.9574(6) 3.8875(6) 3.8121(7)
β (deg) — 89.66(7) 89.67(7) 89.54(9)
Atomic coordinates
Pb: x 0 0 0 0
y 0 0 0 0
z 0 0 0 0
Fe/Nb: x 0 0.469(4) 0.490(4) 0.480(5)
y 0 0 0.5 0.5
z 0.483(3) 0.485(4) 0.492(4) 0.500(5)
O1: x 0.184(5) 0.489(8) 0.534(9) 0.582(9)
y −0.184(5) 0 0 0
z 0.328(9) 0.039(8) 0.520(9) 0.490(9)
O2: x — 0.229(8) 0.512(9) 0.524(9)
y — 0.202(8) 0.5 0.5
z — 0.491(8) 0.068(9) 0.079(9)
O3: x — — 0.028(9) 0.067(5)
y — — 0.5 0.5
z — — 0.524(9) 0.536(9)
Rp (%) 3.30 2.53 2.12 2.26
Rwp (%) 3.98 3.01 2.73 2.87

the lattice symmetry. The consideration of the pressure
behavior of the diffraction peak located at 2θ = 8.4° has
shown that it splits into three components with comparable
intensity. Subsequent analysis by the Rietveld method has
shown that the structural monoclinic model of Pm sym-
metry provides good description of the experimental data
(Rwp = 2.73% for P = 13.8 GPa). The monoclinic Pm
phase was observed previously at ambient conditions in
relevant Pb-based systems (PbSc1/2Nb1/2O3)1−x-(PbTiO3)x ,
(PbMg1/3Nb2/3O3)1−x-(PbTiO3)x , and (PbZn1/3Nb2/3O3)1−x-
(PbTiO3)x [31,32].

The structural parameters of the initial rhombohedral and
two pressure-induced monoclinic phases of PbFe0.5Nb0.5O3

are presented in Table I. The pressure dependencies of lattice
parameters and unit cell volume of the observed phases of
PbFe0.5Nb0.5O3 are shown in Fig. 2. The lattice compression
is anisotropic with the c axis being the most compressible in
the rhombohedral and monoclinic phases. In both Cm and Pm
high-pressure phases, the monoclinic angle decreases slightly
upon compression, and it exhibits a jump at the transition
pressure (Fig. 2). The volume compressibility data (Fig. 2)
were fitted by the third-order Birch-Murnaghan equation of
state [33]:

P = 3
2B0(x−7/3 − x−5/3)

[
1 + 3

4 (B ′ − 4)(x−2/3 − 1)
]
,

where x = V/V0 is the relative volume change, V0 is the
unit cell volume at ambient pressure, and B0, B ′ are the bulk
modulus (B0 = −V (dP/dV )T ) and its pressure derivative
(B ′ = (dB0/dP )T ). The fitted values B0 = 135(5) GPa,

FIG. 2. (Color online) Lattice parameters (left), monoclinic an-
gle (left, inset), and unit cell volume (right) as functions of pressure
in the rhombohedral and monoclinic phases of PbFe0.5Nb0.5O3.

B ′ = 4.0(5), and V0 = 194.1(4) Å3 for the rhombohedral R3m

phase, B0 = 140(5) GPa, B ′ = 4.0(5), and V0 = 129.4(3) Å3 for
the monoclinic Cm phase, and B0 = 195(5) GPa, B ′ = 4.0(5),
V0 = 63.6(1) Å3 for the monoclinic Pm phase were obtained,
respectively. The bulk modulus values of the R3m and Cm
phases of PbFe0.5Nb0.5O3 are noticeably larger in comparison
with those for the cubic Fm3̄m compositionally ordered phase
of PbSc0.5Ta0.5O3 (B0�110 GPa), rhombohedral R3c phase
of BiFeO3 (B0 = 99 GPa) and moderate pressure tetragonal
P 4mm phase of PbTiO3 (B0 = 100 GPa) [34,17,35]. The B0

value for the monoclinic Pm phase is close to one obtained for
the cubic perovskite Pm3̄m high-pressure phase of PbTiO3

(B0 = 195 GPa) [35].

B. Neutron diffraction

Neutron diffraction patterns of PbFe0.5Nb0.5O3, measured
at selected pressures and temperatures, are shown in Fig. 3.
The observed broadening of the diffraction peaks upon

FIG. 3. (Color online) Neutron diffraction patterns of
PbFe0.5Nb0.5O3, measured at selected pressures and temperatures
and processed by the Rietveld method. The experimental points and
calculated profiles are shown. Tick marks below represent calculated
positions of the nuclear peaks of the rhombohedral phase at ambient
conditions. The most intense magnetic peak is marked as AFM.
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compression reflects the contribution from the pressure gra-
dients in the sapphire anvil high-pressure cell. At ambient
pressure below TN = 155 K, an appearance of the intense
magnetic peak (1 0 1/2) at d = 4.63 Å was observed (indices
are given with respect to the rhombohedral unit cell of the
atomic structure in a hexagonal setting), characteristic for
the G-type AFM order onset. The calculated value of the
Fe-ordered magnetic moment, μFe = 2.6(1) μB at T = 10 K,
is consistent with previous ambient pressure studies [14].
It is significantly lower in comparison with the expected
spin-only value 5 μB for Fe 3+ (3d5) ion and that 5.93 μB

experimentally found from paramagnetic susceptibility mea-
surements [36]. This observation is consistent with the cluster
approach for a description of the magnetic ground state
of PbFe0.5Nb0.5O3 [10]. The ordered magnetic moment is
associated with the percolating exchange-coupled infinite Fe3+
cluster, while its reduction from the spin-only value is caused
by the presence of the finite Fe3+ clusters and isolated Fe3+
ions. The latter ones contribute to the spin-glass state observed
at temperatures below Tg = 10.6 K [10,11]. In the recent
study of PbFe0.5Nb0.5O3 by means of Mössbauer spectroscopy
and neutron diffraction, it was proposed that all Fe3+ spins
contribute to the AFM ground state, and the magnetic ground
state is a microscopic coexistence of the AFM and spin-glass
orders [37]. The features of the magnetic ground state of the
PbFe0.5Nb0.5O3 are controlled by a spatial uniformity of the
chemical disorder of magnetic Fe3+ and nonmagnetic Nb5+
ions over the sample volume and depend on the sample
synthesis procedure. For the ideally uniform distribution of
Fe3+ and Nb5+ ions in the sample volume, the homogeneous
magnetic ground state [37] is expected, while for the samples
containing rich Fe3+ and Nb5+ volume regions, the cluster
model of the ground state [10] is more appropriate, as for the
sample studied in this paper.

The temperature dependencies of the Fe-ordered mag-
netic moments at selected pressures are shown in Fig. 4.
In the pressure range achieved in neutron diffraction

FIG. 4. (Color online) Temperature dependencies of the ordered
Fe magnetic moment at selected pressures, normalized to the values
obtained at T = 10 K. The solid lines represent interpolations by
functions μ = μ0(1-(T /TN )α)β . Inset: pressure dependence of the
Néel temperature and its linear interpolation.

experiments, 0–6.4 GPa, nearly linear increase of the
Néel temperature up to 167 K with a pressure coefficient
(1/TN )dTN/dP = 0.012 GPa−1 is observed. This value is
comparable with relevant coefficients for ferrites NdFeO3 and
LuFeO3, 0.016 and 0.014 GPa−1, respectively [38]. The Fe
ordered magnetic moment value at the lowest temperature
achieved in experiments, T = 10 K, remains about the same
upon compression.

C. Raman spectroscopy

The Raman spectra of PbFe0.5Nb0.5O3 measured at selected
pressures and ambient temperature, are shown in Fig. 5. At
ambient pressure, ten lines at 203.1, 255.4, 298.1, 320.3,
429.2, 473.6, 558.0, 711.5, 791.4, and 849.3 cm−1 are detected.
For the ideal rhombohedral R3m symmetry, the group theory
predicts seven Raman active modes, �Ram = 3A1 + 4E [39].
However, cationic disorder leads to a local symmetry breaking,
and it is well established that Raman spectra of disordered
relaxor materials contain more lines than expected for the ideal
symmetry of the crystal structure. As a good approximation,
the Fm3̄m symmetry, corresponding to the ideal periodic
alternation of the two types of cations at B-position in the
simplified cubic perovskite ABO3 lattice in three dimensions
is commonly used for the description of the Raman spectra
of such complex materials [39]. For this symmetry, the group
theory predicts A1g + Eg + F1g + 4F1u + 2F2g + F2u optical
phonon modes at the Brillouin zone center. Among these
modes, four A1g + Eg + 2F2g phonons are purely Raman
active, and the rest become visible in Raman spectra due to
local structural distortions with respect to the ideal lattice.
The tentative assignment of the observed modes, made
according to previous studies of PbFe0.5Nb0.5O3 at ambient
pressure [40,41], and also Pb-based relaxor oxides [34,39,42]
are presented in Table II. The modes located in the region
700–850 cm−1 correspond to stretching vibrations of oxygen

FIG. 5. (Color online) Raman spectra of PbFe0.5Nb0.5O3 at se-
lected pressures. For ambient pressure spectrum, the fitting result
by a set of pseudo-Voigt functions is also shown (left). The modes
assignment according to the Table II is given. The peak marked as “B”
is added for a description of the spectrometer cutoff contribution to the
Raman spectra at small Raman shift values. Pressure dependencies
of the selected vibrational modes frequencies (right). The error bars
are within the symbol sizes.
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TABLE II. Assignment and pressure coefficients (1/νi0dνi /dP) of Raman modes in the rhombohedral and monoclinic phases of
PbFe0.5Nb0.5O3. (sym.: symmetric and asym.: asymmetric.)

Pressure coefficient (GPa−1)

Mode (cm−1) Assignment R3m phase Cm phase Pm phase

849.3 (0 GPa) Eg sym. Fe/Nb-O stretching 0.006 − 0.004 —
791.4 (0 GPa) A1g sym. Fe/Nb-O stretching 0.007 0.007 0.004
711.5 (0 GPa) F1u asym. Fe/Nb-O stretching 0.005 0.005 0.006
558.0 (0 GPa) F2g sym. O-Fe/Nb-O bending 0.010 0.010 0.009
473.6 (0 GPa) F1u asym. O-Fe/Nb-O bending 0.018 0.018 0.009
429.2 (0 GPa) F1u asym. O-Fe/Nb-O bending 0.003 0.003 0.002
376.4 (8.2 GPa) F2u Pb-O bond stretching — — 0.002
320.3 (0 GPa) F2u Pb-O bond stetching 0.017 0.017 —
298.1 (0 GPa) F1u localized − 0.004 0.006 0.006
255.4 (0 GPa) F1u localized − 0.012 0.005 0.005
203.1 (0 GPa) F1g octahedral rotation 0.003 0.003 0.003

octahedra around Fe/Nb atoms of A1g (791.4 cm−1), Eg

(849.3 cm−1), and F1u (711.5 cm−1) symmetry. The region
of 400–530 cm−1 involves the bending O-Fe/Nb-O vibrations
of F2g (558.0 cm−1) and F1u (473.6, 429.2 cm−1) symmetry.
The modes at the region of 200–400 cm−1 are related to Pb-O
bond stretching vibrations of F2u symmetry (320.3 cm−1),
Fe/Nb-cation localized mode of F1u symmetry (255.4, 298.1
cm−1), and the rotational mode of Fe/Nb-O6 octahedra of F1g

symmetry (203.1 cm−1).
Upon compression in the rhombohedral R3m phase, a

softening of the Fe/Nb localized modes occurs (Fig. 5). The
presence of these modes in the Raman spectra is activated by
cation dynamical off-centered shifts, and the observed behav-
ior implies their instability with respect to the pressure-induced
structural rearrangement in the vicinity of the phase transition.
The frequencies of the rest of the observed phonon modes
increase under pressure with the larger pressure coefficients
for the Pb-O stretching and O-Fe/Nb-O bending modes and
smaller ones for the Fe/Nb-O6 octahedra stretching modes
(Table II). In the region of the R3m-Cm structural phase
transition at P � 5 GPa, a rapid softening of the Eg stretching
mode and a change in the slope of pressure dependencies of
the localized and bending F1u modes occur (Fig. 5). In the
Cm phase, the behavior of all the observed modes, including
the Fe/Nb localized and stretching ones, restores to normal
character with positive pressure coefficients (Fig. 5; Table II).
The observed anomalies in the pressure behavior of the Fe/Nb
localized, stretching, and bending modes point out the lattice
symmetry change at the structural phase transition and support
the R3m-Cm model of the structural phase transition. A
possible alternative scenario of the structural modifications
within the same Cm symmetry under pressure is not consistent
with the observations previously mentioned.

In the region of the Cm-Pm transition at P � 8.5 GPa,
an appearance of a new Raman line at 376.4 cm−1 and a
slope change of pressure dependencies of the stretching A1g ,
F1u modes have been detected (Fig. 5). The origin of the
extra line can be related to a further splitting of the Pb-O
bond stretching mode of F2u symmetry, caused by symmetry
lowering. Its presence implies a persistence of the ferroic
off-centered Pb shifts in the Pm monoclinic high-pressure
phase of PbFe0.5Nb0.5O3 [34,39].

Under pressure, a decrease of the intensity and broad-
ening of the Fe/Nb localized modes in the 250–300 cm−1

region was observed (Fig. 5). This observation implies a
reduction of the cationic off-centered ferroic shifts under
pressure [42,43]. Indeed, the values of the Fe/Nb shifts
from the centrosymmetric positions evaluated from structural
data (Table I) are δFe/Nb � 0.06–0.07 Å in the Pm phase
at pressures 13.8–27.2 GPa, which are about twice smaller
in comparison with those in the rhombohedral R3m phase,
δFe/Nb � 0.12 Å (P = 3.3 GPa). As a result, for the Pm phase,
the pressure dependencies of the Fe/Nb localized modes and
closely located weak Pb-O stretching mode were obtained in
the limited pressure range only. In all the observed phases of
PbFe0.5Nb0.5O3, the pressure coefficients of the O-Fe/Nb-O
bending modes are larger in comparison with those of the
stretching modes of Fe/Nb-O6 oxygen octahedra (Table II).
This indicates that the compressibility of the Pb-O bonds
provides a more significant contribution to lattice contraction
in comparison with less compressible Fe/Nb-O bonds.

Let us compare the effects of high external pressure and
chemical pressure on relaxor ferroics with perovskite structure.
The observed sequence of the pressure-induced structural
phase transitions R3m-Cm-Pm in PbFe0.5Nb0.5O3 is the same
as found upon chemical substitution in the related system
(PbSc0.5Nb0.5O3)1−x-(PbTiO3)x for 0 < x < 0.55, leading to
lattice volume contraction [31]. In the latter case, the local
chemical and polar inhomogeneities are also drastically
modified due to the difference of the valence state of Ti4+ and
Sc3+/Nb5+ ions. The qualitative similarity of external pressure
and chemical substitution response clearly demonstrates an
important role of lattice degrees of freedom in the formation
of the physical properties of complex ferroic relaxor materials.

All the observed pressure-induced rhombohedral and
monoclinic phases of relaxor PbFe0.5Nb0.5O3 are polar and
allow ferroelectricity. The stability of the magnetic order
with increasing TN value implies a multiferroic character of
high-pressure phases. In contrast, the general trend of the
pressure behavior of classical multiferroics is a suppression
of ferroelectricity and/or magnetoelectric coupling [17–19].
In addition, the displacement-type perovskite ferroelectrics
ABO3 generally exhibit a suppression of the ferroelectricity
and a stabilization of the cubic perovskite nonpolar Pm3̄m

174107-5



D. P. KOZLENKO et al. PHYSICAL REVIEW B 89, 174107 (2014)

phase [20]. Moreover, the character of pressure-induced
structural phase transitions in chemically disordered multi-
ferroic PbFe0.5Nb0.5O3 is distinctive from that observed in the
relevant nonmagnetic relaxor ferroelectric PbSc0.5Ta0.5O3 and
PbSc0.5Nb0.5O3 with a B-site cationic compositional order
and initial cubic crystal structure of Fm3̄m symmetry. In
these compounds, two structural transformations to nonpolar
rhombohedral and monoclinic phases were detected upon
compression [34,44].

One should also note that in a few exceptional cases a
re-entrant ferroelectric behavior were recently experimentally
found at very high pressures �45 GPa. In PbTiO3, a sequence
of structural phase transformations Pm3̄m-I4/mcm-I4cm
occurs under pressure [45]. In relaxor PbZn1/3Nb2/3O3, struc-
tural phase transformations R3m-R3̄c-C2/c-Cc were observed
upon compression [46].

IV. CONCLUSIONS

Our results demonstrate the application of high pressure
leads to successive R3m-Cm-Pm structural phase transi-
tions in relaxor multiferroic PbFe0.5Nb0.5O3, accompanied by
anomalies in pressure behavior of stretching, bending, and
Fe/Nb localized vibrational modes. The polar symmetry and
a stability of the G-type AFM magnetic order with a positive
pressure coefficient of the Néel temperature assumes a possible
multiferroic character of the pressure-induced phases. In order

to explore the features of the magnetoelectric coupling in
high-pressure phases of PbFe0.5Nb0.5O3, further experimental
studies are necessary.

The observation of the polar phases with assumed multifer-
roic properties in relaxor PbFe0.5Nb0.5O3 is in drastic contrast
with a general trend towards a suppression of ferroelectricity
and/or magnetoelectric coupling under pressure, observed in
the most of the conventional oxide multiferroics.

The similarity between sequence of the phase transitions
induced by high external pressure in PbFe0.5Nb0.5O3 and vol-
ume reduction by chemical substitution (chemical pressure) in
relevant (PbSc0.5Nb0.5O3)1−x-(PbTiO3)x system demonstrates
that not only compositional disorder effects but also lattice
degrees of freedom themselves play an important role in the
formation of physical properties of relaxor ferroic materials.
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