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We have investigated the low-temperature magnetism and spin–lattice coupling in (Bi0.46Na0.46Ba0.08)TiO3:Co in

order to understand the magnetoelectric effect in such artificially synthesized dilute magnetic ferroelectrics. It is revealed

that the as-prepared (Bi0.46Na0.46Ba0.08)TiO3:Co at Co content of 20%∼30% exhibits fascinating ferrimagnetism which

is robust against magnetic field, the abnormal spin–lattice coupling characterized by a negative magnetostriction effect;

and the suppressed magnetic moment within the temperature range of 30 K∼50 K is identified. These magnetic

behaviours at low temperatures can be explained by the competition between the ferrimagnetic response and the

magnetic moment suppression induced by the abnormal spin–lattice coupling effect. Finally, the ferroelectric and

magnetodielectric properties are also discussed.
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1. Introduction

Magnetoelectric (ME) materials, in which a vari-
ation of electric polarization may be generated by ex-
ternal magnetic field and that of magnetization may
be activated by external electric field, have drawn
great attention due to their potential applications in
emerging field of spintronics, data-storage media, and
multiple-state memories.[1−7] Although the giant ME
effect in piezoelectric–magnetostrictive composite ME
materials has been extensively demonstrated,[8−11]

people are still greatly concerned with single-phase
ME compounds, partially because the ME compounds
allow us to tune the ME effect in quantum-mechanical
level, and partially for the high density integration
with conventional integrated circuit (IC) technolo-
gies. So far, the most frequently investigated ME
compounds are Bi(Fe/Mn)O3 and rare-earth mangan-
ites with relatively small rare-earth ions, among which
quite a number of perovskite oxide compounds were
extensively addressed in recent few years.[1] Huge ef-
fort has been devoted to improving the ME effect in
these single-phase compounds while it remains weak

and often inaccessible for practical applications.
Besides the ME composites and single-phase com-

pounds intensively addressed, there have been some
additional attempts focusing on synthesizing artifi-
cial materials with considerable ME effect.[12−14] One
of the possible approaches is to synthesize magnetic
species doped ferroelectric materials in order to ex-
plore the possibility of synthesizing artificial mate-
rials with good ME performance. This approach is
analogous to the strategy of synthesizing diluted mag-
netic semiconductor (DMS) in which magnetic dop-
ing into conventional semiconductors is done (such
as ZnO:Mn(Co), Si:Mn(Co), etc.), for spintronics
applications.[15,16] We may then call these ME ma-
terials dilute magnetic ferroelectrics (DMF). Along
this line, two issues have to be addressed. One is
to synthesize DMF materials and characterize their
ME performances, and the ultimate goal is to obtain
the high-quality ME materials for device utilization
at above room temperature. Researchers are chal-
lenged by similar problems as taken in single-phase
multiferroic compounds: How to develop a magnetic
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order with high ordering temperature, while maintain-
ing the original ferroelectric order in DMF materials,
and consequently how to achieve a strong ME cou-
pling. The other is to understand the microscopic
origin of the ME performances, in particular the mag-
netic behaviour and spin–lattice coupling effect; the
latter is the basis for understanding the ME coupling.
Usually, as the first step, the spin configuration and
spin–lattice interactions in these materials will be em-
phasized.

In the present work, we report our effort on
the second issue in an artificially synthesized DMF
material, while the first issue will be investigated
too. For the material, we choose the recently con-
centrated ferroelectric solid solution, which is com-
posed of 92% (Bi1/2Na1/2)TiO3 and 8% BaTiO3,
i.e. (Bi0.46Na0.46Ba0.08)TiO3 (BNBT), and make
Co-doping into BNBT, to synthesize DMF material
BNBT:Co. It is known that BNBT has been con-
sidered as one of the promising and lead-free piezo-
electrics due to its good piezoelectric performance and
non-pollution for environments.[17] Its ferroelectricity
has also been well documented in the literature.[18,19]

Element Co and its oxides are traditional magnetic
materials with affluent magnetic structures. There-
fore, it is of interest to synthesize BNBT:Co com-
pounds and investigate their magnetic configuration
and spin–lattice interactions for potential ME appli-
cations, which have not been investigated so far. We
not only focus on these properties at low temperatures
(T ), but also check the ferroelectric and ME prop-
erties, while more extensive ME performance over a
broad temperature range will be reported in future.
Interestingly, a ferrimagnetic (FIM) order at low T ,
robust to external magnetic field, is identified. For
the spin–lattice coupling, an abnormal negative mag-
netostrictive effect within T -range of 30 K∼50 K is
revealed, which results in a suppression of the FIM-
aligned magnetic moment under magnetic field. We
argue that the magnetic behaviour of BNBT:Co orig-
inates from the competition between the FIM order
and abnormal spin–lattice coupling in response to ex-
ternal magnetic field. We also present preliminary ex-
perimental evidence that the as-prepared BNBT:Co
maintains good ferroelectric property and exhibits re-
markable ME effect at low T .

2. Experimental details

In our experiment, BNBT:Co with Co content
(x) up to 30% was prepared by solid state reaction

(details of the sample preparation are the same as in
Ref. [18]). The sample crystallinity and microstruc-
ture were checked by x-ray diffraction (XRD) using Cu
Kα radiation and transmission electron microscopy
(TEM) based on the standard ion-polishing processing
of the samples. The x-ray photoelectron spectroscopy
(XPS) was used to identify the valences of Co ions,
with data collected after ion-polishing the sample sur-
face. The binding energy (BE) data from the XPS
spectrum were carefully calibrated referring to the C
1s peak after setting its BE to 284.6 eV.

The magnetic performance of the samples was
characterized using superconducting quantum inter-
ference device (SQUID) and physical property mea-
surement system (PPMS) (Quantum Design Inc). The
zero-field-cooled (ZFC) data were collected by cooling
samples under zero magnetic field down to T = 2 K
and then measuring the magnetization under 1000 Oe
(1 Oe=80 A/m) during the warming sequence. The
field-cooled (FC) data were measured with the sample
cooling under field H down to T = 2 K and the mea-
suring field identical to H if H < 1000 Oe and equal to
1000 Oe if H > 1000 Oe. The magnetostriction coeffi-
cient λ of each sample as a function of magnetic field
H, was probed using standard strain gauge method.
In order to exclude the strain induced by thermal ex-
pansion of the sample at different T , we cooled the
sample to a given T under H = 0 and performed care-
ful calibration of the strain gauge indicator, then mea-
sured the sample strain as a function of H at this fixed
temperature.

The ferroelectric hystereses at various T were
measured using the standard RT6000 ferroelectric
tester (Radiant Technologies, NM) under the virtual
ground condition, with the sample being immersed
into a temperature-controllable Dewar filled with liq-
uid nitrogen. The dielectric property was evaluated
using an HP4294A impedance attached to the sam-
ple in the PPMS system mentioned above. For data
reliability, we used the same sample sets for these mea-
surements, in order to exclude any uncertainties from
sample to sample.

3. Results and discussion

3.1. Structural characterization

Our experiment demonstrates that the Co-doping
into BNBT at a level as high as 30% does not change
the single phase perovskite structure of BNBT. Pure
BNBT is of a tetragonal structure with P4mm lattice
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symmetry. Figure 1(a) shows the measured XRD θ–
2θ patterns for pure BNBT and four BNBT:Co sam-
ples with Co-contents x = 5%, 10%, 20% and 30%
respectively. In respect of pure BNBT sample, the
four BNBT:Co samples do show slightly rough spec-
trum background and broad reflections, however, no
reflection from impurity phase is observed, in the high
Co content of 5%∼30%. The broad reflections with
relatively long tail indicate that the doping enhances
the lattice inhomogeneity and induces random distor-
tion of the lattice structure. Note that no indexing is
possible for Co2O3, Co3O4.

Fig. 1. (a) The x-ray θ–2θ diffraction patterns of

BNBT, and BNBT:Co with x = 0.05, 0.1, 0.2, and

0.3, respectively. (b) and (c) The x-ray θ–2θ diffrac-

tion lines (open circles, measured) and evaluated ones

(solids line, using Rietveld structural refinement) for

sample BNBT and BNBT:Co with x=0.3, respectively.

The difference (dot line, difference) between the mea-

sured and Rietveld refined lines for the two samples,

respectively, is plotted with a slight downshift for clar-

ity in (b) and (c). The short vertical solid lines, as

guide for eyes, are the corresponding Bragg positions.

Additional evidence is obtained by performing the
Rietveld refining of the measured XRD lines. Figures

1(b) and 1(c) show respectively the Rietveld refined
data for two samples: pure BNBT and BNBT:Co
(x=0.3), where the open circles represent the mea-
sured data, the solid lines are the Rietveld refined re-
sults, and the short vertical solid lines, as guide for
eyes, are the corresponding Bragg reflection positions.
Quite small difference between the measured reflec-
tions and refined ones is identified. For the other
BNBT:Co samples, we obtained similar refined re-
sults. The reliability of the Rietveld refinement is
demonstrated by the high-quality refinement parame-
ters Rwp = 4.65% and 5.43% for the pure sample, and
Rp = 3.51% and 3.62% for the x=0.3 sample. The cal-
culated lattice parameters for pure BNBT sample are
a = b = 3.9042(6) Å (1 Å=0.1 nm), c = 3.9085(1) Å,
with a slight tension along the c axis with respect to
the ideal cubic lattice. For the x=0.3 sample, one has
a = b = 3.9102(1) Å, c = 3.9292(3) Å. It is rooted
that the unit cell for the doped sample is larger than
the pure one, and remarkable lattice tension along the
c axis is observed. These facts may be explained by
the bigger ionic radius of Co3+ (63 pm) than that of
Ti4+ (60.5 pm).

Hereafter, we focus on characterization of the
x=0.3 sample. We present further evidence on the
tetragonal structure by performing TEM characteri-
zation. Figure 2(a) shows a low-magnification TEM
image of the sample. It is clearly seen that the image
contrast is quite homogeneous over the whole area,
without identifiable second-phase particles. The high-
resolution TEM image, in order to reveal the crys-
tallinity and phase, is shown in Fig. 2(b), where the
regular stripes in the (200) or (002) plane are clearly
and homogeneously contrasted. The stripe spacing
is 1.953 Å, consistent with the XRD data within the
permission of uncertainties. In Fig. 2(c) is given
the [311]P zone axis selected area electron diffraction
(SAED) pattern. On one hand, the central spot is ac-
companied by a dim dispersing ring, indicating the
effect of lattice deformation due to the Co doping
(x=0.3 here). On the other hand, no SAED pattern
from cobalt oxides has been observed.

It should be mentioned that no detailed knowl-
edge on the site occupation of Co is available from our
structural data. We believe that Co ions may mainly
exist at the B site of BNBT, since the ionic radius
of Co ion is very close to that of Ti ion. However, we
have no intention to assign the Co ions in replacement
of Ti ions, and the details of the Co ion occupancy in
the lattice remains to be determined. We check the
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chemical valence of Co ions using the XPS technique

and the data are plotted in Fig. 3. Due to the spin–

orbit coupling, the Co 2p core level is split into the

2p1/2 and 2p3/2 components. For the high-spin Co2+

state, a main peak at ∼780 eV with an intense satellite

peak at ∼787 eV (as indicated by the arrow) should

be observable, while the satellite intensity of the Co

2p for the Co3+ state is weak.[20−22] Figure 3 allows us

to argue that the chemical valence of Co ions is Co3+

and no evidence of Co2+ is available.

Fig. 2. (a) Low-magnification TEM image and (b) high-

resolution TEM image of the BNBT:Co sample x=0.3. (c)

The SAED pattern demonstrating the tetragonal symme-

try of the structure. Note that the stripe-like contrast in

(a) is due to the non-uniform thickness of the sample for

TEM observation.

Fig. 3. The XPS spectrum of BNBT:Co sample with Co

content of 30%.

3.2. Ferrimagnetic behaviours

We then look at the magnetic behaviour of the
x=0.3 sample in low-T range, while the x=0.2 sample
shows similar magnetic behaviours and magnetoelec-
tric properties. Figure 4(a) shows the magnetization
M(T ) under ZFC and FC (H = 1000 Oe) conditions.

Fig. 4. (a) Measured magnetization M as a function of

T under ZFC and FC conditions, and the inset shows the

measured M–H hysteresis at 5 K and 300 K. (b) Mea-

sured M as a function of T under different cooling field H

as labeled. The inset shows an enlargement of the data

between 35 K and 45 K with the arrow indicating the mag-

netization suppression under the field of 1.0 T and 2.0 T

respectively, with respect to the data under lower fields.

All data are for BNBT:Co with x=0.3.

From the ZFC M(T ) data one sees a clear magnetic
transition peaked at T = 50 K. This transition may
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correspond to an antiferromagnetic (AFM) order be-
low 50 K, as is likely confirmed by the very small mo-
ment and the negative intersection temperature using
the Curie–Weiss formula fitting to the data over the
high-T range. At extremely low T , the M(T ) exhibits
somehow spin-glass-like behaviour, indirectly revealed
by the unsaturated hysteresis loop at T = 5 K in the
inset of Fig. 4(a). An unusual anomaly is observed
that the FC M(T ) is remarkably smaller than the
ZFC M(T ) over the whole T -range below 50 K, in-
dicating that the magnetic order at T < 50 K must
be ferrimagnetic (FIM) instead of AFM type. To fur-
ther confirm this FIM order, we performed the M(T )
measurements under FC conditions with H = 5, 400,
1000, 5000, 10000 and 20000 Oe, respectively, and the
data are plotted in Fig. 4(b). It is shown that the
measured M(T ) over 5 K∼40 K at H = 5 Oe and
400 Oe is negative, a clear indicator of the FIM order
within this T -range.

In fact, classical theory on ferrimagnetism pre-
dicts that magnetization can change its sign, i.e.,
the magnetic poles can invert at a particular tem-
perature (so-called compensation point Tcomp).[23] Be-
sides, the negative magnetization was observed in a
number of FIM systems such as NiFe2−xVxO4 and
(FeII

0.40MnII
0.60)1.5CrIII(CN)6, etc.[24−26] For BNBT:Co

investigated here, we argue that the two sublattices of
spins in the FIM lattice may have different ordering
temperatures (Tm1 and Tm2). The field cooling under
small H (5 Oe and 400 Oe) drives the spin order-
ing of one sublattice with smaller moment along H at
Tm1, followed by the spin ordering of the other sublat-
tice with larger moment which is antiparallel to H at
Tm2 < Tm1, leading to a negative magnetization be-
low Tm2. Such an argued physical picture is schemat-
ically illustrated in the lower part of Fig. 5(a) with
Tm2 < Tcomp < Tm1, while the upper part shows the
measured M–T data under two different fields (5 Oe
and 400 Oe). Furthermore, from Fig. 4(b) it is iden-
tified that the FIM order of the present BNBT:Co is
robust against external magnetic field. Given an in-
creasing H from 5 Oe to 5.0 T for the FC processing,
although the measured M(T ) below T = 35 K reverses
from negative to positive value and becomes almost
saturated above H = 1.0 T, the saturated magnetic
moment measured under H = 2.0 T at T = 6 K is
only 0.0414 µB/Co, much smaller than the high spin
moment of Co ion. This indicates that the spin order
remains to be FIM under such high magnetic fields.

Fig. 5. (a) Measured M(T ) under cooling field H =

5 Oe and 400 Oe, respectively. The schematic spin lat-

tices at several temperatures are inserted for illustration.

(b) Measured λ(T ) under H = 2 T, and (c) measured

M(T ) under cooling field H = 2 T. Possible spin lattices

with corresponding lattice strain at several temperatures

are schematically drawn for better illustration. These

schematic illustrations are for guide of eye.

It should be mentioned here that the FIM order is
not often observed in perovskite oxides although there
have indeed been reported several perovskite oxides
which exhibit the FIM order at low T . For exam-
ple, the FIM order was identified in association with
charge order in layered perovskite GdBaMn2O5,[27]

and in Sr2CrOsO6,[28] both of which are perovskite
compounds.

However, the measured FC M(T ) between
35 K∼50 K shows even more fascinating behaviour
against H for the FC processing, as revealed in
Fig. 4(b), which is unusual for a FIM ordered sys-
tem. This predicts the existence of an additional ef-
fect in competition with the magnetization process
induced by the field cooling under various H. We
replot the M(T ) data within 35 K∼45 K, as shown
in the inset of Fig. 4(b). Looking at the data at
T = 40 K, as an example, one finds that M increases
with H before reaching its maximum (0.03 emu/g)
at H ∼ 5000 Oe, and afterwards M falls down to
0.02 emu/g at H ∼ 1.0 T and above. Note that the
relative variation of the moment is remarkable. This
behaviour cannot be explained only by the FIM order
and its response to the large external field.
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3.3. Spin-lattice coupling

We then investigate the spin–lattice coupling in
the BNBT:Co sample, which induces the lattice ex-
pansion or contraction under a magnetic field. This
coupling is found to influence the magnetization be-
haviour at T < 50 K and magnetization suppres-
sion between 35 K∼50 K. Figure 6(a) shows the mea-
sured strain λ (ppm) at different T as a function
of H. It is clearly revealed that λ(H) behaves in
an approximately parabolic form at low H and then
tends to be saturated at high H, indicating that the
strain does originate from the magnetostriction. More
importantly, it was observed that λ is negative be-
tween 30 K< T <50 K, while it becomes positive at
T < 30 K and T > 50 K. For a clearer presentation,
figure 6(b) plots the measured λ at H = 2.0 T as a
function of T . Note that it is reasonable to observe
small λ both above the FIM transition point (para-
magnetic state) and T → 0. This abnormal magne-
tostriction behaviour represents the complicated spin–
lattice coupling in BNBT:Co, the details of which re-
main to be an issue worthy of careful investigation but
unfortunately not fully available to us at this moment.

Fig. 6. Measured strain λ as a function of H at several

temperatures (a) and as a function of T under H = 2 T.

All data are for BNBT:Co with x=0.3.

The negative magnetostriction in cobalt oxides is
not an unusual effect. Actually, as early as in 1968,
a negative magnetostriction effect was predicated in
AFM ordered cobalt oxide systems, which was due
to the spin–orbital coupling associated with lattice
distortion.[29] For the present BNBT:Co, at T < 50 K

the Co3+ spins do align in the FIM order, consistent
with this prediction, although the FIM order is slightly
different from the AFM order. Nevertheless, the mag-
netostriction in an AFM Co3+ system is not neces-
sarily negative, as revealed for the present BNBT:Co
sample and other Co oxides.[30] As to the relation-
ship between the magnetostriction and magnetization
for BNBT:Co, one observes that the negative magne-
tostriction does correspond to the suppressed magne-
tization M . For an AFM (or FIM) ordered system, an
external magnetic field as high as several Tesla cannot
be responsible for the suppression of M , and instead,
such a high field would enhance M if the FIM order
could be melted by the applied field. However, it was
revealed above (Fig. 4) that the low-T magnetization
under a field of several Tesla does not change much
due to the high robustness of the FIM order.

The only and also reasonable possibility available
to us is that the reduction of magnetic moment be-
tween 35 K and 50 K occurs via the possible spin-
crossover effect induced by the volume contraction,
due to the negative λ in this T -range. We argue
that for the present BNBT:Co, the negative mag-
netostriction likely enforces a spin-crossover of some
Co3+ spins from the high-spin state S = 2 to low-
spin state S = 0, which partially suppresses mag-
netization M . For Co3+-oxides such as LaCoO3,
SrCoO3, Sr2Co2O3 and Co(H2(fsa)2en)(py)2, etc., the
spin-crossover represents a common phenomenon,[31]

which can be controlled by external stimulation such
as temperature, light-irradiation, magnetic field, and
compressive pressure.[32] Recent theoretical modeling
based on ab initio study and Monte Carlo method,
plus delicate experiments, revealed that the external
pressure-induced elastic compression, caused by lat-
tice distortion due to the molecular size difference be-
tween the high-spin and low-spin states, can induce
the spin-crossover.[33] While usual external magnetic
field should favour a spin-crossover of Co3+ spin from
the low-spin state S=0 to the high spin state S=2,
i.e. field enhanced magnetization, here for BNBT:Co
the abnormal spin–lattice coupling with negative λ be-
tween 30 K and 35 K seems to result in the reverse
process. This reverse process may be slightly superior
to the field-enhanced magnetization; however we do
not have direct and microscopic evidence to support
this argument, and more details by utilizing neutron
scattering are open for future work.

We illustrate once more this argued competition
by the sequence highlighted in Figs. 5(a) to 5(c), where
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the possible two-sublattice spin configurations at dif-
ferent T are given schematically. In Fig. 5(a) is drawn
the FIM ordering sequence with decreasing T and
the corresponding magnetization M(T ). The present
BNBT:Co sample is paramagnetic at T > 50 K. At
T ∼ 50 K, the spins in the first sublattice begin to
show the FM ordering and align along H. With de-
creasing T , the spins in the second sublattice align
ferromagnetically but in opposite to the spins in the
first sublattice, leading to the transition of M from
M > 0 to M < 0. We replot in Fig. 5(b) the strain λ

as a function of T together with the possible spin con-
figurations at different T . Some Co3+ spins favour the
low-spin state between 30 K and 50 K, due to the field-
induced negative magnetostriction, while most Co3+

spins may remain unchanged in the high spin state.
In Fig. 5(c) we plot the resultant M as a function of
T due to the competition between the FIM ordering
and the abnormal spin–lattice coupling in response to
external field H.

3.4. Ferroelectricity and magnetodielec-

tric effect

Finally, as an evidence to support the original mo-
tivation for DMF materials, we present the measured
data of the ferroelectricity and magnetodielectric ef-
fect. While it is well known that a magnetic doping
into ferroelectrics usually damages seriously the elec-
tric property, we demonstrate that the ferroelectricity
in the present BNBT:Co sample remains good. The
measured hysteresis loops at different temperatures
are plotted in Fig. 7(b), while the loops for pure BNBT
are shown in Fig. 7(a). It is seen that at ∼ 300 K and
∼ 200 K, both BNBT and BNBT:Co exhibit high-
quality ferroelectric hysteresis. As T is lowered down
to ∼ 100 K, the measured loops are far from satu-
rated due to the fact that the coercive field becomes
too high to be accessible at low T , in our experiment.

However, we can access the magnetodielectric
property at much lower T in order to see the ME effect,
although the magnetodielectric (MC) effect is not nec-
essarily equivalent to the ME effect. Figure 8 shows
the measured MC ratio (∆ε(H) = (ε(H)−ε(0))/ε(0))
of the BNBT:Co sample as a function of T at three
frequencies of the AC signal, where ε is the dielec-
tric constant and H is magnetic field. While no MC
effect is observed for pure BNBT, the BNBT:Co sam-
ple exhibits clear dielectric response to magnetic field,
although this response is not significant and usually

true for those typical multiferroic compounds. What
is interesting here is that the T -dependence of ∆ε(T )
shows an anomaly at T ∼ 50 K, at which the FIM
ordering ensues. The measured ∆ε below 50 K is
much higher than that above 50 K. The MC effect and
the anomaly at the FIM ordering point indicate the
existence of the spin–dipole coupling in the present
BNBT:Co. In fact, such coupling and the anomaly
near the FIM/AFM ordering point are the ingredient
of the ME effect and were observed in many geomet-
rically frustrated magnets.[34]

Fig. 7. Measured ferroelectric hysteresis loops for BNBT

(a) and BNBT:Co with x=0.3 (b) at T =∼ 100, 200, and

300 K.

Fig. 8. Measured magnetodielectric ratio as a function

of T under H = 5 T with the measuring frequency from

10 kHz to 1 MHz. All data are for BNBT:Co with x=0.3.
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4. Remarks and conclusion

It should be remarked here that the present work
mainly deals with the magnetic behaviours and spin–
lattice coupling in the low-T range. Although we also
investigated the electrical properties of the BNBT:Co
materials, such as ferroelectricity and magnetodielec-
tric behaviours, no details of the ME coupling and
the associated physics have been addressed. It seems
that the Co doping into BNBT does lead to forma-
tion of magnetically ordered structure, which is a pre-
requisite for an ME material. The strong and anoma-
lous spin–lattice coupling has been identified. How-
ever, the measured ME effect has been so far insuf-
ficient as expected, while the ferroelectricity remains
quite good. We believe that the present protocol for
DMF synthesis represents a promising approach to
novel materials for ME applications, upon significant
enhancement of the ME effect and profound under-
standing of the physics associated with the high-T

magnetic ordering, strong spin–lattice coupling, and
thus remarked ME effect.

In summary, we have successfully prepared single-
phase DMF materials BNBT:Co with Co3+ content
up to 30%, and then investigated in details the
low-T magnetism and spin–lattice coupling effect.
It has been demonstrated that the Co-doping does
not change the tetragonal structure of BNBT. The
BNBT:Co material exhibits ferrimagnetism and ab-
normal spin–lattice coupling behaviours below 50 K.
The ferrimagnetic state is robust against external
magnetic field and cannot be melted under a field of
several Tesla. We have observed a partial suppression
of the magnetization by magnetic field between 35 K
and 50 K, which is argued to originate from the compe-
tition between the ferrimagnetic ordering and abnor-
mal spin–lattice coupling. Finally, the ferroelectricity
and magnetodielectric effect of the BNBT:Co materi-
als have been discussed. The present work sheds some
light on the rich physics associated with DMF oxides.
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