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Abstract

>TFe M&ssbauer spectroscopy, dc and ac magnetization, specific heat, and differential scanning calorimetry measurements were
performed in a powder BiMnggsFeg o503 sample prepared at 6 GPa and 1383 K. The substitution of 5% Fe for Mn increases the
temperatures of the structural monoclinic-to-orthorhombic phase transition (from 768 to 779 K) and the ferromagnetic transition (from
98 to 109K) by about 10K in BiMnggsFeq0sO3 compared with BiMnO;. On the other hand, the temperature of the monoclinic-to-
monoclinic phase transition associated with the orbital ordering strongly decreases in BiMng gsFe( 0505 (414 K) compared with that of
BiMnO; (474 K). The saturated magnetic moment at 5K and 5T is also suppressed from 3.92 ug per formula unit in BiMnOj; to 3.35 ug
in BiMng 9sFeq 9sO3. The large quadrupole splitting (1.18 mmy/s) observed at 293 K in BiMng ¢sFe( ¢sO3 can be explained by the strong
Jahn-Teller distortion and cooperative orbital order. The quadrupole splitting reduces by two times above the orbital melting

temperature.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

BiMnO; is a well-established ferromagnetic insulator
with the ferromagnetic Curie temperature 7¢ = 99-103K
[1-3]. BiMnOj; has attracted a lot of interest as a
multiferroic material [4,5]. The orbital degrees of freedom
are active in BiMnOj resulting in the orbital-ordered state
[6-8]. BiMnO; has a highly distorted perovskite-type
structure at room temperature and crystallizes in a
monoclinic system [2,6,8]. BiMnOs; undergoes two high-
temperature phase transitions at 7Tpo=474K and
T.+=768K [3,8]. The phase transition at 474K is a
monoclinic-to-monoclinic phase transition without any
detectable change in the symmetry accompanied by a
thermal effect, abrupt changes of lattice parameters and
unit cell volume, a small jump of resistivity and magnetiza-
tion, and an anomaly of dielectric constant [3,8-10].
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Structural analysis from neutron powder diffraction data
allowed us to suggest that this phase transition corresponds
to the orbital ordering (OO) [8]. The phase transition at
768 K is a structural (str) monoclinic-to-orthorhombic
transition [3].

The doped Bi; M MnO; (M = Ca and Sr) samples
demonstrate different transitions with charge and orbital
orders [11]. We have recently investigated solid solutions
BiMn,_ M ,O5 with M = Al, Sc, Cr, Fe, and Ga and effects
of isovalent substitution in the Mn sublattice on magnetic,
thermal, and structural properties of BIMnOj [12—14]. The
orbital order in BiMnO; was found to be very fragile. It
disappears at the doping level of 0.02—0.08. There are other
works on the BiFeO;-BiMnQOj; system, but they mainly
describe the results in the vicinity of BiFeO5 [15-19].

Maossbauer spectroscopy can provide useful information
about the local structure and magnetic interactions. To the
best of our knowledge, there are no Md&ssbauer spectro-
scopy studies on BiMnO; and related compounds except
for mechanosynthesized BiFe;_ ,Mn,O; (x=0.5) [15]. On
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the other hand, Mossbauer spectroscopy has been
applied to study stoichiometric, cation-deficient, and doped
LaMnO; samples [20,21] that show rich and important
physical properties such as colossal magnetoresistance
[22,23], different charge- and orbital-ordered states [24],
and metal-insulator transitions [24,25]. In LaMnO;, the
orbital ordering takes place below Too=750-780K, and
the antiferromagnetic ordering below 7= 140 K [26-28].

In this work, we present detailed characterization of
BiMnggsFep 0503 wusing dc and ac magnetization,
specific heat, and differential scanning calorimetry (DSC)
measurements. We also report °'Fe Mossbauer data of
BiMng gsFe( 9503 at different temperatures below and
above the orbital ordering temperature 7o and ferromag-
netic temperature 7c.

2. Experimental

A stoichiometric mixture of Bi,O3z (99.99%), Mn,0s5,
and *’Fe,0; (*"Fe 95.5%) was placed in Au capsules and
treated at 6 GPa in a belt-type high-pressure apparatus at
1383 K for 60min (heating rate 110K/min). After heat
treatment, the sample was quenched to room temperature
(RT), and the pressure was slowly released. The resultant
sample was black powder. Single-phased Mn,O; was
prepared from a commercial MnO; (99.99%) by heating
in air at 923K for 24 h. X-ray powder diffraction (XRD)
data of BiMng ¢sFeq 9503 collected at RT on a RIGAKU
Ultima III diffractometer using CuKo radiation (260 range
of 8-95°, a step width of 0.02°, and a counting time of
13s/step) showed that the samples contained very small
amount (1.1 mass%) of Bi,O,CO; as an impurity. The
lattice parameters were refined by the Rietveld method
with RIETAN-2000 [29] (¢ = 9.5355(3) A, b = 5.6103(2) A,
¢ =9.8530(3) A, and B =110.474(2)°). The value of the f
angle suggests that BiMnggsFeosO3 is in the orbitally
ordered state [8,12].

The dc magnetic susceptibilities, y = M/H, of BiMnggs
Feq 0503 were measured on a SQUID magnetometer
(Quantum Design, MPMS) between 2 and 350 K in applied
fields of 1072 and 1T under both zero-field-cooled (ZFC)
and field-cooled (FC) conditions. The thermoremanent
magnetization (TRM) curve was measured at zero mag-
netic field on heating after cooling the sample from 150 to
2K at 0.1 T. Isothermal magnetization measurements were
performed between —5 and 5T at 5K. Frequency-
dependent ac susceptibility measurements at zero static
magnetic field were performed with Quantum Design
MPMS and PPMS instruments from 200 to 2K at
frequencies (f) between 0.5 and 10*Hz and applied
oscillating magnetic fields (H,) of 2.5x107° and
5% 107*T. We also measured ac susceptibilities at zero
static magnetic field and f=110Hz with different
H,.=0.05, 0.25, 1, and 5x 10~*T. Specific heat, C,, of
BiMn 95Fe( 9505 at zero static magnetic field and 9T was
recorded between 2 and 300K on cooling by a pulse
relaxation method using a commercial calorimeter (Quan-

tum Design PPMS). For the specific heat measurements,
the powder BiMng ¢sFe( 0505 sample was cold-pressed at
1GPa to make pellets. *'Fe Maossbauer spectra were
measured with transmission geometry using a >’Co/Rh
source (activity of about 800 MBq (an averaged value
during about 6 months)). The sample weight for the
Mossbauer measurements was about 50mg, and the
sample thickness was about 0.3mm in an Al foil. A
hand-made oven and a hand-made cryostat with liquid N,
and He were used for measurements above RT and at 77
and 4.2 K. Obtained spectra were calibrated by o-Fe as a
standard, and were fitted by Lorentzian function. DSC
curves of BiMng ¢sFe( osO3; were recorded on a SII Exstar
6000 (DSC 6220) system at a heating/cooling rate of
10K/min from 133 to 795K in semi-closed aluminum
capsules. The DSC runs were cycled between 300 and
620K several times, then the sample was heated up to
795K, and finally the DSC runs were cycled again between
300 and 620 K.

3. Results and discussion

The DSC curves of BiMng ¢sFej osO; and BiMnO; are
given in Fig. 1. BiMnO; demonstrates two sharp peaks at
Too =474K and T, = 768 K (on heating) [8,9,14]. The
DSC data showed that the two high-temperature phase
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Fig. 1. Heating—cooling DSC curves of BiMng 9sFeg 503 during cycling
(a) between 300 and 620K and (b) between 300 and 620K and 300 and
795K. DSC curves of BiMnO; (from Refs. [8,14]) are given for
comparison. The cycling between 300 and 620K is duplicated in (b) to
emphasize changes of the cooling curves after heating up to about 800 K.
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transitions survive in BiMng ¢sFeg 0503 in comparison with
BiMng 95Scg 9503, where the first phase transition is
completely suppressed [14]. However, the temperature of
the monoclinic-to-monoclinic transition in BiMnggs
Fe(.0503 strongly decreases by 60 K (Too = 414K), while
the temperature of the monoclinic-to-orthorhombic transi-
tion increases slightly by 9K to Ty = 779 K. The DSC
anomalies of BiMng¢sFey0sO; at Too are noticeably
broadened, and the intensity is reduced compared with
BiMnOs;. The cycling of the DSC curves of BiMnggs
Fe.0503 between 300 and 620K gives quite reproducible
results with very small changes in the peak position and
intensity. The magnitude of the latent heat was extracted
from the peak areas (the values are given in Fig. 1a).

The change of the entropy (on heating) was estimated
to be 3.04J/(molK) (33% of RIn3) in BiMnOj3 and
1.87J/(mol K) (20% of R1n 3) in BiMng ¢sFe( ¢503. We will
discuss about these values later. After heating BiMng s
Fe 0503 (and also BiMnOj) up to 795K, the phase
transitions near Too were significantly smeared during
the cooling measurements (Fig. 1b). The XRD measure-
ment after the DSC experiment showed that the phase
composition of the BiMng ¢sFeq 9503 sample remained the
same but the lattice parameters of BiMngosFeo 0503
were slightly modified (a =9.5268(4) A, b =5.6123(2) A,
¢ =9.8376(5) A, and § = 110.249(4)° [12]). These facts may
show that the oxygen content of BiMnggsFeq 0503 and
BiMnOj; changed after heating up to about 800K or the
samples just stated to decompose as in the case of BiCrO;
[30] and some BiMn;_,. M O3 [12].

Fig. 2 shows dc magnetic susceptibilities of BiMng g5
Feq 9503 between 2 and 600K. The transition to the
ferromagnetic state in BiMng¢sFey 0503 1s observed at
Tc = 109K as determined by the peak on the ZFC d(yT)/
dT vs T curve measured at 0.01 T. The ferromagnetic
transition temperature increases by about 10 K compared
with that of BiMnOj;. A pronounced irreversibility is
observed between the ZFC and FC curves measured at
0.01 T. This irreversibility starts just below Tc. At the low
magnetic field (0.01 T), additional anomalies are observed
near 20 K on both ZFC and FC curves. On the other hand,
the ZFC and FC curves almost coincide with each other
when measured at 1T, and no anomalies are found. The
inverse ZFC magnetic susceptibilities in the temperature
ranges of 300-380 and 430-600K are fit by the Curie-
Weiss equation:

UT) = 12 NGks(T — 0))", (1)

where e (4.588(4) ug at 300-380K and 4.719(3) up at
430-600 K) is effective magnetic moment, N is Avogadro’s
number, kg is Boltzmann’s constant, and 6 (134.0(3) K at
300-380K and 121.54)K at 430-600K) is the Weiss
constant. The effective magnetic moment of BiMnggs
Feq 0505 slightly increases, and Weiss constant slightly
decreases through Too similar to BiMnO; [§8]. However,
the orbital melting in BiIMnOj is accompanied by the step-
like decrease of the y~' vs T curve, and the temperature

a

16 2.0
3 - 160 d(;T)/dT (ar. un.) L
14 4 oot ZFC,001 T [
] 2120 [
= 12 1 § " C 1.5
‘g 10 E E 80 g 1T [ ,fé
r ~ HU [
E g § zrc.oort = 401 T L 10 "75
e 200 300 400 500  600f A
= ] T(K) [ =
47 r 0.5
2 ] i
0 - : : : L 0.0
0 100 200 300
T (K)
b
170 H ©° heating =472 up,
# cooling P SK
150 /

BiMny gsFe) 9503

—_
(9%
(=]

Hegy = 4791,

\ / 0=1326K

BiMnO;

Hegp = 4-59 up,
0=134.0K

o
(=]

=
(=)

Hepp = 4.6941p,
0=138.0K

1/y (mol / cm?)
=

W
(=]

300 350 400 450 500 550 600
T (K)

Fig. 2. (a) ZFC and FC dc magnetic susceptibility (y = M/H) curves of
BiMnyg o5Fe 0503 measured at 1072 and 1 T. The inset gives the ZFC x’l
vs T and d(37)/dT vs T curves measured at 0.01 T. (b) The inverse
magnetic susceptibilities measured at 1T for BiMnggsFeposO; and
BiMnOj; (from Ref. [8]) between 300 and 600 K. The solid lines show
the fits by the Curie-Weiss equation. The parameters, u.r and 0, of the fits
are given.
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Fig. 3. Thermoremanent magnetization (TRM) curve as a function of
temperature for BiMng 9sFe( 0sO3. The TRM curve was measured at zero
magnetic field on heating after cooling the sample from 150 to2K at 0.1 T.
The secondary y-axis gives the same curve in the logarithmic scale.

hysteresis is observed. On the other hand, no step-like
changes and no hysteresis was found in BiMng gsFeq 0503
on the y~'! vs T curves through the phase transition
temperature Too. This fact can be explained by the
significant smearing of the phase transition as indicated
by the DSC results (Fig. 1a).
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The TRM curve as a function of temperature is given in
Fig. 3. After a noticeable decrease of the TRM from 2 to
about 12 K, there is a small increase up to 20 K. Then, the
TRM gradually decreases when approaching 7¢. The
logarithmic presentation clearly demonstrates the presence
of an additional ferromagnetic contribution below 114 K.
Note that a very small anomaly at 114 K was also observed
in BiMnOj; [10,31]. This anomaly was explained by the
presence of a small amount of another perovskite-like
modification [10].

Fig. 4 depicts the isothermal magnetization curves at
S5K. A very small hysteresis is observed with the coercive
field (H.) of about 25 x 10~* T and the remnant magnetiza-
tion (M,) of about 6.9 x 107 up per formula unit. These
values are slightly larger than those of the undoped
BiMnO; (H.~3x107*T and M,~1.3x10 2 ug) [31].
The magnetic moment at 5K and 5T (Mys) is about
3.35 up per formula unit. This value is smaller by 15% than
that of BIMnO3; (Mg = 3.92 ug) [31]. This reduction of Mg
can be explained if we assume that the incorporated Fe’ ™"
ions (S = 5/2, S is spin) are coupled antiferromagnetically
with the surrounding six M°>" (M =Mn and Fe) ions.
Therefore, BiMngosFej 9503 should be considered as a
random ferrimagnet. The saturated magnetic moment
further decreases to 2.5 ug per formula unit in BiMnggs
F60.1503 [12], and 1.5 Un in BiMnoigFeoAzo::, [13]

Fig. 5 shows the ac susceptibility curves of BiMng s
Fe 0503. Sharp peaks are observed near 108 K on the y’ vs
T and y” vs T curves indicating the onset of a
ferromagnetic order. Additional broad anomalies are
found near 98 K on both 3 vs T and y” vs T curves and
near 20K on the y’ vs T curve. The temperature of the
latter anomaly coincides with the temperatures of the
anomalies observed on the ZFC y vs T'(0.01 T) and TRM
curves. The anomalies similar to the former one were
observed in BiMnO; at 84 K (Fig. 5) [31]. The temperature
shift of about 14K is close the temperature shift of Tc.
This fact gives support that the anomalies at 84K in
BiMnO3 and at 98K in BiMnggsFepgsO5 are intrinsic,
however, their origin is not clear. It should be noted that
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Fig. 4. Isothermal magnetization curves of BiMng 9sFe( 0505 at 5 K. Inset
shows the curves between 0 and 1 T. The M vs H curve of BiMnOj3 (from
Ref. [8]) is given for the comparison.
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Fig. 5. Real ¥’ (a) and imaginary y” (b and c) parts of the ac susceptibility
as a function of temperature (2-150K) for BiMng 9s5Feg ¢503. Measure-
ments were performed on cooling at zero static field using ac fields with the
amplitude H,e =2.5x 107> and 5 x 107*T. The 5’ vs T'and 3" vs T curves
of BiMnOjs (from Ref. [31], at H,e = 5 x 107 T and f = 10 and 10* Hz) are
given for the comparison in (a) and (b). For frequency values in (a) at
H,e =2.5x 107 and 5x 107*T, see parts (c) and (b), respectively.

clear anomalies are also found near 114K on the y” vs T
curves in agreement with the TRM curve.

Fig. 6 depicts the ¥’ vs T and y” vs T curves at different
oscillating fields H,.. At low H, =5x10"% and
2.5x 10T, the curves are very similar to each other.
However, both components of the ac susceptibilities grow
rapidly when the ac field further increases, especially, from
1 to 5x 107*T. These results may be explained by the
pinning of domain walls because for higher H,. the domain
wall are more responsive. At high H,. (5 x 107*T) when
the ac field is able to alter the domain structure, very
similar y” vs T curves are observed with weak dependence
on frequency (Fig. 5b). On the other hand, at low H,
(2.5x 107°T), the y” vs T curves are strongly suppressed
with increasing frequency probably because the domain
structure is hardly changed by application of low H,. with
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Fig. 6. (a) ¥’ vs T'and 3" vs T curves of BiMn, ¢5sFe( 503 measured at zero
static magnetic field, frequency of 110 Hz, and different ac fields of 0.05,
0.25,1,and 5 x 107*T. (b) ¥’ vs T curves of BiMng osFeq 5O (big circles)
and BiMnO; (small circles) at H, =5x10"% (dark circles) and
2.5 x 107> T (white circles).

high frequency. It should be noted that the ¥’ vs T'and y” vs
T curves of both BiMnjg¢sFey0s0; and BiMnOj
show additional anomalies near 15K (Fig. 6b: small peaks
with sharp drop below 15K) and near 4K (Figs. 5
and 6: sudden decrease of y' and peaks on y”). The
origin of these anomalies and the anomalies near 20K is
not clear now. Probably they are related to changes in
the domain dynamics. However, we note that the
magnetic specific heat of BiMnOj; plotted as Cp,/T vs T
also showed sharp drop below 15K and weak curvature
near 4K [31].

Fig. 7 shows the specific heat of BiMng9sFeg o503 at 0
and 9T plotted as C,/T vs T (the Cp/T vs T curve of
BiMnO; at 0T is given for the comparison). The
measurement of the specific heat at 9T shows a reduction
of the specific heat as an almost constant shift on the C,/T
vs T curve between 2 and 50K (the secondary axis of
Fig. 7). According to the spin-wave theory the specific heat
of a ferromagnet should reduce on applying a magnetic
field due to the suppression of the thermal excitations of
the spin wave [32]. The substitution of Fe** for Mn* " also
caused the reduction of the specific heat (see (C,(BiMnO3)—
C(BiMny 9sFeg 05O3))/T vs T curve in Fig. 7). It can also be
explained by the fact that the dilution of the Mn sublattice
suppresses the excitations of the spin wave. On the other
hand, the substitution of non-magnetic S¢** for Mn®"
resulted in the increase of the specific heat at low
temperatures probably due to the enhanced contribution
from spin-glass states [14].
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Fig. 7. C,/T vs T curves of BiMng 9sFe 9503 at 0 and 9T between 2 and
300K. The C,/T vs T curve of BiMnOj3 at 0T (from Ref. [28]) is given for
the comparison. The secondary axis shows the (C,(0T)—C,(9T))/T vs T
curve for BiMn0.95F60‘0503 and the (Cp(BiMnO3)—Cp(BiMn0‘95FeOA05O3))/
T vs T curve.
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Fig. 8. Mossbauer spectra of BiMng osFeq 0503 at (a) 523K and (b) RT.
Experimental data are shown by circles. Solid lines give the fitting curves.

>"Fe Mossbauer spectra at various temperatures are
shown in Figs. 8 and 9, and the fitting parameters are listed
in Table 1. Fig. 10 gives the temperature dependence of the
quadrupole splitting (QS) in BiMng ¢sFe 9503 above RT.
At RT, the isomer shift (IS) is an appropriate value for
Fe* " ions. BiMng osFeq 0505 is paramagnetic. There seems
to be only one kind of Fe*" ions from the experimental
observation of one doublet at RT and 523 K though there
are two Mn sites in BiMnOj crystallographically [8].
Therefore, two Mn sites in BiMnOj; cannot be seen by
Maoéssbauer spectroscopy. The IS of BiMnggsFe o503
(0.40 mm/s) is close to that of LaMnggoFeo;O; (IS =
0.38 mm/s) [20]. However, the QS of BiMngosFeg 0503
(1.18mm/s) is larger than that of LaMngg9Feq O3
(QS = 1.09 mmy/s) [20] in agreement with the larger MnOg
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Fig. 9. Mossbauer spectra of BiMng gsFeg ¢sO3 at (a) 77K and (b) 4.2K.
Experimental data are shown by circles. Solid lines give the fitting curves.

Table 1
Mossbauer parameters of BiMng g5 Feg 0sO3 at various temperatures

T Component IS Hye QS r Area
(X) (mm/s)  (T) (mm/s)  (mm/s) (%)
523 0.22 - 0.59 0.55 100
RT 0.40 - 1.18 0.35 100
4.2 I 0.51 48.7 0.42% 0.57 75
11 0.52 51.5 0.48* 0.49 25

Note. 1S: isomer shift (relative to a-Fe); Hye: magnetic hyperfine field; QS:
quadrupole splitting; I": full width at half maximum of the absorption line;
area: relative area of the component.

#S,-S, (see Fig. 9).
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Fig. 10. Temperature dependence of the quadrupole splitting (QS) in
BiMny 95Fe 9503 on heating and cooling. Experimental data are shown by
circles. Solid lines are drawn for the eye. The quadrupole splitting is
obtained by fitting the Mdssbauer spectra with one doublet.

octahedra distortion in BiMnOs; [8]. The distortion
parameters (10* x 4) of MnOg are 37.2 and 51.3 in BiMnOs
[8] and 33.1 in LaMnO; [26]. The large QS of BiMng o5
Feq 0503 and LaMng g9Fe 0103 can be explained by the
strong Jahn-Teller distortions of MnQOg octahedra and
orbital ordering.

Above Too, the QS values show a step-like drop
(Fig. 10). At 523K, the QS value of BiMnggsFe( 0503 is
reduced by almost two times compared with the RT value.
This change is consistent with the occurrence of the
structural transition at Too = 414 K that was interpreted
as the orbital melting transition in the undoped BiMnOj
(Too = 474K) [8]. However, the presence of finite QS
indicates that Jahn-Teller distortion remains (at least in
one Mn site [8]) after melting the orbital order. This fact
can explain the magnitude of the entropy change in the
orbital order transition of BiMnOs; and BiMng 9sFe( 9505.
Entropy change of RIn3 is expected if we consider the
degree of freedom of three Jahn-Teller axes for
each octahedron (a model of independent octahedra in
Ref. [33]). On the other hand, taking into account
constraints in the degrees of freedom for each octahedron,
the entropy change was estimated to be 3.05J/(mol K) [33]
that is close to the experimental value for the undoped
BiMnOs;. The finite QS above Too is also in agreement
with the structural data: 10%*x 4 is 4.5 for the MnlOs
octahedron but it is 15.4 for the Mn2QOg octahedron [8].
For example, in LaMnO; above Too, 10*x 4 is only
0.9 [26].

At 77K, the spectrum is magnetically split indicating
that the Fe* " ions are involved in the magnetic ordering.
We can see two kinds of Fe®' ions, but the relative
abundance is not 1:1 as expected crystallographically.
Fitting was difficult because its background is curved and
the peaks are broad. At 4.2 K, the spectrum decomposition
was made assuming two components having broader peaks
than those at RT.

The substitution of 5% of Fe must give rise to various
surrounding configurations. If Fe—-Mn and Fe—Fe interac-
tions were also ferromagnetic (similar to the Mn—-Mn
interactions in BiMnQOs3), the resulting magnetic situation
could be simple. However, it will be complicated if the
Fe-Mn and Fe-Fe interactions are antiferromagnetic as
suggested from the decrease of saturation magnetization in
BiMnl,xFexO}

It is reasonable to assume that the electronic state of an
Fe’ " ion depends strongly on the number of Fe’* ions
around it. We can consider two cases, that is, the Fe’ " ion
has only Mn®" ions around it (configuration I) and the
Fe" ion has another Fe** ion (configuration II). A simple
calculation tells us that the ratio of these configurations is
about 74:26 (I:II). Indeed, the two components at 4.2 K
have a relative area ratio of 75:25 which is close to the
naively expected value. That is, the component having a
smaller Hys and the larger intensity corresponds to
configuration I, and the component having a larger Hyr
and the smaller intensity corresponds to configuration II.
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The anomalies in the y vs T curves at 0.01 T (Fig. 2) may
result from local mixing of antiferromagnetic interactions.
In other words, configuration II introduces magnetic
frustration and interaction competition between neigh-
bouring Mn** ions.

The spectral broadening at low temperatures may be
partially due to the multiplicity in the oriental relation
between the three principal axes of the electric field
gradient (efg) and the Hyy. Suppose a simple case that the
efg is uniaxial. The peak positions change considerably
depending on the azimuthal angle of the Hy¢ relative to the
unique axis of efg. Unfortunately, in this study, it is
difficult to refer to the nature of efg exactly because the
point symmetry is low at every Fe (Mn) site.

In conclusion, the properties of multiferroic BiMng g5
Feo0sO; were studied in details by >’Fe Mossbauer
spectroscopy, dc and ac magnetization, specific heat, and
DSC measurements. The large quadrupole splitting ob-
served at 293K in BiMng¢sFey 0505 can be explained by
the strong Jahn-Teller distortion and cooperative orbital
order. The finite quadrupole splitting above the orbital
ordering temperature shows that Jahn-Teller distortion
remains after melting the orbital order. This fact can
explain the observation of resonant X-ray scattering
reflections [7] above the orbital ordering temperature
[34-36]. The substitution of 5% Fe for Mn in BiMnO;
increases the temperatures of the structural monoclinic-to-
orthorhombic phase transition and the ferromagnetic
transition by about 10K. On the other hand, the
temperature of the monoclinic-to-monoclinic phase transi-
tion associated with the orbital ordering strongly decreases
in BiMn0.95Feo_0503.
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