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Room-temperature tunable bipolar magnetization switching and magnetically switchable magnetocaloric
phenomena having numerous application potentials are reported in GdMn;_,Fe,O; (x = 0.55 and 0.60)
polycrystalline samples. Substitution of Fe in antiferromagnetic GdAMnOj; induces a first-order spin-reorientation
transition (7sg), which along with antiferromagnetic ordering transition (7y) gives rise to anomalies in dielectric
spectra, a signature of magnetodielectric effect. Temperature-dependent Raman spectra confirm the spin-phonon
coupling which could be the origin of the magnetodielectric effect in the system. Notably, low-field magnetically
tunable magnetization reversal is found to appear between Tsg and Ty in these compounds owing to the
competition between single-ion magnetic anisotropy and antisymmetric Dzyaloshinsky-Moriya interaction.
Additionally, the GdMng 49Feo O3 sample reveals the coexistence of magnetically switchable conventional
and inverse magnetocaloric effect at 250 and 310 K. The tailoring of these coexisting room-temperature
magnetization reversal and magnetocaloric phenomena in a single-phase system suggests a route to design the
material suitable for potential applications in electromagnetic and memory devices.
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I. INTRODUCTION

Magnetodielectric materials are gaining importance due to
the coupling between their dielectric and magnetic orders in
same phase which is rare in nature [1-6]. Such systems can
be either ferroelectric [7-10] or nonferroelectric [11-13], de-
pending on their polar state. Even in nonferroelectric systems,
the observed dielectric anomalies around magnetic transition
temperatures can represent the magnetodielectric (MD) ef-
fect [14,15]. However, irrespective of their polar state, these
systems are attractive to research both in the fundamental
and application point of view [2,3,16,17]. On the other hand,
observation of magnetization reversal (negative magnetiza-
tion) without reversing the direction of magnetic field in a
magnetic material is considered as a noteworthy phenomenon
in magnetism [18-37]. This phenomenon was first predicted
by Néel in certain ferrimagnetic materials such as spinel
oxides having different magnetic sublattices [38]. The dif-
ferent temperature dependences in antiferromagnetic (AFM)
exchange interactions between these sublattices yield a net
zero magnetization at a characteristic temperature called com-
pensation temperature below which a magnetization reversal
occurs due to the domination of a particular sublattice [38,39].
Since then, this phenomenon was widely studied in various
systems such as lithium chromium ferrite, orthovanadates,
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garnets, molecular magnets, hexacyanides, and intermetallics
with distinctly different origin in each system [18-23].

Recently, the magnetization reversal studies have been
extended to rare-earth based oxides such as orthoferrites,
orthochromites, manganites, and ruthenites with the mixed
A- and B-site perovskite (ABO;) and double-perovskite
(A2BB'Og) structures [24-37]. It is primarily considered to
be arisen from the competition between different magnetic
interactions appearing at A- and B- sites. However, most of
these systems show low compensation temperature, which
restricts their application potential. Hence, designing the ma-
terials exhibiting magnetization reversal near room tempera-
ture is desirable to realize this phenomenon towards practical
applications. YFe(5Crg 503 and high-pressure synthesis of
BiFe(; sMny sO3 are reported to serve this purpose to some
extent with relatively high compensation temperatures at 248
and 208 K, respectively [31,40]. Although these works show
the way of increasing compensation temperature, the ob-
served values are far below room temperature. Additionally,
designing the materials with high compensation temperature
is gaining importance due to the fact that the conventional and
inverse magnetocaloric effect (MCE) are reported near com-
pensation temperature in few systems [21,31,33,37]. Hence-
forth, it is important to propose a material showing unusual
room-temperature magnetization reversal and MCE properties
for practical applications.

In this article, the single-phase perovskite GdMn,_,Fe,O3
(x = 0.55 and 0.60) system is chosen for the structural, dielec-
tric, magnetic, and MCE studies. The two parent compounds
of this system, namely GdMnO; and GdFeO; crystallize
in orthorhombic structure with different magnetic transition
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temperatures [41,42]. While the former exhibits AFM order-
ing at low temperature (7Ty ~ 40 K) [43], the latter possesses
spin-reorientation transition (7gsg ~ 4.2 K) along with AFM
ordering at high temperature (7T ~ 661 K) [42,44]. Conse-
quently, the compounds are reported to show tunable magnetic
ordering temperatures with composition and even exhibit the
Tsr and Ty in the vicinity of room temperature for some
intermediate compositions such as x = 0.55 and 0.60 [45].
Since the competition between different magnetic interactions
in this temperature region may result in magnetization rever-
sal and switching of MCE around room temperature, these
two compositions x = 0.55 and 0.60 are selected for these
studies. Interestingly, the compounds revealed magnetic-field
switchable magnetization reversal phenomenon between the
magnetic ordering temperatures Tsg and 7y around 300 K.
Moreover, the compound also exhibits switching between
conventional and inverse MCE near these magnetic transi-
tions. The possible origin of negative magnetization along
with the switchable MCE effect is elucidated in this work.
Overall, the experimental findings presented in this work
suggest the potential application of this material in fields such
as magnetic memory, spintronics, etc.

II. EXPERIMENTAL DETAILS

Polycrystalline GdMn,; _,Fe, O3 (x = 0.55 and 0.60) sam-
ples were prepared by the standard solid-state reaction
method. The stoichiometric quantity of high-purity precursors
Gd,03 (preheated at 1000 °C for 12 h), Mn;0Os3, and Fe,03
were mixed, ground in an agate mortar, and calcined at
1000 °C for 24 h under ambient condition. The obtained
powders were ground again and recalcined at 1100, 1200,
and 1300 °C for 24 h each to achieve pure phase. The
powder was then pressed into pellets followed by sintering
at 1400°C for 24 h to attain high density (>96% of theo-
retical density). X-ray powder-diffraction (XRD) data were
collected on the powder samples with a PANalytical x-ray
diffractometer. Magnetic measurements were performed with
a Quantum Design superconducting quantum interference de-
vice (SQUID) from 3 to 400 K under —7 to 7 T fields. Dielec-
tric measurements were carried out on the pellets, with silver
coating on both surfaces as electrodes, using Novocontrol
Alpha analyzer from 200 to 400 K. Temperature-dependent
Raman experiments were carried out on the samples excited
with 632.8-nm wavelength in the backscattering geometry
using HORIBA Jobin Yvon HR 800 UV Raman spectrom-
eter. In addition, Quantum Design Physical Property Mea-
surement System (PPMS) was incorporated to carry out the
heat capacity measurement from 2 to 390 K using heat-pulse
method.

III. RESULTS AND DISCUSSION

The XRD patterns recorded on the samples along with
the respective Rietveld refined data are plotted in Figs. 1(a)
and 1(b) for x = 0.55 and 0.60, respectively. The pattern
reveals phase-pure formation of the compound without any
signature of impurity phases. The structural analysis on
these compounds shows that they are crystallized in single-
phase orthorhombic structure with Pnma space group. Al-
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FIG. 1. XRD patterns recorded on (a) x = 0.55 and (b) x = 0.60
samples along with the Rietveld refined data.

though the reports on GdMn,_,Fe,O3 show linear variation
in composition-dependent lattice parameter, the occupancy of
Mn and Fe ions at same crystallographic site indicates the
disorder arrangement of these two ions [45,46]. On the other
hand, the presence of Fe ion makes the orbital ordering less
stable in this mixed oxide system compared to pure GAMnOj3
[45].

To explore the MD effect, dielectric measurements
near magnetic transition temperatures are performed on
GdMn,; _,Fe, O3 (x = 0.55 and 0.60) samples. Note that owing
to high dielectric loss around room temperature [46], the
anomaly in dielectric spectra near Tgg is not clearly visible for
both samples. Hence, the temperature dependence of deriva-
tive of dielectric constant (de,’/dT) measured at 5.3 MHz
along with magnetization (M) versus temperature (7)) curves
near Tggr are plotted in Figs. 2(a) and 2(b) for x = 0.55 and
0.60 samples, respectively. The Tsg of x = 0.55 and 0.60
samples are indicated at 257 and 245 K in their respective M-T
plots. A clear anomaly in dielectric plot near 7gg is observed
for both the samples. This indicates a possible coupling be-
tween dielectric and magnetic orderings just below room tem-
perature. The difference between the observed magnetic and
dielectric transitions may appear due to the high dielectric loss
that prevails in this system. Similarly, the respective derivative
(de,’/dT) plots near Ty are shown in Figs. 2(c) and 2(d) along
with the M-T curves. The plots reveal dielectric anomalies
near Ty, which are observed at 335 and 376 K for x = 0.55
and 0.60 samples, respectively. The observed anomalies in
de,'/dT plots near magnetic transitions can be attributed to
the MD coupling in samples. The high dielectric loss in
the sample [46] and subsequent instrumental limitation to
perform the high-frequency (>1 MHz) magnetocapacitance
measurements restrict the quantification of the direct MD
effect.
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FIG. 2. Temperature dependence of derivative of dielectric con-
stant and magnetization near Tgsg for (a) x =0.55 and (b) x =
0.60 samples. The respective plots near Ty for (c) x = 0.55 and
(d) x = 0.60 samples.

It is known from the literature that as the temperature
decreases the magnetic spin structure undergoes changes from
paramagnetic to I'y and I'4 to I'; across 7y and Tgg, respec-
tively [45,46]. The corresponding spin arrangement initially
changes its state from random to weak ferromagnetic (WFM)
along the ¢ axis and thereafter collinear AFM along the
b axis. This may help to induce the MD coupling in the
system. On the other hand, in the absence of ferroelectricity,
the MD coupling may originate from some extrinsic factors
like the Maxwell-Wagner effect and magnetoresistance in the
system [11]. The Maxwell-Wagner effect can easily be ruled
out as that must be uniform in a certain temperature range,
while the possible MD effect is anticipated only near mag-
netic ordering temperatures. To verify the magnetoresistance
contribution, the resistance of the sample is measured under
zero field and 5-T field conditions. The resultant plots shown
in Fig. S1, within the Supplemental Material [47], exhibit
only a minor change in resistance under applied magnetic
field in the desired temperature range and thereby eliminate
significant contribution coming from the magnetoresistance
effect if any in the sample. Therefore, the possible origin of
the expected MD effect in this system could come from the
spin rearrangement around magnetic ordering temperatures.

To understand the long-range or short-range nature of
magnetic transitions at Tsg and 7y, heat capacity measurement
is carried out in warming cycle from 200 to 390 K on x =
0.60 sample using heat-pulse method and the corresponding
thermodynamic data are presented in Fig. 3. The data include
both lattice and magnetic contributions to heat capacity. The
figure indicates an anomaly around 7sg and Ty, suggesting
the long-range ordering of both magnetic transitions [48,49].
Additionally, the heat capacity of the same sample from 2 to
30 K shown in the inset of Fig. 3 exhibits an anomaly at 2.7 K
corresponding to the AFM ordering of rare-earth Gd ion (7gq)
in consistent with the reported T4 for pure GAMnO; [41] and
GdFeOs; [42,44].
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FIG. 3. Heat capacity versus temperature plot for x = 0.60
sample from 200 to 390 K. Inset exhibits similar plot at lower
temperature.

To probe these transitions further, Raman spectra are
recorded in the temperature range covering Tsg and Ty for
x = 0.55 and 0.60 samples and the resultant plots are shown
in Figs. 4(a) and 4(b), respectively. The intensity of spectra
gradually decreases with increase in temperature for both
the samples. Various phonon modes corresponding to dif-
ferent vibrational symmetries are assigned in Fig. 4(b). The
lattice dynamical calculations and group-theoretical analy-
sis predict that overall there are 24 Raman active modes
(7A4 + 5By + 7By + 5B3,) in orthorhombic perovskite sys-
tem [50]. Among these, A, modes are assigned to BOg
octahedra bending or rotation and O2 antistretching, while
By, and Bs, represent in-plane and out-of-plane properties,
respectively [S1]. Prior to temperature-dependence studies of
B, and B3, modes, the intense Raman peak centered around
625 cm~! measured at 208 K is deconvoluted and the promi-
nent phonon modes at 622 and 646 cm™! corresponding to By,
and B3, symmetries, respectively, are shown in Fig. 4(c). By,
is attributed to in-plane O2 stretching while B3, is related to
out-of-plane O2 stretching of Jahn-Teller (J-T) distorted BOg
octahedra (B = Mn/Fe) [52].

To analyze it further, the frequencies of B,, and B3, modes
are extracted at different temperatures and plotted as a func-
tion of temperature in Figs. 5(a) and 5(b) for x = 0.55 and
0.60, respectively. In general, in the absence of spin-phonon
coupling, temperature dependence of phonon frequency de-
fines the anharmonic phonon-phonon scattering. In this case,
the frequencies of both B, and B3, modes decrease with
increase in temperature. Also, the compounds show an ab-
normal temperature-dependence behavior of both B,, and B3,
modes with a significant deviation at Ty and Tsg. Since the
system evolves from one type of spin structure to another type
across these magnetic transitions, this anomalous behavior
around Ty and Tsr indicates the correlation between presence
of spin-phonon coupling caused by the phonon modulation
of spin-exchange integral [52,53]. These results suggest that
the spin-phonon coupling is associated with the MD effect.
Since B, and Bz, modes are related to the J-T distortion,
anomalies in these modes observed at magnetic transitions
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FIG. 4. Temperature-dependent Raman spectra for (a) x = 0.55
and (b) x =0.60. (c) The deconvoluted peak centered around
625cm~! into Bs, and B3, phonon modes.

strongly suggest the specific role of J-T effect on the magnetic
orderings in GdMn, _,Fe, O3 samples.
Temperature-dependent dc magnetization measurements
are carried out at various magnetic fields (5 to 1000 Oe) un-
der zero-field-cooled (ZFC), field-cooled cooling (FCC), and
field-cooled warming (FCW) modes. The results are plotted
for x = 0.55 and 0.60 compounds in Figs. 6(a) and 6(b),
respectively. The plots reveal some fascinating and unusual
magnetic behaviors. The magnetization curves in Fig. 6(a) for
x = 0.55 show the onset of AFM ordering at 335 K (Ty) which
is attributed to the one to one ordering between Fe** and
Mn3* ions. On further cooling the sample in FCC and FCW
modes, magnetization value increases with a maximum value
at 296 K and thereafter decreases until reaching the magnetic
ordering at 257 K (7sr). Below Tsg, the magnetization value
is maintained to be low in magnitude owing to change in
spin structure from I'4 to I';. Interestingly, the data recorded
in ZFC mode show negative magnetization features between
Tx and Tsgr. This phenomenon is known as temperature-
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FIG. 5. Temperature dependence of frequency of B,, and B3,
phonon modes across the Tsg and Ty for (a) x = 0.55 and (b) x =
0.60 compositions. Circles indicate the experimental points and solid
lines are guide to the eye to demonstrate the deviations near magnetic
ordering temperatures.

induced magnetization reversal and it shows that the direction
of magnetization is opposite to the applied magnetic field.
Most noteworthy observation is that the temperatures near
Ty and Tsg serve as compensation temperature at which

0
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FIG. 6. Temperature dependence of magnetization (M-T) plots at
various magnetic fields shown for (a) x = 0.55 in ZFC, FCC, and
FCW modes and (b) x = 0.60 in ZFC and FCW modes. The insets
show the enlarged version of the respective M-T curves across Tsg
and Ty.
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magnetization will be zero, and sign of the magnetization
can be switched between negative and positive value near
these magnetic transitions by change in temperature. It is also
worth to mention that as we increase the magnetic field, ZFC
magnetization undergoes switching from negative to positive
value above 20 Oe for x = 0.55 sample.

Notably, the negative ZFC magnetization is sustained be-
tween Tsg (245 K) and Ty (376 K) at a field up to 100 Oe
for x = 0.60 sample [see the insets in Fig. 6(b) showing the
enlarged version of the respective plots across Tsg and Tx].
Furthermore, the data recorded in FCW mode also show the
magnetization reversal but at a field <5 Oe. As the field
is increased from 5 to 500 Oe, the negative magnetization
seen in ZFC mode gradually decreases in magnitude and
switches to a positive value. Moreover, magnetization plots
near Gd-ordering temperature show negative values at 5 Oe
field for both ZFC and FCW data, and switched to positive
values at higher fields. Overall, the magnitude of the negative
magnetization for x = 0.60 sample is an order of degree
higher than the value shown by x = 0.55 sample.

To ascertain the intrinsic nature of the negative magnetiza-
tion data, it is essential to rule out the possible extrinsic ori-
gins. One such extrinsic origin could be the effect of trapped
field on the magnetization data as reported earlier in few
samples such as YMng 5CrypsO3; and CoCr,O4 [32,54]. The
trapped field is the small remnant field remaining in the mag-
netic measurement instrument owing to the trapped magnetic
flux inside the superconducting material. The negative trapped
field (NTF) appears in the instrument when the field is reduced
to zero from a high positive field and the positive trapped
field (PTF) appears when the field is reduced to zero from
the initial high negative field [54]. In the present work, the
NTF and PTF are generated by applying the maximum field
of £1 T. Then, the temperature-dependent ZFC magnetization
measurement is repeated for x = 0.55 sample under both PTF
and NTF. The magnetization data shown in Fig. S2, within
the Supplemental Material [47], exhibit almost equivalent
negative magnetization phenomenon measured under both
fields and they are similar to the one observed for 5 Oe
ZFC data for x = 0.60. The similarity comes from the fact
that 5 Oe field can change the direction of the magnetization
in x = 0.55, while it is not sufficient to switch the negative
magnetization observed in x = 0.60 sample. This observation
is opposite to the reported results where the PTF and NTF
effects are demonstrated to exhibit magnetization data which
are mirror image to each other [32,54]. This measurement
excludes the extrinsic contributions coming from the trapped
fields and confirms that the observed negative magnetization
phenomenon in GdMn,_,Fe, O3 (x = 0.55 and 0.60) samples
is indeed intrinsic in origin.

Additionally, extreme care has been taken to avoid any
diamagnetic contributions from the sample holder and mea-
surement geometry. To be clear about the sample signal, the
magnetic measurements are carried out using a quartz holder
which has a background signal of 10~7 emu (electromagnetic
unit). Note that the sample signal is ~10~> emu for 30 mg at
room temperature and it changes by an order of magnitude
down to low temperature while the SQUID signal from the
quartz holder remains the same. This further eliminates the
possibilities of the diamagnetic contributions if any from the

FIG. 7. Magnetization versus magnetic field (M-H) plots at 50,
200, and 300 K for x = 0.55 sample. Inset shows enlarged version of
the respective plots at lower magnetic-field range.

sample holder to the observed magnetic behavior. Also, if this
effect is an extrinsic or external artifact then the magnetization
would have been negative in the whole temperature range
below Ty. However, we have seen the negative magnetization
only between Tsg and Ty. In addition, the artifact will not give
an order of magnitude difference in magnetization between
x =0.55 and 0.60 samples. These facts indicate that the
magnetization reversal features are indeed intrinsic in nature.

To analyze it further, it is necessary to confirm the ground
state of these compounds from isothermal magnetization (M-
H) data. As a representative example, Fig. 7 shows the M-H
plots of x = 0.55 composition from —7 to 7 T measured
at 50, 200, and 300 K. Ordered arrangement between Feit
and Mn>* ions at B site would have resulted in ferromag-
netic (FM) features as reported earlier in several double-
perovskite compounds like La,NiMnOg [4], LayCoMnOg
[13], Er,CoMnOg [36], and Gdy;NiMnOg [55] where B-site
ions are ordered in rocksalt configuration. However, the plots
show that overall magnetic interaction is AFM at all tem-
peratures. This indicates that the Mn3* and Fe®* ions are
randomly distributed without any specific ordering at B site.
To further verify the magnetic states at different temperatures,
the enlarged version of the M-H plots at low fields is shown
in the inset of Fig. 7. While a clear loop opening is observed
at 300 K indicating the WFM ordering, the absence of it in
the plots measured at lower temperatures (200 and 50 K)
displays collinear AFM ordering. These observations support
the proposed magnetic structural change from I'y (WFM)
to I'y (collinear AFM) across the Tsg (257 K for x = 0.55
sample) as discussed earlier.

In the present compounds, the random distribution of
magnetic ions at B site rules out the Néel model involving
three different magnetic sublattices [38,39]. On the other
hand, the observed negative magnetization in these com-
pounds is confined in the WFM region while collinear AFM
region (<7sr) shows positive magnetization. In general, the
appearance of WFM character is determined by either of
the two mechanisms, namely single-ion magnetic anisotropy
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FIG. 8. Time dependence of magnetization plots (a) at 300 K
for different magnetic fields and (b) at 10-Oe field for various
temperatures for x = 0.55 sample.

(SIMA) and antisymmetric Dzyaloshinsky-Moriya (DM) in-
teraction [56]. The net moments produced by these mecha-
nisms may be added up in some cases, while in the mixed
B-site compounds the different temperature dependences of
these moments can be oriented in different directions which
results in the presence of negative magnetization at low-
applied fields [31,40]. In this instance, one of the end mem-
bers, GdFeOs, is a canted antiferromagnet owing to the DM
interaction [44]. Substitution of Mn ion at the Fe site enhances
the Tsg and decreases the Ty due to the increase of Mn-
SIMA in the system and brings out the necessary competition
between Mn-SIMA and DM interaction [45]. It is believed
that the net moments produced by these factors are oriented
in opposite direction and the resultant magnetization is in
antiparallel direction to the external field at low-field values.
This demonstrates the maximum room-temperature negative
magnetization in x = 0.60 sample as it may prominently
favor the competition between Mn-SIMA and DM interaction.
However, by applying a large magnetic field, it is possible to
overcome the average magnetic anisotropy and as a conse-
quence, the switching of resultant magnetic moment parallel
to the field direction results in the appearance of positive
magnetization. This isothermal spin-reversal phenomenon can
be further confirmed by a tunable bipolar switching of mag-
netization at a given temperature in between Tgg and Ty.
Figure 8(a) demonstrates ZFC magnetization data switch-
ing between negative and positive values for x = 0.55 com-
position, when the magnetization is recorded for selected
duration of time under 10, 70, and 100 Oe fields at 300 K.
In this measurement, initially, the sample is cooled from a
high temperature (>7y) to 300 K under zero magnetic field

and then the field is increased to 10 Oe and kept constant
for certain duration of time. Further, the field is increased
to 100 Oe to switch the magnetization to an equivalent
positive value and maintain it for the fixed time duration.
The process is continued for several cycles to verify the
reproducibility of the switching behavior. The observed data
plotted in Fig. 8(a) show a perfect field-induced magnetization
reversal phenomenon at 300 K. The process is repeated for
another combination of fields (70 and 10 Oe) at the same
temperature. These data confirm that the negative magneti-
zation as observed from the figure is stable under different
sets of fields. It is inferred from Fig. 8(a) that the magneti-
zation can be altered between a positive and negative value
by just tuning the magnitude of the applied magnetic field
along the positive direction. It is clearly advantageous over
FM system, where the direction of the stable polar states
is independent of the magnitude of field strength. Although
the similar demonstration of spin reversal is established in
other perovskite compounds like BiFeysMngsO3; [40] and
YFe( 5Crg 503 [31], they are at temperatures far below 300 K.
The present compound displays room-temperature (~300 K)
phenomenon which may be beneficial for potential appli-
cations in magnetic data storage and nonvolatile magnetic
memory devices.

In order to verify the stability of the negative magnetization
at a certain temperature, the time-dependent magnetization
measurement for x = 0.55 sample is repeated for various
temperatures under 10-Oe field and the corresponding data
are plotted in Fig. 8(b). Here, the sample is cooled from a
temperature above Ty to 200 K under zero magnetic field
and then the magnetization is recorded at 200 K under 10-
Oe magnetic field for a fixed duration of time. The process
is repeated for other temperatures under the same field. As
expected, the magnetization data show negative values when
recorded at temperatures between Tgg and 7y (260, 300, and
320 K) with profound effect at 300 K and switched to positive
value at 230 K (below Tsg) and 350 K (above Ty) which
are consistent with the M-T data shown in Fig. 6(a). The
time-dependent magnetic measurement illustrates the stability
of the magnetization values at all temperatures.

Significantly, the negative and positive slope variations of
magnetization with decreasing temperature can yield conven-
tional and inverse MCE, respectively [21,31,37]. Since the
present compounds show both positive and negative magne-
tization as a function of temperature near Tsg and Ty, it is
expected to show both MCEs in these systems. It is known
that the temperature dependence of magnetic entropy change
(—ASwm) with the application of magnetic field results in the
appearance of MCE in the system. To extract the thermal
variation of —ASy; for x = 0.60 composition the temperature-
dependent ZFC magnetization data [from Fig. 6(b)] are used
in the Maxwell equation [21,31,37],

sl =Y [(z—f)H ¥ (2—";)}1} (54) o

where (%)Hi and (%)Hi ., are the first derivatives of ZFC
magnetization at H; and H;;; magnetic fields, respectively.
The temperature dependence of —ASy is plotted in Fig. 9
for x = 0.60 sample for various magnetic fields and the
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FIG. 9. Magnetic entropy change (—ASy) in x = 0.60 sample as
a function of temperature for different magnetic fields.

polarity reversal of —ASy;, observed from this plot, is a direct
consequence of the change in sign of AM/AT [31,37]. The
—ASy value is increasing with the magnetic field from 50
to 1000 Oe in accordance with the usual behavior of MCE.
The interesting feature is revealed at 50-Oe field. Here, by
decreasing the temperature from 400 K, —ASy reaches a
maximum at 376 K (Ty) and decreases thereafter. Remark-
ably, on further cooling the sample, the —ASy reaches zero
value at 310 K and changes its sign to show the inverse MCE
which becomes maximum at 245 K (7sr). The similar feature
is observed for 100-Oe field with —ASy = 0 at 250 K. This
unusual coexistence of conventional and inverse MCEs with
switching at a particular temperature makes this compound
a promising material for a constant-temperature bath appli-

cation as proposed by Yusuf et al. [21]. As an example, if
the material is used as a working medium at 50-Oe field and
at T > 310K, the positive —ASy will decrease the temper-
ature and keep it constant at 310 K while at T < 310K, the
negative —ASy will increase the temperature until it reaches
310 K. Hence, any temperature fluctuation near 310 K can be
balanced by these two complementary MCEs. The observed
remarkable feature revealed by this compound has potential
use for constant-temperature baths (at 310 and 250 K) by
changing the applied magnetic field from 50 to 100 Oe.

IV. CONCLUSIONS

In summary, we have presented a correlation between
dielectric and magnetic orderings with detailed study on
unusual magnetic properties of orthorhombic perovskite
GdMn,;_,Fe, O3 (x = 0.55 and 0.60) compounds. Both spin-
reorientation and antiferromagnetic transitions are displayed
by magnetic and heat capacity measurements. A clear
anomaly observed in dielectric spectra near the magnetic
transitions may indicate a possible room-temperature magne-
todielectric effect which is originated from the spin-phonon
coupling as revealed from Raman spectra. Interestingly, this
compound exhibits room-temperature magnetization reversal
at low magnetic fields. This unusual phenomenon arising from
the competition between single-ion magnetic anisotropy and
Dzyaloshinsky-Moriya interaction results in a tunable bipo-
lar switching of magnetization along with low-field conven-
tional and inverse magnetocaloric effect at room temperature.
Although microscopic understanding is necessary to apply
this material for practical purpose, current work provides a
possible way to design its use in nonvolatile memories and
magnetic heating based constant-temperature bath. Overall,
the noteworthy room-temperature multifunctional properties
make this system significant for fundamental studies with
great promise for suitable applications.
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