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First-order nature of the spin-reorientation phase transition in SmCrO3
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The ever expected canted antiferromagnetic (CAFM) Pb′n′m : �4(Gx, Ay, FZ ; F R
Z ) to Pbn′m′ : �2(Fx,Cy, GZ;

F R
x , CR

y ) spin reorientation phase transition (SRPT) has only recently been confirmed through high-resolution
time-of-flight neutron scattering studies by Sau et al. [Phys. Rev. B 103, 144418 (2021)]. Despite several studies
on SmCrO3, the nature of its SRPT still remains debatable. In the present study, we revisit the issue through
dc M(T ) and ac-susceptibility, χac(T ), measurements. Repeated cycle field-cooled-cooling and field-cooled-
warming dc M(T ) measurements clearly expose a temperature point differentiating the regimes of continuous
and discontinuous parts of the SRPT. The discontinuous part has a tiny but clear hysteresis in M(T ), confirming
the first-order nature of the SRPT with supercooling (T ∗) and superheating (T ∗∗) temperatures to be ∼33 and
∼36 K, respectively. The hysteresis in the M(T ) is strongly supported by the occurrence of hysteresis in the
nondispersing peaks in χac(T ), measured using a 3 Oe ac signal amplitude during cooling and heating under
zero dc-bias. Below SRPT, the complete reversibility of M(T ) and χac(T ) confirms the second-order nature
of the Sm3+ ordering at TN2, which arises due to independent Sm3+-Sm3+ interaction. Similarly, the absence
of hysteresis in M(T ) as well as in χac(T ), across the paramagnetic to CAFM �4 phase transition, proves the
second-order nature of this phase transition.

DOI: 10.1103/PhysRevB.106.064413

I. INTRODUCTION

Due to the highly localized nature of rare earths (R’s), f -
electrons, the compounds that contain them, have always been
a source of interesting physics at relatively low temperatures.
It becomes more so if these moments happen to interact with
the 3d-block transition-metal moments, which usually order at
relatively high temperatures. Among many such compounds
are the rare-earth and transition-metal-based magnetic
distorted perovskites, including orthomanganites (RMnO3)
[1,2] and orthoferrites (RFeO3) [3,4], which possess immense
technological potential for magnetoelectric multiferroicity. In
this series, the rare-earth orthochromites (RCrO3) [5–7] are
additionally interesting due to their coexisting functionalities
comprising multiferroicity, spin reorientation phase transition
(SRPT) [8–18], and magnetization reversal, which have the
potential for possible novel applications in fast magnetic
switching devices [19–21] and magnetic refrigeration [22].
The remarkable properties in these compounds arise out of
polarization of the localized moments of R3+ ions under the
internal field of Cr3+ moments, due to their antisymmetric su-
perexchange and the underlying Dzyaloshinskii-Moriya (DM)
interactions. The need for materials design to harness the
maximum benefit out of novel functional properties, and the
microscopic understanding of the basic physics behind the in-
teractions, necessarily require an understanding of the true
nature and order of the SRPT. This is also likely to resolve the

possible role of magnetostructural coupling behind the SRPT.
At this juncture it is worth mentioning that SRPT is also
realized in thin films appearing as a function of film thickness
[23].

Despite a plethora of studies on SRPT in different com-
pounds [8–22], the nature of SRPT in RCrO3 still remains
debatable. In the family of RCrO3, SmCrO3 has been studied
intensively, but reports of possible magnetoelectric multifer-
roic behavior [24,25] have attracted fresh attention. Similar
to various other orthoferrites and orthochromates, SmCrO3

also evolves from the paramagnetic state to a canted antifer-
romagnetic (CAFM) phase at TN1 = 192 K, and then SRPT
at TSRPT = 34 K. In most of these studies [8,26–29], the
two transitions—CAFM and SRPT—are shown to possess
�4(Gx, Ay, FZ ; F R

Z ) and �2(Fx,Cy, GZ ; F R
x , CR

y ) spin config-
urations, respectively, except for DyFeO3 and NdCrO3 [30],
which undergo �4 to �1 and �2 to �1 transformations across
the respective SRPTs. The correct spin configurations of
SmCrO3 across the CAFM and SRPT have been recently con-
firmed to be �4(Gx, Ay, FZ ; FR

Z) and �2(Fx,Cy, GZ; F R
x , CR

y ),
respectively, by Sau et al. [31] using magnetic neutron scatter-
ing. A diagrammatic view of the magnetic structure revealing
the change in the orientations of the Cr3+ and Sm3+ moments
across the SRPT has been shown in Figs. 1(a) and 1(b).

Initially the SRPT was understood following the phe-
nomenological description by Horner and Verma [9] as the
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FIG. 1. Magnetic struture of (a) �4 phase at 55 K and (b) �2

phase at 25 K. It may be noted that in �4 phase the magnetic structure
of Cr moments is GX -type AFM with Cr moments oriented mostly
along the x-axis and that of Sm is FZ -type, with Sm moments aligned
along the z-axis. After SRPT, i.e., in �2 phase, the magnetic structure
of Cr moments still remains G-type AFM but now the Cr moments
get flipped along the Z-axis and that of Sm is C-type AFM with
moments aligned along the Y-axis.

easy-axis rotation arising from the temperature dependence
of the second (K1) and fourth-order (K2) single-ion magnetic
anisotropy coefficients [32] as given in (1),

E = K0 + K1 sin2θ + K2sin4θ. (1)

This has been found to be followed in Mn2−xCrxSb [33]. It
has been theoretically [34] and experimentally [35,36] shown
that the SRPT does arise due to the fourth-order anisotropy
term (K2), which is generally small, but it dominates the
orientation behavior when the second-order anisotropy term
(K1) changes sign with temperature [8,37,38] and when K2 is
negative, an abrupt jump of spins signifying that a first-order
phase transition takes place. Levinson et al. [39] have also
shown that SRPTs may be of both characters, i.e., either show-
ing a second-order phase transition (SOPT) or a first-order
phase transition (FOPT).

However, keeping in mind the experimentally observed
fact regarding SRPT, namely that it is seen only for those
rare-earth ferrites and chromates whose rare-earth ions are
magnetic [8,10], a proper approach necessarily demands two-
ion anisotropy, while the theory of Horner and Verma [9] is
based on single-ion anisotropy. Therefore, as such this appears
incompatible for the rare-earth orthoferrites and orthochro-
mates. As pointed out by Yamaguchi [10], for Cr3+ (S = 3/2)
the fourth-order anisotropy K2 is nonexistent, and therefore
the Horner and Verma [9] theory is technically incompatible
for the SRPT observed for RCrO3 compounds. Yamaguchi
[10] thought the SRPT was a result of both antisymmet-
ric and anisotropic-symmetric exchange interactions between
M3+ and R3+ spins, which supposedly could better define the
phenomenon of SRPT.

Experimentally, the nature of SRPT in SmCrO3 was first
studied by Gorodetsky et al. [40] using sound velocity mea-
surements on single crystals, and despite the above-discussed
facts related to the incompatibility of Horner and Verma [9]

theory for rare-earth chromates, Gorodetsky et al. attributed it
to a second-order phase transition following the same sound
velocity measurements. Despite the fact that fourth-order
anisotropy K2 is nonexistent for Cr3+, Gorodetsky et al. sim-
ply delivered a very short argument about the appearance of
a finite moment at Sm3+, whereas their detailed interpretation
of the observation was based on the approximation consider-
ing the nonexistence of rare-earth moments.

All of the above-mentioned facts indicate that there is
still sufficient room to revisit the true nature of the SRPT in
SmCrO3, which has not been attempted in the recent past after
the work of Gorodetsky et al. [40]. Only recently, Tripathi
et al. [41] attempted to probe it in SmCrO3 as the FOPT
through phase-coexistence studies using neutron scattering,
but due to improper structure refinement of the NPD data, that
study remained inconclusive.

According to Landau’s phenomenological theory, pre-
sented for first-order and second-order phase transitions [42],
the nature (first or second) of a temperature-driven phase tran-
sition can be confirmed directly, and more concretely, through
the temperature dependence of the related order parameters
measured during cooling and heating cycles. The theory of
FOPT incorporates the double-well potential, which requires
that the order-parameter variation as a function of tempera-
ture must show hysteresis across the FOPT. The absence of
hysteresis is usually taken as a signature of an SOPT. As
far as the sharpness of the order-parameter variation against
temperature in a FOPT is concerned, it may be affected
by the sample’s structural quality. Disorder can broaden an
FOPT [43] and in acute cases it may even be mistaken as a
second-order transition. The absence of hysteresis thus may
prevent the confirmation of a SOPT, but the occurrence of
hysteresis invariably confirms the presence of an FOPT. For
magnetic phase transitions, the order parameter is magneti-
zation (M), which can be measured very accurately yielding
precise and reproducible data as a function of temperature
M(T ) and/or magnetic field M(H ). In the present study, we
revisited the nature of the SRPT in SmCrO3 via detailed dc-
and ac-susceptibility (χac) measurements. Our magnetization
results show the nature of the SRPT to be first-order, and the
other two AFM transitions at TN1 and TN2 are shown to be
second-order.

II. EXPERIMENT

Polycrystalline SmCrO3 was synthesized following the
solid-state route as described in Ref. [31]. After confirming
the single-phase nature of the as-prepared SmCrO3, the tem-
perature dependence of the dc-magnetization M(T ) and the
ac-susceptibility χac(T ) were measured down to 2 K using a
SQUID magnetometer MPMS3 (Quantum Design Inc., USA)
on an ∼35 mg sample. Both measurements were done in set-
tled mode with an effective wait time of about a few minutes
per data point [44]. The M(T ) curves were measured under
various protocols, such as zero-field-cooled (ZFC), field-
cooled-cooling (FCC), and field-cooled-warming (FCW) at
20, 50, 500, and 1500 Oe. The χac(T ) curves were measured
at various frequencies during cooling and warming cycles.
Isothermal magnetization, M(H ), curves were recorded at
various temperatures. It is worth mentioning here that before
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FIG. 2. (a) ZFC, FCC, and FCW dc M(T ) data of SmCrO3 mea-
sured under 500 Oe, showing the occurrence of a weak-FM transition
at 192 K arising due to CAFM ordering. The sharp drops in magne-
tization at ∼34 K and ∼19 K are due to SRPT and commencement
of AFM ordering due to Sm-Sm direct interaction. The insets show
the corresponding CW-fit and variation of ZFC magnetization.

performing ZFC measurements, the remnant field inside the
SQUID was carefully zeroed, either by soft-quenching the
magnet or by oscillating the field.

III. RESULTS AND DISCUSSIONS

The single-phase nature of the as-prepared SmCrO3 sam-
ple was confirmed using x-ray diffraction (XRD) as well
as time-of-flight (TOF) neutron powder diffraction (NPD)
measurements [31]. RT-XRD and TOF-NPD data of the as-
prepared SmCrO3 sample were Rietveld-refined using Pbnm
space group. The Wyckoff positions of Sm, Cr, and the two
oxygen atoms O1 and O2 were confirmed to occupy a Pbnm
structure as reported in Ref. [31].

Figures 2(a) and 2(b) show the temperature dependence
of the dc-magnetization, M(T ), of SmCrO3 measured, re-
spectively, at 500 and 1500 Oe fields. A sharp rise in the

FIG. 3. Enlarged view of the FCC and FCW dc-magnetization
variations across SRPT in SmCrO3 measured under (a) 500 Oe and
(b) 1500 Oe. This highlights the presence of hysteresis in the dc
M(T ) confirming to the first-order nature of the SRPT. The super-
heating (T ∗∗)/supercooling (T ∗) temperatures have been indicated.

magnetization below TN1 = 192 K, slowly approaching max-
ima of ∼0.071 μB/u.c. (unit cell) (at 500 Oe) to 0.079 μB/u.c.
(at 1500 Oe) at further low temperatures (∼62 K), indi-
cates a weak-ferromagnetic (FM) transition. In the literature
[45,46], such weak FM components are invariably attributed
to the DM interactions [47,48], leading to CAFM ordering
of Cr3+ moments. At TN1, the Sm3+ moments remain para-
magnetic. However, with decreasing temperature the Sm3+

moments slowly get polarized under the exchange field of
Cr3+ [31]. This polarization is usually AFM in nature and
known [8,10,49,50] to initiate continuous rotation of the Cr3+

moments leading to SRPT at ∼34 K, as shown in Figs. 2(a)
and 2(b). The Curie-Weiss (CW) fit of the (1/χdc) − T data,
measured at 500 Oe field, gives an effective moment (μeff )
of 7.8 μb with TCW = −1323 K; see the inset (i) of Fig. 2(a).
On the other hand, the μeff and TCW, as determined us-
ing the 1500 Oe (1/χdc) − T , are found to be 6.7 μb and
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FIG. 4. The ZFC, FCC, and FCW M(T)s measured at (a) 500 Oe and (c) 1500 Oe fields. The corresponding first-derivative (dM/dT) curves
(b) 500 Oe and (d) 1500 Oe bring out the fine features across the SRPT.

−1002 K, respectively; see the inset of Fig. 2(b). It shows
that μeff of SmCrO3 is slightly field-dependent. The order
of magnitude of the presently determined μeff is in agree-
ment with the previously reported ones [5,51]. However, the
experimentally measured value of μeff is much larger as
compared to the expected μeff , calculated for SmCrO3 based
on the individual moments of Cr3+ and Sm3+. The large
negative value of TCW confirms the strong AFM interaction
in SmCrO3.

The ZFC M(T ), as shown in Fig. 2(a), undergoes a sin-
gle sharp drop during SRPT. However, the FCC and FCW
curves split into different components in different temperature
regions around the SRPT. This can be better realized in the
enlarged view of the dc M(T ) curves, as shown in Figs. 3(a)
and 3(b), and also by the first derivatives of the dc M(T ), as
shown in Figs. 4(a)–4(d). The FCC and FCW M(T )’s around
SRPT can be broadly split in three different components as
shown in Figs. 3(a) and 3(b) by differently hatched regions
on a temperature scale. The M(T ) variations corresponding
to 500 and 1500 Oe, despite looking different, have common
features coincident on the temperature scale, as indicated by
P1, P2, and P3. Two of the features, P1 and P2, lie close to the
SRPT in region II, while the third one, P3, appears close to the
boundary of regions I and II at ∼19 K. The FCC/FCW M(T )’s
remain exactly reversible until below P3 (i.e., below 19 K).
But above P3, the M(T )’s follow irreversible paths featuring
two hystereses, marked as hysteresis I and II. The ∼4-K-
wide hysteresis I, lying in region II, embodies the SRPT. But

hysteresis II, starting in region I, bears a width of ∼155 K and
extends much above the SRPT and finally merges at TN1. For
hysteresis I corresponding to 1500 Oe M(T ), the M(T ) varies
differently in the pre-SRPT region as compared to that of 500
Oe. For that of 1500 Oe, the M(T ) first increases and then
drops sharply at the SRPT ∼33 K. The above-described FCC
and FCW M(T )’s measured on SmCrO3 have revealed new
features related to the SRPT, which were otherwise hidden in
the ZFC data. As is discussed in the following, these observa-
tions are likely to change the existing understanding about the
nature of SRPT in SmCrO3 [10,40].

As shown in Figs. 3(a) and 3(b), the M(T ) curves, for
500 and 1500 Oe, respectively, look different but their fea-
tures around the SRPT bear a one-to-one correspondence,
which has been identified by the change in curvature of the
M(T )’s occurring at common temperatures. For 500 Oe, the
M(T ) curve continuously decreases until the inception of
tiny hysteresis at P1 in region II, whereas for 1500 Oe, the
M(T ) continuously increases until P1 before the inception
of the corresponding hysteresis I. These coincident features
have been highlighted by the vertical dotted lines of differ-
ent colors. These features indicate that the SRPT is reached
in two steps. The first step of the transition comprises a
continuous rotation of the moments until point P1, i.e., a
second-order-like phase transition, and in the second step, the
Cr3+ moments undergo a discontinuous jump to an altogether
different spin-configuration below the inception point P2, fi-
nally accomplishing the net SRPT.
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FIG. 5. A sequence of FCC and FCW M(T ) curves, all measured
under 500 Oe field, while turning back for FCW at decreasingly
lower temperatures of 85, 60, 36, 31, and 25 K. It depicts complete
reversibility until 36 K, but below that, e.g., at ∼31 K, it becomes
irreversible. The inset shows the first derivatives (dM/dT) of the
M(T ) curves measured until 25 K. The splitting of the FCC curve
across SRPT is quite evident from the first-derivatives curves.

To confirm the existence of such an inception point, we car-
ried out a series of FCC and FCW M(T ) measurements at 500
Oe. Each set of FCC/FCW M(T ) was started from 250 K and
then cooled down, respectively, to 85, 60, 36, 31, and 25 K; see
Fig. 5. From Fig. 5, it is quite clear that until 36 K, at which the
feature P1 in the FCC M(T ) appears, the M(T ) remains totally
reversible, and no sign of any broad (155-K-wide) hysteresis
II is observed. This indicates a second-order-type continuous
rotation. But as we go below 36 K, e.g., down to 31 K, the
M(T ) curve becomes irreversible and the hysteresis I and II
emerge. This measurement clearly proves the existence of a
critical temperature, in between 36 and 31, below which the
SRPT becomes irreversible.

The continuous variation of M(T ) in the pre-SRPT re-
gion is another interesting feature that has been investigated
closely. The M(T ) corresponding to 500 Oe decreases slowly
below ∼60 K, and only below ∼45 K does it take a deep
downturn. On the other hand, the 1500 Oe M(T ) varies
differently. In this case, the decreasing trend slowly dimin-

FIG. 6. Isothermal magnetization curves, M(H ), measured for
SmCrO3 at (a) 60, 45, 35, and 25 K; and (b) 250 and 5 K. (c) The
temperature variation of the coercive-field (HC ) and the remanent-
magnetization (MR) as derived form the M(H ) loops.

ishes, and below ∼45 K the magnetization gradually takes
an upturn with a kink at P1 = 36 K. This field dependence
in the nature of net M(T ) in the pre-SRPT region appears
due to competition between the temperature dependence of
the domain magnetization of the ferrimagnetic �4 phase and
the strength of the antiparallel polarization of the Sm3+ mo-
ments against the exchange-field of ferrimagnetic order of the
Cr3+ moments. The �4 phase bears easy-plane magnetocrys-
talline anisotropy, which basically keeps decreasing towards
the SRPT. This decrease is quite evident from the decreasing
coercive-field Hc in different M(H ) loops of SmCrO3 across
the SRPT down to 35 K; see Figs. 6(a)–6(c). Below a criti-
cal measuring field, the ferrimagnetic domain magnetization
remains low enough with respect to the antiparallel polariza-
tion of Sm3+ moments, and therefore the net magnetization
remains overwhelmed by the antiparallel polarization of Sm3+

moments, and M(T ) keeps decreasing. Since SmCrO3 be-
comes magnetically soft towards SRPT, at higher measuring
fields the ferrimagnetic domain magnetization exceeds the
opposition of the antiparallel polarization effect of Sm3+

moments and overwhelms the net magnetization, and keeps
it increasing until the SRPT. Despite the differences in the
pre-SRPT M(T ) at different measuring fields, the sharp drop
in magnetization at the SRPT remains identical at both mea-
suring fields. It signifies that SRPT is effectively governed by
a change in the nature of magnetocrystalline anisotropy with
respect to temperature, which owes its origin to the anisotropic
superexchange interaction between Cr3+ and Sm3+ moments.

In Figs. 6(a)–6(c), the presence of a closed M(H ) loop
with linear M(H ) at high fields typically signifies the
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FIG. 7. χac(T ) of SmCrO3 measured at 331 Hz during a heating-cooling cycle in the range of 4–260 K. Inset (i) highlights the occurrence of
∼1.3-K-wide hysteresis in χac(T ) across the SRPT. Inset (ii) shows that the transition from paramagnetic to CAFM and back to paramagnetic
phase both exactly match at TN1 = 192 K. This asserts the second-order nature of the CAFM transition. Inset (iii) shows a complete absence
of frequency dispersion of the χac(T ) peak corresponding to SRPT, confirming its thermodynamic nature.

coexistence of FM and AFM interactions. The closed-loop
feature corresponds to the FM, and the linear behavior to
the AFM interaction as confirmed via neutron scattering [31].
Figure 6(c) shows that the remanence magnetization (MR) of
M(H ) increases slowly, and across SRPT, from 60 to 25 K, it
remains constant and below 25 K it drops nearly to zero, at
∼5 K. The M(H ) at 250 K, i.e., above TN1, is linear due to the
paramagnetic nature of the phase. At very low temperatures,
at 5 K, it is once again linear, representing a pure AFM
phase. The decreasing coercive-field in the M(H ) loops across
SRPT is direct evidence of decreasing second-order magnetic
anisotropy. Even at higher field, the Sm3+ moments keep
maintaining its antiparallel alignment with the exchange-field
of ordered Cr3+ moments. This process continues, leading to a
∼90◦ flip of the Cr3+ moments at the SRPT [10,31]. The much
lower value of ZFC magnetization of �2 phase is due to high
uniaxial magnetic anisotropy of the �2 phase as compared to
the easy-plane anisotropy of the �4 phase. Keeping in mind
the fact that a magnetic field itself is a thermodynamic vari-
able, the presence of a magnetic field in a significant amount
may change the scenario of the expected second-order phase
transition.

The difference in the nature of magnetization variation
under FCC and FCW in Figs. 3(a) and 3(b) has thus re-
vealed the true nature of the SRPT, which remained hidden in
the ZFC data. The magnetization being the order parameter,
the irreversibility with ∼4-K-wide hysteresis-I signifies the
first-order nature of the SRPT with supercooling tempera-
ture T ∗ = 33 K and superheating temperature T ∗∗ = 36 K.

The reversible drop in M(T ) below ∼19 K, in contrast to
the ZFC, where the magnetization gradually increases with
a decrease in temperature, is attributed to the commence-
ment of independent GR

z -type AFM ordering of Sm3+ at
TN2 < 4 K.

The conventional magnetization measurement techniques
do require a finite measuring field, but it can be very small.
In principle, the applied field should be as low as possible to
know the intrinsic magnetic behavior of the sample. But for
having an analyzable signal, the applied field usually has a
reasonably large value, in the range of 100 Oe or more. Due
to the presence of the applied measuring field as a third ther-
modynamic variable, therefore, the conclusion of SRPT being
a true FOPT against temperature may remain arguable. How-
ever, in ac-magnetic susceptibility measurement, by virtue of
its requirement, the amplitude of the ac-field remains very low
at ∼1 to 3 Oe, and thus the theoretical requirement, of a field
approaching zero, is reasonably well satisfied. Keeping this
in mind, χac(T ) measurements were also carried out at dif-
ferent frequencies during cooling-heating cycles, in stabilized
temperature mode. The root-mean-square value of the applied
ac-field was kept to 3 Oe. Figure 7 shows the χac(T ) variation
of SmCrO3 measured at 331 Hz during heating and cooling
cycles in the range of 4–260 K. The sharp peaks in χac(T ),
at ∼192 K and 34 K, correspond, respectively, to CAFM and
SRPT transitions. It should be noted that corresponding to the
SRPT, the χac(T ) peaks appear at lower and higher tempera-
tures, having ∼1.3 K hysteresis, respectively, during cooling
and heating cycles; see inset (i) of Fig. 7. Keeping in mind the
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fact that equally steeply varying portions of the heating and
cooling χac(T ) curves, between 2 and 22 K, exactly match,
the slow deviation of the heating χac(T ) curve from that of
the cooling one above 22 K, while approaching SRPT, slowly
deviates bringing out the observed 1.3 K difference. The hys-
teresis across the SRPT is genuine and represents the intrinsic
characteristic of the sample. It may also be noted that the
SRPT width is ∼30% larger during the heating cycle. The ob-
served irreversibility in the temperature of the phase-transition
during heating and cooling clearly characterizes the first-order
nature of the SRPT. The 1.3 K hysteresis arises due to the
difference in the superheating (T ∗∗) and supercooling (T ∗)
temperatures of a FOPT. The inset (ii) of Fig. 7 highlights
the exact match between the peak temperatures of χac(T )
corresponding to CAFM phase-transition, approving it to be
a second-order phase transition. The absence of frequency-
dispersion in χac(T ), as highlighted in inset (iii), proves that
the peaks in χac(T ) correspond to the thermodynamic nature
of the SRPT. Thus, the χac(T ) variation is also in full ac-
cordance with the dc M(T ), and thus confirms the first-order
nature of the SRPT.

The hysteresis-II feature of the M(T ), corresponding to
an ∼155-K-wide �4 phase regime, is not a feature of any
phase-transition, but rather is a result of two different paths
of approaching the �4 phase transformation. Figures 8(a)–
8(c) show that the area under the FCC and FCW decreases
as the measuring field increases. During the FCC cycle, the
�4 phase forms due to a disorder-order transition under an
applied field, and relatively larger ferrimagnetic domains with
higher domain-magnetization form due to the presence of the
field. On the other hand, during FCW, the �4 phase forms due
to order-order transformation of the �2 phase under an applied
magnetic field. The definition of the preexisting domains in
the �2 phase will necessarily modify the 180◦ domains of
the ferrimagnetic phase to minimize the magnetostatic energy.
The increased number of 180◦ domains [31] will therefore
lower the net magnetization. However, at higher measuring
fields, more 180◦ domains will now align with the applied
field, and net FCW magnetization will be close to that of the
FCC, minimizing the difference. Finally, all such 180◦ do-
mains vanish towards �4 to the paramagnetic phase-transition,
and the FCW M(T ) ultimately merges with the FCCM(T)
at TN1.

IV. CONCLUSION

Based on the above-described results of dc and ac magne-
tization studies across various phase transitions in SmCrO3,
and the ensuing discussions, we conclude that observed
spin-reorientation in SmCrO3 is a result of two closely ly-
ing transitions. While cooling, the Cr3+ moments �4 phase
undergo a continuous rotation until ∼36 K following a
second-order-type behavior, but below ∼33 K the Cr3+ mo-
ments undergo a discontinuous jump of first-order type to
an altogether different spin-configuration of �2 phase. The
observed hysteresis-I feature in M(T ) and χac(T ), around the
SRPT, is basically due to the first-order nature of the spin-

FIG. 8. M(T ) variations of SmCrO3 measured at different fields.
It is clearly shown that at higher measuring fields, the hysteresis-II
feature keeps slowly diminishing.

configuration change. The wide hysteresis-II feature above
the SRPT is due to different paths of the �4 phase formation
during cooling and heating cycles.
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