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We report on the magnetic field �H� dependence of the order of the ferromagnetic �FM� to paramagnetic
�PM� phase transition in Sm0.52Sr0.48MnO3 single crystal. For H�4 T, magnetization and specific-heat data
show a first-order phase transition, with sharp drop of magnetization along with hysteresis, and large, sym-
metric, and narrow specific-heat peak with finite amount of entropy change at TC. By contrast, for H�4 T, the
phase transition becomes essentially second-order with tricritical point exponents ��0.32 and ��1.31. The
tricritical point separates first-order �H�4 T� from second-order �H�4 T� transition.
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Mixed-valence manganites R1−xAxMnO3 �R: rare-earth
ions, A: alkaline-earth ions� exhibit a rich variety of exotic
phenomena due to the presence of several competitive inter-
actions of comparable strength. Recently, there is a consid-
erable experimental and theoretical interest on the effect of
quenched disorder on the phase transition and the appearance
of colossal magnetoresistance.1–4 Similar to antiferromag-
netic and Jahn-Teller coupling, disorder also reduces the car-
rier mobility and the formation energy for lattice polarons
and, thus truncating the ferromagnetic phase and changes the
nature of the transition. The effect of disorder on the physical
properties is strong when the bandwidth of the system is
small. The bandwidth can be controlled by tuning the aver-
age ionic radius �rA� of R and A ions. On the other hand, the
quenched disorder arises mainly due to the size mismatch
between R and A ions and its value is identified as the A-site
size variance �2= �rA

2�− �rA�2.5 Thus, the disorder will be
large in a system with the rare-earth element of smaller ionic
radius such as Sm, Eu, and Gd and alkaline-earth element of
larger ionic radius such as Sr and Ba. Among these kinds of
systems, Sm1−xSrxMnO3 close to x=0.5 shows a very sharp
drop in magnetization at ferromagnetic �FM� to paramag-
netic �PM� transition, where resistivity changes several
decades.2,6,7 This suggests that FM phase is truncated, ren-
dering the transition first order. The nature of magnetic tran-
sition has been reported on several manganites where the
effect of quenched disorder is negligible.8–11 However, there
is no systematic analysis on the nature of magnetic phase
transition in a system with large quenched disorder either in
the ambient condition or in the presence of any external per-
turbation.

In this Brief Report, we present the detailed analysis of
magnetic field �H� dependence of the order of FM-PM phase
transition in Sm1−xSrxMnO3 with x=0.48. The reason why
we have chosen x=0.48 is that near the half doping �x
=0.5�, the phase competition and the resultant phase varia-
tion are most clearly seen and also disorder is maximum at
x=0.5. In particular, we have shown from magnetization,
specific heat, and thermopower studies that below a critical
value of applied magnetic field �H�4 T�, FM to PM tran-
sition is first order in nature and it crosses over to conven-

tional second order above that field. To the best of our
knowledge, this is the first experimental analysis on the
change of the order of magnetic phase transition with exter-
nal parameter.

Single crystals of Sm0.52Sr0.48MnO3 were grown by using
an optical floating zone furnace.12 The quality of the crystal
was carefully checked by various techniques such as electron
dispersive x-ray analysis, x-ray diffraction, ac susceptibility,
etc. Magnetic measurements were done using a SQUID mag-
netometer �Quantum Design� in fields up to 7 T and in a
vibrating sample magnetometer �Oxford Instruments� up to
11.5 T using five-scan averaging. The data were collected at
1–4 K interval after stabilizing the temperature for about 45
min. External magnetic field was applied along the longest
sample direction and data were corrected for the demagneti-
zation effect. Specific-heat measurements were performed
using semiadiabatic and relaxation techniques in a wide
range of temperature �5–300 K� and magnetic field �0–10 T�.
Thermoelectric power measurements were carried out by a
differential technique on the same specimen.

Figure 1�a� shows a series of isotherms of magnetization
M�H� �with increasing field� of Sm0.52Sr0.48MnO3 single
crystal for some selected temperatures. A large hysteresis
between increasing and decreasing fields is observed. The
width of the hysteresis decreases with increasing T, and it
vanishes above 160 K �Fig. 1�b��. In contrast to a continuous
FM-PM transition, a field-induced steplike jump in M is
clearly observed from these plots. With increasing T, the
sharpness of the jump decreases and no such jump exists
above 160 K. Earlier studies established that the presence of
quenched disorder leads to the creation of an inhomogeneous
metastable state and subsequent magnetization jumps.6 Of-
ten, such a field-induced steplike jump in M along with hys-
teresis is the indication of first-order FM transition such as in
MnAs.13 Thus, it is important to analyze the nature of the
magnetic phase transition in the ambient condition as well as
in the presence of an external magnetic field. One approach
is to examine the slope of Arrott plots �H /M vs M2�.14 These
plots will reveal a set of parallel curves with a positive slope
for the second-order transition. Therefore, the observed
negative slope in low-field region �except the initial part� and
positive slope in the high-field regime, where H /M vs M2 at
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various temperatures tends to form a progression of parallel
curves indicate that the transition is second order only at
high fields �Fig. 1�c��. According to the Banerjee15 criterion,
the slope H /M vs M2 is negative for first-order transition.
This criterion has been used extensively in manganites and
other systems to distinguish first-order magnetic transition
from second-order ones.8,16 So, our results indicate that
FM-PM transition in Sm0.52Sr0.48MnO3 is first order at low
fields and becomes continuous in the high-field regime.

To establish the field-induced first-order to second-order
transition, we have analyzed T dependence of M for different
H �Fig. 2�a��. It is clear that the ferromagnetic transition is
notably sharp for small H and the sharpness decreases at
high fields. To describe the change quantitatively, we have
calculated the peak width at half maximum ��M� of dM /dT
vs T curve for different H. �M is small and almost indepen-
dent of H below 4 T, but increases sharply above this field
�Fig. 2�b��. This kind of dependence of �M on H indicates
that 4 T is a critical field around which the nature of the
magnetic phase-transition changes.17 One can see that the
application of magnetic field shifts the transition tempera-
ture, and thus leads to a field-dependent phase boundary TC
vs H �Fig. 2�c��. The phase diagram shows two critical end
points for H�4 T �determined from the thermal hysteresis
of M as shown in the inset of Fig. 2�b�� and one end point
above 4 T. The width of the thermal hysteresis at H�0 is
about 4 K, which narrows progressively with increasing field
and disappears above 4 T. Thus, the two phase-transition
lines AC and BC converge into a single phase-transition line
above 4 T. This confirms that the system has a tricritical

point �H=4 T�, which sets a boundary between first-order
�H�4 T, where hysteresis exists� and second-order �H
�4 T, where hysteresis disappears� ferromagnetic
transitions.18 It may be noted that at H�4 T, both thermal
energy associated with the width of hysteresis and the mag-
netic energy are comparable in magnitude. We use Clausius-
Clapeyron equation to estimate the magnetic entropy change
��Smag� of the system at TC=110 K. In such a case, the
Clausius-Clapeyron relation takes the form �Smag
=�M / �dTC /dH�.9 For this purpose, we take dTC /dH
=11.3 K /T from the linear part of Fig. 2�c� and �M
=MFM-MPM is calculated from M�H� curve �Fig. 1�a��. This
system exhibits a finite amount of entropy change
�1.45 J /mol K� at TC=110 K. To support that the phase
transition becomes second order at high fields, we have re-
plotted M�H� data into a modified Arrott plot M1/� vs
�H /M�1/� �Fig. 2�d�� at high field �H�9T� and high-
temperature �T�188 K� region where H dependence of TC
is weak. In this domain of temperature and field, we observe
that M1/� vs �H /M�1/� generates almost parallel straight lines
with critical exponents, ��0.32 and ��1.31 as expected
for a second-order phase transition.10,11 Taking into account
the weak dependence of TC on H in the high field and
high-temperature region, we found that TCM1/� vs
TC�1+ �H /M�1/�� curves shows a set of parallel lines, but
over a wider range of T and H without a significant change in
� and �.19

Due to the coexistence of several phases in manganites, it
is difficult to analyze the nature of phase transition from
magnetic measurement only.20 In order to confirm the nature
of the magnetic phase transition, we have measured the
temperature dependence of specific heat �Cp� of

FIG. 1. �a� Isothermal magnetization �M vs H� of
Sm0.52Sr0.48MnO3 single crystal �data with increasing field are
shown�. �b� Hysteresis in M�H� at 110 and 170 K. �c� Magnetiza-
tion isotherms replotted as H /M vs M2 between 110 K �bottom� and
120 K �top� in 2 K interval.

FIG. 2. �a� Temperature dependence of magnetization �heating
cycle� for Sm0.52Sr0.48MnO3 single crystal at different magnetic
fields. �b� H dependence of �M. Inset shows thermal hysteresis of
M at H=2 kOe. �c� TC−H phase diagram. Closed and open sym-
bols are transition temperatures derived from the heating and cool-
ing cycles of M�T� curves, respectively. �d� Modified Arrott plots
�M1/� vs �H /M�1/�� in the high field H�9 T and high temperature
188 K�T�203 K �with 3 K interval� regime with �=0.32 and
�=1.31.
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Sm0.52Sr0.48MnO3 single crystal for different magnetic fields
�inset of Fig. 3�a��. Cp exhibits strong anomaly near TC both
in the presence and absence of magnetic field. To estimate
the magnetic contribution in Cp, Cmag, a polynomial fit from
40 to 300 K �excluding the region �TC−30��T� �TC+30��
was subtracted.21 Figure 3�a� shows the thermal distribution
of Cmag for different magnetic fields. For H=0, Cmag shows a
large, narrow, and symmetric peak at TC. With increasing H,
the sharpness of the peak remains almost unaltered for H
�4 T, but above that the sharpness decreases and the peak
becomes 	-like. The shape and field dependence of Cmag
indicate that H�4 T is the boundary between the region
where the magnetic transition is first order �H�4 T� and the
region where the transition is second order in nature �H
�4 T�. Additionally, we have measured the temperature de-
pendence of thermopower �Q� for different magnetic fields
�inset of Fig. 3�b��. It is clear from the figure that Q�T�
mimics the T dependence of M. At H=0, Q shows a sharp
drop at TC and the sharpness decreases with field as in the
case of magnetization. As thermopower is directly related to
the specific heat �C� of charge carriers �C�TdQ /dT�, we
have plotted TdQ /dT as a function of T for different H in

Fig. 3�b�.22 The zero-field peak is sharp, narrow, and sym-
metric, while the peak becomes broad at H=7 T, qualita-
tively similar to Cmag.

The order of the magnetic phase transition can also be
understood from the behavior of the entropy at the transition
point. For a first-order transition one expects a discontinuous
jump in entropy. For this purpose, we have calculated the
magnetic entropy �Smag� associated with ferromagnetic tran-
sition as Smag=	�Cmag /T�dT. In Fig. 4, Smag is plotted as a
function of T within a temperature interval of 
20 K around
TC. The discontinuous and smooth changes of Smag around
TC for H=0 and 5 T, respectively, indicate a first-order to
second-order crossover of FM transition with increasing
magnetic field. To describe the change quantitatively we
have calculated the magnetic entropy change at TC, �Smag,
by using the linear extrapolation of Smag from below and
above to TC as depicted in Fig. 4. The value of �Smag, cal-
culated from magnetization and specific heat are comparable
to each other. The field dependence of �Smag and peak width
at half maximum ��C� of Cmag vs T curve are shown in the
inset of Fig. 4. Initially, �Smag and �C do not change signifi-
cantly, but at around 4 T, �C increases abruptly while �Smag
drops sharply. This behavior confirms that the order of
FM-PM transition in Sm0.52Sr0.48MnO3 changes from first to
second order at around H=4 T.

It is thus clear that the magnetic phase transition in
Sm0.52Sr0.48MnO3 changes from first to second order under
the influence of external magnetic field. A change from first-
to second-order phase transition with the variation of exter-
nal parameter is considered in Ref. 3. The theoretical model
takes into account the effect of quenched disorder on the
nature of the phase transition. Near the phase transition, the
coherence length remains finite for a first-order transition. If

FIG. 3. �a� Molar specific heat �after subtracting the back-
ground�, Cmag vs temperature. Inset: T dependence of specific heat
�Cp� of Sm0.52Sr0.48MnO3 single crystal for different H. �b� Thermal
distribution of T�dQ /dT� for different fields. Inset: T dependence of
thermoelectric power �Q� of Sm0.52Sr0.48MnO3 single crystal.

FIG. 4. Magnetic entropy Smag calculated by integrating Cmag /T
around TC for H=0 and 5T. Inset: magnetic-field dependence of
�Smag �closed square� and �C �open circle�.
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this length is sufficiently large to average out the existing
inhomogeneities, the transition would be very sharp, as it
should be for a first-order transition. On the other hand, if the
growth of correlations is blocked by local disorder, the tran-
sition is smeared out and becomes second order in nature.
The application of the external magnetic field increases the
degree of magnetic inhomogeneity in the sample and thus
leads to the change from first- to second-order transition with
increasing field.

In conclusion, we have performed magnetization, specific
heat, and thermopower measurements on Sm0.52Sr0.48MnO3
single crystal to study the nature of the FM-PM phase tran-
sition. In the low-magnetic field regime, the data show sev-
eral signatures of a first-order transition: field-induced mag-
netization jump, negative slope of H /M vs M2 curves, a

discontinuous drop of magnetization �including hysteresis�
and thermopower just above TC, and sharp, symmetric, and
narrow specific-heat peak with finite amount of discontinuity
in entropy. All these signatures of first-order FM-PM transi-
tion disappear above a tricritical point H�4 T and the sys-
tem becomes essentially second order with tricritical point
exponents ��0.32 and ��1.31.
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