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We have investigated the effect of hydrostatic pressure �P� on ferromagnetic �FM� phase transition
and magnetocaloric properties of �Sm0.8Nd0.2�0.52Sr0.48MnO3 single crystal. At ambient pressure, the
system undergoes a first order FM transition associated with large magnetic entropy change ��SM�.
The temperature distribution of �SM exhibits an asymmetric behavior with respect to TC. The
application of pressure increases magnetization, shifts the FM transition to higher temperature, and
weakens the metamagnetism. As a result, ��SM� decreases and its thermal distribution becomes more
symmetric as compared to P=0. © 2010 American Institute of Physics. �doi:10.1063/1.3431343�

I. INTRODUCTION

Perovskite manganites R1−xAxMnO3 �R: rare-earth ions,
A: alkaline-earth ions� have extensively been studied in the
light of close interplay among spin, charge, and orbital de-
grees of freedom.1–5 For R1−xAxMnO3, one of the key param-
eters to determine the nature of the electronic or magnetic
phase is the transfer interaction of eg electrons or the effec-
tive band-width of eg band. The bandwidth of a system can
be controlled by tuning the average ionic radius r0 of R and
A cations �r0= �1−x�rR+xrA�.6 A decrease in r0 leads to an
increase in the tilting of MnO6 octahedra, and hence a de-
crease in bandwidth. Thus, one can change the material prop-
erties dramatically through substitution. However, substitu-
tion itself introduces local strain due to the quenched
disorder arising mainly from the size mismatch between R
and A ions.5,7 Several groups have studied the effect of
quenched disorder on the nature of phase transition and
found that narrowband manganites with large quenched dis-
order exhibit a first-order ferromagnetic �FM� to paramag-
netic �PM� phase transition, whereas, broadband manganites
with high Curie temperature �TC� undergo conventional
second-order transition.4,5,7–11

It has been observed that materials exhibiting first-order
transition reveal significant amount of magnetic entropy
change ��SM�, i.e., a large magnetocaloric effect �MCE�.12–15

Both the theoretical and experimental studies have revealed
that the first-order character of the transition in disordered
manganites can be changed by applying external perturba-
tions like magnetic field �H� and hydrostatic pressure
�P�.9–11,16–19 As �SM is sensitive to the nature of magnetic
phase transition, the MCE in narrowband manganites is ex-
pected to show strong dependence on external perturbations.

In this paper, we comprehensively describe the influence

of hydrostatic pressure on the nature of FM–PM phase tran-
sition as well as magnetocaloric properties in
�Sm0.8Nd0.2�0.52Sr0.48MnO3 single crystal. At ambient pres-
sure, FM transition is first-order and the temperature profile
of magnetic entropy is highly asymmetric. With the applica-
tion of pressure, TC increases, the first-order character of the
transition gets suppressed, and the asymmetry in the entropy
distribution reduces.

II. EXPERIMENTS

The single crystals of �Sm0.8Nd0.2�0.52Sr0.48MnO3 have
been prepared by floating zone technique. The starting mate-
rials Sm2O3, Nd2O3, SrCO3, and Mn3O4 were weighted to
prescribed ratio and mixed by using ethanol. The mixture
was calcined in air at �1100 °C for 20 h and then pulver-
ized. This procedure was repeated twice. The resultant pow-
der was formed to cylindrical shape with use of hydrostatic
pressure of �5 ton to make a feed rod and sintered it again at
�1300 °C for 18 h to get a high density rod. The apparatus
used for crystal growth was the floating zone image furnace
equipped with two halogen incandescent lamps and hemiel-
liptic focusing mirrors �NEC SC-M15 HD�. The feed and
seed rods were rotated in opposite directions for about 25
rpm. The molten zone was vertically scanned at a rate of 10
mm/h in oxygen atmosphere. The quality of the crystal was
carefully checked by various techniques such as electron dis-
persive x-ray analysis, x-ray powder diffraction, Laue dif-
fraction, ac susceptibility, etc. Another important measure-
ment of crystal perfection in manganites is the ratio of the
peak resistivity to the residual resistivity at low temperature,
which is quite large in the studied crystal.11 The magnetiza-
tion measurements at ambient and 11.7 kbar pressures were
performed by using a superconducting quantum interference
device magnetometer �MPMS, Quantum Design� in fields up
to 5 T. Magnetization under pressure was measured by using
a self-clamp-type hybrid hydrostatic pressure cell, and the
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pressure was monitored using a manganin resistance device.
The data were collected at 3 to 5 K interval after stabilizing
the temperature for about 30 min. External magnetic field
was applied along the longest sample direction to minimize
the demagnetization effect.

III. RESULTS AND DISCUSSION

Figures 1�a� and 1�b� show the temperature dependence
of magnetization �M� of �Sm0.8Nd0.2�0.52Sr0.48MnO3 single
crystal for various magnetic fields at P=0 kbar and 11.7
kbar, respectively. For P=0, M shows a sharp FM transition
at TC�136 K. The thermal hysteresis of M at P=0 is shown
in the inset of Fig. 2. The presence of hysteresis has also
been observed in resistivity and thermopower. With increas-
ing H, TC increases but the discontinuous nature of the M�T�
curve persists up to 2 T. These are general features of M�T�
curve of a system undergoing first-order FM transition. M
increases and the transition shifts toward higher temperature
�TC�165 K� with the application of pressure �11.7 kbar�.

Also, the temperature variation in M for different fields be-
comes quite smooth at P=11.7 kbar. For qualitative analy-
sis, we have calculated the temperature derivative �dM /dT�
of magnetization for P=0 and 11.7 kbar. One can see that
dM /dT versus T curve shows a sharp and narrow peak near
the transition temperature for P=0, whereas the peak for P
=11.7 kbar becomes broad in nature �Fig. 2�. These results
suggest that the first-order nature of the FM transition gets
weakened in presence of external pressure.

In order to understand the pressure induced change in
the nature of FM transition, we have also measured M�H�
isotherms both for P=0 and 11.7 kbar in the vicinity of TC.
Figure 3�a� displays the M�H� isotherms for P=0. Below TC,
the data are typical of a ferromagnet. Initially, M increases
rapidly with H and then reaches to saturation and its magni-
tude gradually decreases with increasing temperature. But
above TC, there is a significant change in the nature of M�H�
curve. M increases almost linearly up to a critical field fol-
lowed by a steplike jump and reaches saturation. The value
of critical magnetic field increases with increasing tempera-
ture. This behavior actually reflects a first order metamag-
netic transition from PM to FM state. Earlier studies estab-
lished that the field-induced metamagnetic transition in this
system is due to the formation of inhomogeneous metastable
state in the presence of quenched disorder.7–9 The sharpness
of the metamagnetic transition can be understood by taking
into account the field dependence of differential susceptibil-
ity �dM /dH�. The sharp peak in dM /dH versus H curve
above TC is the clear indication of first-order metamagnetic
transition �inset of Fig. 3�b��. For further verification about
the order of transition, we have plotted H /M versus M2 iso-
therms �Arrott plots�20 in the vicinity of TC for P=0 �Fig.
3�b��. According to the Banerjee criterion, the slope of H /M
versus M2 plot should be negative for a first-order magnetic
transition.21 The large negative slope of H /M versus M2

curve below H�2 T confirms that the FM transition is first-
order at ambient pressure. On the other hand, for P
=11.7 kbar, the steplike jump in M�H� has not been ob-
served and the isotherms are more or less conventional FM
type �Fig. 3�c��. But the presence of peak in dM�H� /dH
curve �inset of Fig. 3�d�� indicates that the transition is still
first-order metamagnetic because for a second-order transi-
tion, dM /dH should continuously decrease with H without
showing any peak. However, the height of the peak in
dM /dH is considerably reduced and the width is large as
compared to that observed at ambient pressure. The broad-
ening of the peak suggests that the first-order nature of the
metamagnetic transition weakens with applied pressure. This
can also be verified from the nature of Arrott plots for P
=11.7 kbar �Fig. 3�d��. With decreasing M2, H /M decreases
rapidly followed by a flat plateau-like feature over a wide
range of M2 and shows a marginal increase only in the low-
field regime. This indicates that the FM–PM transition at P
=11.7 kbar is in the verge of first-order and second-order
transition.

Systems with sharp metamagnetic transition usually ex-
hibit large MCE. The thermal variation in MCE in terms of

FIG. 1. �Color online� �a� Temperature dependence of magnetization �M� of
�Sm0.8Nd0.2�0.52Sr0.48MnO3 single crystal for various magnetic fields �H� at
ambient pressure �P=0�. �b� M�T� curves at P=11.7 kbar.

FIG. 2. �Color online� Temperature dependence of dM /dT for P=0 and
11.7 kbar at H=0.2 T. Inset shows the thermal hysteresis of M at P=0.
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�SM for P=0 kbar and 11.7 kbar is shown in Figs. 4�a� and
4�b�, respectively. The values of �SM have been calculated
with the help of magnetization isotherms and employing the
Maxwell relation22

�SM�T,H� = �
0

H

��M/�T�HdH . �1�

Equation �1� reveals that �SM is proportional to �M /�T at
constant H. Therefore, it is expected that for a given H, �SM

attains its maximum value in the vicinity of TC and decreases
monotonically both below and above TC. Beside this general
behavior, there is a significant difference in the �SM distri-
bution between P=0 and 11.7 kbar. For P=0, �SM increases
rapidly with T, attains a maximum value around TC and then
decreases gradually, showing a large asymmetric behavior
with respect to TC in its thermal distribution. Such a typical
nature of �SM�T� has been observed in several FM systems
showing first-order magnetic transition.14,15 For a first-order
transition, M shows a sharp drop at TC at low magnetic
fields. With increasing H, TC increases and the transition
becomes more gradual. Once a field larger than the critical
magnetic field for the metamagnetic transition is applied, a
plateau in �SM is observed. Higher fields simply increase the
width of the distribution but not the height as they cannot
change entropy anymore. In contrary, the peak in �SM�T� for
P=11.7 kbar reduces in magnitude, shifts toward the higher
temperature, and becomes less asymmetric as compared to
P=0 case.

The maximum value of −�SM�−�SM
max� is plotted as a

function of H in Fig. 5�a�. For P=0, a faster increase in
−�SM

max�H� has been observed in the low-field regime, which
is originating due to the field-induced first-order metamag-
netic transition from PM to FM state. Further increase in H

FIG. 3. �Color online� �a� Magnetization isotherms �M�H�� of �Sm0.8Nd0.2�0.52Sr0.48MnO3 single crystal at P=0. �b� H /M vs M2 plot of above M�H� isotherms
for 133 K�T�148 K in 3 K interval. Inset shows the H dependence of differential susceptibility �dM /dH� at ambient pressure. �c� M�H� isotherms in the
presence of P=11.7 kbar. �d� H /M vs M2 plot of M�H� isotherms at P=11.7 kbar for 159 K�T�174 K in 3 K interval. Inset shows the H dependence of
dM /dH at P=11.7 kbar.

FIG. 4. �Color online� Temperature dependence of magnetic entropy change
�−�SM� of �Sm0.8Nd0.2�0.52Sr0.48MnO3 for different H for �a� at ambient pres-
sure and �b� at P=11.7 kbar.
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enhances −�SM at a slower rate. At P=11.7 kbar, the step-
like behavior in M�H� diminishes, FM transition becomes
weakly first-order in nature and as a consequence almost
continuous increase in −�SM

max�H� is observed. Though the
value of −�SM

max at ambient pressure is higher as compared to
that for P=11.7 kbar in the low-field region, the difference
gradually decreases and disappears at high fields. With in-
creasing P, the decrease as well as increase in −�SM have
been observed in many systems.23 −�SM decreases in nickel-
rich Ni–Mn–Ga Heusler alloys while increases in
SmMn2Ge2, GdMn2Ge2 and MnAs0.93Sb0.07 compounds.23

Comparing the present value of −�SM
max for P=0 with that

for several reported magnetic refrigerants including manga-
nites with TC in the range of 50–150 K, we find that
�Sm0.8Nd0.2�0.52Sr0.48MnO3 shows quite large �SM particu-
larly in the low-field region.12,13,24 The magnetic refrigerant
capacity or the relative cooling power �RCP�, which is the
measure of the amount of heat transfer between the hot and
cold sinks during one ideal refrigeration cycle can be defined
as12,25

RCP = − �SM
max � �TFWHM, �2�

where �TFWHM is the full-width at half-maximum of �SM

versus T plot. Using Eq. �2�, RCP is calculated for different
H. Both for P=0 and 11.7 kbar, RCP increases almost lin-
early with increasing H but the magnitude of RCP decreases
with applied pressure �Fig. 5�b��.

It is thus clear that the magnetocaloric properties of this
system are strongly correlated with the nature magnetic
phase transition. At ambient pressure, the FM transition is
first-order and the corresponding �SM −T curves are asym-
metric. With the application of pressure, Mn–O bond length
decreases and Mn–O–Mn bond angle increases. As these
changes enhance the effective charge transfer process, the
band-width of the system increases and hence the FM metal-
lic phase is stabilized. As a result, TC increases, the first-
order nature of the transition gets weakened, and the �SM

−T curves become more symmetric.

IV. CONCLUSIONS

We have studied the pressure dependent change in the
nature of magnetic phase transition and magnetocaloric prop-
erties of �Sm0.8Nd0.2�0.52Sr0.48MnO3. For P=0, magnetization
data show a first-order FM to PM phase transition, with a
sharp change in M at TC with thermal hysteresis and a large
negative slope in H /M versus M2 curves. The shape of T
dependence of �SM curve is asymmetric with respect to TC.
In contrast, for P=11.7 kbar, the transition becomes weakly
first-order in nature and the �SM distribution becomes more
symmetric with the peak shifted toward the higher tempera-
ture side.
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