APPLIED PHYSICS LETTERS 92, 182510 共2008兲

Hydrostatic pressure effect on archetypal Sm0.52Sr0.48MnO3 single crystal
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The effect of hydrostatic pressure 共P兲 on the c-axis electrical resistivity 共c兲 and ferromagnetic 共FM兲
transition temperature 共TC兲 of Sm0.52Sr0.48MnO3 single crystal has been investigated. At P = 0, the
strong hysteretic nature of metal-insulator transition 共MIT兲 and the abrupt decrease of c by several
orders just below TC suggest that the FM transition is discontinuous in nature. The application of
pressure strongly decreases c, shifts MIT to higher temperature at the rate of 19 K / GPa, and
suppresses the hysteresis width. The nature of the FM phase transition would change from
discontinuous to continuous at around P = 2.5 GPa. © 2008 American Institute of Physics.
关DOI: 10.1063/1.2920762兴
Perovskite manganites R1−xAxMnO3 共R for rare earth
ions and A for alkaline earth ions兲 exhibit a rich variety of
phenomena due to the presence of several competitive interactions. The relative strength of these interactions can be
changed either by tuning the internal parameters such as doping concentration 共x兲, A-site ionic radius 共rA兲, and disorder or
by using the external perturbations such as magnetic field
and pressure, and a surprisingly wide variety of phases
emerge. Several studies show that quenched disorder or the
local structural variation arising due to the size mismatch
between R and A ions is a key factor in determining ferromagnetic 共FM兲 transition temperature 共TC兲 and the phase diagram as a whole.1–4 The magnitude of quenched disorder is
determined by the A-site size variance 2 = 具rA2典 − 具rA典2.5
Such disorders reduce the carrier mobility and the formation
energy for lattice polarons and, thus, truncating the FM
phase. The disorder will be large in a system with the rare
earth element of smaller ionic radius such as Sm, Eu, Gd,
and alkaline earth elements of larger ionic radius such as Sr
and Ba. Among these, prototype Sm1−xSrxMnO3 with x close
to 0.5 shows a very sharp drop in magnetization at FM to
paramagnetic 共PM兲 transition, where resistivity changes several orders of magnitudes.6–10 This suggests that FM phase is
truncated, rendering the transition first order. However, there
is no systematic analysis on the nature of the magnetic phase
transition in the ambient condition as well as in the presence
of external pressure. Pressure is a fundamental thermodynamic variable, which facilitates a controlled volume change
associated with thermodynamic phase transition. In manganites, pressure also influences the electrical conducting properties as well as the interaction responsible for ferromagnetism. Thus, pressure is an important parameter to study the
phase transition and the scattering phenomena in manganites.
In this letter, the electrical resistivity along c axis and ac
susceptibility of Sm0.52Sr0.48MnO3 共SSMO兲 single crystal are
measured as a function temperature for different hydrostatic
pressure in order to investigate the sensitivity of the eleca兲
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tronic and magnetic properties on external perturbation. We
have chosen this composition because near the half-doping
共x = 0.5兲, the phase competition is most clearly seen and the
disorder is maximum. As the composition is close to charge
ordering, the effect of external perturbation on physical properties is expected to be large.
Single crystals of SSMO were grown from polycrystalline rods using an optical floating-zone furnace.11 X-ray
powder diffraction, Laue diffraction, scanning electron microscopes, and electron probe microanalysis reveal high purity and crystalline quality. The magnetic properties were
studied using a superconducting quantum interference device
magnetometer 共Quantum Design兲 and an ac susceptometer.
Well-characterized crystal was aligned with a goniometer using Laue diffraction and cut along the ab plane and c axis
with typical dimensions of 1.5⫻ 1.0⫻ 0.8 mm3 and polished.
The electrical resistivity was measured by the four-probe
technique using a self-clamp-type hybrid hydrostatic pressure cell, and the pressure was monitored using a manganin
resistance device.12
The main panel of Fig. 1 shows the temperature dependence of c-axis resistivity 共c兲 of SSMO crystal at various
applied pressures 共P兲. Measurements were done for both
heating and cooling cycles but the data for heating cycle only
are shown for the clarity. At ambient pressure, c rapidly
increases with decreasing temperature until the metalinsulator transition 共MIT兲 temperature 共TMI兲 is reached. At
TMI, c abruptly drops as much as three orders of magnitude.
The MIT in this system is extremely sharp, and the sharpness
does not appreciably decrease up to the highest applied pressure. The inset of Fig. 1 shows that the MIT is strongly
hysteretic with temperature and the width of the hysteresis
reduces with increasing pressure. The appearance of hysteresis between heating and cooling cycles indicates that the
FM to PM phase transition in this system is first order in
nature.13 Thermal hysteresis has also been observed in magnetization, resistivity, and other physical parameters measured as a function of magnetic field 共H兲.14 With increasing
pressure, resistivity decreases and MIT shifts toward higher
temperature. Depending on the influence of P on c, the
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FIG. 1. Temperature dependence of c-axis resistivity 共c兲 at different pressures for SSMO single crystal. Insets show the thermal hysteresis in c for
P = 0 and 2.0 GPa.

whole temperature region can be divided into three main
parts. At high temperatures well above TMI, the dependence
of c on P is weak, whereas a moderate decrease of c with
P is observed in the FM state. For example, c at 80 and
300 K decreases with P at the rate of 50 and 18% / GPa,
respectively. The effect of pressure on the electrical resistivity is strongest near TMI. The peak resistivity 共 p兲 almost
exponentially decreases with pressure.
As MIT in manganites is accompanied by a FM-PM
phase transition, we have also investigated the temperature
dependence of ac susceptibility 共兲 for different pressures to
determine the dependence of Curie temperature 共TC兲 on P.
Figure 2共a兲 shows 共T兲 for SSMO crystal under various pressures. With increasing P, 共T兲 curves shift to the high temperature side. The rapid increase of  just below TMI indicating that MI and FM-PM transition temperatures are close to
each other. The thermal hysteresis of magnetization at ambient pressure is shown in Fig. 2共b兲. We define the inflection
point of 共T兲 curve as TC and plotted TC against P in Fig.
2共c兲. TC so determined is only few Kelvin lower than that of
TMI. TC increases linearly with P and reveals the value of
pressure coefficient d ln TC / dP = 0.15 K / GPa.
To capture the salient features of electronic conduction
and magnetic phase transition in presence of external pressure, it is important to determine the pressure dependence of
transport parameters. In Fig. 3, we have plotted different
physical parameters as a function of pressure. TMI linearly
increases with P at the rate of 共dTMI / dP兲 19 K / GPa up to
the maximum value of applied pressure 关Fig. 3共a兲兴. In several
manganites, a linear increase of TMI with P has been observed in the low-pressure regime.15–17 The value of
dTMI / dP is fairly high in comparison to that found in several
wideband manganites but comparable to that observed in
narrowband manganites such as La0.75Ca0.25MnO3 共LCMO兲
and Pr1−xCaxMnO3.17–21 Figure 3共b兲 shows the dependence
of hysteresis width 共⌬TMI兲 on applied pressure. In the measured pressure range, ⌬TMI almost linearly decreases at the

FIG. 2. 共a兲 Temperature dependence of ac susceptibility 共兲 at different
pressures for SSMO single crystal. 共b兲 The thermal hysteresis of dc magnetization 共M兲 at ambient pressure. 共c兲 The pressure dependence of TC determined from ac susceptibility.

rate of 1.7 K / GPa. If both TMI and ⌬TMI continue to change
linearly with P in the same fashion then the hysteresis in
c共T兲 will disappear above P = 2.5 GPa and the corresponding value of TMI would be ⬃162 K. A decrease of hysteresis
width is also observed in magnetization and resistivity with
H. ⌬TMI linearly decreases with H at the rate of 1.2 K / T and
vanishes above 4 T for TMI close to 162 K.14 Indeed, the
detailed analysis of field dependence of magnetization, resistivity and specific heat shows that the nature of FM to PM
transition changes from first order to second order around
4 T.14 This implies that whether the external perturbation is
magnetic field or hydrostatic pressure, the nature of FM transition changes from first order to second order for TMI above

FIG. 3. Pressure dependence of different physical parameters derived from
c共T兲 curves: 共a兲 TMI and Eg and 共b兲 ⌬TMI for SSMO single crystal.
Downloaded 16 Dec 2008 to 159.226.37.48. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp

182510-3

Appl. Phys. Lett. 92, 182510 共2008兲

Mydeen et al.

162 K. Thus, as long as the nature of phase transition is
concerned a pressure of 2.5 GPa is equivalent to 4 T
magnetic field. The effect of pressure and magnetic field
on c共T兲 are similar close to TMI only. According to the
double-exchange theory, the effective transfer interaction
共t兲, which stabilizes the FM metallic phase is given by
t = t0 cos共⌬ / 2兲, where ⌬ is the relative angle between the
local t2g spins. t increases mainly due to the increase of
具Mn– O – Mn典 bond angle and the decrease of Mn–O bond
length with the application of pressure. The influence of P on
t is large when the bond angle is smaller than 180°. The large
value of dTMI / dP in SSMO is partly due to the considerable
deviation of this bond angle from 180°.
We would like to compare and contrast the present result
on SSMO with the narrowband LCMO. Although the A-site
average ionic radius which determines the bandwidth is almost same for both the systems, TC for LCMO is about 2.5
times higher than that of SSMO. Due to the large ionic size
mismatch between Sm and Sr ions, the value of quenched
disorder in SSMO 共2 ⬃ 10−2 Å2兲 is much larger than that of
LCMO 共2 ⬃ 10−4 Å2兲. For a system where the A-site chemical disorder is large, the formation energy for lattice polarons
is considerably lowered, and when these polarons form in the
FM state the ferromagnetism is truncated, rendering the transition first order.3 The huge reduction of TC and notably
sharp MIT along with hysteresis in SSMO are consistent
with this picture. It has been claimed that the sharp FM transition may also originate from the coupling of two order
parameters.22 Application of pressure reduces local Jahn–
Teller distortion and stabilizes the metallic phase; thus, both
the conductivity and TC are enhanced. Other than bandwidth,
pressure sensitivity is high for materials having larger local
disorder. For quantitative understanding, we have analyzed
the temperature dependence of resistivity for different pressures. In the temperature range TMI ⬍ T ⬍ 230 K, c shows an
activated behavior c ⬃ exp关Eg / kT兴, where Eg is the activation energy. The monotonic decrease of Eg from 102 meV at
P = 0 to 89 meV at P = 2.0 GPa, suggests that external pressure suppresses the formation of polaronic state 关Fig. 3共a兲兴.
In manganites, it is a well known phenomenon that TC
rapidly increases with the increase of A-site average ionic
radius 具rA典. The increase of TMI with the increase of external
pressure and ionic size led to formulate an empirical relation
between P and 具rA典 over a wide range of 具rA典. It has been
shown that the same amount of change in TMI can be
achieved by varying either the average ionic radius by ⌬具rA典
or the pressure by an amount ⌬P = ⌬具rA典 / ␤, where the scaling factor ␤ is 3.7⫻ 10−3 Å / GPa.19 The pressure dependence
of TMI in manganites has been analyzed using different
models.21,23 Postorino et al. studied the dependence of TMI
on applied pressure for LCMO up to 11.2 GPa and shown
that TMI follows an empirical relation TMI共P兲 = T⬁ − 关T⬁
− T MI共0兲兴exp共−P / P夝兲, where T⬁ and P夝 are known
constants.21 The explicit dependence of TMI on 具rA典 was then
determined by using the scaling relation P = ⌬具rA典 / ␤. This
relation describes well the P and 具rA典 dependence of TMI for
the manganites with intermediate electron-phonon coupling
共EPC兲 strength but fails in the weak EPC regime. The phase

diagram based on this relation suggests that both SSMO and
LCMO should have comparable MIT temperatures. This implies that the simple scaling relation does not hold for
SSMO. Also, one can uniquely determine dTMI / dP from the
value of TMI of the system. Again, the observed dTMI / dP for
SSMO deviates considerably from the one 共⬃55 K / GPa兲 deduced from the correlation between dTMI / dP and TMI. It
was pointed out that such a deviation may occur when 2 is
larger than the mean-square thermal displacement of A-site
ions.21
In conclusion, we have studied the influence of hydrostatic pressure on transport and magnetic properties of
SSMO single crystal. At ambient pressure, the sharp magnetic transition, huge drop in resistivity, and thermal hysteresis are the signatures of first-order FM-PM transition. Pressure strongly suppresses local disorder and stabilizes metallic
phase, and thus, c rapidly decreases, TMI shifts to higher
temperature, and the thermal hysteresis narrows progressively with increasing pressure. It appears that the characteristic features of first-order transition will disappear above a
critical value of applied pressure 共⬃2.5 GPa兲, and the transition would be second order in nature.
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