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The effect of applied magnetic field �H� on the magnetic properties of Sm0.52Sr0.48MnO3 single
crystal in the paramagnetic �PM� state has been investigated. We observe a field induced steplike
jump in magnetization �M� above TC �110 K�. The temperature and magnetic field dependence of
susceptibility reveal that the PM phase of this system is quite complicated due to the coexistence of
ferromagnetic �FM� and antiferromagnetic �AFM� interactions. The nature of magnetic interaction
changes abruptly from AFM to FM at around 3.5 T, above which M ceases the steplike jump.
© 2008 American Institute of Physics. �DOI: 10.1063/1.2840184�

Unusual magnetoelectronic properties as well as the rich
phase diagram in narrowband manganites R1−xAxMnO3 �R:
rare earth ions, A: alkaline earth ions� are the manifestations
of strong interplay between spin, charge, and orbital degrees
of freedom. Several studies on narrowband manganites have
revealed that the physical properties of these systems are
strongly affected by the presence of local disorder arising
mainly due to the size mismatch between R and A ions.1–4

The magnitude of disorder can be identified as the variance
of the ionic radii, �2= ��1−x�rR

2 +xrA
2 −r0

2�, where rR and rA

are the ionic radii of R and A ions, respectively, and the mean
ionic radius is r0= �1−x�rR+xrA.5 Thus, one can introduce a
large local disorder in the system by selecting the rare earth
element of smaller ionic radius such as Sm, Eu, Gd, and the
alkaline earth element of larger ionic radius, such as Sr and
Ba. Among these kinds of systems, Sm1−xSrxMnO3 has been
studied extensively over a wide range of doping concentra-
tion �x�; in particular, close to x=0.5, where a ferromagnetic
�FM� metal �M� to an antiferromagnetic �AFM� or charge
ordering insulator �I� transition occurs.3,4,6–9 Because, when
the system is close to MI transition, even a weak perturba-
tion, such as magnetic field, pressure, irradiation, isotope
substitution, quenching, annealing, etc. may change the
physical properties dramatically or induce a phase
transition.6,10–12 Among these external parameters, magnetic
field is most suitable to tune the magnetic states because it
interacts mainly with the spin degrees of freedom. Moreover,
magnetic field is continuously tunable, nondestructive, and
reversible.

In this letter, we focus on the nature of the paramagnetic
�PM� state of Sm0.52Sr0.48MnO3 single crystal in the presence
of external magnetic field �H�. Unlike conventional ferro-
magnet, magnetic susceptibility of this system shows a
strong field dependence in the PM state. Our analysis also
reveals the coexistence of FM and AFM interactions in the
PM state and the nature as well as the strength of the inter-
action can be tuned with the application of magnetic field.

The single crystals of Sm0.52Sr0.48MnO3 have been pre-
pared by the floating zone technique using an infrared image
furnace.13,14 The quality of the crystal was carefully checked
by various techniques such as electron dispersive x-ray

analysis, x-ray diffraction, ac susceptibility, etc. The dc mag-
netization �M� and ac magnetic susceptibility were measured
in a superconducting quantum interference device magneto-
meter �MPMS, Quantum Design� in the temperature range
from 5 to 300 K.

Figure 1 shows a series of isotherms of magnetization of
Sm0.52Sr0.48MnO3 single crystal in the vicinity of the Curie
temperature �TC=110 K�. Just above TC, M shows a two-
step behavior and a large hysteresis between increasing and
decreasing field is observed �inset of Fig. 1�. Initially, M
increases sublinearly with field up to �0.3 T and then in-
creases sharply before it reaches the saturation. One can see
that the behavior of M is extremely sensitive to temperature
and field. Above 116 K, there is a significant change in the
nature of M�H� curve, particularly in the low-field region,
where H dependence of M changes from sublinear to super-
linear. M increases superlinearly up to a critical field �Hc�
followed by a steplike jump. Such a discontinuous change in
M along with hysteresis persists for Hc�4 T. This steplike
increase of M is possibly due to the formation of inhomoge-
neous metastable state in presence of local disorder.4

To perceive the signature of inhomogeneity, we have
also studied ac magnetic susceptibility. The temperature de-
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FIG. 1. Isothermal magnetization �M vs H� of Sm0.52Sr0.48MnO3 single crys-
tal between 110 K �top� and 120 K �bottom� in 1 K interval �data with
increasing field are shown�. Inset: hysteresis in M�H� at T=114 K.
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pendence of the real ���� and imaginary ���� parts of the ac
susceptibility for Sm0.52Sr0.48MnO3 single crystal are pre-
sented in Fig. 2. Though the overall behavior of �� �T� is
qualitatively similar to earlier work, our data exhibit some
additional important features.6 With decreasing T, both ��
and �� show an abrupt increase at FM transition and then
increase slowly with further decrease of T over a span of
40–50 K. Just below TC, �� shows a weak anomaly that
appears quite prominently in ��, is probably related to the
structural phase transition.8,15 We would like to mention that
this anomaly was not reported earlier in case of polycrystal-
line samples.6 At 40 K, �� exhibits a sharp cusp while ��
shows a small peak possibly due to the AFM ordering of Sm
moment. The decrease of �� below the cusp may be related
to the clusterlike inhomogeneity.6 Interestingly, we observe
that �� decreases precisely as T3/2 for T�40 K. Apart from
the low-temperature decrease of susceptibility, the large
value of �� in the FM state is possibly due to the presence of
microscopic inhomogeneity. The temperature dependence of
1 /�� is shown in the inset of Fig. 2. 1 /�� above TC shows a
tendency for AFM interaction that competes with FM inter-
action at relatively high temperatures, i.e., both FM and
AFM interaction coexist. The coexistence of both FM and
AFM interaction in PM state is also reported from inelastic
neutron scattering.7 Another important observation is that ��
does not exhibit critical behavior above TC as in the case of
second order FM to PM phase transition.

For a better understanding of the nature of PM state, we
have investigated the temperature dependence of M for dif-
ferent H. Figure 3 shows T dependence of inverse dc suscep-
tibility �dc

−1 �=H /M� for some selected magnetic fields. The
behavior of low-field �dc is similar to ��. At relatively high
temperatures, above 230 K, �dc

−1�T� for different magnetic
fields merge to each other. With lowering of temperature,
however, �dc

−1�T� tends to flatten and shows a strong disper-
sion with H. With increasing H, �dc

−1�T� does not decrease
significantly up to a certain field but for H�4 T, it decreases

monotonically and the flattening nature becomes less and
less prominent and disappears at high field. The decrease of
H /M with increasing H implies the superlinear dependence
of M on H. Such a strong field dependence of magnetic
susceptibility in the PM state has not been reported earlier in
this class of materials. From the nature of T and H depen-
dence of M, it appears that the PM state of this system is
quite different from that of conventional ferromagnet. To
analyze the nature of PM state more precisely, we have cal-
culated the effective moment �peff� and molecular field con-
stant ��� for different magnetic fields both below and above
230 K. The Curie constant �C� is determined from the ap-
proximate linear region of �dc

−1 �=T /C−� /C�. The Weiss con-
stant � is related to the molecular field constant via �=�C,
which measures the strength as well as the nature of mag-
netic interaction. A positive value of � indicates that the mo-
lecular field is adding to the applied field and, therefore,
tending to make the elementary magnetic moments parallel
to each other and to the applied field, i.e., FM interaction. If
� is negative, the molecular field opposes the applied field
and tends to decrease the susceptibility, i.e., AFM interac-
tion.

The magnetic field dependence of peff �calculated from
C= ��Bpeff�2n /3k� and � in two different temperature regions
are shown in Fig. 4. In both the regions, the values of peff at

FIG. 2. Temperature dependence of ac susceptibility at 10 Hz for
Sm0.52Sr0.48MnO3 single crystal: �a� real part ���� and �b� imaginary part
����. The appearance of the anomaly near TC �110 K� is indicated by the
arrow. Inset: temperature dependence of 1 /�� in the PM state.

FIG. 3. Temperature dependence of inverse dc susceptibility ��dc
−1� for

Sm0.52Sr0.48MnO3 single crystal for different magnetic fields. The arrow in-
dicates the direction of increasing field.

FIG. 4. Magnetic field dependence of peff �square� and � �circle� for
Sm0.52Sr0.48MnO3 in two different temperature regions. The solid and the
dashed lines are the guides to the eye, connecting data points below and
above 230 K, respectively.
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various magnetic fields are higher than that expected from
the Curie-Weiss law for free Mn moments �peff=4.44�. The
high value of peff suggests the formation of magnetic clusters
of a few Mn3+ and Mn4+ ions together.16 The field depen-
dence of peff and � below 230 K indicate that the intracluster
coupling is FM �large value of peff� while the intercluster
coupling is AFM �negative �� for the small value of applied
field. As field increases, there is almost no change in peff and
� up to a certain field but at �3.5 T, � increases abruptly
and becomes positive while peff drops sharply. So the appli-
cation of the magnetic field leads to a change in the phase
diagram: the weakening of AFM interaction and stabilization
of FM interaction. In this context, it may be mentioned
that the observed field-induced steplike jump in M �Fig. 1�
persists as long as the magnetic interaction in the PM state
is AFM. Although the heterogeneous nature of the PM state
in narrowband manganites is well known, in the present
work we have explicitly shown that, in ferromagnetic
Sm0.52Sr0.48MnO3, the effective interaction in the PM phase
is AFM below 3.5 T and the interaction changes abruptly to
FM at around 3.5 T. We believe that this kind of behavior
has not been reported earlier in ferromagnetic manganites. In
the present system, the change of the magnetic interaction
from AFM to FM induced by temperature and magnetic field
may be compared with the spin-state transition in metallic
double exchange systems MnAs1−xPx and CrxMn1−xAs.17

These systems exhibit a low-spin to high-spin state transition
in the PM phase with increasing temperature. The effective
magnetic interaction is AFM in the low-spin state and FM in
the high-spin state. It may also be mentioned that the present
results contrast strikingly with the phase separation phenom-
ena observed in other manganites, where the competiting FM
and AFM interactions for different ground states exist in the
ferromagnetic state well below TC.18 In a previous work, we
have shown from magnetization, specific heat, and resistivity
data that this system exhibits a first order FM-PM phase
transition when the applied magnetic field is small but
the order of transition changes to second order at around
H=4 T.14 Comparing the present result with the earlier one,
it is clear that the order of the magnetic transition in
Sm0.52Sr0.48MnO3 is related to the nature of the magnetic
interaction in the PM phase.

In summary, the present study on the magnetic properties
of Sm0.52Sr0.48MnO3 single crystals provides several interest-
ing results. We observe a steplike metamagnetic transition
above TC. Magnetic susceptibility reveals that in the PM

ground state the effective interaction is FM above 230 K and
AFM below this temperature. The most noteworthy is that
susceptibility below 230 K exhibits strong field dependence
and the analysis shows that the effective interaction is
AFM for small H but changes abruptly to FM at around H
=3.5 T. Furthermore, M exhibits the steplike metamagnetic
transition as long as the interaction in the PM state is AFM.
We believe, the present investigation will help to understand
the nature of the magnetic state of narrowband manganites,
where disorder plays an important role.
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