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The critical properties of perovskite manganite La0.1Nd0.6Sr0.3MnO3 around the paramagnetic-ferromagnetic
phase transition are investigated through various techniques such as modified Arrott plot, Kouvel-Fisher
method, and critical isotherm analysis. The magnetic data analyzed in the critical region using the above
methods yield the critical exponents of �=0.257�0.005 and �=1.12�0.03 at TC=249.32�0.03 K. The
exponent �=5.17�0.02 independently obtained from the critical magnetization isotherm was found to basi-
cally fulfill the Widom scaling relation �=1+� /�. Moreover, the critical exponents also obey the single scaling
equation of M�H ,��=��f��H /��+��. These results indicate that the obtained critical exponents are reliable.
The values deduced for the critical exponents are closed to the theoretical prediction of tricritical mean-field
model rather than the universal theory of three-dimensional Heisenberg model and mean-field model. These
results suggest the present composition may be close to a tricritical point in the La0.7−xNdxSr0.3MnO3 phase
diagram.
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I. INTRODUCTION

Over the past a few years, the perovskite manganites with
ABO3-type compounds RE1−xAExMnO3, where RE stands for
the trivalent rare-earth element such as La, Pr, Nd, Sm, etc,
and AE for the divalent alkaline earth ion such as Sr, Ca Ba,
and Pb, have attracted much attention due to their extraordi-
nary magnetic and electronic properties as well as their
promise for the potential technological applications.1–3 The
peroviskite structure generally shows lattice distortion as
modifications from the idea cubic structure to orthorhombic
or orthorhombic structure mainly due to Jahn-Teller �JT� ef-
fect causing the deformation of the MnO6 octahedron. A
prominent feature of these materials is an insulator-metal
transition together with a paramagnetic-ferromagnetic �PM-
FM� transition giving rise to the well-known colossal mag-
netoresistance �CMR� effect.1,4,5 As for La1−xCaxMnO3 �x
�0.3�, CMR effect is associated with the formation of nano-
scale polarons that develop at elevated temperatures, truncat-
ing the ferromagnetic-metallic state and driving the transition
first order.6–8 The basic physics of the ferromangnetic metal-
lic state in the mixed-valent manganites has been extensively
understood within the framework of the double-exchange
�DE� mechanism and JT effect.9–11 However, the theory can
only partly explain the magnetic properties and electronic
transport in this strongly correlated materials because many
distinct deviations from the above DE and JT theory have
been found in experiments.12,13 Up to data, there are no a
comprehensive theory to understand the complex phenomena
in manganites. Therefore, to understand better the relation
between insulator-metal transition and CMR effect, two im-
portant questions about PM-FM transition should be clari-
fied: one is the order of phase transition, the other is the
common universality class. To make these issues clear, it is
necessary to investigate in details the critical exponents at
the region of the PM-FM transition.

In the early stage, the critical behavior in the DE model
was first described with long-range mean-field theory.14,15

Sequently, dependent on the computational technology for
the CMR manganites, Motome and Furulawa16,17 suggested
that the critical behavior should be attributed to short-range
Heisenberg model. Moreover, a few relevant experimental
investigations on the critical phenomena also supported this
viewpoint due to the obtained value of critical exponents
consistently with that in the conventional ferromagnet of
Heisenberg model. Based on the study of dc magnetization,
Ghosh et al.18 reported that the critical exponent � is equal to
0.37 for the ferromagnet manganite La0.7Sr0.3MnO3. ��
=0.365 in Heisenberg model, the critical exponent � is in
contact with the temperature dependence of spontaneous
magnetization below the Curie Temperature TC� A similar
critical value of �=0.374 is also reported in the DE ferro-
magnet Nd0.6Pb0.4MnO3.19 However, a relative high value of
�=0.5 obtained in the polycrystalline La0.8Sr0.2MnO3 is in
good agreement with that in mean-field model.20 On the con-
trary, a very low critical exponent of �=0.14 identified in the
single crystal La0.7Ca0.3MnO3 suggested that the PM-FM
transition in this system is of first order rather than second
order.21 Meanwhile, a moderate critical value of �=0.25
found in the polycrystalline La0.6Ca0.4MnO3 is in excellent
agreement with tricritical point values.22,23 Therefore, in
view of the varied critical exponents � from 0.1 to 0.5, cur-
rently, four kinds of different theoretical models, mean-field
��=0.5�, three-dimensional �3D� Heisenberg ��=0.365�, 3D
Ising ��=0.325�, and tricritical mean field ��=0.25�, were
used to explain the critical properties in manganites. Due
to the divergence in these reported critical values, it is
worthwhile to study the critical behavior in the analogous
pervoskite manganites. Here, we present a detailed investi-
gation of the critical phenomena in the manganite
La0.1Nd0.6Sr0.3MnO3.

II. EXPERIMENT

Polycrystalline La0.1Nd0.6Sr0.3MnO3 sample was prepared
by traditional solid-state reaction method. Stoichiometric
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quantities of high-purity oxides of the rare earths, SrCO3,
and MnO2 were thoroughly mixed and ground, then pre-
heated at 1173 K for 24 h. With intermediate grinding, they
reacted at 1573 K for 24 h. After pressed into pellets, a final
sintering was carried out at 1673 K for 48 h. The structure
and phase purity of as-prepared samples were checked by
powder x-ray diffraction �XRD� using Cu K� radiation at
room temperature. The XRD patterns prove that the struc-
tures of all samples are single phase with orthorhombic per-
ovskites structure. Magnetic measurements were performed
by using a superconducting quantum interference device
magnetometer �Quantum Design MPMS�. The magnetic field
was applied along the longest semiaxis of the sample to de-
crease the shape demagnetizing fields as much as possible
�this sample’s exterior is on the verge of ellipsoid�.

III. RESULTS AND DISCUSSION

According to the scaling hypothesis, the critical behavior
of a magnetic system showing a second-order magnetic
phase transition near the Curie point are characterized by a
set of interrelated critical exponents,14 � �associated with the
spontaneous magnetization Ms�, � �associated with the initial
magnetic susceptibility �0�, � �associated with the critical
magnetization isotherm at TC�. As we know, for a first-order
ferromagnetic phase transition, the critical exponents are im-
possibly defined because the applied magnetic field can shift
this transition which results in a field dependent phase
boundary TC�H�.23 The mathematical definitions of the criti-
cal exponents from magnetization measurements are given as
following relation:

MS�T� = M0����, � 	 0, T 	 TC, �1�

�0
−1�T� = �h0/M0���, � 
 0, T 
 TC, �2�

M = DH1/�, � = 0, T = TC, �3�

where � is the reduced temperature �T−TC� /TC, and M0,
h0 /M0, and D are the critical amplitudes.

Generally, the critical exponents and critical temperature
can be easily determined from the Arrott plot. According to
Arrott-Noakes equation of state, �H /M�1/�= �T−TC� /TC
+ �M /M1�1/�,24 where M1 is a material constant, the regular
Arrott plot shows as M2 vs H /M relationship based on the
mean-field model of critical exponent of �=0.5 and �=1.0.
Thus, the M2 vs H /M curves should reveal a linear behavior
around TC and the line at T=TC should just pass through the
origin. Additionally, according to the criterion proposed by
Banerjee,25 the order of magnetic transition can be deter-
mined from the slope of these straight lines. The positive
slope corresponds to the second-order transition while the
negative slope corresponds to the first-order transition.
Figure 1 shows the Arrott plot M2 vs H /M for the
La0.1Nd0.6Sr0.3MnO3 sample in the temperature range of
TC�20 K. Clearly, in the present case the positive slope of
M2 vs H /M curves indicates the ferromagnetic phase transi-
tion to be of the second order. However, all the curves in the
Arrott plot are nonlinear and shows upward curvature even at

high field indicating the mean-field theory is dissatisfied with
the present phase transition. Generally, at high field region,
the effect of charge, lattice, and orbital degrees of freedom
are suppressed in a ferromagnet and the order parameter can
be identified with the macroscopic magnetization. Therefore,
to obtain the correct values of � and � a modified Arrott plot
need to yield quasistraight lines of M2 vs H /M curves. As
shown in Figs. 2�a�–2�c�, three different kinds of trial expo-
nents of 3D Heisenberg model ��=0.365, �=1.336�, 3D
Ising ��=0.325, �=1.24�, and tricritical mean field ��
=0.25, �=1.0�, were used to make a modified Arrott plot.
For comparing these results, we calculate their relative
slopes �RS� which are defined as RS=S�T� /S�TC=249 K�. If
the modified Arrott plot shows a series of absolute parallel
lines, the relative slopes should be kept to 1 irrespective of
temperatures. As shown in Fig. 2�d�, the RS of Heisenberg
and Ising model obviously deviates from the straight line
of RS=1 but the RS of tricritical mean-field model is close
to it. Therefore, the third Arrott plot should be the best
results among these three models, indicating the critical
properties of La0.1Nd0.6Sr0.3MnO3 sample can be described
with tricritical mean-field model. Thus, in Fig. 2�c�, the
linear extrapolation from high field region to the intercepts
with the axes H /M1/� and M1/� yield the reliable values
of inverse susceptibility �0

−1�T ,0� and spontaneous magneti-
zation Ms�T ,0�, respectively. These values as functions of
temperatures, �0

−1�T ,0� vs T and Ms�T ,0� vs T, are plotted
in Fig. 3. According to Eqs. �1� and �2�, the experimen-
tal data �open sign� can be fitted to two continuous curves
�solid line�. It gives two new values of �=0.248�0.006
with TC=249.36�0.04 K and �=1.066�0.002 with TC
=248.90�0.08 K. These results are very close to the critical
exponent of tricritical mean-field model.

Alternatively, these critical exponents and TC can be ob-
tained more accurately from the Kouvel-Fisher �KF�
method26

Ms�T�
dMs�T�/dT

=
T − TC

�
, �4�
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FIG. 1. Arrott plot: isotherms of H /M vs M2 of
La0.1Nd0.6Sr0.3MnO3 at different temperatures close to the Curie
temperature �TC=249 K�.
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�0
−1�T�

d�0
−1�T�/dT

=
T − TC

�
. �5�

According to this method, Ms�dMs /dT�−1 vs T and
�0

−1�d�0
−1 /dT�−1 vs T should yield straight lines with slopes

1 /� and 1 /�, respectively. When these straight lines are ex-
trapolated to the ordinate equal to zero, the intercepts on T
axis just correspond to TC. As presented in Fig. 4, the fitting
results with KF method give the exponents and TC to be of
�=0.257�0.005 with TC=249.32�0.03 K and �
=1.12�0.03 with TC=249.10�0.07 K. Obviously, the ob-
tained values of the critical exponents and TC using the KF
method are in agreement with that using the modified Arrott
plot of tricritical mean-field model.

To further check the reliability of the above critical expo-
nents, we can study the relation among the three critical ex-
ponents �, �, and �. Here, we must know the value of � first.
According to Eq. �3�, the value of � can be directly obtained
from plotting the critical isotherm at TC. In Fig. 5, the M vs
H curve at 249 K was chosen as the critical isotherm based
on the previous discussion. The inset of Fig. 5 shows the
same curve M vs H on a log-log scale. The solid straight line
with a slope 1 /� is the fitting result by using Eq. �3�. From
the linear fit we obtained the third critical exponent �
=5.17�0.02. According to statistical theory, these three
critical exponents must fulfill the Widom scaling relation

� = 1 +
�

�
. �6�

Based on the above obtained data of � and �, Eq. �6�
yields the value of �=5.298 for � and � evaluated from Fig.
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3 and �=5.358 for � and � obtained from Fig. 4. Both of the
critical exponents � approximate to the estimated � from the
critical isotherms at TC. Therefore, the critical exponents ob-
tained in this study basically obey the Widom scaling rela-
tion, implying that the obtained � and � data are reliable.

In the critical region, the magnetic equation can be written
as

M�H,�� = ��f��H/��+�� , �7�

where f+ for T
TC and f− for T	TC are regular functions.27

Eq. �7� indicates that M�−� as a function of H�−��+�� yields
two universal curves: one for temperature T
TC and the
other for temperature T	TC. Thus we can compare the ob-
tained results with the prediction of the scaling theory with
Eq. �7�. As shown in the Fig. 6, the experimental data fall on
two curves, one above TC and the other blow TC, in agree-
ment with the scaling theory. The inset of Fig. 6 shows the
same plot on log-log scale. Similarly, all the points also col-
lapse into two different curves. This result further indicates
that the obtain values of the critical exponents and TC are
reliable. Moreover, the characterization of the critical prop-

erties with the tricritical mean-field model is accurate in the
present system.

At present, the 3D Heisenberg model is extensively used
to discuss critical properties and understand the short-range
interaction in the doping manganites. Nevertheless, some ex-
perimental results indicate that other theoretical models, such
as mean-field and tricritical mean-field model, are better to
describe the critical behavior in manganites. Here, some
critical exponents reported in the manganites are summarized
in Table I. From it, one can find that the obtained critical
exponents � mainly concenter a range of 0.3–0.4, similar to
those of 3D Heisenberg ferromagnet that has critical indices
�=0.368.34 Nevertheless, the reported value of � in the Table
I is not close to the theoretical index of 3D Heisenberg
model.15 Moreover, the La0.7Ca0.3MnO3 single crystal shows
a first-order transition.21 Therefore, a crossover to a continu-
ous phase transition should occur in manganites. Generally,
the critical exponents of ferromagnetic phase transition are
determined by the type of ordering and the dimensionality.35

However, at a tricritical point, Huang22 proposed that these
critical exponents should be universal. Kim et al.23 reported
the tricritical point in the polycrystal La0.6Ca0.4MnO3, in
agreement with theoretical prediction. This tricritical point
separates first-order �x	0.4� from second-order �x
0.4�
phase transition. In the present system, as shown in Fig. 2�c�,
the obtained critical indices are consistent with that in
tricritical mean-field model. It suggests that the present
composition may be close to a tricritical point in the
La0.7−xNdxSr0.3MnO3 phase diagram. As we know, the prop-
erties of manganites are strongly affected by chemical factor
of average cationic radius �rA� in A site.36,37 The decrease in
�rA� tends to diminish the Mn-O-Mn angle and reduce the
bandwidth and TC. According to Ref. 38, the decreases of the
Mn-O-Mn angle and the bandwidth weaken the hopping in-
tegral of eg electrons, and consequently attenuate the double
exchange interaction between Mn3+ and Mn4+ ions. Compar-
ing with Nd0.7Sr0.3MnO3, the average cationic radius �rA� of
La0.1Nd0.6Sr0.3MnO3 is slightly increased due to rLa
rNd.
Therefore, the higher TC and stronger ferromagnetism was
observed in the latter. Recently, the first-order FM-PM tran-
sition was reported in the manganite Nd0.7Sr0.3MnO3 at TC
=207 K.39 Nevertheless, a second-order phase transition was
testified in the Nd0.6Sr0.4MnO3 at TC=272 K.40 Here, both of
their average radius of �rA� are calculated to be �rA�
=1.2071 Å and �rA�=1.2218 Å using nine-coordinated
ionic radii given by Shannon,41 respectively. The average
radius of the present sample La0.1Nd0.6Sr0.3MnO3 is �rA�
=1.2124 Å, which just locates in the center of the above
range. Therefore, a tricritical point is possible to occur in the
present materials. Interestingly, a possible tricritical point
was recently pointed out in Nd0.67Sr0.33MnO3 with �rA�
=1.2115 Å.40 Both of their average radius �rA� are quite
similar. On the other hand, the recent investigations indicate
that the doping manganites are intrinsical inhomogeneity
with multiphase coexistence and phase competition which
induce the complexity in this system.12,13,42 Regarding the
magnetic properties in Nd0.7Sr0.3MnO3, the competition be-
tween the double exchange ferromagnetic interaction and the
superexchange antiferromagnetic interaction was earlier
found even in the metallic ferromagnetic phase.43 In our
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sample, the increase in average cationic radius �rA� facilitates
ferromagnetic interaction and induces stronger competition
in the system. As a result, the rise of spin-orbit coupling can
transfer the discontinuous phase transition to continuous
phase transition. Thus, a tricritical point was observed in the
La0.1Nd0.6Sr0.3MnO3 sample. This finding should provide a
point of reference for an understanding of the anomalous
PM-FM transition in manganites. Up to now, although the
wide disparity of critical phenomena have been reported in
the literature, it is difficult to determine the common univer-
sality class for a continuous PM-FM phase transitions in
manganites. The better method for this issue need more ex-
perimental measurements on high purity samples with differ-
ent compositions.

IV. CONCLUSION

In summary, the critical properties of the perovskite man-
ganite La0.1Nd0.6Sr0.3MnO3 have been studied using the iso-

thermal magnetization around Curie point TC. Based on vari-
ous research techniques including modified Arrott plot,
Kouvel-Fisher method, and critical isotherm analysis, the ob-
tained critical exponents of � and � are in agreement to the
theoretical value of tricritical mean-field model. This result
implies that the present composition might be close to the
tricritical point in the La0.7−xNdxSr0.3MnO3 phase diagram.
Even though the 3D Heisenberg model was extensively used
to describe the critical behavior in manganite, the strong dis-
crepancy of the reported critical indices indicates that further
investigation on this issue is necessary.
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