Hong Duc University Journal of Science, E6, Vol.11, P (5 - 15), 2020

CRITICAL BEHAVIOR IN Lay ;Sr(3Mng.95Cuy,9,0; COMPOUND

Le Viet Bau, Trinh Thi Huyen
Received: 20 July 2020/ Accepted: 01 September 2020/ Published: September 2020

Abstract: The magnetic data of Lag;Sro:MngesCupo,O; in the ferro-paramagnetic phase
transition region has been analyzed using the Modified Arrott plots (MAP), the Kouvel-Fisher
and the scaling hypothesis methods. The obtained data is compared to 4 theoretical models:
Mean field, 3D Heisenberg, 3D Ising and Tritical mean field. The results suggest that the
magnetic interaction in the sample is corresponding to the 3D Ising model. The n value (which

relates to the magnetic order) conducted by law AS . =a(u,H)" is 0.641(8). This value is

different from 0.556(5) derived from critical exponents of f and y extracted from fitting values
of spontaneous magnetisation and initial susceptibility to Kouvel-Fisher law. A low value of
entropy is changed but the relative cooling power is improved.
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1. Introduction

The perovskite manganites (La,Sr)MnB'O3, where B’ stands for the transition elements
have recently attracted a wide range of research in laboratories because of their potential
applications in electric devices that operate based on colossal magnetoresistance effect
(CMR) and magnetocaloric effect (MCE) [1-4]. Basically, the magnetic-electronic properties
of manganites are explained by the double exchange (DE) interaction. However, it is shown
that the ferromagnetic clusters are formed and extracted as decreasing temperature below 7¢.
This is due to the existence of ferromagnetic clusters above 7¢ as well as inhomogeneity and
phase separation, phase separation phenomenon and lattice distortion effect [5-9]. Those
suggest that ferro-magnetic long-range order may be established by percolation of
ferromagnetic regions as the temperature is lowered. Such magnetic inhomogeneities in the
spin systems may be a result in a reduced local effective topological dimensionality [10],
thereby leading to different critical behaviors. The CMR at the paramagnetic-ferromagnetic
(PM-FM) transition is explained by the DE interaction [11]. In addition, the low-field-
magnetoresistance (LFMR) effect existing in the low temperature region is also promising for
application. Hence, the critical properties of the paramagnetic-ferromagnetic (PM-FM) phase
transitions in manganites pose an important fundamental problem. On the other hand, the vast
variability of competing mechanisms, which may influence the magnetic ordering, may also
yield other types of paramagnetic-ferromagnetic transitions for different systems in this class
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of materials. Experimental studies [12-14] of the critical behavior of manganites near the PM-FM
phase transition by using a variety of techniques have yielded a wide range of values for the
critical exponent of f. The values range from about 0.3 - 0.5, which embrace mean-field
(=0.5), three-dimensional (3D) isotropic nearest-neighbor Heisenberg (£=0.365) and 3D
Ising (=0.325) estimates. Static dc-magnetization measurements [12-15], in addition to f,
also yield the critical parameters y and ¢ for initial susceptibility »(T) and critical isotherm
M(T,H), respectively. However, they may fail to determine a unique universality class for the
phase transition of these manganites. The very low values of #=0.095 for LaMnOs; [13] and
0.147 for Lay;Cao3MnQO; [14] obtained from static magnetization measurements suggest that
the PM-FM transition in these compounds is first-order transition. Further, a first-order PM-FM
phase transition has been reported [25] for Lag;Cao3;MnO; based on the sign of the slope of
the isotherm plots, (H/M)"" vs. M"® (y=1and = 0.5 or y=1.336 and = 0.365).

Besides, one of the most important effects is magnetocaloric effect (MCE). Similar to
the CMR, MCE occurs with the highest value at ferro-parramagnetic phase transition
temperature 7¢. Thus it could be related to critical parameters.

In this study, the critical parameters and magnetocaloric of the compound of
Lag7Sro3Mng 9sCuy.0;0; were studied. The results are compared with theoretical models to
find out intrinsic magnetic interaction in the sample.

2. Experiment

The samples of Lag7Srg3Mng9sCug0; were prepared by standard solid state reaction
method. The crystal structure, chemical composition of the samples were proved by powder
X-ray diffraction (XRD) with D2 Phaser instrument. The X-ray data confirmed that the
samples are a single-phase rhombohedral structure with space group R-3c. Magnetic data
were collected using a superconducting quantum interference device magnetometer Quantum
Design Magnetic Property Measurement System (MPMS).

3. Results and discussions

In order to define the critical parameters from magnetic measurements, M(H), the
ferro-parrmagnetic phase transition temperature should be explored.

Figure 1(a) shows the temperature dependence of magnetisation of the sample measured
in the applied field of 20 Oe using zero field cooled and field cooled mode. It is shown that in
the low temperature, the sample expresses ferromagnetic phase. Parramagnetic phase is formed
in the high temperatures. Phase transition behaves a large of the range of temperature. This is a
typical behavior of perovskite fabricated by solid state reaction method. The wide of phase
transition as well the difference between the zero-field cooled and filed cooled in the range of
low temperature does not seem to reflect the chemical disorder but seems due to the disorder in
magnetism. It may be in the result of phase separation phenomenon [8].

In order to determine the T the curves of dM/dT vs T has been constructed and shown
in Figure 1(b). This figure explores that the 7¢ is approximately 355 K.
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Fig.1. The magnetization vs temperature in zero-field cooling (empty symbol) and field
cooling modes (filled symbol) (a) and the dMro/dT vs T curve of the sample (b)
In order to analyze the nature of magnetic interaction near the phase transition, the critical
exponents should be explored. The applied field dependence of magnetizations of the samples
was measured at several temperatures in the phase transition region. The theorical models are
then applied to analyze the experimental data deducted from magnetic measurements.
Figure 2 (a)-(d) display the magnetic data of the samples applied by mean-field (a),
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Fig.2. The isotherm magnetic data of the x=0 sample drew by mean-filed (a);
3D Heisenberg (b),; 3D Ising (c); and tricritical mean-field (d) models
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The best model is collected if the curves in the figure are series of straight lines and
the line corresponding 7¢ should pass through the 0. It can be seen from Figure 2, the
panel a and d are not collected. The models of 3D Ising (panel b) could be better than the
panel c. This could be confirmed using the values of RS defined by RS(7) = S(T)/S(T¢). If
the model is suitable, the RS(T) should be 1 [17]. Figure 3 shows the values of RS vs T for
the samples.
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Fig.3. The values of RS in the 4 models for the x = 0
(a) and x = 0.05 (b) samples

As can be seen in Figure 3, the RS values diverse from 1 at temperatures far from 7¢ in all
models. However, the best one is 3D Ising model for x = 0 and mean-field model for x = 0.05.
Therefore, these models will be applied to analyze the corresponding samples.

In Figure 2, the (H/M)"" vs M"® curves exhibit a positive slope. According to
Banerjee [18], the sample behaves second order magnetic transition (SOMT). For a
SOMT, in the range of the ferro-paramagnetic transition temperature, the scaling law was
used for the spontancous magnetisation and initial susceptibility could be described by
[19-22]:

M (T)=M,|le|" ..o T<T, (1)
Z_I(T):(ho/Mo)gy, >0 ’ T>1. (2)
M=DH" ¢=0 T=1Ic 3)

With ¢ is the reduced temperature (7—7¢)/Tc. My, hy, and D are the critical amplitudes.
The critical parameters f, y, and O are critical parameters associated with the spontancous
magnetization Mg(7,0), the initial magnetic susceptibility y(7) and critical magnetization
isotherm M(T¢, H), respectively. The value of Mg(T) and »'(T) deduced from the magnetic
data using the 3D Ising model is displayed in Figure 4.
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Fig.4. Temperature dependence of Ms(T,0) and X, "(T). The lines display the fitting
the sample using the power laws

Figures 4 describes the temperature dependence of Ms(T) and y'(7) of the sample. The
curves display the fitting My(7) and »"(T) curves to the modified Arrot plots (MAP) to find out
the critical exponents. The critical parameters of the sample are defined of (=0.342(1),
7=1.202(8). These values of 5 and yare close to those of the 3D-Ising model (5 = 0.325, y=1.24).

Alternately, the critical parameters f, ¥ and T¢ can be determined more accurately by
the Kouvel-Fisher (KF) method [18]:
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Fig.5. The temperature dependence of Ms and Xo ' The straight lines are fitted to Kouvel-Fisher



Hong Duc University Journal of Science, E6, Vol.11, P (5 - 15), 2020

The fitting values of the critical parameters and Curie temperature (7¢) of the samples
are also displayed in the same figures. It can be seen that these values are similar to that
deducted by fitting experimental data to MAP method.

The value of 6 can be deduced using equation (3). The value of 7¢ is assumed to be
mean value of those deduced by equation (2) and (3) as in Figure 5. Thus 7¢ = 354.65.
The M(H) curves at 7= 355 K is chosen and displayed in the Figures 6. In the insert panel,
the In(M) vs In(H) is displayed to find out the value of § by linear. It can be seen from the
insert panel, the data fitting can be seen in Figure 6, when plotted in Ln-Ln scale (the insert
figure), the M(H) curves for both samples are straight lines. This could prove that 354K is
close to the actual ferro-paramagnetic transition temperatures. It can be seen from the insert
of Figure 6, using the formula (3), the LnM - LnH data at T = T¢ are fitted to determine
values of 0. The results show o= 4.928.
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Fig.6. The applied field dependence of isothermal magnetization measured at T =355 K.
The insets display the best fit following Eq. 3

Moreover, the value of ¢ can be deducted by Widom scaling relation [24]:
o=1+y/p (6)

Using values of y and f obtained by the Kouvel-Fisher method, the value of ¢ is
found to be 4.752(6). The value of o is slightly different from ¢ noted in the inserts of
Figure 6. Such difference was also observed in several previous studies [25,26] and could
due to several reasons such as Jahn-Teller, disorder effects, phase separation
phenonmenon, etc., In order to verify the reliability of the exponents and T¢, the scaling
hypothesis is contructed. The relation between magnetic isotherms and applied field is
described by equation [27]:

M(uH.,e)=¢"f.(H/a"") (7)

where /. and J_ stand for regular functions above and below 7 respectively.

10
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Eq. (7) suggests that for true j, 7, and o values, the curves of M |8|ﬂ vs u,H/ |8|ﬁ+y

will fall into two identified universal curves above and below Tc. Figure 7 displays the curves
of M |8|ﬂ vs uH/ |6‘|ﬂ+'y with 8 and y derived from the Kouvel-Fisher method. The inserts

in these figures represent the same plots in the Ln-Ln scale.
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As can be seen in Figure 7, the M(H, T) in the vicinity of 7¢ fall into two branches
above and below T¢, confirming the reliability of the obtained critical exponents.

The magnetocaloric phenomena was investigated using the applied field dependence of
the magnerisation, M(H), at different temperatures. The entropy change at finite temperature
is defined by [28, 29].
ﬂ+2j !

i TDM(TZ,H)dH— jM(Tl,H)dH} (8)

2

-5,
In the case of approximate calculation, it can be calculated by

(M(Tzaﬂ)_M(Tl’H))

T +T, < 9
s, (1L )y AH 9)
2 ) 4 T,-T,
The result is displayed in Figure 8.

11
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Fig.8. The MCE of the sample in the difference applied fields

The magnetocaloric curves are calculated for the applied fields of 0.5T up to 0.7 kg/K.
As can be seen from Figure 8, the peaks of those curves shift to the higher temperature in
higher applied field. In the low field, magnetocaloric shift to the ferro-paramagnetic transition
temperature, T¢=354.65K. This can be understood that the magnetocaloric phenomenon is
strongest at the phase transition temperature related to the applied field for the thermo-
magnetisation measurements. The shifting of the peaks due to the transition phase
temperature is shifted to higher in high applied field. Approximate of 4.5J/Kg K is the
maximum value of magnetocaloric gained in the applied field of 6T. Despite of the small
value but it is close to room temperature. It reduces sharply as increasing temperature higher
Tc whereas it reduces more slowly in the temperature lowers T¢. This can be explained that
in the temperature higher T, the material is paramagnetic and it is ferromagnetic in the
lowers Tc. It is interesting that the magnetocaloric phenomenon broad over temperature
region. This leads to enhancing the range of temperature existing MCE and improves the
efficiency of a magnetic refrigerant material or the relative cooling power (RCP).

As mentioned above, the samples are second-order phase transition materials, then the
relation between maximum magnetic entropy change and the applied ficld can be described

by a power law AS,, = a(u,H)" with n is an parameter related to the magnetic order and a
is a constant [30].
Figure 11 displays the curve AS,,, VS. t,H for the sample. The values of the critical

exponent n defined by AS... =a(t,H)"is 0.641(8). A relationship between n and critical
exponents of 5 and y is demonstrated by [31]:

n(TC)=1+[§;H (10)

12
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Using the values of f and y obtained from the Kouvel-Fisher method and Eq. 13,
the values of n(7¢) is found to be = 0.556(5). This value disagrees with the value
displayed in Figure 11. This difference was also previously observed in several
manganites [25, 32]. The difference between the exponent # deducted from the maximum
entropy change and the Kouvel-Fisher method could be caused by the existence of the
local inhomogeneities, the superparamagnetic clusters in the vicinity of 7¢ [23] or the
phase separation phenomenon in the samples. In addition, demagnetizing
field Hy produced by the material itself could responsible for these differences [33, 34].
Besides, the M(H) curves have been measured in the large range of temperatures and the
applied field up to 6T.

4. Conclusion

The  critical exponents and  magnetocaloric effect of  perovskite
Lag 7Srp3Mng 95Cug 0205 has been derived from the isothermal magnetization data. The value
of critical parameters f=0.321(8), y=1.207(6). The value of 6=4.928(1) which is differnent
from the value of 4.752(6) reduced from Widom scaling relation. The parameter related to
the magnetic order, n, calculated from experimental data and theory is 0.556(5), which is
different from 0.641(8) derived from fitting the maximum of entropy change data to

AS, .. =a(u,H)" . The differences of the values of § and n could due to several reasons

such as inhomogeneities, Jahn-Teller, or phase separation. The magnetocaloric effect
reaches 4.5 Jkg/K in the change of applied field of 6T. The maximum of MCE shifts to the
higher temperature in higher applied field change. Although the value of MCE is not high,
the relative cooling power is improved.
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