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Abstract
Themagnetocaloric effect and the critical behavior near thefirst to second-order phase transition of
La0.7Ca0.3-xSnxMnO3 compounds (with x=0–0.04), whichwere prepared by a conventional solid
state reactionmethod, have been investigated.With increasing Sn-doping, a systematic decrease in the
Curie temperature (TC) and themagnetic entropy change (ΔSm) are observed.We also pointed out
that thewidth and the order of themagnetic phase transition in La0.7Ca0.3-xSnxMnO3 compounds can
be easilymodified by changing Sn concentration. The Banerjee criterion suggests that the Sn-undoped
sample (x=0)undergoes a first-order phase transition (FOPT).Meanwhile, Sn-doped samples
(x=0.02 and 0.04)undergo a second-order phase transition (SOPT). Based on theKouvel-Fisher
method and the critical isotherm analyses, we have determined the values of the critical exponents
(β, γ, and δ) andTC for two SOPT samples. The results obtained for x=0.02 sample areβ=0.218,
γ=0.858, and δ=4.717, which are close to those expected for the tricriticalmean field theory.
Whereas,β=0.468, γ=1.095 and δ=3.315 obtained for x=0.04 sample are close to those
expected for themean field theory. This suggests that the presence of Sn favors establishing the
ferromagnetic long-range interactions in the sample.

1. Introduction

It is known that the hole doped perovskitemanganite La0.7Ca0.3MnO3 is a typicalmaterial exhibiting a colossal
magnetoresistance (CMR) and amagnetocaloric effect (MCE)with high valuesmagnetoresistance (MR) and
magnetic entropy change (ΔSm), respectively. These values are almost larger than those obtained on the other
manganites [1–7]. Nevertheless, La0.7Ca0.3MnO3 polycrystalline or single crystal bulk sample is afirst-order
phase transition (FOPT)material [8–11]. There are two important drawbacks in the FOPTmaterials, namely the
narrowness of the FM-PMphase transition region and the presence of the thermal andmagnetic hysteresis,
which limit their applicability [12]. To improve these drawbacks, it is necessary tomodify the order of phase
transition in La0.7Ca0.3MnO3 compound fromFOPT to SOPT.

Recent studies have shown that there are someways tomodify the order of phase transition in
La0.7Ca0.3MnO3 compound, including reduced dimensionality [11], reduced crystalline or particle size [9, 13],
and doped suitable elements into the La/Ca [14–18] and/orMn sites [19, 20]. Depending on crystalline size,
dopant types, and doping content,modifying the FOPT to SOPT results would be different. To distinguish
whether amaterial is the FOPTor SOPT,we can use the criteria proposed by Banerjee [21]. According to these
criteria,H/M is plotted versusM2 in the vicinity ofTC. Amaterial is a FOPT if there is a negative slope on some
H/M versusM2 curves, while a positive slope corresponds to a SOPT [21]. Besides, it is known that theβ, γ, and δ
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critical exponents which featured for the SOPT aroundTC are correspondedwith theMS spontaneous
magnetization, theχ0

−1magnetic susceptibility at the beginning, the critical isotherm atTC [22, 23].
To further understand theMCE and the critical behaviors near thefirst to second-order phase transition, we

prepared three samples of La0.7Ca0.3-xSnxMnO3 (with x=0.0, 0.02, and 0.04) and studied theirmagnetic
characters. The dependences ofmagnetic entropy change on temperature and appliedmagnetic fieldwere
determined by using theMaxwell relation and a phenomenological model [24, 25]. Besides, we applied the
Banerjee’s criteria [21], the Kouvel-Fishermethod [23], and the critical isotherm analyses [22] to investigate the
critical behaviors for samples.We pointed out that the presence of Sn favors establishing the SOPT and the FM
long-range interactions in La0.7Ca0.3-xSnxMnO3 compounds.

2. Experimental details

With the solid-state reaction procedure, we synthesized three bulk samples of La0.7Ca0.3-xSnxMnO3 (x=0,
0.02, and 0.04). The precursors are highly immaculate powders (99.9%) of Sigma-Aldrich included La2O3,
CaCO3, SnO2, andMn3O4. Themass of these precursors were calculated andweighed according to the nominal
composition (La0.7Ca0.3-xSnxMnO3), thenwere crushed, blended, and calcinated at 1200 °C in about 24 h in the
air. Thereafter, themixed products were crushed again, pressed tablets under a pressure of 4000 kg cm−2 and
sintered at 1400 °Cwithin 28 h in the air. X-ray diffraction (XRD) patterns at room temperature offinal
products were recorded on an x-ray diffractometer (Equinox 5000, Thermo Scientific) using a Cu-Kα radiation
source (λ=1.5406 Å). The grain size and the component of samples were estimated through the scanning
electronicmicroscopy (SEM) image and the energy dispersive x-ray (EDX) spectroscopy on a Fe-SEM (S4800,
Hitachi). Themagnetization depends on temperature andmagnetic fieldwasmeasured on a vibrating sample
magnetometer system.

3. Results and discussion

These XRDpatterns for samples are presented in figure 1. All XRDpeaks in each pattern correspond to the
Miller indexes of an orthorhombic structure, Pnma space group, and suitable for a PDF cardNo. 01-089-8075
[26] in the international centre for diffraction data. This confirms that all samples are single phase of
La0.7Ca0.3-xSnxMnO3, without any secondary phase. The lattice parameters for samples were estimated and
showed in table 1. Clearly, the presence of Sn does not change the orthorhombic structure butmodifies the value
of the lattice parameters. A slight decrease in these parameters with increasing Sn concentrationwas observed.
This could be related to the average ionic radius of A-site (〈rA〉) in perovskite structure ABO3 [27, 28]. Our result

Figure 1.XRDpatterns of La0.7Ca0.3-xSnxMnO3 compounds.
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is completely opposite when Sn substituted intoMn-site (B-site) in similarmanganites [28, 29]. An increase of
the unit cell parameters was observedwhen Sn substituted intoMn-site in La0.67Ba0.33Mn1-xSnxO3 [30] and
La0.57Nd0.1Sr0.33Mn1-xSnxO3 [29] compounds. This result has been explained by the substitution of Sn4+with a
larger ionic radius (rSn4+=0.69 Å) forMn4+with a smaller radius (rMn4+=0.53 Å). Therefore, in ourwork,
the substitution of Sn intoMn-site would not have happened.

In order to explain the increase of the lattice parameters of La0.7Ca0.3-xSnxMnO3 compounds when
increasing the amount of Sn, we have assumed that the valence of Sn ion is 2+ and it could be substituted into
A-site because rSn2+=1.18 Å, which is quite close to that of Ca2+ (1.34 Å) or La3+ (1.36 Å). Therefore, the
average ionic radius of A-site could be deduced as 〈rA〉= 0.7rLa3++(0.3-x)rCa2++xrSn2+. Using the ionic radii
rLa3+=1.36 Å, rCa2+=1.34 Å, and rSn2+=1.18 Å [31], the value of 〈rA〉 is found to be 1.354 Å, 1.350 Å, and
1.347 Å for x=0, 0.02, and 0.04, respectively (table 1). It shows that the 〈rA〉 valuemonotonously decreases with
increasing Sn concentration. Thuswe believe the slight decrease of the unit-cell volume of La0.7Ca0.3-xSnxMnO3

is closely related to the substitution of Sn2+with a smaller ionic radius (1.18 Å) for La3+/Ca2+ ions
(1.36 Å/1.34 Å).

Figure 2 show SEM images and EDX spectra of two samples with x=0 and 0.04.We can see that their grain
size reaches aboutmicrometers with sharp grain boundary, figures 2(a) and (c). The EDX spectra showpeaks
corresponding to lanthanum, calcium,manganese, oxygen, and tin,figures 2(b) and (d). These elements are
included in the samples, without any strange elements. The values of atomic percentage obtained are quite
close to those expected of compounds. Itmeans that startingmaterials have fully reacted to create
La0.7Ca0.3-xSnxMnO3 phase, no element is neither lost nor added during the fabrication process.

Figure 2. SEM images and EDX spectra for two representatives: (a) and (b) for x=0, (c) and (d) for x=0.04.

Table 1. Lattice parameters of La0.7Ca0.3-xSnxMnO3 compounds.

x 〈rA〉 (Å) a (Å) b (Å) c (Å) V (Å3)

0 1.354(0) 5.457(1) 7.712(3) 5.474(6) 230.40(8)
0.02 1.350(8) 5.456(4) 7.711(9) 5.474(7) 230.37(1)
0.04 1.347(6) 5.456(1) 7.711(3) 5.473(7) 230.29(8)

3

Mater. Res. Express 7 (2020) 046101 DSon Lam et al



The temperature dependence of themagnetization,M(T), atH=100 Oe for samples are show in
figure 3(a).With increasing temperature, samples exhibit a FM-PM transition.TC values determined from the
flexion points inM(T) curves are about 256, 198, and 166 K for x=0, 0.02, and 0.04, respectively. Clearly,TC

value decreasedmonotonically with increasing Sn concentration. The decrease ofTC could be associated to a
reduction of 〈rA〉 value, which is a consequence of the replacing Snwith smaller radius into La/Ca-site. On the
other hand,TC value decreases because of the effect of the average ionic radius of A-site. Due to different ion sizes
occupy at A-site (La/Ca/Sn-site) in perovskite structure, there is a size disorder between the ions. This disorder
created a strong local stress inMnO6 octahedral and also varying theMn-O-Mn angles leading to the change in
structural parameters andmagnetic characters [28, 32].

Figure 3(b) showsM(T) curves for samplesmeasured atH=10 kOe, where the solid lines arefitting curves
of experimental data to a phenomenologicalmodel, whichwas suggested byHamad [24, 25]. Detailed
descriptions for this phenomenologicalmodel can be found elsewhere [24, 25, 32]. According toHamad
[24, 25], the temperature dependence ofmagnetization can be presented by:
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i f( ) Here,Mi andMf are corresponding to the first and end values of

magnetization at FM-PMphase transition;B and Sc aremagnetization sensitivity dM/dT at FM state before
transition and atTC, respectively. Clearly, our experimental data (symbols)measured atH=10 kOe for samples
can bewell fit by equation (1). Numerical calculationwasmade using the parameters listed in table 2.

To further understand themagnetic properties, we have recorded the isothermalmagnetizationM(H)
curves at temperatures around the FM-PMphase transitionwith a step of 2 K. Figures 3(c) and (d) showArrott

Figure 3. (a) and (b)M(T) curves atH=100 Oe and 10 kOe, respectively. (c) and (d)Arrott plots ofM2 versusH/M curves for two
representative samples with x=0 and 0.04, respectively.

Table 2.Thefitting parameters ofM(T) data to equation (1), and the values of |ΔSmax| andRC calculated to equation (2) for
La0.7Ca0.3-xSnxMnO3 samples underΔH=10 kOe.

Sample (x) Mi (emu g−1) Mf (emu g−1) TC (K) A (K−1) B (emu/g.K) |ΔSmax| (J/kgK) RC (J/kg)

x=0 71.9748 6.4565 255.3 0.0978 −0.159 23 4.52 45.2

x=0.02 74.6291 6.4198 200.2 0.0770 −0.090 13 2.79 55.8

x=0.04 71.7195 8.3353 166.5 0.0462 −0.135 51 1.58 69.5
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plots,M2 versusH/M, for two representative samples with x=0 and 0.04, respectively (the tendency for
x=0.02 is similar with x=0.04). As can be seen that the parts which do not linear in the lowfield range at the
below and aboveTC are driven toward two contrary dimensions, corresponding to the FM-PMphase division in
thematerials. SomeH/M versusM2 curves (coordinate axes are inverted toArrott plots) of x=0with negative
slopes indicate the FM-PM transition in this sample to be a FOPT,whereas the positive slopes for x=0.02 and
0.04 correspond to the SOPT, according to Banerjee’s criteria [21].

Based on the isothermalmagnetizationM(H) data, theMCE for the samples are assessed via theΔSmby
using theMaxwell relation [5, 14]

òD =
¶
¶

S T H
M

T
dH, , 2m

H

H0
⎜ ⎟⎛
⎝

⎞
⎠( ) ( )

whereH is the appliedmagnetic fieldmagnitude. Figures 4(a)–(c)present−ΔSm(T) curves calculated at
different appliedmagnetic field change (ΔH=4–10 kOewith a step of 1 kOe). The−ΔSm(T) curves which are
a function of temperature exhibit themaxima (|ΔSmax|) in the vicinity ofTC. These |ΔSmax| values increase with
increasing appliedmagnetic field change, figure 4(d). Under an appliedmagnetic field change of 10 kOe, |ΔSmax|
values are found to be 4.52, 2.79, and 1.58 J·kg−1·K−1 for x=0, 0.02, and 0.04. By comparison in the samefield
change, |ΔSmax| value obtained for x=0 sample is higher than that of Gdmetal (|ΔSmax|=9.4 J·kg−1·K−1

underΔH=50 kOe [33]). The high value of themagnetic entropy change in somemanganites was also
reported [9, 30, 28]. This is assigned to the presence of the double-exchange interaction and the spin lattice
coupling [34]. For x=0.02 and 0.04 samples, |ΔSmax| values obtained are quite high, and they are comparable
to those obtained for other A-site dopedmanganites, such as La0.7Ca0.15Sr0.15MnO3 (1.57 J·kg

−1·K−1,
ΔH=12 kOe) [32], La0.65Ca0.3Na0.05MnO3 (3.0 J·kg

−1·K−1,ΔH=50 kOe) [35], La0.5Ca0.4Pb0.1MnO3

(4.25 J·kg−1·K−1,ΔH=50 kOe) and La0.5Ca0.3Pb0.2MnO3 (4.2 J·kg
−1·K−1,ΔH=50 kOe) [18],

(La0.8Pr0.2)0.67Ba0.33MnO3 (2.25 J·kg
−1·K−1,ΔH=48 kOe) [36]. Despite the value of |ΔSmax| is reducedwith

augmenting Sn-concentration, the−ΔSm(T) curve is noticeably widened.WithΔH=10 kOe, the full width at
halfmaximum (δTFWHM) of−ΔSm(T) curve can increase from10 to 44 Kwhen x increases from0.0 to 0.04,
corresponding to the refrigerant capacityRC=|ΔSmax|×δTFWHMvalues are about 45.2–69.5 J·kg−1, see table 2.
Interestingly, the value ofRC=69.5 J·kg−1 obtained for x=0.04 sample is tantamount to that of Gdmetal
(63.4 J·kg−1 [37]). Therefore, this compound could be useful for themagnetic cooling technology.

According to [24, 25, 32], themagnetic entropy change (ΔSm) and the adiabatic temperature change (ΔTad)
of amagnetic systemunder adiabaticmagnetic field change from0 toHmax can be determined by using the
equations

D =
- -

- +S
A M M

h A T T B H
2

sec 3m
i f

C
2

max

⎡
⎣⎢

⎤
⎦⎥
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( ( )) ( )

Figure 4. (a)–(c)−ΔSm(T) curves for sampleswith x=0, 0.02, and 0.04, respectively; (d) the variation of the |ΔSmax| values versusH.
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whereCp is the heat capacity. In this work,Cp=605 J·kg−1·K−1 has been used from [32]. Figure 5(a) shows the
temperature dependence ofmagnetic entropy change of samples under an appliedmagnetic field change of
10 kOe. The symbols are the experimental data, the solid lines are results obtained by using equation (3) and
model parameters in table 2. Clearly, the calculated data are in good agreementwith the experimental data for
x=0.02 and 0.04.Whereas, there is a large deviation for x=0. Thesemay be related to the nature of FM-PM
phase transition in the samples. It suggests that equation (3) is suitable for application on SOPT samples rather
than on FOPTone. Thus, we have just used equation (4) andmodel parameters in table 2 to calculate the
temperature dependence of adiabatic temperature change,ΔTad(T), for x=0.02 and 0.04 as shown in
figure 5(b). As a function of temperature, there is a peak aroundTC onΔTad(T) curve, which corresponds to the
FM-PMphase transition.With 10 kOe, themaximumvalue ofΔTad is found to be 0.92 and 0.44 K for x=0.02
and 0.04, respectively. These values are about 31.7 and 15.2%of those obtained frompureGdmetal (the
maximumvalue ofΔTad forGd is 5.8 K at 20 kOe [38]) if compared in the same appliedmagnetic field.

To learn about the nature of FM interactions in two SOPT samples (x=0.02 and 0.04), we have investigated
their critical behaviors. Firstly, we used four differentmodels for trial exponents, including themean field theory
(β=0.5 and γ=1.0) [22], the 3D-Heisenbergmodel (β=0.365 and γ=1.336) [22], the 3D-Isingmodel
(β=0.325 and γ=1.241) [22], and the tricriticalmeanfield theory (β=0.25 and γ=1.0) [8] to build the
M1/β versus (H/M)1/γ curves based on theM(H) data in the vicinity ofTC for each sample (not shown). To select
the bestmodel, we have calculated the relative slope S(T)/S(TC), with S(T) and S(TC) are slopes at temperaturesT
andTC, respectively. It is known that if the values ofβ and γ are suitable, theM

1/β versus (H/M)1/γ curves show
a series of parallel lines, the relative slope should be kept to 1 independently of temperatures [39]. From
figure 6(a)we can see that the values ofβ and γwith x=0.02 can be best determined by the tricriticalmeanfield
theory.While, the critical properties for x=0.04 can be described by themeanfield theory. The set ofβ=0.25,
γ=1.0 andβ=0.5, γ=1.0 are thus selected as the trial values for our investigations into the critical behaviors
of x=0.02 and 0.04, respectively.

According to theKouvel-Fishermethod [23], the values ofβ, γ, andTC could be determined from the
relations:

b
=

-M T

dM T dT

T T
, 5S

S
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/
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c g
=
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T

d T dT
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6C0

1

0
1
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/

Here, theMS(T)[dMS(T)/dT]
−1 andχ0

−1(T)[dχ0
−1(T)/dT]−1 versusT plots would yield straight lines

corresponding to 1/β and 1/γ slopes. These straight lines should extrapolate intercepts on theT axis equal to the
TC.Detailed descriptions for theKouvel-Fishermethod can be found elsewhere [23]. In this work, the values of
MS(T) andχ0

−1(T)=(H/M)(T) are determined from the intersections of the linear extrapolation line in high
magnetic field areaswith theM1/β and the (H/M)1/γ axes, and by using to equations (5) and (6), we get the new
values ofβ, γ, andTC, respectively. They are unbrokenly used for the next steps until achieving the durableβ, γ,
andTC values. TheKouvel-Fisher plots for x=0.02 and 0.04withβ and γ obtained from thefinal step are
shown infigures 6(b) and (c), respectively. One can see that the value ofTC obtained for each sample from the
Kouvel-Fishermethod (TC≈197.3 and 166.3 K for x=0.02 and 0.04, respectively) is very close to that
obtained from theM(T) curve atfigure 3(a). The critical exponent of δ can be got byfitting the critical isotherm

Figure 5. (a)−ΔSm(T) curves for samples (symbols are experimental data, solid lines are results calculated from equation (3) and
fitting parameters in table 2. (b)ΔTad(T) curves for two SOPT samples (x=0.02 and 0.04) obtained by using equation (4) andfitting
parameters in table 2.
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M(H,TC)with below relation [22]

= dM DH 71 ( )/

where,D is the critical amplitude. In the insets offigures 6(b) and (c) shown that the δ value is 4.717 and 3.315 at
T=198 and 166 K for x=0.02 and 0.04, respectively. In other words, critical exponents (β, γ, and δ) achieved
from static scaling analysis are related by theWidom scaling relation δ=1+γ/β [22]. Plug the values ofβ and
γwhich are obtained from theKouvel-Fishermethod (β=0.218, γ=0.858 andβ=0.467, γ=1.095 for
x=0.02 and 0.04, respectively) into this relation, we have calculated δ=4.936 and 3.345 for x=0.02 and 0.04,
respectively. These results are very close to those obtained by fitting the critical isothermdataM(H,T≈TC) to
equation (7). This proves that critical parametersβ, γ, δ, andTC obtained above are reliable. However, in the
otherway, checking the reliability of the obtained critical exponents andTC values can be based on the scaling
hypothesis [22]

e e e= b b g


+M H f H, 8( ) ( ) ( )( )/

where ε=(T-TC)/TC is the reduced temperature, f± are regular analytic functions for temperatures above and
belowTC, respectively [22]. It insinuates thatM/|ε|β as a function ofH/|ε|β+γ falls into twouniversal curves,
corresponding toT>TC andT<TC if determined values of critical exponents are correct. In this work, using
the critical exponents andTC values obtained above, theM/|ε|β versusH/|ε|β+γ data of x=0.02 and 0.04
samples are plotted in the log-log scale as showed infigure 7. Interestingly, all experimental data ofM(H,T) fall
on two universal branches for upper and lowerTC attesting that the values ofβ, γ andTC determined above are
trustworthy.However, theM(H,T) data little deviates from the universal curves at the lowfields (H<2 kOe). It
is attributed to the redistribution ofmagnetic domainswhere they are not entire in a straight linewith the field.

Comparing our critical exponents determined and those of theoreticalmodels (table 3) [8, 22], it can be
clearly seen thatβ=0.218, γ=0.858, and δ=4.717 for x=0.02 are quite near to those expected for the

Figure 6. (a)Relative slope S(T)/S(TC) for two SOPT samples x=0.02 and 0.04; abbreviations:MFT:mean field theory, 3DH; 3D-
Heisenbergmodel, 3DI: 3D-Isingmodel, andTri: Tricriticalmean field theory. (b) and (c) the Kouvel-Fisher plots ofMS(T)[dMS(T)/
dT]−1 andχ0

−1(T)[dχ0
−1(T)/dT]−1 versusT are fitted to equations (5) and (6), respectively for x=0.02 (b) and x=0.04 (c).
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tricriticalmeanfield theory (β=0.25, γ=1.0, δ=5.0) [8]. It is suggested that x=0.02 exhibiting tricriticality
associatedwith the crossover of FOPT and SOPT,which is similar with that previous reported in
La0.7Ca0.3MnO3 (β=0.14, γ=0.81, and δ=1.22) [40] and La0.7Ca0.3Mn1-xNixO3 (β=0.171–0.262,
γ=0.976–0.979, and δ=6.7–4.7) [19].Whereas,β=0.467, γ=1.095, δ=3.315 for x=0.04 are very close
toβ=0.5, γ=1.0, δ=3.0 values belong to themeanfield theory [22], indicating that this sample exists the
long-range FM interactions. Clearly, there is a shifting tendency of the values of the critical exponents towards
those of themeanfield theory when increasing Sn-concentration in La0.7Ca0.3-xSnxMnO3. It has been also
observed on several La/Ca-site-dopedmanganites, such as La0.7Ca0.3-xAxMnO3withA=Ba [41] andA=Sr
[42]. Therefore, we believe that the substitution of Sn into La/Ca-site favors establishing FM long-range
interactions in La0.7Ca0.3-xSnxMnO3 compounds.

4. Conclusion

In summary, a detailed study onMCE and the critical behaviors of La0.7Ca0.3-xSnxMnO3 compoundswith
x=0, 0.02, and 0.04 around theirTCwas carried out. The results demonstrated that a partial replacement of Ca
by Sn in La0.7Ca0.3-xSnxMnO3 plays an important role in decreasingTC, |ΔSmax|, andΔTad values. Although the
value of |ΔSmax| is reduced, the−ΔSm(T) curves broaden remarkably and thuswiden theworking range,
leading to an enhancement of the value ofRCwith Sn-doping increasing,making La0.7Ca0.3-xSnxMnO3

compoundswould bemore useful in themagnetic refrigeration technology. Particularly, there is a FOPT to
SOPT transformationwhen a partial of Ca is replaced by Sn in La0.7Ca0.3-xSnxMnO3with a threshold in the
range of x=0–0.02. The obtained critical exponents suggest an existence of the crossover of the FOPT and
SOPT in x=0.02.While, an existence of the long-range FM interactions in x=0.04 has been observed. It
means that the presence of Sn in La0.7Ca0.3-xSnxMnO3 favors establishing SOPTwith FM long-range
interactions.

Figure 7.M/|ε|β versusH/|ε|β+γ curves on a log-log scale for x=0.02 (a) and 0.04 (b).

Table 3.Critical parameters of typicalmodels and some La0.7Ca0.3-xAxMnO3manganites.

Model/Compound TC (K) β γ δ References

Meanfieldmodel — 0.5 1.0 3.0 [22]
3D-Heisenbergmodel — 0.365 1.386 4.80 [22]
3D-Isingmodel — 0.325 1.241 4.82 [22]
Tricriticalmean fieldmodel — 0.25 1.0 5.0 [8]
La0.7Ca0.28Sn0.02MnO3 197 0.218±0.011 0.858±0.013 4.936 This work

La0.7Ca0.26Sn0.04MnO3 166 0.467±0.005 1.095±0.006 3.345

La0.7Ca0.3MnO3 222 0.14±0.02 0.81±0.03 1.22±0.04 [40]
La2/3Ca0.75/3Ba0.25/3MnO3 277 0.356±0.004 1.12±0.02 4.1±0.1 [41]
La2/3Ca0.5/3Ba0.5/3MnO3 306 0.402±0.004 1.11±0.02 3.7±0.1 [41]
La2/3Ba1/3MnO3 338 0.464±0.003 1.29±0.02 3.78±0.01 [41]
La0.7Ca0.2Sr0.1MnO3 289 0.26±0.01 1.06±0.02 5.1±0.2 [42]
La0.7Ca0.1Sr0.2MnO3 326 0.36±0.01 1.22±0.01 4.4±0.2 [42]
La0.7Ca0.05Sr0.25MnO3 344 0.42±0.02 1.14±0.05 3.7±0.2 [42]
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