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ABSTRACT 

The fascinating characteristics of mixed valence perovskite manganite, such 
as its colossal magnetoresistance and charge ordering, have drawn a lot of 
attention. Despite the continuous study, it is still difficult to modify the charge 
ordering and its structure by A-site substitution. Thus, this study addresses 
the problem of understanding the effect of A-site substitution with different 
cations on structural and electrical properties of manganite. Through this 
study, the solid-state reaction approach was used to synthesize the charge 
ordered Sm0.5Ca0.5MnO3, Sm0.2La0.3Ca0.5MnO3 and Sm0.5Ca0.2Ba0.3MnO3 
manganite. The structural and electrical properties of these materials were 
investigated. The single-phase, well-crystallized samples were all in an 
orthorhombic structure with a Pnma space group, according to the X-ray 
diffraction patterns. La3+ and Ba2+ substituted samples through Rietveld 
refinement show higher values of unit cell volume, indicating that the 
substitution at manganite's A-site was successful. According to Fourier 
transform infrared spectroscopy, the metal-oxygen and Mn-O bonds are 
visible at the 550 cm−1 and 650 cm−1 bands, respectively. While the four-
point probe method was used to examine the impact of La3+ and Ba2+ 
electrical resistivity. Sm0.5Ca0.5MnO3 and Sm0.5Ca0.2Ba0.3MnO3 manganite 
exhibit insulating properties in a temperature range of 30 K to 300 K, 
according to electrical resistivity measurements, while Sm0.2La0.3Ca0.5MnO3 
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exhibits a metal-insulator transition. The magnetoresistance effect is 
demonstrated by the fact that all samples' resistivity was reduced by adding 
an external magnetic field of 0.8 T. The suppression of charge-ordered 
phase in Sm0.2La0.3Ca0.5MnO3, which is linked to increase in tolerance factor 
shows significant role and improved the double exchange mechanism. In 
Sm0.5Ca0.2Ba0.3MnO3, on the other hand, the weakening of charge-ordered 
phase is related to the A-site mismatch cation, which has bigger impact 
than high value of bandwidth and tolerance factor.

Keywords: Manganite; Charge Ordered; Structural; Electrical Resistivity; 
Magnetoresistance

INTRODUCTION

Mixed valence perovskite manganite in the form of RE1-xAxMnO3 which 
RE is rare-earth trivalent ion (Sm3+, La3+ and Pr3+) while A is divalent (Ca2+, 
Ba2+), or monovalent ion ( K+, Na+) exhibit a few of the remarkable physical 
properties including colossal magnetoresistance (CMR), charge ordering 
(CO) metal-insulator transition and structure transformations [1]. Prior 
studies [2] suggest that the previous mentioned properties are due to Jahn-
Teller (JT) interaction which promotes paramagnetic insulating behavior and 
the double exchange (DE) interaction that promotes ferromagnetic-metallic 
(FMM) states via an exchange between Mn3+ and Mn4+. In addition, both 
JT and DE are among the mechanism that used to explain the magnetic 
and transport properties of manganite compound. Besides that, CMR has 
drawn interest precisely due to its enormous potential for implementation in 
a few technologies including spintronic, fuel cells and optical applications 
[3]. Between those properties, CO has piqued the interest of researchers 
in half-doped RE0.5A0.5MnO3 as there are several records on these topics.
 

For this study Sm0.5Ca0.5MnO3 manganite are chosen as the manganite 
exhibit strong insulating behavior with TCO ~ 270 K [4,5] due to the presence 
of strong charge ordered that localised charge carrier. There are a few 
properties that affect the crystal structure of manganite such as tolerance 
factor, τ that indicates degree of lattice mismatch between A-O layers and 
B-O layers, where it reflects the degree of deformation of MnO6 octahedral 
[6]. As the mismatch between the A-O and B-O layers increases, the charge 
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ordered phase in doped manganite is strengthened. The CO state was then 
further affected by A-site disorder, σ2, since the mismatch in A-site cation 
size leads to the formation of random lattice distortion, which in turn affects 
local lattice distortion in MnO6 [7,8]. Study on Sm0.5Ca0.5MnO3 is very 
interesting due to its characteristic of having strong lattice distortion than 
other compounds such as La0.5Ca0.5MnO3 [9,10] and Pr0.75Na0.25MnO3 [11].  

In addition, substitution of other rare-earth ion at A-site of manganite 
also has gathered a few studies and are very interesting. Additionally, the 
substitution of RE3+ at A-site able to maintain the ratio Mn3+/Mn4+ equal 
(1:1), but it is believed to alter the average ionic radius at A-site [12]. This 
can be proved by a few studies as substitution of Pr3+ in La0.67Ba0.33MnO3 
[13] modified average A-site cationic radius, increase the polaron activation 
energy thus enhance the electronic localisation which increase the resistivity 
of manganite. Besides that, substitution of Nd3+ in Pr0.67Sr0.33MnO3 manganite 
offers decreasing value of resistivity with increasing concentration of Nd 
and the metal-insulator temperature (TMI) shift toward higher temperature 
region. This behavior suggested due to delocalisation of charge carriers. 
Furthermore, few works on substitution of Tb, Gd and Eu on LaCaMnO3 
[14,15] also has been carried out and offer various outcome due to 
modification of average A-site cationic radius. Thus, more studies are 
required on the impact of RE3+ substitution at A-site of manganite. 

According to previous research, it is suggested that inducement of 
FMM occurred by substitution of Ba2+ that have higher ionic radius at 
A-site of Pr0.5Ca0.5-xBaxMnO3 [16] manganite. Thus, substitution manage to 
weaken the CO state and change the lattice distortion. In contrast to earlier 
compound, a study of La0.5Ca0.5-xBaxMnO3 [10] manganite was unable 
to produce FMM state and stabilized the CO state since the substitution 
prevented electron from hopping to its neighboring sites. This result suggests 
a complicated interaction between the tolerance factor and A-site disorder 
that need more research. Furthermore, despite earlier studies, the effect of 
Ba substitution on the CO state of Sm0.5Ca0.5MnO3 remains unclear. 

In this study, La3+ ion and Ba2+ ion with the same concentration of 
0.30 were chosen to be substituted at Sm0.5Ca0.5MnO3 manganite. This is 
due to various findings on the substitution of divalent ion and trivalent 
ion at A-site of manganite. Since it is uncertain how the substitution of La 
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and Ba at A-site of manganite alters the material properties, further study 
is needed to understand the underlying mechanism. Additionally, further 
report is needed for substitution of Ba2+ as well as La3+ in Sm0.5Ca0.5MnO3 
manganite. This study offers information regarding the effect of Ba2+ and 
La3+ substitution on structural and electrical properties of Sm0.5Ca0.5MnO3 
manganite. The magnetoresistance of all samples also has been calculated 
and discussed in this paper.

EXPERIMENTAL

Sm0.5Ca0.5MnO3, Sm0.2La0.3Ca0.5MnO3 and Sm0.5Ca0.2Ba0.3MnO3 
manganites were synthesized using the solid-state reaction method by 
weighing stoichiometric amount of high purity (99%) of samarium 
oxide (Sm2O3), calcium carbonate (CaCO3), barium carbonate (BaCO3), 
lanthanum oxide (La2O3) and manganese oxide (MnO2). These oxides were 
thoroughly mixed using a mortar and pestle through a grinding process for 
2 hours. Then the mixture was calcined in a furnace through calcination 
in air at fixed temperature of 950 °C for 12 hours and this process was 
repeated for the second time to ensure more homogenous mixture. This 
mixture was pressed into pellet under a load of 5 tons and then sintered at 
1050 °C for 24 hours to ensure phase purity and homogeneity. The crystal 
structure and phase composition of Sm0.5Ca0.5MnO3, Sm0.2La0.3Ca0.5MnO3 
and Sm0.5Ca0.2Ba0.3MnO3 manganite were investigated by X-ray diffraction 
(XRD). In addition, Rietveld Refinement was used to provide information on 
the unit cell size and lattice parameter of each sample. The functional group 
found in perovskite samples was directly probed using Fourier transform 
infrared spectroscopy (FTIR) using an FTIR-Raman Drift Nicolet 6700 in 
the 400 – 4000 cm-1 range. Both samples were fully mixed with KBr in 
the form of powder prior to characterization. Next, electrical properties of 
Sm0.5Ca0.5MnO3, Sm0.2La0.3Ca0.5MnO3 and Sm0.5Ca0.2Ba0.3MnO3 manganites 
were investigated by using standard four-point probe method technique 
as a function temperature (30 K-300 K) under 0 T and 0.8 T of external 
magnetic field. 
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RESULTS AND DISCUSSION

The XRD patterns for the manganites Sm0.5Ca0.5MnO3, Sm0.2La0.3Ca0.5MnO3 
and Sm0.5Ca0.2Ba0.3MnO3  are illustrated in Figure 1. The characterization 
process was carried out at room temperature to evaluate the structure 
and sample purity before being analyzed using the Rietveld refinement 
technique. It is shown that all of the peaks in the XRD patterns are clear, 
sharp and well defined, indicating that the samples are well crystallized and 
in single phase with no impurities. Hence, crystal structure of all samples was 
indexed using in an orthorhombic structure Pnma space group (α=β=γ=90°). 
Through Rietveld refinement method, the orthorhombic structural results 
agree with prior studies [17] on Sm0.5Ca0.5MnO3 manganite. This result also 
being supported with good fitness value (χ2) of ~1 as tabulated in Table 1. 

 

Figure 1: XRD patterns of Sm0.5Ca0.5MnO3, Sm0.5Ca0.2Ba0.3MnO3 and 
Sm0.2La0.3Ca0.5MnO3 Samples at room temperature. 
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Figure 1: XRD patterns of Sm0.5Ca0.5MnO3, Sm0.5Ca0.2Ba0.3MnO3 and Sm0.2La0.3Ca0.5MnO3 samples 
at room temperature.  

 
Table 1: List of parameters acquired through Rietveld refinement; Bond length (Mn-O) and bond 
angle (Mn-O-Mn); Good fitness; Bandwidth; Average A-site ionic radius; Tolerance Factor and 

Variance of Sm0.5C0.5MnO3, Sm0.2La0.3Ca0.5MnO3 and Sm0.5Ba0.3Ca0.2MnO3. 

 
Sample Sm0.5C0.5MnO3 Sm0.2La0.3Ca0.5MnO3 Sm0.5Ba0.3Ca0.2MnO3 
Lattice parameter    
a (Å) 5.4043(5) 5.4411(7) 5.4215(8) 
b (Å) 7.5459(8) 7.5969(2) 7.5637(6) 
c (Å) 5.3540(4) 5.3958(9) 5.3817(2) 
Volume, V (Å3) 218.341(3) 222.310(7) 220.683(5) 
Bond length    
Mn-O1 (Å) 1.948(9) 1.929(15) 1.937(19) 
Mn-O2 (Å) 1.968(33) 1.969(22) 1.970(6) 
< Mn-O > (Å) 1.958(21) 1.949 (19) 1.954(13) 
Bond angle    
Mn-O1-Mn (°) 156.20(25) 158.30(7) 157.00(4) 
Mn-O2-Mn (°) 155.10(14) 157.10(7) 156.20(27) 
<Mn-O-Mn> (°) 148.05(20) 157.70(7) 156.60(16) 
Good fitness, χ2 1.0700 1.7280 1.2540 
Bandwidth, w (10-2) 9.1257 9.4925 9.3895 
Average ionic radius, <rA> (Å) 1.1560 1.1812 1.2140 
Tolerance factor, τ (nm) 0.9094 0.9183 0.9300 
Variance, σ2(x10-2Å2) 0.0006 0.0090 0.0095 

 
The final refinement value of lattice parameters obtained through Rietveld refinement are computed 

and tabulated in Table 1. For Sm0.5C0.5MnO3, the volume of manganite recorded a 218.341 Å3  which closely 
similar to value of earlier research [18]. While with substitution of La3+ and Ba2+, the volume of manganite 
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Table 1: List of parameters acquired through Rietveld refinement; Bond 
length (Mn-O) and bond angle (Mn-O-Mn); Good fitness; Bandwidth; 

Average A-site ionic radius; Tolerance Factor and Variance of 
Sm0.5C0.5MnO3, Sm0.2La0.3Ca0.5MnO3 and Sm0.5Ba0.3Ca0.2MnO3.

Sample Sm0.5Ca0.5MnO3 Sm0.2La0.3Ca0.5MnO3 Sm0.5Ba0.3Ca0.2MnO3

Lattice 
parameter
a (Å) 5.4043(5) 5.4411(7) 5.4215(8)
b (Å) 7.5459(8) 7.5969(2) 7.5637(6)
c (Å) 5.3540(4) 5.3958(9) 5.3817(2)
Volume, V (Å3) 218.341(3) 222.310(7) 220.683(5)
Bond length
Mn-O1 (Å) 1.948(9) 1.929(15) 1.937(19)
Mn-O2 (Å) 1.968(33) 1.969(22) 1.970(6)
< Mn-O > (Å) 1.958(21) 1.949 (19) 1.954(13)
Bond angle
Mn-O1-Mn (°) 156.20(25) 158.30(7) 157.00(4)
Mn-O2-Mn (°) 155.10(14) 157.10(7) 156.20(27)
<Mn-O-Mn> (°) 148.05(20) 157.70(7) 156.60(16)
Good fitness, χ2 1.0700 1.7280 1.2540

Bandwidth, w 
(10-2)

9.1257 9.4925 9.3895

Average ionic 
radius, <rA> (Å)

1.1560 1.1812 1.2140

Tolerance factor, 
τ (nm)

0.9094 0.9183 0.9300

Variance, 
σ2(x10-2Å2)

0.0006 0.0090 0.0095

The final refinement value of lattice parameters obtained through 
Rietveld refinement are computed and tabulated in Table 1. For 
Sm0.5C0.5MnO3, the volume of manganite recorded a 218.341 Å3  which 
closely similar to value of earlier research [18]. While with substitution of 
La3+ and Ba2+, the volume of manganite shows an increasing value of 222.310 
Å3  and 220.683 Å3, respectively. The increasing value is believed due to 
substitution of larger ionic radius La3+ (r=1.216 Å) [14] into Sm3+ (r=1.07 Å) 
[19], Ba2+ (r=1.34 Å) [20] into Ca2+(r=0.99 Å) [21] ion site which caused the 
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cell volume to expand, thus agree with earlier research [22].  This finding 
shows the successful substitution of La3+ and Ba2+ into Sm0.5Ca0.5MnO3 
manganite. Besides that, Mn-O bond angle as well as average ionic radius, 
<rA> for both Sm0.2La0.3Ca0.5MnO3 and Sm0.5Ca0.2Ba0.3MnO3 shows increasing 
value from undoped sample. Modification in <rA> proposed to affect the 
MnO6 octahedral distortion and Mn-O-Mn angle (Table 1), thereby facilitate 
electron hopping and delocalization of charge carrier. In addition, tolerance 
factor has been calculated and tabulated, thus shows Ba2+ substitution 
record highest value followed by La3+ substitution. The increasement in 
tolerance factor suggested that the lattice mismatch between A-O and B-O 
layers decrease, thus reduced the MnO6 mismatch. The decreasing of MnO6 
mismatch improve the Mn-O-Mn bond hence promote electron hopping. 
Table 1 also shows the value of electron bandwidth that has been calculated 
as described in Eq. (1).

                                                                                                                 (1)

which, γ is the <Mn-O-Mn> bond angle, d(Mn-O) is the  < Mn-O > 
length. Bandwith for both Sm0.2La0.3Ca0.5MnO3 and Sm0.5Ca0.2Ba0.3MnO3 
record high value than pure sample, thus suggested the enhancement of 
the exchange coupling of Mn3+-Mn4+ hence giving high possibility in 
suppressing CO state and decreasing resistivity of manganite. 

FTIR spectra for Sm0.5Ca0.5MnO3, Sm0.5Ca0.2Ba0.3MnO3 and 
Sm0.2La0.3Ca0.5MnO3 samples are illustrated in the wavenumber range of 
400 to 2000 cm-1 which is shown in Figure 2. 
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Figure 2: FTIR spectra for Sm0.5Ca0.5MnO3, Sm0.2La0.3Ca0.5MnO3 and Sm0.5Ca0.2Ba0.3MnO3. 
The inset shows protuberant peak within wavenumber range of 500-600 cm-1. 
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Figure 2: FTIR spectra for Sm0.5Ca0.5MnO3, Sm0.2La0.3Ca0.5MnO3 
and Sm0.5Ca0.2Ba0.3MnO3. The inset shows protuberant peak 

within wavenumber range of 500-600 cm-1.

For all samples, it is observed that there are significant absorption 
bands appeared around the range of 500-650 cm-1 which suggested due to 
Mn-O-Mn bonds. This finding aligns with previous study that suggested 
the protuberant peak exist due to Mn-O and O-Mn-O deformations and 
associated with MnO6 octahedron [23,24]. Furthermore, based on the inset 
of Figure 2, the absorption peak band at the 550–650 cm-1 range appears 
to move towards larger wavenumber values when La3+ and Ba2+ are 
substituted for Sm0.5Ca0.5MnO3. The band that corresponds to the internal 
bending mode that relates to eg-symmetry is likely the cause of this shift; 
hence, both bonds are related to the environment around MnO6 octahedra 
[25]. In addition, the shifting towards higher wavenumber affect the DE 
mechanism that associated with eg, electron and Mn-O-Mn bond and further 
discussed through electrical properties of manganite. The formation of 
Sm0.5Ca0.2Ba0.3MnO3 and Sm0.2La0.3Ca0.5MnO3 samples is confirmed by the 
spectra. 

The Sm0.5Ca0.5MnO3, Sm0.5Ca0.2Ba0.3MnO3 and Sm0.2La0.3Ca0.5MnO3 
manganite samples’ temperature dependency curved were investigated at 
temperature between 30 K and 300 K with an external magnetic field of 
0 T and 0.8 T. Figure 3(a)-(c) illustrates the resistivity vs temperature (T) 
graphs for all samples under external magnetic field (H=0 T and H=0.8 T).
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Figure 3(a)-(c): Resistivity curve of Sm0.5Ca0.5MnO3, Sm0.2La0.3Ca0.5MnO3 and 
Sm0.5Ca0.2Ba0.3MnO3 manganite under 0 T (black) and 0.8 T(red). 
The inset in (a)-(c) shows MR(%) of Sm0.5Ca0.5MnO3, 

Sm0.2La0.3Ca0.5MnO3 and Sm0.5Ca0.2Ba0.3MnO3 manganite.

Pure samples of Sm0.5Ca0.5MnO3 at H=0 T exhibit strong insulating 
behavior without insulator-metallic (MI) transition as temperature 
decreased. This insulating behavior also can be observed in Ba2+ substituted 
sample; however, the resistivity shows lower value than pure sample. It is 
suggested that substitution of Ba2+ weakens the CO state and reduce the 
resistivity even the substitution is unsuccessful to fully supress the strong 
CO state in manganite [26]. Generally, from previous study, substitution 
of larger ionic radius alter the Mn3+-O-Mn4+ bond where it increases the 
tolerance factor that enhanced the electron hopping via DE. However, from 
Table 1 it is shown that σ2 of Ba2+ recorded the highest value than La3+-
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substituted and pure sample hence indicating the probability of mismatch 
in size cation that enhanced the disorder. Therefore, it is proposed that the 
MnO6 distortion, which is influenced by the degree of oxygen displacement 
and is connected to σ2, encourages charge carrier localisation, which 
leads to insulating behavior. In contrast to earlier research [27], the Ba2+-
substituted sample implies that the A-site mismatch cation appears to be 
more important in manganite than the bandwidth and tolerance factor 
values. In opposition, Figure 3(b) shows Sm0.2La0.3Ca0.5MnO3 successful 
induced MI transition where the TMI are recorded at 69.59 K for H=0 T 
and increased (TMI=74.99 K) with the existence of 0.8 T of magnetic field 
(Table 2). This finding, which is considered to be a result of La3+ substitute 
at Sm3+, appears to dominate over Ba2+ substitution, where the substitution 
may strengthen the DE process. The idea is consistent with previous research 
[14] that found that substituting a bigger RE3+ ion at the A-site suppresses 
CO and induces the FMM state. Besides that, the tolerance factor shows 
to be increased than pure sample which indicate that the La3+ substitution 
modifies the Mn3+-O-Mn4+ bond as well as MnO6 octahedral distortion. This 
phenomenon improves the DE mechanism by increasing spin alignment. 
σ2 that plays significant role in Ba2+-substituted sample likewise shows 
an increase value for Sm0.2La0.3Ca0.5MnO3, indicating that the substitution 
has increased the disorder due to a mismatch in cation size. In contrast to 
Sm0.5Ca0.2Ba0.3MnO3, Sm0.2La0.3Ca0.5MnO3 is able to exhibit FMM behavior 
demonstrating the counterbalance impact of σ2 and tolerance factor. This 
suggested that the tolerance factor for Sm0.2La0.3Ca0.5MnO3 which causes 
charge carrier delocalization, and DE enhancement is more prevalent than 
the A-site mismatch cation. This founding aligns with previous studies on 
Pr0.6Ca0.4-xBaxMnO3 (x=0-0.30) [28] and (La1-xPrx)0.67Ba0.33MnO3 (x=0-0.30) 
[14]. 

Furthermore, red curve in Figure 3(a)-(c) indicate the resistivity curve 
under applied magnetic field of 0.8 T. It is observed that Sm0.5Ca0.5MnO3, 
Sm0.5Ca0.2Ba0.3MnO3 and Sm0.2La0.3Ca0.5MnO3 manganite shows decreasing 
values of resistivity. While the inset of Figures 3(a)-(c) show the 
magnetoresistance curve of all samples, while magnetoresistance (MR) 
percentage at T=60 K are tabulated in Table 2 by using Eq. (2).

7 

 

Pure samples of Sm0.5Ca0.5MnO3 at H=0 T exhibit strong insulating behavior without insulator-
metallic (MI) transition as temperature decreased. This insulating behavior also can be observed in Ba2+ 

substituted sample; however, the resistivity shows lower value than pure sample. It is suggested that 
substitution of Ba2+ weakens the CO state and reduce the resistivity even the substitution is unsuccessful to 
fully supress the strong CO state in manganite [26]. Generally, from previous study, substitution of larger 
ionic radius alter the Mn3+-O-Mn4+ bond where it increases the tolerance factor that enhanced the electron 
hopping via DE. However, from Table 1 it is shown that σ2 of Ba2+ recorded the highest value than La3+-
substituted and pure sample hence indicating the probability of mismatch in size cation that enhanced the 
disorder. Therefore, it is proposed that the MnO6 distortion, which is influenced by the degree of oxygen 
displacement and is connected to σ2, encourages charge carrier localisation, which leads to insulating 
behavior. In contrast to earlier research [27], the Ba2+-substituted sample implies that the A-site mismatch 
cation appears to be more important in manganite than the bandwidth and tolerance factor values. In 
opposition, Figure 3(b) shows Sm0.2La0.3Ca0.5MnO3 successful induced MI transition where the TMI are 
recorded at 69.59 K for H=0 T and increased (TMI=74.99 K) with the existence of 0.8 T of magnetic field 
(Table 2). This finding, which is considered to be a result of La3+ substitute at Sm3+, appears to dominate 
over Ba2+ substitution, where the substitution may strengthen the DE process. The idea is consistent with 
previous research [14] that found that substituting a bigger RE3+ ion at the A-site suppresses CO and induces 
the FMM state. Besides that, the tolerance factor shows to be increased than pure sample which indicate 
that the La3+ substitution modifies the Mn3+-O-Mn4+ bond as well as MnO6 octahedral distortion. This 
phenomenon improves the DE mechanism by increasing spin alignment. σ2 that plays significant role in Ba-
substituted sample likewise shows an increase value for Sm0.2La0.3Ca0.5MnO3, indicating that the 
substitution has increased the disorder due to a mismatch in cation size. In contrast to Sm0.5Ca0.2Ba0.3MnO3, 
Sm0.2La0.3Ca0.5MnO3 is able to exhibit FMM behavior demonstrating the counterbalance impact of σ2 and 
tolerance factor. This suggested that the tolerance factor for Sm0.2La0.3Ca0.5MnO3 which causes charge 
carrier delocalization, and DE enhancement is more prevalent than the A-site mismatch cation. This 
founding aligns with previous studies on Pr0.6Ca0.4-xBaxMnO3 (x=0-0.30) [28] and (La1-xPrx)0.67Ba0.33MnO3 

(x=0-0.30) [14].  

Furthermore, red curve in Figure 3(a)-(c) indicate the resistivity curve under applied magnetic field 
of 0.8 T. It is observed that Sm0.5Ca0.5MnO3, Sm0.5Ca0.2Ba0.3MnO3 and Sm0.2La0.3Ca0.5MnO3 manganite 
shows decreasing values of resistivity. While the inset of Figure 3(a)-(c) shows the magnetoresistance curve 
of all samples, while magnetoresistance (MR) percentage at T=60 K are tabulated in Table 2 by using Eq. 
(2). 
 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(%)
𝜌𝜌𝜌𝜌(0,𝑇𝑇𝑇𝑇) − 𝜌𝜌𝜌𝜌(𝐻𝐻𝐻𝐻,𝑇𝑇𝑇𝑇)

𝜌𝜌𝜌𝜌(0,𝑇𝑇𝑇𝑇) × 100% 
                                 
(2) 

 

which resistivity value at 0 T indicate by ρ(0,T) and resistivity value under applied magnetic field denoted 
by ρ(H,T). At low temperatures, Sm0.5Ca0.5MnO3 and Sm0.5Ca0.2Ba0.3MnO3 demonstrate MR peak which 
referred as extrinsic MR that is shown in the inset of Figure 3 (a) and (c). This type of MR is classified as 
spin-polarized tunneling (SPT) which occurs during electron transport across grain boundaries. 
Additionally, the uneven spin is aligned through supplying a weak magnetic field (H=0.8 T), which reduces 
the spin disorder, hence improved the spin alignment. Consequently, spin-polarization is created, which 
promotes spin scattering and decreases the resistance of a material [29,30]. H=0.8 T is still insufficient to 
suppress the CO state in in Sm0.5Ca0.2Ba0.3MnO3, even with the high percentage of MR listed in Table 2. 
While with the substitution of La2+, it is recorded that the MR percentage exhibit peak (Figure 3(b)) at the 
vicinity of TMI (Table 2). The nature of this MR is different as MR which close to TMI are known as intrinsic 
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which resistivity value at 0 T indicate by ρ(0,T) and resistivity value 
under applied magnetic field denoted by ρ(H,T). At low temperatures, 
Sm0.5Ca0.5MnO3 and Sm0.5Ca0.2Ba0.3MnO3 demonstrate MR peak which 
referred as extrinsic MR that is shown in the inset of Figures 3 (a) and (c). 
This type of MR is classified as spin-polarized tunneling (SPT) which occurs 
during electron transport across grain boundaries. Additionally, the uneven 
spin is aligned through supplying a weak magnetic field (H=0.8 T), which 
reduces the spin disorder, hence improved the spin alignment. Consequently, 
spin-polarization is created, which promotes spin scattering and decreases 
the resistance of a material [29,30]. H=0.8 T is still insufficient to suppress 
the CO state in in Sm0.5Ca0.2Ba0.3MnO3, even with the high percentage of 
MR listed in Table 2. While with the substitution of La3+, it is recorded that 
the MR percentage exhibit peak (Figure 3(b)) at the vicinity of TMI (Table 
2). The nature of this MR is different as MR which close to TMI are known 
as intrinsic MR. Through intrinsic MR, the local spins are neatly aligned 
with existence of external magnetic field. Additionally, it is proposed that 
when SPT rises throughout the manganite, the frequency of itinerant electron 
transitioning from Mn3+ to Mn4+ increases in response to the applied magnetic 
field, leading to an enhancement of DE interaction. As a result, at 0.8 T, 
the resistivity dropped and the TMI moved toward a higher temperature and 
agrees with prior study that used slightly higher magnetic field [31].

Table 2: List of parameters; Metal-Insulator Temperature TMI; 
Magnetoresistance at T=60 K.

Parameters Sm0.5Ca0.5MnO3 Sm0.2La0.3Ca0.5MnO3 Sm0.5Ca0.2Ba0.3MnO3

TMI 
(0 T) (K)

- 69.59 -

TMI 
(0.8 T) (K)

- 74.99 -

MR (%) 
at T=60 K

39.25 59.09 68.51
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CONCLUSION

In conclusion, Sm 0.5Ca0.5MnO3,  Sm0.2La0.3Ca0.5MnO3 and 
Sm0.5Ca0.2Ba0.3MnO3 were all categorised in Pnma space group through 
analysis by using Rietveld refinement method. With substitution of larger 
ionic radius such as La3+ and Ba2+ at A-site led to an observable increase 
in unit cell volume from 218.341 Å3 (Sm0.5Ca0.5MnO3) to 220.683 Å3 
(Sm0.2La0.3Ca0.5MnO3) and 222.310 Å3 (Sm0.5Ca0.2Ba0.3MnO3) indicating 
successful substitution. The increasing unit cell volume is consistent with 
results of past studies on manganite substitution. While through FTIR, the 
absorption band peak around the 550 – 650 cm-1 thus offers information 
about the stretching vibration mode of Mn-O bond. In addition, the shift 
of absorption peak toward larger wavenumber with the substitution of La3+ 

and Ba2+ confirms the substitution effect on Sm0.5Ca0.5MnO3. Both La3+ 

and Ba2+ substitution result in an enhancement in τ which associated with 
a reduction in MnO6 octahedral distortion that improved the alignment of 
Mn-O-Mn angle. Furthermore, the < rA > also increased hence increasing 
the bandwidth, w which favors the FMM induction. However, only 
Sm0.2La0.3Ca0.5MnO3 exhibit MI transition curve at TMI = 69.59 K, 74.99 K 
(0 T and 0.8 T) and able to induce FMM state, while Sm0.5Ca0.2Ba0.3MnO3 
exhibit insulating behavior. This various outcome is believed due to the 
counterbalance effect between tolerance factor and A-site mismatch cation. 
For Sm0.2La0.3Ca0.5MnO3, the tolerance factor plays more significant role 
thus enhance the DE mechanism and promote delocalization of charge 
carrier that allows electrons hopping. Our finding is consistent with previous 
studies, highlighting that the tolerance factor is crucial in inducing FMM 
state, thus allowing manganite exhibit mental-insulator behavior. On the 
other hand, A-site mismatch cation dominates Sm0.5Ca0.2Ba0.3MnO3, which 
causes MnO6 to become distorted due to an increase of degree of oxygen 
displacement. This is related to σ2, which improves the localization of charge 
carriers. Besides that, both Sm0.5Ca0.5MnO3 and Sm0.5Ca0.2Ba0.3MnO3 exhibit 
extrinsic MR while Sm0.2La0.3Ca0.5MnO3 exhibit intrinsic MR that promotes 
delocalization of charge carrier resulting in decreasing of resistivity. 
Overall, the outcome from our study shows A-substitution able to change 
the structural, electron bandwidth and transport properties of manganite.
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