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Abstract 

This article presents a comparative study for the effect of average A-site cation size on the structural, 

transport and magnetic properties of Lanthanum manganites. Three polycrystalline colossal magneto-

resistive compounds were synthesized using standard solid state reaction method. The electrical resistivity 

data were analyzed employing standard two-phase model to understand the conduction mechanism. 

The resistance of polycrystalline ceramic depends on the intragrain resistance (intrinsic resistance) and 

the intergrain or grain-boundary resistance (extrinsic resistance). The substitution of Sr ions at La-site 

provides higher magnetic and metal-insulator transitions as compared to Ca ions. The combined 

substitution of Ca and Sr ions at La-site offers nearby room temperature magnetic and metal-insulator 

transitions. Irreversibility in the temperature dependent DC magnetization is observed in the zero-

field-cooled and field-cooled measurements. It is noticed that the larger average radius of the A-site 

cations possesses higher magnetic and metal-insulator transition temperatures. Temperature 

dependent thermoelectric power curves show a hump like behavior, which indicates a smooth transition 

from the low-temperature metallic behavior to high-temperature semiconductor-like behavior. 

1. Introduction  

 

 Colossal Magnetoresistance (CMR) effect in the manganites 

has attracted widespread attraction of research community because of 

their interesting physical properties [1-5]. The perovskite manganites 

of general formula 𝑅1−𝑥𝐴𝑥MnO3 (where 𝑅 is trivalent rare earth ion 

and 𝐴 is alkaline earth element) are found to possess significant CMR 

effect [1,2]. In addition to this, these materials show specific features 

of ferromagnetic-paramagnetic phase transition, and metal-insulator 

transition. The interest in CMR materials was reinforced due to their 

specific technological applications such as spintronic devices, magnetic 

recording media, magnetic sensors, permanent magnets etc. These 

materials also exhibit a high Seebeck coefficient (also known as 

thermoelectric power), because the 4𝑓 levels in these compounds 

situate nearby the Fermi energy and create large density of states at 

the Fermi level [6]. A systematic analysis of its data provides information 

about the conduction mechanisms. Also, thermoelectric power of the 

manganites needs to be explored in view of the green energy candidates. 

 The characteristic behavior of La1−𝑥𝐴𝑥MnO3 manganites strongly 

depends on the concentration of substitution at La-site [1-6]. The mixed 

valence state of Mn ions (Mn3+ and Mn4+) is induced by the substitution 

of divalent or trivalent cations at La-site. The manganites exhibit metal-

insulator (M-I) transition temperature (TMI) and paramagnetic to 

ferromagnetic transition at Curie temperature (𝑇C) [7]. The conduction 

mechanism of the manganites can be explained in terms of two types 

of CMR effects: intrinsic and extrinsic [5]. In general, the intrinsic 

CMR effect is noted in the vicinity of intrinsic M-I transition and TC  

[3], and it can be explained using the double exchange (DE) interaction 

mechanism between Mn3+ and Mn4+ ions [8]. The DE mechanism 

is also responsible for the occurrence of ferromagnetism. In addition 

to the DE mechanism, the strong electron-phonon interaction arising 

from Jahn-Teller splitting should also be considered for the observed 

CMR effect [9]. On the other hand, the extrinsic CMR effect is related 

to the natural and artificial grain boundaries and identified by a broad 

M-I transition [10,11]. The extrinsic M-I transition temperature is 

always lower than that of intrinsic one. The extrinsic CMR effect is 

originated from the spin polarized tunneling among adjacent grains 

[12,13]. Several fundamental questions have been raised regarding 

the conductivity mechanisms in CMR materials as magnitude of 

resistance changes significantly with the application of magnetic field. 

Previous studies proposed different models for conduction mechanism 

in the paramagnetic phase [14-19]. In general, it is noted that the 

presence of small polarons plays a key role in the unusual transport 

properties of manganites. However, an open question about the precise 

transport process of small polarons remains unanswered. It is a matter 

of dispute and demands further investigations. 

 In this article, the effect of average A-site cation size on the transport 

and magnetic properties of LaMnO3 is studied. The La0.67Ca0.33MnO3 

(LCMO), La0.7Ca0.2Sr0.1MnO3 (LCSMO), and La0.67Sr0.33MnO3 

(LSMO) compositions were grown for this investigation. 
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2.  Experimental  
 

 Polycrystalline samples of LCMO, LCSMO and LSMO were 

prepared by the conventional solid-state route. The stoichiometric 

amount of La2O3, CaCO3/SrCO3 and Mn(CH3COO)2·4H2O were 

taken. The starting compositions were first fired at 900°C for 24 h 

and then at 1100°C for 18 h with intermediate grindings. The powder 

thus obtained was pelletized and sintered at 1250°C for 12 h with 

intermediate grinding and re-pelletization, and finally furnace cooled 

to room temperature. The DC electrical resistivity as a function of 

temperature down to 10 K was measured by the standard four probe 

method using a closed cycle Helium-cryostat (Oxford Instruments Ltd). 

The AC susceptibility measurements were carried out with the variation 

of temperature down to 10 K, using a lock-in-amplifier (Stanford 

Research, SR-530). The zero-field-cooled (ZFC) and field-cooled 

(FC) magnetization measurements have been done at 10 Oe DC 

field using a SQUID magnetometer (Quantum Design, MPMS-5). 

The temperature-dependent thermoelectric power (TEP) measurements 

were carried out by a differential method with a constant gradient 

of 2 K. 

 

3.  Results and discussion 

 

 The XRD data were analyzed by the Rietveld refinement method 

[20] employing FullProf Suite program [21]. Figures 1(a-c) demonstrate 

typical refined XRD patterns of LCMO, LCSMO and LSMO ceramics. 

Refinement analysis yields an excellent agreement between the 

experimental (Iobs) and calculated (Ical) diffraction profiles of grown 

ceramics. The XRD patterns confirm the formation of single-phase 

ceramics, as impurity or un-reacted phases are not observed. The 

LCMO and LCSMO samples confirm the orthorhombic crystal 

structure with Pbnm space group, while LSMO sample exhibits 

the rhombohedral structure with R3̅c space group. The unit cell 

parameters and crystallographic data are summarized in Table 1. It is 

observed that the unit cell parameters increase with an increasing 

average radius of A-cations, which is in agreement with the previous 

reports [22,23]. The observed behavior might be attributed to the fact 

that the substitution of a larger ion expands the unit cell in all three 

directions enhancing its volume. It is also noticed that the Mn-O(1) 

bond length decreases and average Mn-O(2) bond length increases, 

which indicates an attenuation in Jahn-Teller distortion of MnO6 

with increasing A-site ionic radii. This distortion plays an important 

role in determining the magnetic and transport properties of mixed-

valence manganites [24]. The Pbnm and Pnma space groups allow 

three independent Mn-O bonds and therefore, can accommodate 

a distortion. We find that the substitution by Ca2+causes minimum 

lattice distortion in the MnO6 octahedra, possibly due to the smaller 

ionic radius of Ca2+ (0.100 nm) than that of La3+ (0.103 nm), whereas 

ionic radius of Sr2+ is slightly larger (0.118 nm) as compared to the 

ionic radius of La3+ [25].  

 The SEM micrographs and EDX spectra of LCMO, LCSMO 

and LSMO are shown in Figures 2(a-f). It can be observed from the 

figures that various sizes of grains are randomly distributed, but the 

grains of all samples are distinct and have well-defined boundaries. 

The grain sizes of LCMO, LCSMO and LSMO phases lie in the range 

of ~6 m to 7 m, 2 m to 4 m, and 4 m to 8 m respectively. 

The Au peaks in the EDX spectra come from the coating of gold 

over the surface of sample to avoid charging. From EDX results, 

it is clear that the samples contain all the compositional elements in 

proportions close to the desired values. 

 

 
 

Figure 1. Experimental (open symbols) and calculated (solid lines) X-ray 

diffraction patterns for (a) LCMO, (b) LCSMO, and (c) LSMO manganites. 

Positions for the Bragg reflections are marked by vertical bars. Differences 

between the observed and the calculated intensities are shown at the bottom 

of the figure. 
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Table 1. Lattice parameters, bond angles, bond lengths, structure types and Rietveld refinement parameters for LCMO, LCSMO and LSMO samples. 

 

Sample La0.67Ca0.33MnO3 La0.7Ca0.2Sr0.1MnO3 La0.67Sr0.33MnO3 

Sample code LCMO LCSMO LSMO 

Structure Orthorhombic Orthorhombic Rhombohedral 

Space group Pnma  Pbnm R3̅c (hexagonal axes) 

Z (f.u./cell) 4 4 6 

a (Å) 5.4705(2) 5.4734(1) 5.4882(2) 

b (Å) 7.7049(3) 5.4682(3) 5.4882(2) 

c (Å) 5.4511(3) 7.7249(2) 13.3443(3) 

Volume (Å3) 229.998 232.2141 348.0594 

Volume/f. u. (Å3) 57.4995 58.0535 58.0099 

RP 32.0 24.6 22.0 

RWP 40.7 21.3 14.9 

REXP 31.4 12.3 12.8 

RBragg 15.7 11.2 6.05 

χ2 1.69 2.69 1.36 

dMn-O1 (Å) 2.0686 1.9503 1.9459 

dMn-O2 (Å) 1.9617 1.9739 -- 

Mn-O1-Mn 158.184 158.1734 168.2113 

Mn-O2-Mn 166.063 163.9747 -- 

 

     
 

 

Figure 2. SEM micrographs of (a) LCMO, (b) LCSMO, and (c) LSMO samples. The corresponding EDX patterns of (d) LCMO, (e) LCSMO, and (f) LSMO samples. 

 Figures 3 (a-c) represent the electrical resistivity of these samples 

as a function of temperature. All the samples show distinct M-I 

transition, which is found to be a strong function of the substituting 

ions at La-site, the values of 𝑇MI are listed in Table 2. This is because 

of the fact that the distortion of MnO6 octahedra affects the transition 

temperature in manganites [26]. It is well known that grain boundaries 

play an important role in determining the transport behavior of poly-

crystalline samples. Total resistance of any polycrystalline ceramic 

depends on the nature of grain boundaries and grain connectivity. 

It consists of the intragrain resistance (intrinsic resistance) and the 

intergrain or grain-boundary resistance (extrinsic resistance). The ideal 

intrinsic magnetic and transport properties are achieved within the 

grain. These properties result out in the simultaneous occurrence of 

(intrinsic) M-I and PM-FM transitions governed by the DE mechanism. 

On the other hand, the extrinsic properties result in a broad (extrinsic) 

M-I transition, which occurs at a temperature of TMI < TC. It is generally 

ascribed to the spin-polarized inter-grain tunneling across the interfaces 

or grains. The grain boundaries are magnetically disordered mainly  

because of oxygen vacancies and broken Mn-O-Mn bonds. The 

intrinsic M-I transitions for LCMO and LCSMO samples are found 
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at 260 and 304 K, respectively. However, the LSMO sample shows 

extrinsic M-I transition at 282 K. Lu et al. [27] have found an intrinsic 

M-I transition at ~365 K followed by a hump for LSMO nanomaterials. 

 The analysis of the transport mechanism involved in the temperature 

dependent resistivity behavior, has been carried out with the help of 

the two-phase percolation model. The results show that the resistivity 

data in FM metallic region are governed by the electron-scattering 

process and fitted by the following equation [28]: 

 

 ρ
FM

 = ρ
0
 + ρ

2
T 2 (1) 

 

where ρ
0
 is the residual resistivity due to the domains, grain boundaries, 

and other temperature independent scattering mechanism whereas 

the ρ
2
T 2 term represents the combined effect of the electron-electron 

scattering, electron-phonon scattering and electron-magnon scattering. 

Insulating PM phase is dominated by the hopping motion of the self-

trapped small polarons. The resistivity in this region can be fitted well 

by the following equation: 

 

 ρ
FM

 = ρ
α
 Texp (EA/ kBT) (2) 

 

where 𝜌𝛼 is a constant, EA is the activation energy, and kB is Boltzmann 

constant [29; references therein]. 

 Unfortunately, none of the above models are able to explain the 

prominent change of the resistivity nearby TC. Based on the phase-

segregation mechanism (percolation model) [28,30], we have 

approximated that the FM cluster and PM regions coexist in CMR  

materials. The resistivity at any temperature is related to the change 

of the volume fractions of the both regions. Under this circumstance, 

the resistivity for the entire temperature range may be expressed as: 

 

 
1

ρ
 = 

(1 - f)

ρ
PM

+
f

ρ
FM

 (3) 

 

where 𝜌PM and 𝜌FM are the resistivities of the PM, and FM contents 

in the sample [31]. Combination of Equations (1) and (2) with Equation 

(3) provides us: 

 

 
1

ρ
 = 

(1 - f)

ρ
α
Texp(EA / kBT)

+
f

ρ
0
 + ρ

2
T 2

 (4) 

 

 The functions (1 – f) and f are the volume fractions of PM and 

FM phases respectively. The function f is expressed as:  

 

 f = 1/ [1 + exp{∆U / kBT}] (5) 

 

where ∆U is the energy difference between the FM and PM states 

and volume fraction. It is expressed as: ∆U~-U0(1- T TC
 mod⁄ ). In this  

expression, TC
 mod is considered as a theoretical value of TC. The ground 

is the FM state which is of lower energy than insulating state, hence 

in this expression -U0 is taken as the maximum energy difference 

for temperature region well below transition temperature. In Figure 3, 

the solid lines represent the fitting results for the resistivity curves for 

LCMO, LCSMO and LSMO samples. It can be observed that the 

results calculated from Equation (3) agree well with the experimental 

data; the best-fit parameters are listed in Table 2. The TC
 mod is observed 

to be smaller than experimental TC [listed in Table 2].

 

      
 

 

Figure 3. Temperature variation of resistivity and AC susceptibility of (a) LCMO, (b) LCSMO, and (c) LSMO samples. In resistivity curves, solid lines 

represent the theoretical curves obtained using two phase model.

0 50 100 150 200 250 300                     

Temperature (K) 

 χ
'(A

rb
itrary

 u
n

it) 

0.000 

0.005 

0.010 

0.015 

0.020 

R
es

is
ti

v
it

y
 (

c

m
-1

) 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 (a) 

R
es

is
ti

v
it

y
 (

c

m
-1

) 

(b) 

0.04 

0.06 

0.08 

0.10 

0.12 

0.14 

0.16 

0.02 

Temperature (K) 

0 50 100 150 200 250 300                     350                     

 χ
'(A

rb
itrary

 u
n

it) 

1.3 

1.4 

1.5 

1.6 

1.7 

1.0 

1.1 

1.2 

R
es

is
ti

v
it

y
 (

c

m
-1

) 

(c) 

0.05 

0.06 

0.07 

0.08 

0.09 

0.10 

 χ
'(A

rb
itrary

 u
n

it) 

10 

15 

20 

25 

30 

0 

5 

Temperature (K) 

0 50 100 150 200 250 300                     350                     400                     



KESHRI, S., et al. 

J. Met. Mater. Miner. 31(4). 2021    

66 

Table 2. Parameters obtained by fitting with Equation (4) and the transition temperatures. 

 

Sample 
ρ

0
 ρ

2
 ρ

α
 EA kB⁄  U0 kB⁄  TC

 mod TMI TC from χ'(T) TC from M(T) 

(Ω-cm) (Ω-cm·K-2) (Ω-cm) (K) (K) (K) (K) (K) (K) 

LCMO 0.54052 0.00039 0.00013 1224.58 28997.92 263.69 266 268 269 

LCSMO 0.01236 0.00014 0.00002 1453.69 23435.60 294.78 304 309 309 

LSMO 0.03812 2.9532E-7 5.796E-6 1507.13 246.16 327.58 282 365 369 

 A systematic study of the AC magnetic susceptibility as a function 

of temperature has been carried out, for all the samples. The temperature 

versus AC magnetic susceptibility curves are shown in Figures 3(a-c). 

The frequency of AC signal has been kept constant at 131 Hz during 

the experiment. The TC is determined from the minimum point of 

(dχ' dT⁄ ) versus temperature plot. The magnetic transition temperature 

values have been found to be 268, 309, and 365 K for LCMO, LCSMO, 

and LSMO samples, respectively (Table 2). It is concluded that 

the substitution of La3+ of by Sr2+ gives higher TC compared to the 

substitution by Ca2+. This is because of the fact that the ionic radius 

of La3+ (~0.103 nm) is smaller than the radius of Sr2+ (∼0.118 nm) 

and larger than that of Ca2+ (~0.100 nm). The average ionic radius of 

the La site increases with the substitution by Sr2+ ion, which thereby 

introduces a crystallographic distortion and enhances the Mn-O-Mn 

bond angle. In the framework of the double-exchange interaction 

theory, a shorter Mn-O distance (larger Mn-O-Mn bond angle) 

leads to a stronger interaction and consequently higher TC [32]. The 

values of TC for LCMO and LCSMO are comparable with their 

corresponding TMI values; whereas for LSMO, TMI < TC as it shows 

extrinsic behavior. It is observed that at low temperature, the susceptibility 

curve shows a small downturn indicating the presence of FM phase 

with a possible amount of anti-ferromagnetic phase. This can be 

attributed to the fact that at grain boundaries, DE (Mn3+-O-Mn4+) and 

super exchange (Mn3+-O-Mn3+ and (Mn4+-O-Mn4+) interactions are 

weak as compared to those inside the grain. The grain boundary effect 

becomes more prominent in the low temperature region and causes 

an inhomogeneity in the magnitude of the exchange interactions, 

resulting in a downturn in χ'(T) curve at low temperatures. 

 Figure 4 shows the normalized FC and ZFC magnetization curves 

of the samples, measured under 10 Oe DC magnetic field. The transition 

temperature values are obtained by considering the peak value of 

the derivative of M (i.e. dM/dT) verses T plot. The TC values are 

obtained as 266, 309 and 369 K for LCMO, LCSMO and LSMO 

respectively (listed in Table 2). Similar results have been obtained 

from the susceptibility measurement also. The irreversibility in the 

temperature dependence of ZFC and FC magnetizations is found 

for all three samples. This phenomenon shows evidence of granular 

ferromagnets. For these manganites, the long-range orderly an 

arrangement of Mn-O-Mn is destroyed and Mn-O-Mn forms clusters. 

Upon zero-field cooling, the clusters freeze into random orientations 

and the response depends on the competition between the random 

local magnetization orientations of the individual clusters and the 

applied magnetic field. When cooling is done in the presence of 

a field, the clusters align, and a large ferromagnetic-type magnetization 

arises. The irreversibility decreases with the increase in temperature 

and vanishes as the ZFC magnetization curves coincide with FC 

magnetization curves, displaying a FM to PM transition at the Curie 

temperature. 

 Figure 5 represents the thermal variation of the thermoelectric 

power (S) of the grown ceramics. The LCMO sample shows negative 

values of TEP for the entire temperature range, which suggests the 

dominance of electrons in thermoelectric transport. Unlike the electrical 

resistivity, thermoelectric power shows hump like behavior which 

indicates that the samples show a smooth transition from the low-

temperature metallic behavior to the high-temperature semiconductor- 

like behavior (1/T). For LCSMO sample, the TEP value is negative near 

room temperature and it shows a crossover from negative to positive 

at a temperature of ~221 K and remains positive for the low temperature 

region. It indicates the change in nature of charge carriers from electron-  

to hole-like behavior. For LSMO, the TEP value is positive for the 

temperature range of 140 to 244 K and remains negative for other 

temperatures. It may be mentioned that similar behavior was observed 

for Pr2/3(Ba1-xCsx)1/3MnO3 manganites [33]. For Sr doped samples, 

the lattice distortion increases because of the different ionic radius 

of La3+ and Sr2+ ions. Therefore, higher lattice distortion leads to the 

smaller eg-electron bandwidth, which results in the localization of the 

charge carriers. This effect might be related to the positive magnitudes 

of TEP, in case of Sr2+ rich manganites. 

 In the metallic regime (T < TMI), S has been analysed using the 

following equation: 

 

 S = S0+ S3/2T3/2+ S4T4 (6) 

 

where the term S0 accounts for the problem of truncating the low 

temperature data and S3/2 T 3/2 is attributed to electron–magnon scattering 

process [34,35]. The term S4 T 4, dominant in high temperature region 

near TMI, is thought to arise from the spin–wave fluctuations in the 

FM phase [34,24]. It is observed that the magnitude of S3/2  is nearly 

six orders of magnitude larger than that of S4 (Table 3). It means that 

 

 
 

Figure 4. Temperature variation of DC magnetization ZFC, and FC conditions 

(1-LCMO, 2-LCSMO, 3-LSMO). 
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Table 3. Fitting parameters obtained by fitting TEP data with Equations (6) and (7). 

 

Sample 
Temp.  S0 S3/2 S4 Temp.  ES / kB 𝜶 TMI from  EA / ES  

range (K) (μV/K) (μV/K5/2) (μV/K5) range (K)   TEP (K) (meV) 

LCMO 100-270 -6.796 ± 0.073 0.005 ± 0.000 -4.678E-9 ± 3.026E–11 267-335 57.900 ± 0.093 -0.331 ± 0.000 267 100.53 

LCSMO 100-270 0.093 ± 0.023 0.002 ± 0.000 -2.286E-9 ± 1.076E–11 270-299 86.007 ± 0.358 -0.380 ± 0.001 270 117.78 

LSMO 100-285 -2.119 ± 0.013 0.001 ± 0.000 -9.645E-10 ± 4.873E-12    ~360  

 
 

Figure 5. Thermoelectric power (S) of LCMO, LCSMO and LSMO samples 

with variation of temperature. Solid lines represent the theoretical fitting 

data using Equation (6) and (7). 

 

the electron–magnon scattering (represented by S3/2 T 3/2) dominates the 

transport mechanism in the FM metallic regime. The occurrence of 

the electron–like TEP at high temperature is due to the fact that 

S4 < 0. At higher temperatures, the term S4 T 4 dominates because of 

the larger magnitude and higher order of T. 

 If conduction due to spin polaron hopping (SPH) dominates the 

carrier transport in the insulating region (above TMI), then S(T) 

should follow the following relation [34]: 

 

 S(T) =  (kB/e) [
ES

kBT
 + α] (7) 

 

where ES is the activation energy obtained according to the fitting 

of the S(T) data and α is a constant related to the kinetic energy of 

the polarons [35]. At least two conditions should be fulfilled for the 

SPH conduction:  < 1, and  ES < EA, where EA is the activation obtained 

from the fitting of ρPM(T) data. The fitting of high temperature TEP data 

using Equation (7) is also shown in Figure 5 and the fitting parameters 

( and ES) are listed in Table 3. The obtained  values are found to be 

less than one, which means that the SPH dominates the carrier transport 

in these CMR materials. Moreover, the magnitude of ES is much 

smaller than that of EA, which is the characteristic of SPH. The value 

of (EA - ES) is also listed in Table 3, which is found to be greater for 

LCSMO compared to that for LCMO. 

 

4. Conclusions 

 

 The influence of cation mismatch on transport and magnetic 

properties of Ca and Sr doped lanthanum manganites, LCMO, LCSMO 

and LSMO, has been reported in this paper.  Using the Rietveld 

refinement technique, the LCMO and LCSMO samples are found 

to have the orthorhombic structure with Pbnm space group whereas 

the LSMO has rhombohedral structure with R3 ̅c space group. 

Resistivity data of these samples have been analyzed using the two-

phase model. The values of TC obtained by AC susceptibility as well 

as DC magnetization measurement indicate that the increase in the 

average radius of the A-site cations causes an increase in TC. The 

LCMO and LCSMO samples show intrinsic CMR behavior and for 

them TC~TMI.  However, LSMO shows M- I transition of extrinsic 

nature and TMI < TC for it.  Large difference between ZFC and FC 

data indicates strong domain effects in these materials. The hump like 

behavior of TEP indicates that the samples show a smooth transition 

from the low-temperature metallic behavior to the high-temperature 

semiconductor-like behavior. 
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