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Abstract-Transport behavior and magnetoresistance in sol-gel 

prepared La0.7Sr0.3-xCaxMnO3 (x = 0.1, 0.15, 0.2)   nanomanganite 

system have been investigated in the temperature range 10 – 400 

K. It is found that with increase in Ca2+ ion concentration metal-

insulator transition temperature (TMI) decreases and on the 

application of magnetic field TMI shift toward higher 

temperature with decrease in resistivity. It is shown that the 

correlated polaron model accounts for the temperature 

dependence of resistivity in the entire temperature range. 
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I. INTRODUCTION 

erovskite manganites with the general formula Ln1-

xAxMnO3(Ln = La, Pr, Nd; A = Ca, Sr, Ba) have been the 

subject matter of significant research due to their unusual 

colossal magnetoresistance (CMR) property alongwith 

interesting electrical and magnetic properties [1, 2]. The 

phenomenon of CMR observed in doped manganites is not yet 

fully understood despite of numerous attempts.It is also 

reported that nanocrystalline manganites have higher 

magnitude of the low field magnetoresistance as compare to 

ceramic samples [3].They have also potential applications for 

magnetic recording, memory storage and magnetic sensors [4]. 

It has been shown that average A site cation radius <rA> 

(equivalent to the perovskite tolerance factor τ = 

(<rA>+rO)/√2(rB+rO)) and related parameters like A site cation 

size variance σ
2
<rA> = ∑yiri

2
-<rA>

2
 influences the behavior of 

resistivity with temperature in manganites[5, 6].Therefore an 

effort has been made to correlate TMI with above parameters 

by substituting different cations  at A site. 

The synchronized occurrence of ferromagnetism and 

metallic nature in the low temperature region (T<TMI) 

qualifies it to be one of the most remarkable physical 

properties of this materials. Zener’s double exchange model is 

the widely proposed mechanism [7], in which the electronic 

conduction is connected to ferromagnetic interaction between 

Mn
3+

 and Mn
4+

 via intermediate oxygen atom. Due to its 

inability to interact with the spin–lattice or charge–lattice 

interactions, i.e. Jahn–Teller (JT) interaction and polarons, that 

significantly contributes to very large resistivity in the 

paramagnetic insulating phase [8, 9], it is considered to be a 

major drawback. There is thus a need to understand the 

electrical conduction in terms of correlation effects in 

polaronic transport. Sol–gel routes produce very high quality, 

homogeneous and fine particle samples [10- 12]. Here, we 

report the synthesis of La0.7Sr0.3-xCaxMnO3 (x = 0.1, 0.15, 0.2) 

using sol-gel technique. Structural and electrical properties of 

nanomanganite have been presented. 

 

II. EXPERIMENTAL 

La0.7Sr0.3-xCaxMnO3 (x = 0.1, 0.15, 0.2) manganites 

have been prepared by sol-gel process using metal chlorides 

(Aidrich made) as starting materials. In this process the 

stoichiometric amount of metal chlorides in the form of 

solution were converted into citrates and pH was adjusted 

between 2 to 3. After getting sol on slow evaporation, a 

gelating reagent ethylene glycol was added and heated around 

100 
0
C to get a gel. The gel on further heating in oven at 200 

0
C around 12 hours yields a dry fluffy porous mass, which was 

calcined at 800 
0
C for 2 hours. Then the powders were pressed 

into circular pellets and were sintered at 1000 
0
C in air for 4 

hours. All the materials are characterized by X-ray diffraction 

(XRD) using BRUKER DIFRACTOMETER with Cu anode 

(Cu Kα radiation source λ = 1.5410 A
0
) at room temperature, 

by colleting the data in 2θ range of 20
0
 - 80

0
. Scanning 

Electron Microscope (SEM) studies (on Hitachi s-4800 2
nd

 

type) were performed to examine the surface morphology of 

the samples along with the energy dispersive X-ray analysis 

(EDS) study for elemental analysis. To obtain the metal 

insulator transition temperature TMI and to investigate the 

influence of magnetic field on the transport behavior of these 

samples (La0.7Sr0.2Ca0.1MnO3, La0.7Sr0.15Ca0.15MnO3 and 

La0.7Sr0.1Ca0.2MnO3), electrical resistance was measured using 

Quantum design PPMS over temperature range 10 - 400 K at 

applied magnetic field 0 and 2 T. In case of sample 

La0.7Sr0.15Ca0.15MnO3, variation of resistivity with the 

P 
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temperature is measured at applied magnetic field 0 and 0.5 T 

in the range 10 - 330 K. 

III. RESULTS AND DISCUSSION 

A)X-ray and SEM analysis 

The X-ray diffraction patterns of the samples are 

shown in Fig. 1. The X-ray diffraction pattern clearly reveals 

that all the samples have a perovskite orthorhombic structure. 

The average crystallite size value have been calculated based 

on full width at the half maxima of the XRD peaks by using 

Scherror formula [13] 

< 𝐷 >=
Kλ

βcos θ
   (1) 

Where K is constant (K = 0.9), λ is the wavelength of Cu Kα 

radiation (λ = 1.541 Å) and β is full width af half maxima of 

XRD peak. The calculated values of <D> for all the samples 

are found to be 30 to 36 nm range and given in table I. Fig. 2 

shows SEM images of the samples. The fluffy nature and 

voids in solgel derived powder can be attributed to large 

amount of gases evolved during reaction. 

 

Fig. 1   : X-ray diffraction patterns of the series La0.7Sr0.3-

xCaxMnO3 (x = 0.1, 0.15, 0.2) 

 

Fig. 2. SEM images of samples La0.7Sr0.3-xCaxMnO3 (x = 0.1, 

0.2) 

B) Effect of cation substitution at A site on magnetotransport 

properties of manganites 

It has been shown that metal insulator transition 

temperature (TMI) of manganites is controlled by the average 

A site cation radius and by varying the oxygen content.It has 

been established that TMI increases with size variance, σ
2
<rA> 

and vice versa [5, 6].  

Therefore to understand the effect of variation of A 

site ionic radii <rA>and size variance, σ
2
<rA>on 

magnetotransport properties of La based manganites, the 

average A site ionic radii and size variance have been 

calculated using the coordination number twelve [14] and are 

given in table I.The values of metal-insulator transition 

temperature of all samples are given in table I. The variation 

of resistivity with temperature in absence and presence of 

magnetic field is shown in Fig. 3. It is interesting to note that 

TMI increases thereafter with σ
2
<rA>. There variation is shown 

in figure Fig. 4a. This type of behavior is in contrast with the 

normally observed by several manganites [15, 16]. The reason 

for the unusual behavior exhibited by the samples could be 

explained on the basis of size mismatch at A site.It is observed 

that as Sr
2+

 content decrease resistivity increase in Ca
2+

 

substituted samples. It may be due to the partial substitution of 

Ca
2+

 ions onto Sr
2+

 ions, which reduces the value of <rA>. Due 

to this A-O and Mn-O bond distance decrease which results in 

more pronounced lattice distortion and hence localization of eg 

electrons. Moreover the transfer integral (t) of the eg electrons 

hopping from Mn
3+

 to Mn
4+

,defined as t = t0 cos(/2) [17] 

(where t0 is the normal transfer integral and  is the angle 

between two neighboring spin directions)  reduces more 

drastically in the case of Ca substituted compounds. This leads 

to suppression of the DE interaction between the Mn
3+

 and 

Mn
4+

 and to increase in resistivity values in Ca substituted 

compounds. This effect results in the decrease of TMI with 

increasing Ca
2+

ion substitution onto Sr
2+

 ion. 
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Fig. 3(a-d): Observed variation of resistivity with temperature in absence and presence of magnetic field forLa0.7Sr0.3-xCaxMnO3 (x = 0.1, 0.15, 0.2). The 

experimental points are shown in hollow circles. The fitted plots are shown by solid lines using Eq. (5) with parameters given in Table II. 

 

Fig. 4(a-d): Variation of TMI, Tca, and εP  with size variance σ2<rA> (from Table I and II.) 
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TABLE I: EXPERIMENTAL DATA OF LANTHANUM MANGANITES 

 

C) Conduction Mechanism 

We show in this paper that the Correlated Polaron 

(CP) model proposed by Srivastava[18] gives satisfactory 

account of the variation of resistivity curve withtemperature. 

The CP model is based on the Holstein Hamiltonian for a 

molecular crystal in which a charge carrier is shared between 

two atoms. In this model the electron itinerancy is promoted 

by valance exchange (VE) in mixed valance ionic compounds. 

In systems with an anion or a cation in mixed valence state on 

crystallographic equivalent sites, there are two possible ways 

to arrange the ions, that can be represented by degeneracy 

states in static lattices but on coupling to thelongitudinal 

optics phonons the degeneracy is removed. The conductivity is 

given by [19] 

)/exp()2/(sech

)/()/()2(

2

222

TkUTkε

Tkτaehtnπσ

BBp

Bhop





  (2) 

Here n is the no. of polarons, a is the separation between the 

sites two which the electron hopes, t = <tij> is the average 

hopping amplitude, τ is the relaxation time, and U is the 

activation energy, εP is the small polarization stabilization 

energy and e, h, kB are the electron charge, Plank constant and 

Boltzmann constant respectively. Sech term arisesfrom the 

average no. of electrons at the initial site i and the average no 

of holes at site j in the jump process. The mobility is govern 

by the Einstein relation μ = eD/kBT with the diffusion constant 

D = a
2
νph. In the CP model that applies to mixed valance 

compound like Ln1-xAxMn1-x
3+

Mnx
4+

O3 the valance exchange 

(Mn
4+

Mn
3+

↔Mn
3+

Mn
4+

) takes place and the following 

relation holds [18] 

1/τ= νph[1+ c (1-m
2
) σa

2
 ]   (3a) 

U = U0 (1-m
k
) σa

2
   (3b) 

m(tc) = M(T)/M(Tc),   tc = T/TC(3c)  

 σa = ( 1- 0.75 tca
3
)

1/2
,  tca=T/Tca (3d) 

 

 

 

 

 

Here m is reduced magnetization given by Brillouin function 

for spin j=1/2, TC is the Curie temperature and  σa is atomic 

order parameter. Tca denotes order-disorder crossover 

temperature of a binary alloy Mn1-x
3+

Mx
4+

, c is the constant 

arising from low temperature spin wave excitations and k a 

constant arises from the critical point magnetic excitations 

near TC. The phonon frequency νph ̴5.5 ×10
12

 Hz [18] is 

observed by Dai et al [20]. For T<θD/4, whereθD is Debye 

temperature, the zero-point lattice vibration dominates and  

takes the place of thermal phonon. The resistivity is then given 

by[18] 

][])([

][

/exp11

)2/(cosh)/2(cosh
4

)1()(

22

22

TkUamc

TkfTkf
n

A
T

B

B
pD

B
p

D












     (4) 

where, A= 1.13kB/ a
2
e

2
 νph and f is the polaron distribution 

function exp(εp/kBT+1)
-1 

between the localized and band 

polaron states. 

The resisitivity curve for La0.7Sr0.3-xCaxMnO3 (x = 0.1, 0.15, 

0.2) are compared to Eq. 4 with the parameters given in Table 

II and from the quality of these fittingsone may conclude that 

this equation might be an appropriate one to explain the 

conduction mechanism of the samples of present 

investigation.In Eq. 4 the parameters θD was taken as 425 K, 

εP was varied till the best fit was obtained. Tca was taken from 

the best fit of the paramagnetic part ρ (T>Tc) of the curve. c 

and k were nearly constant. U0 again was taken constant as  

580 K for the best fit.The best fit parameters Tca andεp for all 

the samples are presented in Table II and plots are shown in 

Fig. 3. The Debye temperature is 425 K in all the cases. 

Further, all the three parameters Tca, εp and Uo in the presence 

of magnetic field, have also been computed for all the 

materials and are given in Table II. The parameterTca found to 

increase and εp found to decrease on the application of 

magnetic field whereas U0 is nearly same.All the three 

parameters obtained from resistivity data has an interesting 

dependence on doping concentration xwhich indicates that Tca 

and εpdepends upon cation mismatch. The variation of  Tca 

andεp is shown in Fig. 4. 

Sample 

<D> 

nm 

 

<rA> 

Å 


2
 (rA) 

( x 10
-2 

Å
2
 ) 

 

TMI (K) 
ρMI  

(Ωcm) 
MR% 

0 T 2 T 

La0.7Sr0.2Ca0.1MnO3 

 

35.5 1.374 0.046 0.9825 
352.8 ---- 0.1298 36.5 

La0.7Sr0.15Ca0.15MnO3 

 

36.5 1.369 0.02 0.9807 
310 

315 

(H = 0.5 T) 
0.2207 1.67 

La0.7Sr0.1Ca0.2MnO3 

 

31.2 1.364 0.0037 0.9789 
286 318 0.2846 25 
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The number of charge carriers, n, is increases as Sr
2+

 ion 

concentration increases which is responsible for the decrease 

in resistivity values. The small polaron binding energy, p, is 

found to increase as Sr
2+

 ion concentration increases. The 

thermally assisted activation energy, U0, is same as the system 

varies from Ca- to Sr- substitution.The pis related to the depth 

of the potential well which localizes the electron so 

conductivity σ sech
2
 [p/2kBT)] as T0 where zero point 

vibrations dominate. As expected p increases as the deviation 

of Mn-O-Mn bond angle deviate from 180
0
. Therefore as Sr

2+
 

ion concentration decreases pincreases. 

TABLE II: THE BEST FIT PARAMETERS Tca, εp and UoFOR ALL THE SAMPLES. THE DEBYE TEMPERATURE θDIS 425 K IN ALL CASES. 

n/x IS THE RATIO OF THE CARRIER CONCENTRATION DATA FROM Eq. (1) AND THE NOMINAL HOLE CONCENTRATION 

FROM COMPOSITION.THE VALUE OF N HAS BEEN OBTAINED FROM THE VALUES USING νph  ̴ 5.5 ×1012 HzWITH a = 5.4617 Å . 

Samples 

 (Magnetic field in T) 

 

Tca (K) εP (K) U0 (K) 

A/n 

10
-

4
(Ωcm/K) 

C k 
n/x      (× 

10
19

) 

n/Mn      (× 

10
-1

) 

La0.7Sr0.2Ca0.1MnO3 

(0 T) 
450 65.6 580 2.6 1 2.5 14 22.8 

La0.7Sr0.2Ca0.1MnO3 

(2 T) 
470 60.0 580 2.4 1 2.5 15.7 25.5 

La0.7Sr0.15Ca0.15MnO3 

(0 T) 
400 83.0 580 3.6 3 1.7 10.3 16.8 

La0.7Sr0.15Ca0.15MnO3 

(0.5 T) 
405 80.9 580 3.6 3 1.7 10.43 17.0 

La0.7Sr0.1Ca0.2MnO3 

(0 T) 
340 114.9 580 10.5 2 0.7 3.53 5.7 

La0.7Sr0.1Ca0.2MnO3 

(2 T) 
360 102.5 580 8.6 1.5 0.7 4.3 7.0 

D) Magnetoresistance Behavior 

The variation of resistivity with temperature is shown in figure 

3a-d for all the samples in the range of 10 to 400 K. It is 

observed from the high temperature end that resistivity 

increases continuously with decrease in temperature up to the 

metal insulator transition temperature (TMI) indicated by the 

peak in thecurve. On further decrease in temperature ρ 

decreases sharply. On application of the magnetic field TMI 

moves to a higher temperature withdecrease in ρMI (TMI) 

resistivity. The observed behavior may be attributed to the fact 

that the applied magnetic field induces delocalization of 

charge carriers, which in turn suppresses the resistance 

causing local ordering of the magnetic spins. Hence, the 

transition temperature (TMI) moves to a high temperature side 

on the application of magnetic field [16, 21, 22].  

The percentage of magnetoresistance (MR) is 

calculated using the relation 

MR =
ρ 0 −ρ(H)

ρ(0)
  × 100   (5) 

Where ρ(0) = resistivity at zero magnetic field, ρ(H) = 

resistivity in magnetic field 0.5 T. Magnetoresistance for all 

samples at TMI is shown in table I. Because of the impact of 

replacement of Sr
2+

 ions by Ca
2+

, the intrinsic MR increases 

with Ca
2+

 ion addition. Thus with decreasing <rA> and σ
2
<rA> 

TMI decreases and MR increases. 

 

 CONCLUSIONS 

In this work we have investigated structural, transport and 

magnetotransport properties of sol-gel prepared La0.7Sr0.3-

xCaxMnO3 (x = 0.1, 0.15, 0.2) nanomanganite. With decrease 

in Sr
2+

 ion concentration the resistivity increases and TMI shift 

toward lower temperature. The results were explained in terms 

of cation mismatch leading to reduction of Mn-O-Mn angle 

that weakens the double exchange interaction. Probably for the 

first time it is shown that there is generally an increase in 

metal-insulator transition temperature and atomic order 
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transition temperature for transport in La based 

nanomanganites with increase in cation mismatch parameter. 

Contrary to these small polaron stabilization energy decrease 

sharply on cation mismatch. 
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