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ABSTRACT  

In this study, we investigated the electrical resistivity and magnetoresistance of polycrystalline La0.8-

xAgxCa0.2MnO3 (x = 0.1 and 0.15) samples. All samples exhibited metallic behavior, as evidenced 

by the resistivity data measured in the temperature range of 9–285 K. As the Ag concentration 

increased, the resistivity decreased throughout the entire temperature range. Increasing the silver 

ion concentration improves the double exchange interaction (DE) between Mn3+ and Mn4+, which 

is responsible for the gradual decrease in resistivity. The electrical transport properties are well 

described by a theory based on the grain boundary factor, electron-electron interaction, and Kondo-

like spin-dependent scattering mechanisms. Both samples exhibited low-field magnetoresistance 

(LFMR) at low temperatures. The maximum magnetoresistance values for both samples were 

observed at 15 K, with values of -23.16% and -25.17% for x = 0.10 and 0.15, respectively. 

Keywords: Double exchange; Electrical transport; Magnetoresistance; Perovskite Manganite; 

Silver substitution 

 

INTRODUCTION  

Mixed-valence Lanthanum Manganite of the form La1-xAxMnO3, where A represents divalent 

alkaline-earth or monovalent alkali-metal elements, has received great attention owing to its 

unique electrical transport properties and colossal magnetoresistance effect (CMR) [1], [1], [2], [3]. 

The unique properties of these materials have attracted significant scientific and technological 

attention. These materials can be applied to spintronic devices, such as magnetic sensors, 

magnetic storage, and uncooled infrared bolometers [4], [5]. Generally, the double-exchange 

interaction theory has been used to explain the physical properties of these compounds. The 

substitution level (x) of La ions strongly influences the Mn3+/Mn4+ ratio. The partial 

substitution changes in the average ionic radius (< 𝑟𝐴 >) and cation mismatch (σ2) distort the 

MnO6 octahedron, which corresponds to the double-exchange interaction of the magnetic 

coupling Mn3+-O-Mn4+ [1].  
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The electrical properties of mixed-valence manganites can be sufficiently described by double-

exchange interaction theory. Several researchers have proposed theoretical models based on 

grain boundaries (GBs), electron-electron interactions, electron-phonon interactions, electron-

magnon interactions, Kondo-like spin dependence, and intergranular spin-polarized tunneling 
[5], [6] 

We have previously studied the effect of silver (Ag+) substitution on the structural and electrical 

properties and magnetoresistance of La0.8-xAgxCa0.2MnO3 (x = 0 and 0.05) [7], [8]. It was 

observed that the resistivity decreased with Ag substitution compared to that of the parent 

compound. To continue with the previous investigation, in this study, we increased the silver 

concentration by introducing x = 0.1 and x = 0.15 into La0.8-xAgxCa0.2MnO3. The electrical 

resistivity and magnetoresistance of both samples were investigated. Polycrystalline samples 

of La0.8-xAgxCa0.2MnO3 (x = 0.1 and 0.15) were successfully synthesized using the sol-gel 

method, as described in our previous study [8]. It was observed that the material crystallizes in 

an orthorhombic structure for x = 0.1 and a rhombohedral structure for x = 0.15 [8]. In this study, 

we also explored and discussed the correlation between the structure, morphology, and 

transport mechanisms of both samples. 

 

METHOD  

Polycrystalline La0.8-xAgxCa0.2MnO3 (x = 0.1 and 0.15) was prepared using the sol-gel method, 

with the synthesis method described in a previous work [8]. The samples were prepared using a 

sol-gel method. The starting materials for the synthesis were La2O3, AgNO3, Ca(NO3)2·4H2O, 

and Mn(NO3)2·4H2O. Citric acid (C6H8O7·H2O) was added as a catalyst, and HNO3 (ammonia 

solution) was used to neutralize the pH of the solution. All materials were mixed based on 

stoichiometric calculations and stirred continuously at a temperature–75-80 °C until a viscous 

gel was formed. The resulting viscous gel underwent three heating stages: dehydration at 120°C 

for 3 h, calcination at 550°C for 5 h, and sintering into pellets at 900 °C for 24 hours. The 

Surface microstructures and morphologies were examined using a scanning electron 

microscope (SEM). Temperature-dependent resistivity and magnetoresistance measurements 

were conducted using a standard DC four-probe method over a temperature range of 9–285 K 

with a Cryogenic Magnetometer (Oxford Teslatron instrument).  

 

RESULTS AND DISCUSSION  

3.1. Morphology.  

Figure 1 shows the SEM images of both samples. The grain size of the sample was identified 

using 20.000 magnification. The average grain sizes were determined using the ImageJ 

software. Grain size distribution histograms were analyzed by fitting them with a normal 

distribution function to ensure normal distribution. The grain size for x = 0.1 was smaller than 

that for x = 0.15. 
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Figure 1. SEM images of La0.8-xAgxCa0.2MnO3 (a) x =0.1 and (b) x = 0.15. Inset grain size distribution  

   histograms  

 

3.2. Electrical Transport 

Our previous work also showed that Ag substitution decreased the resistivity [7]. The overall 

resistivity decreases with increasing concentration of the silver substitution value, as shown in 

Figure 2. The temperature-dependent resistivity of both samples is shown in the inset of Figure 

2. Metallic behavior was observed at all temperatures for both samples. The resistivity of the 

sample decreased with increasing Ag concentration.  

 

Figure 2. Temperature-dependent of resistivity for La0.8-xAgxCa0.2MnO3 (x = 0-0.15) compared with our  

       previous work  

Partial A-site cation substitution with Ag ions affects the double-exchange interactions, 

resulting in resistivity changes [9]. Based on this chemical formula, the ionic stability of this 

compound is given by La0.8-xAgxCa0.2Mn3+
(1-(0.2+x))Mn4+

(0.2+x)O3. When the concentration of 

silver (Ag+) ions increases, the number of Mn4+ ions increases, causing an increase in the Mn3+-

O-Mn4+ coupling ratio, which also improves the double-exchange interaction of the sample [10]. 

Silver substitution also changes the < 𝑟𝐴 > and σ2 in the structural, < 𝑟𝐴 > = 1.215 and 1.218 
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Å and σ2 = 6.68 x 10-4 and 8.67 x 10-4 for x = 0.10 and 0.15, respectively. This change creates 

a distortion of the MnO6 octahedron, which corresponds to the double exchange interaction of 

the magnetic coupling Mn3+-O-Mn4+ [1]. Based on our previous study, Ag substitution increases 

the average bond angle (<Mn-O-Mn>) while reducing the average Mn-O bond length (<Mn-

O>) in MnO6 octahedra 

This affects the electronic bandwidth, which can be approximated by the following 

equation[11]: 

𝑊 =
𝑐𝑜𝑠 

1
2

(𝜋−< 𝑀𝑛 − 𝑂 − 𝑀𝑛 >) 

𝑑 <𝑀𝑛−𝑂>
3.5  (1) 

The estimated values of the bandwidth 𝑊 are 0.933 and 0.953 for x = 0.1 and 0.15, respectively. 

This is in good agreement with the fact that for x = 0.15, the resistivity is lower than that for x 

= 0.1. The greater the 𝑊 value, the easier the double-exchange interaction because the <Mn-

O> value is smaller, and the <Mn-O-Mn> value is larger. Electrons are more easily transferred 

from Mn3+ to Mn4+ via O2- [11]. Resistivity is also influenced by extrinsic factors such as grain 

boundaries. As shown in Figure 1, the grain size for x = 0.1 is smaller than that for x = 0.15. 

This is in good agreement with the resistivity data. The increased grain size reduces the number 

of grain boundaries and grain boundary scattering, which improves the conductivity of the 

samples, thus decreasing the resistivity [12]. 

A theoretical model was used to further understand the electrical transport behavior of the 

samples. Generally, the temperature dependence of the resistivity in the metallic behavior of 

the mixed-valence manganite-based compound can be expressed by the following equations 
[13]: 

𝜌(𝑇) = 𝜌0 + 𝜌𝑒 𝑇
1
2 − 𝜌𝑠𝑙𝑛 𝑇 + 𝜌𝑝 𝑇5 + 𝜌2 𝑇2 + 𝜌9/2 𝑇9/2 (2) 

The 𝜌0 represents the residual resistivity attributed to grain boundaries and temperature-

independent processes, such as domain wall effect, 𝜌𝑒 𝑇1/2 arises from electron-electron 

interactions, 𝜌𝑠𝑙𝑛 𝑇  corresponds to Kondo-like spin-dependent scattering, 𝜌𝑝 𝑇5 is a 

consequence of electron-phonon interactions, 𝜌2 𝑇2 is associated electron-electron 

scattering, and  𝜌9/2 𝑇9/2 is a combination of electron, magnon, and phonon scattering 

processes. Figure 3 shows the temperature-dependent resistivity fitting using Equation 2. The 

fitting parameters are listed in Table 1. 
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Figure 3. (a) Temperature dependence of the resistivity of La0.8-xAgxCa0.2MnO3 (x = 0.1 and 0.15) and (b)  

    comparison with our previous work (Munazat et al., 2019). 

Table 1. Fitting resistivity obtained from resistivity data of metallic region  

for La0.8-xAgxCa0.2MnO3 (x = 0.1 and 0.15). 

Resistivity Parameter 
Silver Concentration (x) 

0.1 0.15 

𝜌0 (𝛺. 𝑐𝑚) 0.00325 0. 00208 

𝜌𝑒 (
𝛺. 𝑐𝑚

𝐾1/2
) -2.717 x 10-4 -1.079 x 10-4 

𝜌𝑠  (𝛺. 𝑐𝑚) -3.551 x 10-4 -1.149 x 10-4 

𝜌𝑝 (
𝛺. 𝑐𝑚

𝐾5
) 2.503 x 10-15 -1.247 x 10-15 

𝜌2 (
𝛺. 𝑐𝑚

𝐾2
) 1.884 x 10-7 9.663 x 10-7 

𝜌9
2

 (
𝛺. 𝑐𝑚

𝐾9/2
) -8.369 x 10-13 -3.501 x 10-15 

R2 (%) 99.98 99.98 

Based on Table 1, the 𝜌0, 𝜌𝑒,  and 𝜌𝑠 parameters have a significant values compared to the other 

parameters. The grain boundary factor, electron-electron interaction, and Kondo-like spin-

dependent scattering mechanisms are strongly correlated in the transport mechanism in both 

samples. Based on the SEM image in Figure 1, the grain size for x = 0.1 is lower than that for 

x = 0.15. This is in good agreement with the 𝜌0 value. The value of 𝜌0 for x = 0.1 is higher than 

that for x = 0.15, suggesting an enhancement in the residual resistivity arising from vacancies, 

grain boundaries, and domain walls [2].  

The Kondo-like spin-dependent scattering mechanisms can be evaluated from the inset of 

Figure 3, at low temperatures. The figure shows that in the upturn, the resistivity tends to 

increase as the temperature decreases after reaching its minimum value of 0.00323 𝛺. 𝑐𝑚 at T 

= 31.7 K for x=0.1 and 0.00196 𝛺. 𝑐𝑚 at T = 29 K for x=0.15. This minimum resistivity occurs 

as an alternative electron scattering process was taking place. The presence of a magnetic 
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moment in manganese (Mn) within La0.8-xAgxCa0.2MnO3 (x = 0.1 and 0.15) leads to a scattering 

process that involves a transient exchange of spin states between conduction electrons and 

magnetic impurities. The Kondo effect (𝜌𝑠) parameter for x = 0.15 was greater than that for x 

= 0.1. This corresponds to the electronic bandwidth, indicating the ease with which electrons 

can interact. Kondo applied a model for scattering involving a magnetic impurity interacting 

with the spins of conducting electrons using perturbation theory. He found that the second-

order term in the calculation could become larger than the first, leading to a logarithmic 

increase in the resistance of a metal as the temperature decreased [14]. 

 

3.3. Magnetoresistance 

The magnetic field dependence of the magnetoresistance measured at 15, 150, 200, and 285 K 

for both samples is presented in Figure 4. The magnetoresistance ratio is defined as 

𝑀𝑅% =
𝜌(𝐻) − 𝜌(0)

𝜌(0)
 (3) 

where 𝜌(𝐻) and 𝜌(0)represent the resistivity under applied magnetic field and zero field, 

respectively. As shown in Figure 4, the maximum MR value for both samples under an applied 

field of 1 T was obtained at 15 K, - 23.16% for x = 0.10 and -25.17% for x = 0.15.   

  

Figure 4. Magnetoresistance ratio at various temperatures for La0.8-xAgxCa0.2MnO3 (a) x =0.1 and (b) x = 0.15. 

At low temperatures, both samples exhibited low-field magnetoresistance (LFMR). In the 

lower magnetic field (H < 0.5 T), the magnetoresistance exhibits a sharply increasing curve at 

low magnetic fields, transitioning to a linear curve as the magnetic field strength increases. 

This behavior of magnetoresistance can be considering intergranular spin-polarized electron 

tunneling near the grain boundaries [15]. 

 

CONCLUSION  

In summary, we conducted a study on the electrical transport and magnetoresistance properties 

of La0.8-xAgxCa0.2MnO3 compounds with x values of 0.1 and 0.15. Both samples exhibited 

metallic behavior across all temperature ranges. We observed that the substitution of silver 

(Ag+) leads to a decrease in the overall resistivity compared to that of the parental compound. 

Our calculations, based on a theoretical model, revealed that the transport mechanism in both 



Electrical Resistivity and … page 265 

 

Copyright © 2025 Universitas Sebelas Maret 

samples was strongly influenced by electron-electron interactions and grain boundaries. As the 

concentration of substituted silver ions increased, the number of Mn4+ ions also increased. This 

resulted in an increased ratio of Mn3+-O-Mn4+, leading to heightened double-exchange 

interactions and electronic bandwidth. Consequently, the resistivity of the sample decreased. 

The electrical transport behavior is also influenced by the residual resistivity from the grain 

boundaries and exhibits a Kondo-like effect. Both samples exhibited Low-Field 

Magnetoresistance (LFMR) at low temperatures. Notably, the maximum magnetoresistance 

values for both samples were obtained at 15 K, -23.16% and -25.17% for x = 0.10 and 0.15, 

respectively. 
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