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Abstract: By fitting using the theoretical equation with experimental data of 

resistivity values, the half-doped for Pr0.75Na0.25Mn1- xCrxO3 (x = 0, 0.02 and 0.04) 

manganite has been analyzed. Small Polaron Hopping (SPH) and Variable Range 

Hopping (VRH) models were used to fit the electrical resistivity data at the insulating 

region, which ranged from 300 K to 150 K. The value of hopping energy, Eh, and 

activation energy, Ea was discovered to change as a result of the influence of Cr 

content in the sample manganite. Thus, this behavior was proposed as a result of the 

weakening of the Jahn- Teller (JT) distortion caused by a decrease in the Mn3+/Mn4+ 

ratio, which would influence the Charge Ordering (CO) state. The values of the 

square linear coefficient (R2) were examined in order to select the best model for 

describing electrical resistivity behavior. As a result of the greater value of R2, it can 

be shown that Variable Range Hopping (VRH) was chosen as the best model for 

explaining an electrical resistivity behavior. 
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1. Introduction 

Recently, there has been a lot of interest in rare-earth manganite with a general composition. 

Furthermore, studies on this rare earth manganite have showed that the effects of CMR are comparable 

to those of a double exchange mechanism (DE), which should be linked to the Jahn-Teller (JT) effect 

and charge ordering (CO) [1-7].  The manganite exhibits nonconducting behavior due to charge 

localization and the inhibition of electron hopping from one area to another [8-10]. Cr is a transition 

metal that is most typically found in the Earth's crust in the metallic state. The impact of Cr3+ on 

Pr0.75Na0.25Mn1- xCrxO3. doped with Cr in the Mn region, in particular, reduced the Jahn-Teller distortion 

(JT) and degraded the metal's behavior. The addition of Cr3+ to the Mn location of Pr0.75Na0.25Mn1- 

xCrxO3 could enhance the double exchange method is used to produce ferromagnetic-metallic phases, 
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which have a direct impact on the Mn-O-Mn network and the spin alignment between metal-insulator 

transitions (MI) [11-12]. As a consequence, it is clear whether Cr3+ activity on manganite could have a 

significant effect. Furthermore, when Cr3+ ions (electrons) are swapped for Mn3+ ions, the effect of 

Jahn-Teller distortion is reduced. This would be accomplished by lowering the Mn3+/Mn4+ ratio in a 

manganite sample, which would alter the charge-ordered (CO) state [13].  

This paper also concentrated on further analysing electrical resistivity data to discover the electrical 

characteristics of Pr0.75Na0.25Mn1- xCrxO3 by calculating the activation energy, Ea, hopping energy (Eh), 

density of states N(EF) at the Fermi level, and average hop distance (Rh).  All of these variables will be 

calculated separately, with a = 4.5 selected as the localized charging and blocking electron surge of the 

Boltzmann constant, kB, and T = 300K [14]. The temperature development of electrical resistance 

demonstrates that the parent compounds (x = 0) exhibit insulating capabilities at lower temperatures. 

Successive Cr substitutions at the Mn site in Pr0.75Na0.25Mn1- xCrxO3 Manganite can cause the metal 

insulator (MI) transition temperature to be around TMI 180 K for x = 0.02 and x = 0.04 samples, implying 

that the double exchange mechanism (DE) is improved as a result of the suppression of the charge order 

state [15]. 

In the semiconductor region, the transport mechanism is explained by Variable Range Hopping 

(VRH) model and Small Polaron Hopping (SPH) model. This model can explain the transport 

mechanism in manganite. However, most of them are only applied to fit the prominent change of the 

electrical resistivity curves ρ(T) in a finite temperature region (above or below TC) [16-17]. The study 

of this electrical resistivity properties, like the specific heat in the vicinity of the magnetic phase 

transition, with investigating the values of the universal critical parameters, has not been given the 

sufficient importance in research projects done on manganite [18]. By conducted the research, which 

utilized to supply additional information on the electric transport characteristics in order to conduct a 

robust data analysis. The two hopping models which is SPH and VRH is chosen to fitting for this 

experiment because it may help us understand the mechanism or behaviour of the electrical transport 

properties and can choose the best fitting model for the manganite. 

Significantly, the results from the SPH-VRH models revealed information regarding the electrical 

transport mechanism in the insulating region. Using the equation for SPH-VRH models, the data were 

fitted from experimental onto theoretical. This study is impressive in that it provides a better knowledge 

of how to determine the greatest model by comparing data analysis. The data analysis in SPH-VRH 

models that was fitted using equations was compared in order to choose the best models by comparing 

the linear coefficient (R2) for SPH and VRH model which models have the value of R2 close to 1, is the 

best model to show the electrical resistivity behavior [19]. 

2.  Methodology 

The experimental data used in this paper referred from previous worked [16]. The compound 

Pr0.75Na0.25Mn1- xCrxO3was created using typical solid-state procedures, which focused on the structural 

properties of electric transport. Small polaron hopping and variable range hopping will be used to 

examine the electrical transport qualities. This section considers how to reconcile experimental findings 

with theoretical notions. Two models can be employed to match the electrical transmission test results. 

The electrical transport parameters of the insulating area were determined using either a tiny polaron 

hopping or a variable range hopping. 

2.1      Experiment Data Fitted with Small Polaron Hopping (SPH) 

To gain a better understanding of the electrical behavior in the insulator region of sample 

Pr0.75Na0.25Mn1- xCrxO3 (x=0.00,0.02, and 0.04) at temperatures above TMI, the small polaron hopping 

(SPH) model was used, as stated by the equations below [16], 

ρ=BTexp(Ea/kBT)                             Eq.1 
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in which Ea was the activation energy, kB was the Boltzmann constant, B was the coefficient's resistivity 

and T is 300 K. Using Sigma Plot version 10, these formulas were utilized to overlay the graph and get 

the linear coefficient (R2). 

2.2 Experiment Data Fitted with Variable Range Hopping (VRH) 

Variable Range Hopping (VRH) was described by the equations below respectively; [16]. 

ρ = ρ 0mexp(T0m/T)¼                             Eq.2 

 

where ρ is electrical resistivity, ρ0m is the residual resistivity, Tom was the Mott’s characteristic 

temperature, and T is Temperature. Using Sigma Plot version 10, these formulae were assessed to fit 

the graph and the estimated linear coefficient (R2), and then Eq. 1 for SPH and Eq. 2 for VRH were 

compared to establish the optimal model for this analysis. In terms of the VRH model, the following 

equation gave the fitting graph of the T0m related by the hopping energy, Eh was the density of states, 

N(Eh) at the fermi level, mean hopping distance, Rh. [16]. 

Eh(T)= 
1

4
𝑘B(T)3/4(T0m)1/4                      Eq.3 

N (EF) = 18ɑ3⁄ (kBT0m) Eq.4 

Rh(T)=(
3

8
)a(T0m/T) ¼                           Eq.5 

  

where a = 4.5 denoted localization, kB is Boltzmann's constant, and T = 300 K or the temperature from 

the data fitting graph that close to room temperature. 

3.  Results and Discussion 

The results and discussion section presents data and analysis of the study. This section described 

the analysis results obtaining from the experimental data of electrical. This section also describes the 

techniques of electrical transport characteristics utilizing the SPH-VRH model, in accordance with the 

study's aim. Then, depending on linear coefficient (R2) values, what models might be the best for 

comprehending electrical resistivity data are shown. 

3.2 The SPH model 

Figure 1 to Figure 3 show a plot of ln (ρ / T) vs 1/T for the Pr0.75Na0.25Mn1- xCrxO3 (x = 0, 0.02, and 

0.04) sample. SPH showed data was computed utilizing Eq1. Eq 1 provided information on activation 

energy (Ea) while using the SPH model for electrical resistivity data analysis. A solid electron phonon 

coupling event produced by Jahn- Teller (JT) lattice distortion was proposed by the near vicinity of tiny 

polarons. The fitted parameter for SPH was shown in Table 1. The activation energy levels for 332.0 

meV (x = 0), 329.0 meV (x = 0.02), and 330.0 meV (x = 0.04) grew as the Cr material increased. The 

activation energy was raised from 329.0 meV for x = 0.02 to 330.0 meV for x = 0.04. This behavior 

might be advocated in order to promote charge carrier delocalization. Increased Cr-doped 

concentrations impaired the Jahn- Teller (JT) interaction due to the impact of Cr3+ on Mn3+ and the 

lowered Mn3+ /Mn4+ ratio. Previous study found that the influence of doping particles on Jahn-Teller 

twisting was attenuated due to a decrease in the Mn3+/Mn4+ ratio. 
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Figure 1: For x = 0 manganite sample, plot ln (ρ / T) vs 1/ T. Using the SPH model, solid lines 

indicated the fitting line. 

 

 

Figure 2: For x = 0. 02 manganite sample, plot ln (ρ / T) vs 1/ T. Using the SPH model, solid lines 

indicated the fitting line. 

 

 

Figure 3: For x = 0. 04 manganite sample, plot ln (ρ / T) vs 1/ T. Using the SPH model, solid lines 

indicated the fitting line. 
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Table 1: Fitted parameter for SPH model developed for Pr0.75Na0.25Mn1- xCrxO3 sample. 

Sample ρ = BTexp(Eα⁄kBT) 

R2 × 100% (%) Ea (MeV)  

x = 0 0.996 332 MeV 

x = 0.02 0.998 329 MeV 

x = 0.04 0.998 330 MeV 

 

3.3 The VRH model 

Figure 5 through Figure 7 show a plot of ln ρ vs T-1/4 for the Pr0.75Na0.25Mn1- xCrxO3 (x = 0, 0.02 and 

0.04). By using VRH demonstrate, strong lines were talked to the fitting line, and information data was 

calculated using Eq. 2 to find Mott’s characteristic temperature, Tom. The values of Tom, Eh, N(EF), and 

Rh obtained from the Eq. 3, 4, and 5 were also computed and organized in Table 2. Table 2 shows that 

the values of Tom for x = 0 are 1454 K in the interval and 1800 K (x = 0.02). In the x = 0.04 case, Tom's 

esteem was 1564 K. The hopping energy, Eh, values were 9.5924 meV for x = 0 in mean time and 

10.112 meV for x = 0.02, and as can be seen, the Eh values obtained for the x = 0.04 sample are 9.7690 

meV. Furthermore, mean hopping distance (Rh) values were found, which were 2.5058 for x = 0, and 

2.6411 for x = 0.02, while the Rh values for x = 0.04 were 2.5499.  

After that, the Density of states (N(EF)) values obtained from Table 2 were 1.3087 eV-1 cm-3 (x = 

0), 1.0571 eV-1 cm-3 (x = 0.02), and 1.2167 eV-1 cm-3 (x = 0.04) in mean time. It's probable that the 

electrical resistivity transport qualities caused a trend change. This behavior might be explained by a 

Cr-doped weaker Jahn-Teller distortion generated by the substitution of Cr3+ for Mn3+.  The substitution 

resulted in a decrease in Mn3+/Mn4+, which had an effect on the CO state. This occurrence was caused 

by the enhanced double exchange (DE) mechanism. 

 

 

Figure 4: Plot of ln ρ against T-1/4 for a manganite sample with x = 0. The fitting line was depicted by 

solid lines using the VRH model. 
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Figure 5: Plot of ln ρ against T-1/4 for a manganite sample with x = 0.02. The fitting line was depicted 

by solid lines using the VRH model. 

 

 

Figure 6: Plot of ln ρ against T-1/4 for a manganite sample with x = 0.04. The fitting line was depicted 

by solid lines using the VRH model. 

 

Table 2: Fitted parameter obtained for VRH models fitting for Pr0.75Na0.25Mn1- xCrxO3 sample. 

Sample ρ = ρ0m exp (T0m⁄ T)1⁄4 

R2× 100% 

(%) 

Tom (K) 

(105) 

Eh (300 K) 

(meV) 

Rh (300K) 

(Å) 

N(EF)(1020) 

(eV-1 cm3) 

x = 0 0.999 1454 9.5924 2.5058 1.3087 

x = 0.02 0.999 1800 10.112 2.6411 1.0571 

x = 0.04 0.999 1564 9.7690 2.5499 1.2167 

 

4.  Conclusion 

 The analysis of electrical transport properties using SPH-VRH models show that, the values of 

activation energy obtaining from the analysis of SPH model were increase suggestively due to 

increasing of delocalization of charge carrier as a result of weakening of JT effect. Apart from that, the 

analysis of VRH model show the value of Tom were changed due to increment in Cr-doped and it were 

improved mean hopping energy also density states at Fermi level that indicate the enhancement of the 

localization of charge carrier in manganite sample. The electrical resistivity data was found to be a best 

model to fit the experimental data due to the higher value of R2. 
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