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Abstract 

The double perovskite structure is interesting for many researches in various fields of physics 

and their technological applications. The LaPbFeTiO6 (LPFTO) compound is a very important 

for many technologies because it has dielectric and electrical properties. It has made an 

attractive semiconductor material for the electronic field, such as the realization of filters or 

capacitors. In this work, LaPbFeTiO6 was prepared by the sol-gel method.The structural, 

morphological and electrical properties of this sample were studied using different techniques. 

X-ray diffraction analysis, the sample crystallized in the rhombohedral system with space 

group R3̅C. The surface of the sample and the average grain size were examined by scanning 

electron microscope (SEM). The electrical conductivity and dielectric characterizations were 

studied as a function of frequency and temperature (200-380K) by impedance spectroscopy. 

Indeed, the dielectric constant increases with increasing temperature. The AC conductivity 

obeys the Jonscher power law. The activation energy obtained from the complex impedance 

and the conductivity are close. The frequency dependence of the electrical impedance shows 

the existence of a relaxation phenomenon. 

Keywords: Double perovskite; Sol-gel method; X-ray diffraction; Complex impedance; 

dielectric relaxation; conductivity 
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1. Introduction 

Double perovskite compounds have the general formula A2BBO6 or AABBO6, where 

the cations occupying the A site of the perovskite are essentially alkaline earth or rare earth 

metal ions, while the B' and B'' sites are two transition metals that can be ordered to 

https://aip.scitation.org/doi/abs/10.1063/1.4991140
https://aip.scitation.org/doi/abs/10.1063/1.4991140


octahedral sites thus forming the octahedra B'O6 and B''O6. These materials have attracted a 

lot of interest in recent years because of their variety of physical properties. Varying the 

choice of B' and B'' cations, these compounds present a wide variety of electrical and 

magnetic properties, namely, metallicity, semi-metallicity, insulation as well as 

ferromagnetism (FM), ferrimagnetism (FIM) and antiferromagnetism (AFM) [1,2]. 

Multiferroic materials exhibit more than one ferroic order. In particular, materials in which 

ferromagnetic and ferroelectric orders coexist are attracting much attention in fundamental 

physics and chemistry [3-5]. In the case of ferroelectric, the word ferro indicates that a 

material has a permanent electric polarization even in the absence of an electric field and a 

residual magnetization that can be reversed by the application of the magnetic field in the case 

of ferromagnetic. Moreover, the first studies are devoted to oxides of types Ln1-xAxMnO3, x ∈ 

[0,1] (Ln = terre rare, A = Ca, Ba, Sr ...) [6,7]. Manganese has very important magnetic 

properties (ferromagnetic and antiferromagnetic).  

Indeed, important theoretical advances, with the development of new concepts in solid state 

physics, have been actively studied on these oxides. These studies have been the basis for the 

development of the double exchange (DE) [8] and super exchange (SE) [9] theories. Indeed, 

the first material used for dielectric properties was Rochelle salt, used in phonographs, 

currently lead-based perovskites, such as Pb(ZrxTi1-x)O3 (PZT) or Pb(Mg1/3Nb2/3)O3-PbTiO 

(PMN-PT) [10-14], are the most used. These materials have the best piezoelectric and 

ferroelectric properties with limited fabrication cost.  

Moreover, researchers have become interested in double perovskite compounds due to their 

different physical properties, which can be adjusted by applying electric and magnetic fields; 

ferroelectric perovskites are examples of such interesting compounds; they are used in various 

technological applications such as non-volatile memories, sensors, capacitors, high voltage 

line insulation, electric motor spark plugs, circuit breakers and switches, microwave dielectric 

filters and pyroelectric detectors. Thus, perovskites have a wide application in modern 

electronics due to their high dielectric permittivity, high piezoelectric coefficient, 

ferroelectricity, semiconductivity, catalytic activity and thermoelectricity. 

One of the main objectives of this work was to prepare a new double perovskite LPFTO 

material by the sol-gel route and to study the structural, morphological and electrical 

properties.The dependence of the electrical conductivity and dielectric constant on 

temperature and frequency was studied for the sample in the range of the setting. This was 



done keeping in mind that it is a very interesting material with high permittivity to be used in 

electronics and energy storage.  

2. Experimental Details 

2.1 Sample Preparation 

The sample LPFTO was prepared by sol – gel as shown in Fig. 1. The various precursors were 

dissolved in nitric acid and water distilled at 120°C for 4 h with stirring magnetic mixer. 

Then, citric acid and ethylene glycol are added. The obtained solution was dried and calcined 

to obtain a nano-crystalline powder. The material was crushed and pressed into a pellet and 

then sintered. Finally, it was annealed between 600 °C and 1000 °C for 10 h to obtain a 

homogeneous material.  

2.2. Sample Characterization 

However, the powder was characterized by X-ray diffraction (XRD), using an X’Pert MPD 

Philips diffractometer (CuKα radiation, λ = 1.54060 Å) was performed at room temperature. 

The surface morphology of the sample was analyzed by scanning electron microscopy (SEM), 

using a TESCAN Vega 3 microscope. Before microscopic observation, the sample was coated 

with carbon to promote surface conductivity. 

For electrical measurements, the sample was prepared as a disk, which was configured as a 

planar capacitor, where the opposing surfaces were painted with a conductive silver paste that 

forms two electrodes. The impedance spectroscopy was performed using a precision 

impedance analyzer Agilent 4294A, in Cp-Rp configuration (capacitance in parallel with 

resistance), in the frequency range of 100 Hz - 1 MHz and temperature from 200 to 380 K, 

using a cryostat-bath in which the sample is in a helium atmosphere to improve heat transfer 

and avoid humidity. 

3. Results and Discussion 

3.1. XRD Analysis and Morphological Characterisation 

Fig.2 shows the X-ray diffraction (XRD) pattern of LaPbFeTiO6. From the figure, there is no 

secondary phases detected, which shows that the material is a single-phase and well 

crystallized. It crystallizes in the rhombohedral system with the space group R3̅C and there is 

an accordance between the calculated and measured intensities which shows the good 

crystallization. The refined structural parameters for the sample were found to be a=b= 5.5655 



Å, c= 13.5861 Å, V= 364.4466 Å3 and the reliability factors were found 2 = 1.58, Rf = 1.46 

and Bragg factor RB = 1.96. In the context of the morphological study of grains, the mean 

crystallite size calculated using Debye – Scherrer formula [15]: 

D = 
0.9.𝜆𝛽.𝐶𝑂𝑆 𝜃    (1) 

where, D is average size of crystallites, λ is wavelength (1.54060 Å), β is width at mid-height 

of the peak and θ is the diffraction angle of the peak considered. We get the grain size is 370 

nm. Fig.3 shows the LPFTO surface morphology recorded for a gold-plated bulk pellet 

sample using a scanning electron microscope (SEM). The nature and size of the 

microstructures of the sample suggest that the surface is very dense due to the uniform grain 

distribution separated by grain boundaries with different size ranges. The grain size is equal to 

366 nm, which is an agreement with the particle size, calculated from the XRD results. 

3.2. Impedance Spectroscopy and Dielectric Study 

Fig. 4 shows the temperature-dependence of the complex impedance spectra (Nyquist plot) 

(Z'' vs. Z') of the prepared sample. The spectra in this graph are characterized by semicircle 

arcs centered on the real axis Z'. These arcs represent the grain and the grain boundary, 

respectively. We deduce a non-Debye type relaxation [16, 17]. Indeed, the increase of the 

temperature indicates the decrease of the diameter of the semicircular arcs, which explains a 

semiconducting behavior of this material [17]. The impedance decreases with the increase of 

temperature, causing the displacement of charge carriers involved in the conduction 

mechanism [16]. The different spectra are refined using the Zview software. Therefore, the 

experimental data of the LPFTO compound are modeled by an equivalent circuit composed of 

three elements (R, C and CPE) in parallel. The constant phase element (ZCPE) is determined 

from the following equation [18]: 

ZCPE = 
1𝑄(𝑗𝑤)𝛼     (2) 

Or, CPE is the fractal capacitance was used instead of a pure capacitance to account for the 

decentering of the associated semicircle from the Z' axis [19]. More generally, the use of a 

FPC reflects deviations from an ideal dielectric behavior and thus from a time distribution. 

Therefore, the fractal capacitance is characterized by two parameters: a coefficient Q and an 

exponent α (0 ≤ α ≤ 1), which represents the amount of deviation from an ideal system. The 



parameters of the equivalent electric circuit corresponding to the compound under study is 

deduced from a good quality of the "fit" we performed and are summarized in Table 1.  

The frequency dependence of the real part of impedance (Z') at different temperatures is 

shown in Fig. 5. It is observed that Z' for low frequencies, is larger at low temperature than at 

high temperature, indicating that the conductivity increases with temperature. But, for high 

frequencies from 105 Hz, the values of the latter gradually decrease and merge, probably due 

to the reduction of the barrier at high temperature, which was compensated by the release of 

space charges [16, 17].  

Fig. 6 shows variation of the imaginary part of the impedance (Z'') at different temperatures. It 

is clear that (Z'') decreases with increasing frequency and increasing temperature. Z'' reaches a 

maximum at a specific frequency (Zmax), due to the relaxation of the material [16]. This 

maximum frequency is called the relaxation frequency fmax. The inverse of this is known as 

the relaxation time (τ). According to the figure, the relaxation peaks drift towards the high 

frequency region, which indicates a decrease of the relaxation time with increasing 

temperature. In addition, this relaxation phenomenon is probably due to defects at higher 

temperatures and immobile species at lower temperatures [19]. The relaxation time is given 

by the following Arrhenius law [16-19]: 𝜏  = 𝜏0 𝑒𝑥𝑝 ( −𝐸𝑎𝐾𝐵  𝑇 )   (3) 

Where Ea is the activation energy, τ0 is the characteristic relaxation time, and KB is the 

Boltzmann constant. The activation energy is defined by the energy required for the charge 

carrier to jump between neighboring sites [20]. We obtain a value equal to 0.32 eV and τ0 = 

2.36 10-10 s. To explain the dielectric relaxation of the material, we plot the normalized 

spectrum of the imaginary Z/Zmax part of the impedance in Fig. 7. All the normalized spectra 

do not overlap, indicating that the dielectric relaxation is temperature dependent [21]. It is 

observed that all the spectra shift to higher frequencies as the temperature increases.  

The frequency dependence of the real part of permittivity dielectric is shown in Fig. 8. The 

values of ε' increase globally with temperature; this increase is much more marked for 

frequencies below 103 Hz. This is due to the accumulation of charges at the interfaces 

between the sample and the electrodes. On the other hand, the real part is relatively high at 

low frequency and decreases with increasing frequency, indicating dielectric dispersion. 

Furthermore, the dielectric behavior is explained by a polarization process belonging to the 



grain boundary contribution. At low frequencies, charge carriers are accumulated in the grain 

boundary and the hopping requires more energy, which increases the dielectric constant [22]. 

The highest value of ε' obtained at room temperature is useful for capacitor, transducer and 

microwave applications. Therefore, this material is important in the electronic field because of 

its high permittivity. 

3.3. Conductivity Study 

In order to analyze the dynamic response of the material as a function of the applied electric 

field, the study of the experimental data was performed on the conductivity, also called 

alternating current conductivity (σAC), this conductivity is associated with the conduction of 

electric charges whose direction is in phase with the applied electric field and their frequency 

dependence also provides information on the nature of the charge carriers. The frequency 

dependence of the conductivity follows the Jonscher’spower law [23]: 𝜎 (𝜔)= 𝜎𝐷𝐶 + A 𝜔𝑠   (4) 

where ω is the angular frequency, σDC is the conductivity, A is a constant and s represents the 

interaction between the mobile ions and the surrounding lattices, which can have a value 

between zero and unity . Fig.9 shows the variation of σAC of the sample with frequency at 

different temperatures. The conductivity curves can be divided into two parts. The first part 

(the low frequency region), represents the behavior where the conductivity curves show a 

frequency independent plateau which has been assigned to the DC conductivity. The second 

part (the high frequency region), represents the AC conductivity, which increases 

progressively with frequency. Indeed, the conductivity increases with temperature, which may 

be caused by an intensification of the charge carrier hopping process [22, 23]. According to 

Jonscher [24], the variation in high-frequency conductivity is at the origin of the relaxation 

phenomenon in the material which is due to the mobility of the charge carriers, that is to say 

the displacement towards a new site at from the original position. We performed the fit in Fig. 

9 using equation (4) with ORIGIN 8.0 software; the experimental results are summarized in 

Table 2. This result can be explained that the material is semi-conductive. Fig.10, illustrates 

the dependence of DC conductivity and linear Ln (σDC) as a function of 1000/T, the activation 

energy can be obtained from the Arrhenius equation follows the Arrhenius law [23, 25]: 

𝜎(T) =  𝜎0 𝑒𝑥𝑝 ( −𝐸𝑎𝐾𝐵  𝑇 )     (5) 



where Ea is the activation energies, σ0 is the pre-exponential term and KB is the Boltzmann's 

constant. Starting from equation 5, it is then possible to write: 

𝐿𝑛 [𝜎(T)] = − 
𝐸𝑎𝐾𝐵  𝑇 + 𝐿𝑛 (𝜎0) (6) 

The activation energy can then be determined by calculating the slope of the line representing: 𝐿𝑛 [𝜎(T)]= f (
1𝑇).  The activation energy value obtained for LaPbFeTiO6 is 0.29 eV, it is clear 

that the activation energy values obtained from the conductivity and dielectric relaxation 

analysis are very close, indicating that the electric charge carriers originate from the hopping 

mechanism [26].  In the region of higher frequencies and temperatures, the conductivity 

values are large, which is attributable to a higher mobility of the charge carriers. The mobility 

of μ carriers is defined by the following relationship [27]: 

𝜇 = 
𝜎𝐷𝐶 𝑀𝑁𝐴𝜌 𝑛 𝑒    (7) 

where ρ is the density, M is the molecular weight of the sample, n is the number of charge 

carriers, and e is the elementary charge. The temperature dependence of the charge carrier 

mobility of the sample is shown in Fig.11. It can be seen that the charge carrier mobility 

increases with temperature. The motion is less than that of electrons and holes [20], except for 

the electron motion and/or the hole motion of the DC conduction mechanism. Finally, from 

the AC conductivity mechanism, we can deduce the variation of the exponent s [22]. The aim 

of our study is to identify the conduction model that allows us to understand the electric 

charge transport phenomena in the studied material. We consider the temperature dependence 

of this parameter in the same Fig.11. S decreases with increasing temperature, indicating a 

dominant conduction mechanism [28]. When s <1, it indicates a transitive oscillation motion, 

while s> 1 suggests a localized jump [24]. From Figure 11, the material exhibits a localized 

hopping mechanism throughout the studied temperature range. However, this parameter 

decreases with increasing temperature, suggesting that the Correlated Barrier Hopping or 

CBH model [29, 30]. The model is introduced by Pike [31] and then modified by Elliott [32], 

which describes the hopping of a charge carrier over an energy barrier. A favorable hopping 

between two states no longer depends only on the distance or the energy difference, but on a 

correlation between the two values. 

 

 



4. Conclusion 

In this work, we successfully synthesized the ceramic material LaPbFeTiO6 by sol-gel 

method. XRD and SEM studies at room temperature confirmed that the material is single-

phase, crystallizes in the rhombohedral system with the space group R3̅C and very dense. The 

impedance spectroscopy analysis was used at a temperature of 200-380 K and at a frequency 

up to 1MHz; it shows the appearance of a relaxation phenomenon of the material. The 

dielectric study confirms that the sample has a high permittivity; the values of the dielectric 

constant suggest that the material can be used for the electronic field in technological 

applications. The AC conductivity obeys the Jonscher law. The activation energy values are 

estimated from the analysis of the electrical conductivity and relaxation are very close, 

indicating a common electrical transport mechanism. Finally, activation energy calculations 

revealed a semiconducting behavior of LPFTO. The variation of the exponent s with 

temperature confirms the correlated barrier hopping conduction model CBH. 
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Figures Captions 

Fig. 1 Schematic illustration of the synthesis of LaPbFeTiO6 powder by sol–gel method. 

Fig. 2: X-ray powder diffraction of LaPbFeTiO6 recorded with the Cu Kα radiation. 

Fig. 3: SEM images of LaPbFeTiO6. 

Fig. 4: Nyquist plots of the LaPbFeTiO6. 

Fig. 5: Variation of real part of the impedance as a function of frequency at various 

temperatures. 

Fig. 6: Variation of imaginary part of the impedance as a function of frequency at various 

temperatures. 

Fig.7: The normalized  spectra of the imaginary impedance Z/Zmax at different temperatures. 

Fig. 8: Frequency and temperature dependencies of the dielectric constant of LaPbFeTiO6. 

Fig.9: Frequency and temperature dependencies of the electrical conductivity of the  

LaPbFeTiO6. 

Fig.10: Temperature dependence of the DC conductivity of the LaPbFeTiO6 ceramic and the 

linear ln (σDC) as a function of 1000/T, which satisfy the Arrhenius law. 

Fig.11: Temperature dependences of the charge carriers mobilities and the exponent s of the 

LaPbFeTiO6. 

 

 

 

 

 

 

 

 

 

 

 



Table captions 

Table 1 : Parameters of refinements of the equivalent circuit proposed for the compound 

LaPbFeTiO6. 

Table 2 : Results of adjustment of Jonscher power-law of the alternative conductivity for the 

compound LaPbFeTiO6. 

 



Figures

Figure 1

Schematic illustration of the synthesis of LaPbFeTiO6 powder by sol–gel method.



Figure 2

X-ray powder diffraction of LaPbFeTiO6 recorded with the Cu Kα radiation.

Figure 3



SEM images of LaPbFeTiO6.

Figure 4

Nyquist plots of the LaPbFeTiO6.



Figure 5

Variation of real part of the impedance as a function of frequency at various temperatures.



Figure 6

Variation of imaginary part of the impedance as a function of frequency at various temperatures.



Figure 7

The normalized spectra of the imaginary impedance Z′′/Zmax at different temperatures.



Figure 8

Frequency and temperature dependencies of the dielectric constant of LaPbFeTiO6.

Figure 9

Frequency and temperature dependencies of the electrical conductivity of the LaPbFeTiO6.



Figure 10

Temperature dependence of the DC conductivity of the LaPbFeTiO6 ceramic and the linear ln (σ_DC) as a
function of 1000/T, which satisfy the Arrhenius law.



Figure 11

Temperature dependences of the charge carriers mobilities and the exponent s of the LaPbFeTiO6.
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