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Abstract:

Using the conventional sol-gel process, the series of non-stoichiometric oxygen lanthanum 

ferrites with the formula (δ=0.00, 0.125 and 0.25) were 𝐿𝑎0.75𝐵𝑎0.10𝑆𝑟0.15𝐹𝑒𝑂2.875 ― 𝛿

prepared. X-ray diffraction analysis confirmed the formation of the orthorhombic structure 

with Pnma space group. In the present work, we confirm the potential of 𝐿𝑎0.75𝐵𝑎0.10𝑆𝑟0.15𝐹𝑒

(δ=0.00, 0.125 and 0.25) as an efficient dielectric material. All samples show high 𝑂2.875 ― 𝛿

absorbance in the visible region with wavelength above 300 nm. The optical band gaps are 

found to increase from 3.25 to 4.1 with increasing oxygen vacancy concentration. The 

dielectric constant, dielectric loss and loss factor were carried out as a function of oxygen 

vacancy concentration and frequency (102-106 Hz) at room temperature. The variation of 

dielectric constant with frequency indicates dispersive behavior and giant dielectric response 



(more than 104) at low frequencies for compounds deficient in oxygen. Such value of  makes 𝜀′

these samples an interesting material to be used in applications namely the reduction of 

electronic components size. To summarize, incorporating vacancy oxygen enhances the 

dielectric properties. Thus, the interesting dielectric constant and weak loss strengthen the use 

for potential applications. 
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I. Introduction

Conventional perovskites with general formula ABO3, where A is rare earth and B is a metal 

transition, play a major role in the development of technological applications [1, 2]. These 

materials are easily prepared, environmentally friendly and show interesting properties [3, 4]. 

Lanthanum orthoferrite, LaFeO3, has been considered as one of the most important and 

known perovskite thanks to its significant potential in many applications [5-7]. LaFeO3 is an 

antiferromagnetic (AFM) insulator with high Néel temperature (TN∼740°C.) The 

stoichiometric LaFeO3 oxide crystallizes in the orthorhombic Pbnm space group due to the 

tilting of the octahedral FeO6 [8]. The LaFeO3 is known especially for its low band gap energy 

(Eg<3 eV) and for the presence of oxygen deficient sites in its crystal structure. Taking 

advantage of these attractive properties, this material is used in scientific and technological 

research fields [9-14].

The cationic substitution into La- sites by lower- valent cations such as Sr2+ [15, 16], Ba2+ 

[17] and Ca2+ [18] in LaFeO3 modifies the physical properties and improves their 
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performance. The double substitution of lanthanum ion with 10% of Barium (Ba) and 15% of 

strontium (Sr) enhances optical and electrical proprieties [19]. The co-doping generates 

oxygen vacancies which gives these compounds a strong asset to be used.

Currently ferroelectric perovskite with colossal dielectric constant (<1000) are a field of 

interest. This constant is related to hopping charge carriers. We aim, in this work, to improve 

this property through the incorporation of oxygen vacancy which is considered the main 

source of electron.

In previous research [20, 21], their properties can be controlled through classical ways such as 

the synthesis conditions’ variation and the doping with various cations. We herein propose a 

new method based on creating quantified oxygen vacancies leading to mixed valence of iron 

ion Fe2+/Fe3+. 

This method [22, 23] has aroused much attention thanks to the important application of these 

vacancies in high-temperature electrolysis oxygen sensors and catalysis. Moreover, it opens 

an opportunity for new multiferroic materials. This process is based on the implantation of 

oxygen vacancies using pure metallic titanium Ti.

The creation of oxygen vacancies in La0.75Ba0.10Sr0.15FeO3-δ compounds will change the 

proportions of Fe states. Fe3+ and Fe2+ concentrations would change with the amount of δ 

according to the developmental electronic formula: 

𝑳𝒂𝟑 +
𝟎.𝟕𝟓𝑩𝒂𝟐 +

𝟎.𝟏𝟎𝑺𝒓𝟐 +
𝟎.𝟏𝟓𝑭𝒆𝟐 +

𝟐𝜹 𝑭𝒆𝟑 +
𝟏 ― 𝟐𝜹𝑶𝟐 ―

𝟐.𝟖𝟕𝟓 ― 𝜹

Where, Fe2+ and Fe3+ concentrations are (2δ) and (1-2δ), respectively. 

In order to examine the influence of oxygen non stoichiometry on physical properties, the 

present paper is focused on the synthesis and investigation of the structure, surface 



morphology , optical and dielectric properties of La0.75 Ba0.10 Sr0.15Fe O2.875-δ  (δ=0.00, 0.125 

and 0.25) compounds.

II. Experimental method and Apparatus

     The La0.75Ba0.10Sr0.15FeO2.875-δ samples, with different oxygen vacancies concentrations 

(δ=0.00, 0.125 and 0.25), were synthesized following two steps:

  (LBSFO) parent compound was prepared by the sol-gel La0.75Ba0.10Sr0.15FeO3

method. Firstly, lanthanum nitrate La(NO3)3.6H2O, barium nitrate Ba(NO3)2, strontium nitrate 

Sr(NO3)2 and ferric nitrate Fe(NO3)3.9H2O with purity up to 99.9% were mixed in distilled 

water. The mixture was thoroughly stirred by magnetic mixer at 70°C. Then, acid citric 

(C6H7O7) with the amount of: n ( + + + ): n (acid citric) =1:2 was added 𝐿𝑎3 + 𝐵𝑎2 + 𝑆𝑟2 + 𝐹𝑒3 +

to the mixture under a magnetic stirring for 1hour. Ethylene glycol (PEG molecular weight 

20.000) was added later with molar ratio citric acid: ethylene = 4:10 under constant stirring. 

The acid citric and ethylene glycol were used as chelating agents to promote polymerization 

and subsequently gel formation. The obtained gel was heated at 170°C until the formation of 

black powder which was carefully ground. This powder was fired at 300°C for 12 hours, then 

it was pressed into pellets forms (of about 5 mm diameter and 1mm thickness). Finally the 

obtained powder was annealed at 600°C, 800°C, and 900°C for 24h, 48h and 24h, 

respectively.

It should be noted that the valence state (+4) of iron is metastable and the electronic charge 

compensation was generated by the formation of oxygen vacancies. The oxygen in LBSFO is 

not 100% stoichiometric and presents weak oxygen vacancies concentration (δ≈0.125) 

according to following equation:   



                                     𝑳𝒂𝟑 +
𝟎.𝟕𝟓 𝑩𝒂𝟐 +

𝟎.𝟏 𝑺𝒓𝟐 +
𝟎.𝟏𝟓 𝑭𝒆𝟑 +

𝟎.𝟕𝟓 𝑭𝒆𝟒 +
𝟎.𝟐𝟓𝑶𝟐 ―

𝟑 𝑳𝒂𝟑 +
𝟎.𝟕𝟓 𝑩𝒂𝟐 +

𝟎.𝟏 𝑺𝒓𝟐 +
𝟎.𝟏𝟓 𝑭𝒆𝟑 +

𝟏 𝑶𝟐 ―
𝟑 ― 𝟎.𝟏𝟐𝟓

(Eq.1)

 The La0.75 Ba0.10 Sr0.15FeO2.875-δ  samples were obtained by extracting oxygen from the 

parental oxide La0.75 Ba0.10 Sr0.15FeO2.875, that was placed into a quartz tube containing a 

stoichiometric proportion of metallic titanium as explained in the equation below:

La0.75 Ba0.10 Sr0.15FeO2.875 +   Ti         La0.75 Ba0.10 Sr0.15Fe O2.875-δ +   TiO2   (Eq.2)
𝜹
𝟐

𝜹
𝟐

Where, δ=0.125 and 0.25. 

The quartz tube was pumped, sealed and annealed at 800 °C for 21 days.

La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 0.125 and 0.25) samples were synthesized by sol-gel 

method followed by thermally activated process of extracting oxygen. It is clear that the 

formation of La0.75Ba0.10Sr0.15FeO2.875-δ composition is mainly caused by high reaction rate 

with the raw of LBSFO. This kind of reaction is a result of the pure metallic Ti owing high 

oxygen sorption properties. Under a reducing atmosphere, the Ti picks the oxygen from 

perovskite phase.  

In order to monitor the reaction and determine the real rate of oxygen vacancy created the 

obtained products were weighted. The rate of oxygen vacancy was checked according to the 

following equation: 

δ=  (Eq.3)
∆𝒎  ×  𝑴𝒎𝒐𝒍

𝒎 ×  𝑴𝟎

Where,

m: Mass difference of the compound before and after the reaction∆

Mmol: Molar mass of the stoichiometric La0.75Ba0.10Sr0.15FeO2.875 compound

m: Weight of the used  La0.75Ba0.10Sr0.15FeO2.875 compound 



MO: Atomic mass of oxygen 

We find a good agreement between the δ value obtained and the desired one with an error of 
10-4.

 The crystal structure of the obtained compounds was checked by X-ray diffraction (XRD) 

analysis on using CuKα1 radiation (λ= 1.5406A°). The acquisition was in the 2θ range of 

20≤2Ө≤80◦ with a step of 0.02◦. The morphology and composition analysis were carried out 

using scanning electron microscopy (SEM) equipped with an energy dispersive X-ray system 

(EDX). The Fourier transform infrared (FTIR) was recorded in the wavenumber range of 

3500–500 cm−1 using a Perkin Elmer spectrometer to figure out the different vibrational 

bonds. The optical absorption measurements have been measured from the diffuse reflectance 

spectroscopy in the wavelength range of 200-800 nm. Concerning the photoluminescence 

(PL) spectra, they were performed by spectrophotometer with the excitation wavelength of 

266 nm. For electric measurements, thin silver was deposited on both sides of pellets with a 

diameter of 5 mm and thickness 2 mm by evaporation under vacuum through a circular mask. 

Results and discussions 

1. X-ray characterisation

The room temperature X-ray pattern displayed in Fig. 1 reveals that all samples  show the 

same pervoskite structure. All peaks are identical and superimposable which can be assigned 

to the diffraction lines of the orthorhombic LaFeO3 phase (JCPDS file no. 37-1493). One peak 

corresponding to the secondary phase with low intensities were detected. Their intensity  

increases with the rise of the δ amount. The structural  refinement shows that these peaks 

matches to Fe3O4( space group Fd-3m) phase. The arise of (Fe3O4)  as impurity phases is 

generally encountered during the preparation of LFO and its derivates [24]. 



The inset Fig. 1 indicates that the principal peak is around 32.25° ;corresponding to the (121) 

planes. The intensity of the principal peak increases with oxygen vacancies concentrtion δ and 

the peak is shifted slightly towards lower angles confirming the cell’s relaxation, leading to 

the distortion of FeO6 octahedra and consequently the increase of the volume.

The Rietveld analysis of the principal phase ,  using the fullProf program [25], matched the 

orthorhombic lattice with Pnma space group. Fig. 2 presents the Rietveld plot of the 

refinements for the La0.75Ba0.10Sr0.15FeO2.875 (LBSFO), La0.75Ba0.10Sr0.15FeO2.75 (LBSFO1) 

and La0.75Ba0.10Sr0.15FeO2.625 (LBSFO2) samples. The detailed refinement parameters are 

gathered in Table 1. It is very clear that both orthorhombic lattice parameters and cell volume 

are proportional to δ vacancy rate. This evolution can have two explanations:

i) According to the electronic formula , the iron ion 𝐿𝑎3 +
0.75𝐵𝑎2 +

0.10𝑆𝑟2 +
0.15𝐹𝑒2 +

2𝛿 𝐹𝑒3 +
1 ― 2𝛿𝑂2 ―

2.875 ― 𝛿

exists on two valence states. The concentration of Fe3+ and Fe2+ cations are (1-2δ) and (2δ) 

respectively. The increase of oxygen vacancies amount favors the reduction of iron ions from 

Fe3+ into Fe2+ state with highest ionic radius ( = 0.645Å < = 0.78Å [26]). This 𝑟𝐹𝑒3 + 𝑟𝐹𝑒2 +

leads to the enhancement of the mean size of cations occupying the B-site <rB> and as a result 

the increase of the unit cell volume (The radius of the A-site remains invariant ).

The <rB>  value was determined using the following relationship:

< > = (1-2δ)⨯  + (2δ)⨯  (Eq. 4)𝑟𝐵 𝑟𝐹𝑒3 + 𝑟𝐹𝑒2 +

ii) The reduction of the electrostatic bonding forces between the cations: the oxygen vacancies 

give rise to repulsive forces between B-sites (cations positively charged). This mainly causes 

the lattice distortion.

The theoretical X-ray density is obtained using the  following equation [27]: 



=   (Eq. 5)𝒅𝒙
𝒁⨯𝑴
𝑵𝑨⨯𝑽

Where, Z is the molecular number per unit cell  (Z=4), M is the molecular weight, NA is 

Avegadro number and V the volume of the crystal lattice. The porosity P was determineted by 

the formula [27].

P(%) = ( 1- ) ⨯100 (Eq. 6)  
𝒅
𝒅𝒙

 

d =    (Eq. 7)
𝐦
𝐕

Where, d is the experimental density and m is the weight. The dx, d and P are sammurazed in 

Table 1.

 It is clear that the oxygen vacancy contributes to the improvement of the porosity which 

enhances the gaz sensitivity of our ferrites [28]. The average crystallite size is estimated from 

XRD patterns, using the Williamson-Hall and Scherrer method based on the formula below 

[29]:

=   (Eq. 8)𝑫𝑺
𝑲⨯𝝀

𝜷𝐜𝐨𝐬 𝜽

Where, Ds is the average crystallite size, K is the shape factor (0.9 for particles of spherical 

shape), λ is the wavelength used, θ is the angle of the most intense peak (121) and β 

represents the full width at half maximum of this peak. 

As shown, the average crystallite sizes calculated from XRD line broadening DS are about 32, 

41 and 46 nm for LBSFO, LBSFO1 and LBSFO2 respectively, confirming the formation of 

nanosize compounds.

The Williamson-Hall method is performed to determine the strain and the average crystallite 

size [30]:



β⨯cos (θ) = + 4⨯ɛ⨯sin (θ) (Eq. 9)
𝑲 ⨯𝝀
𝑫𝑾

Where,  is the average crystallite size and ɛ is the effective strain. 𝐷𝑤

Fig. 3(a), 3(b) and 3(c) show Williamson-Hall plot for LBSFO, LBSFO1 and LBSFO2, 

respectively. The preferred orientation peaks (020), (121), (220), (240) and (420) are picked 

to determine the crystallite size and strain. The crystallite size DW and the strain were 

extracted from the intercept and the slope of the linear fit data, respectively. The DS and DW 

values are listed in Table 2. Mentioning that there is a significant difference between the 

average crystallite sizes calculated using the sheerer method and the Williamson–Hall one. 

The equation above illustrates that the line boarding is basically isotropic and the strain is 

assumed to be uniform in all crystallographic directions. In fact, the Williamson-Hall method 

is the correction of the Scherrer’s formula by taking the strain into account (strain is 

completely abolished by Scherer method) [31].

 Morphology characterization

Fig. 4(a), 4(b) and 4(c) illustrate the scanning electron microscope (SEM) micrographs of 

La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 0.125 and 0.25) and EDX mapping images of each 

element. The surface morphology of the prepared compounds indicates that most particles 

have irregular shapes with non-uniform distribution. As can be seen from the micrograph, the 

existence of large grains with less grains boundary. 

In order to examine the distribution of detected elements, EDX mapping of La (Purple),Ba 

(cyan),Sr (slate blue),Fe (green) and O(red) is checked and presents no uniform dispersion. 

All samples reveal the presence of characteristic peaks of La, Ba, Sr and Fe elements (the 

appearance of the Carbone signal can be attributed to carbon tape on which the sample is 

mounted with holder). The results of EDX analysis are depicted in Table 3. The elemental 

composition values are in a good agreement with the nominal composition (the molar ratio of 



about 1:1:3 according to the stoichiometry (La, Ba, Sr)/Fe/O) proving that there is no loss of 

any integrated element during the sintering.

2. FTIR characterization 

The FTIR spectra of  La0.75Ba0.10 Sr0.15FeO2.875-δ (δ=0.00, 0.125 and 0.25) in the wavenumber 

range of 500–3500 cm-1 are displayed in Fig. 5. All samples feature a very strong band 

between 583 and 600 cm-1. The strong vibration is typically attributed to the Fe–O stretching 

vibration characteristics of the group FeO6 octahedron of the rare earth orthoferrites [32]. The 

Fe-O bands shift slightly in the positions and a significant increase in their intensity has been 

observed with the increase of δ. These variations are consistent with the peak shift in X-ray 

diffraction. A small peak around 2162 cm-1 can be related to the CO2 absorption band. 

Nevertheless, broad and intense absorption bands are observed at 3329, 1707, 1666, 1591, 

1460, 1368, 1035 and 859 cm-1, only for the parent compound. The broad band at around 

3329 cm-1 corresponds to the symmetric and asymmetric stretching vibration of water 

molecules [33]. The absorption bands at 1035 and 859 cm-1 can be attributed to the presence 

of carbonates [34, 36]. While the presence of peaks around 1591 and 1460 cm-1 confirms the 

complexation process between citric acid and metal ions and qualifies the asymmetric 

stretching mode of metal carbonates [37]. The peaks at 1707, 1666 and 1368 cm-1 are 

assigned to the C=O, bonding vibrations of the water molecules and nitriles groups, 

respectively [38].

3. Optical measurements

The aim of the UV-vis absorption and PL measurements is to study the optical photoelectric 

and electronic properties of semiconductor materials. 



Fig. 6 shows the UV–Vis diffusion reflectance analysis of La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 

0.125 and 0.25) in the wavelengths ranged from 200 to 800 nm. The UV-Visible absorption 

spectra for all samples point out a sharp and intense absorption band in the visible region 

(around 300 nm). The absorption coefficient is [39]: 

α = 2.303A/t (Eq. 10)

Where, A is the absorbance and t is the thickness of the cuvette 1cm. 

It is clear that this coefficient decreases with high wavelengths. According to the literature, 

this band is ascribed to the electronic transition from the valence band to the conduction band 

(O 2p → Fe 3d) [40, 41].

The optical band gap value is determined using the Tauc relationship [42, 43]:

(α ν h) = A (hν - Eg) n     (Eq. 11)

 Where, h is Planck’s constant, ν is the photon frequency, Eg is the optical band gap and n is 

an index that characterizes the optical absorption process. 

In previous published work [44], the LaFeO3 compound has a direct band gap. So, 

theoretically [45] n is equal to 1/2 for a direct allowed transition. The Inset of Fig. 6 displays 

the variation of (αhν) 2 vs. photon energy (hν). The optical band gap can be deduced from the 

tangential line drawn on the linear region of the Tauc plot. The Eg value for δ=0.00, δ=0.125 

and δ=0.25 samples is supposed to be equal to 3.25, 4 and 4.1 eV, respectively. The band gap 

value is found higher in this work due to the small crystallite sizes (about 30 and 40 nm) [34]. 

The samples with δ=0.00, 0.125 and 0.25 have a wide band gap in the visible range indicating 

that our sample could be a perfect candidate for new high frequency optoelectronic devices 

[46].



 An intense band is detected around 540 nm under 266 nm excitation. We should mention that 

the emission is detected only for LBSFO1 and LBSFO2 (brick red powder) while LBSFO 

parental compound is opaque (black powder). Fig. 7 shows PL spectra of 

La0.75Ba0.10Sr0.15FeO2.875-δ (δ= 0.125 and 0.25). The oxygen vacancies creation increases the 

free electron concentration for LBSFO1 and LBSFO2 samples (check Eq. 12). The PL 

emission was a result of recombination of excited electron- hole pair. 

              +   + 2e- (Eq. 12)𝑂2 ― 1
2 𝑂2 𝑉••

𝑂

In addition to the Uv-Vis measurement, PL signal can be also attributed to the electronic 

transitions from the valence band to conduction band [41].

4. Dielectric measurements

Dielectric properties are investigated to understand the conduction process and the origin of 

dielectric loss. The dielectric permittivity is given by the following relation: 

(ω) = (ω) - j (ω) (Eq. 13)𝜀 ∗  𝜀′ 𝜀′′

Where, (ω) and (ω) are the real and imaginary parts of dielectric permittivity. The 𝜀′ 𝜀′′

dielectric constant and the dielectric loss can be expressed as follows:

=   (Eq. 14)ε′
(Cp⨯t)

A ε0

=     (Eq. 15)ε′′
t

ωAε0Rp 

Where, εo represents permittivity of free space which is equal to 8.854 x10-12 F/m, Cp is the 

capacitance of the specimen and R is the resistance. A and t are the thickness and the area of 

the pellet, respectively.



The frequency dependence of the real and imaginary parts of permittivity at room temperature 

for La0.75Ba0.10Sr0.15FeO2.875, La0.75Ba0.10Sr0.15FeO2.75 and La0.75Ba0.10Sr0.15FeO2.625 samples is 

given in Fig. (8). As seen, all samples show similar behavior. The sudden decrease of 

dielectric constant, when frequency increases, indicates the dispersive behavior. Then  𝜀′

decreases until it reaches a constant value at higher frequencies. It is remarquable that all 

samples exhibit very high dielectric constants at low frequencies which may be caused by 

grains boundary defects, oxygen vacancies… [47, 48]. The dielectric behavior in these 

materials can be described through Maxwell–Wagner model [49, 50] and explained by 

Koop’s theory of dielectrics [51]. 

The higher value at low frequencies, according to authors [52], is due to the various origins of 

polarization: combination of electronic, ionic, dipolar and space charge polarizations.

The obtained giant dielectric constants (exceed than104 for LBSFO1) show large polarization 

of atoms. The hole hopping between Fe3+ and Fe2+ can be responsible of the dipolar 

polarization while the oxygen vacancy acts like space charge induced electrical polarization 

[53] in our materials. The creation of oxygen vacancies increases the repulsive Columbic 

forces between Fe ions. As a result, the elementary dipolar moment increases (increase of 

FeO6 tilting).  

At low frequencies, the electric dipoles can rotate freely, follow the variation of external field 

and align themselves with alternating field giving rise to high dielectric constant. As the 

frequency increases, the dipoles are not moving enough to react with the applied ac electric 

field and consequently the dielectric constant decreases and remains constant at higher 

frequencies.

The dielectric constant of sample with δ=0.125 is more than 104 (100 time higher than the 

parental compound one). It is very clear, from the curve, that the increasing of oxygen 



vacancy concentration decreases the dielectric constant (2000 for sample with δ=0.25) which 

is beneficial in for future applications.

The imaginary permittivity  as a variation of frequencies is plotted in Fig. (8b), decreases 𝜀′′ 𝜀′′

when the frequency increases and remains constant at higher frequencies for all samples. The 

peak in  is given by the hopping of charge carries Fe3+/Fe2+: This is a common behavior in 𝜀′′

ferrites [54].

The dielectric loss, defined as the ratio of the imaginary part  and the real part , is revealed 𝜀′′ 𝜀′ 

in Fig. (8c). It can be seen that the variation of tanδ exhibits a very similar behavior as the 

dielectric constant ε’. At low frequencies, high dielectric loss in the material is noticed which 

is due to grain boundary defects. Dielectric loss (tgδ) decreases with the increase of oxygen 

vacancy concentration. The high Dielectric constant and the low dielectric loss are observed 

after oxygen vacancy creation. That’s why these compounds may be suitable to be used in 

applications such the reduction of electronic components’ size [55].

5. Conclusion

In this work, the  (δ=0.00, 0.125 and 0.25) samples were  𝐿𝑎0.75𝐵𝑎0.10𝑆𝑟0.15𝐹𝑒𝑂2.875 ― 𝛿

successfully synthesized by the sol-gel method. The XRD analysis indicates the formation of 

orthorhombic structure with the detection of a small amount of Fe3O4 as secondary phase. The 

creation of oxygen vacancies leads to a slight increase of both lattice parameters and volume. 

Besides, the particle size was in nanometric region; between 30 and 40 nm. The optical band 

gaps increase proportionally to the oxygen vacancy concentration. Regarding the dielectric 

constant, its plot shows a very high value at low frequency. Such variation can be interpreted 

by Maxwell-Wagner polarization. The dielectric loss as a function of frequency features the 

same evolution of .  𝜀′



In summary, the oxygen vacancy improves the dielectric property by performing a very 

interesting dielectric constant and weak loss which is beneficial for potential applications.
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Figure captions:

Fig. 1: X-ray diffraction patterns of La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 0.125 and 

0.25) compounds. Inset: the variation of the principal peaks of 

La0.75Ba0.10Sr0.15FeO2.875-δ  (δ=0.00, 0.125 and 0.25) compounds.

Fig. 2: Room temperature rietvield refined powder XRD pattern of 

La0.75Ba0.10Sr0.15FeO2.875δ (δ=0.00, 0.125 and 0.25) compounds.

Fig. 3: Williamson–Hall plot of La0.75Ba0.10Sr0.15FeO2875-δ:  (a) For LBFSO, (b) for 

LBSFO1 and (c) for LBSFO2.

Fig. 4: SEM micrographs and corresponding EDS spectra of 

La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 0.125 and 0.25) compounds. 

Fig. 5: Ftir spectra of La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 0.125 and 0.25) 

compounds.

Fig. 6: UV-Visible absorbance spectra of La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 0.125 

and 0.25) compounds. Inset: Plots of (αhν) 2 vs. photon energy (hν).

Fig. 7: PL spectra of  La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.125 and 0.25) compounds.

Fig. 8: Variation of (a) real part of permitivity, (b) imaginary  part of permitivity 

and (c) dielectric loss (tanδ) with frequency of La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 

0.125 and 0.25) compounds.
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Research Highlights

 La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 0.125 and 0.25) samples prepared by sol gel 

method followed by thermally activated process 

 The three samples crystallize in the orthorhombic structure belonging to Pnma space 

group, with nanometric crystallite size (30-46 nm)

 For all samples, the FTIR  spectra exhibit a very strong vibrational band between 580-

620 nm 

 Oxygen vacancy creation highly influences the optical and dielectric proprieties 

 Compounds owing oxygen vacancy afford  important dielectric constant (104) and 

weak loss



Table captions:

Table I: Cell parameters, unit cell volume, mean radii (< rB>) and X-ray density (dx) values of  

La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 0.125 and 0.25) samples.

Table II: Average crystallite size values of La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 0.125 and 0.25) 

samples.

Table III: Atomic ratio of element detected of La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 0.125 and 

0.25) samples.

Table I: Cell parameters and X-ray density values of La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 0.125 

and 0.25).

δ                                                  0.00                                  0.125

Space group                               Pnma                               Pnma                                 

           0.25

           Pnma                                  

a(Å)                                    5.5381                              5.5397

b(Å)                                     7.836                       7.8349

c(Å)                                   5.532                              5.5435

V(Å3)                                 60.129                              60.151

<rB> (Å)                               0.645                                 0.678

Fe2+(%)                                  0                                         25

dx (g/cm3)                             6.44                                  6.37

d  (g/cm3)                             4.59                                4.32

P (%)                                    29                                         32

5.5437

7.856

5.5536

60.467

0.712

50

6.31

3.98

37



Table II: Average crystallite size values of La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 0.125 and 0.15).

Compounds Average crystallite 
size 
Scherer’s 
method

Ds (nm)

W-H 
method

 DW(nm)

δ= 0.00                                    

δ= 0.125                                    

32

41

70

          89

δ = 0.25             46 108

Table III: Atomic ratio of element detected of La0.75Ba0.10Sr0.15FeO2.875-δ (δ=0.00, 

0.125 and 0.25).

Element δ=0.00                   δ=0.125            δ= 0.25

La (%) 10.53                      12.91              13.23

Ba (%) 1.70                         1.99               2.01

Sr (%) 2.31                          2.90               2.78

Fe (%) 15.20                       18.02                 18.45
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