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Pure Lanthanum Ferrite (LaFeO3) nanoparticles and Lanthanum Magnesium Ferrite 
(LaMgxFe1-xO3) nanocomposites have been prepared by the sol-gel auto-combustion 
method. The structural and morphological properties were investigated by X-ray 
diffraction (XRD), Scanning electron microscopy (SEM) and energy dispersive X-ray 
(EDAX) spectroscopy. Powder XRD studies revealed that the samples are pure 
orthorhombic perovskite crystals with a size of around 20–50 nm. The FT-IR spectra of 
pure and composites was confirmed the formation perovskite structure. It has been 
discovered that composites material functions as an electrode in supercapacitors after its 
electrical characteristics have been examined by galvanostatic charging and discharging 
(GCD), cyclic voltammetry (CV), and electrochemical impedance spectroscopy (EIS) with 
a 2 M KOH electrolyte. 
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1. Introduction 
 
Lanthanum iron oxide (LaFeO3) is an iron oxide [1] that can be very well used in fields 

such as electricity and many other industries due to its unique properties. Nanoscience helps us 
change the properties of metal oxides to obtain new structures, electrical and electronic energy [2]. 
Changing the size of nanoparticles creates new materials ranging from less than 100 nanometers in 
a single dimension. There is a difference in terms of applications and properties 
of LaFeO3 nanoparticles are reviewed [3]. Different preparation methods such as precipitation 
method and sol-gel automatic combustion method are being studied to increase quality and 
efficiency. At various nanoscales, LaFeO3 exists in different sizes of 1D (such as rods), 2D (such 
as plates) and 3D structures (such as flowers), so it has received many applications as new 
products [4]. Similarly, metal-doped LaFeO3 nanoparticles also obtained properties 
and behavior [5]. Doped LaFeO3 has a chorus-like morphology with a structure consisting of 
several ordered phases [6]. Photocatalytic, battery, sensor and electrical properties 
of LaFeO3 nanoparticles and their doping with different elements were investigated [7]. Thanks to 
the use of all the benefits of LaFeO3 nanoparticles in the platform, new analyzes 
of LaFeO3 nanoparticles are also possible. Additionally, identification of new metals in aqueous 
solutions may be a solution for better removal of contaminants [8]. The use of LaFeO3 

nanoparticles and their doping with earth metals has also begun to be used in many applications. 
Although the problems related to LaFeO3 have been investigated, its effect on the properties of the 
material has not been investigated much. As mentioned in [9], different additives were investigated 
for LaFeO3. 
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Since ferrite material is used in several technologies, including photo catalysts, magnetic 
properties and sensors for sensing gases, it has undergone a great deal of study [10]. A relatively 
small quantity of rare earth metals can be utilized to alter the characteristics of ferrites. Several 
recent investigations have explained that the intrinsic studies of ferrites can be enhanced by 
incorporating rare earth ions [11–13]. The chemical formula of such ferrite is ABO3, where A 
stands for rare earth elements and B stands for transition metals. One of the oxides in the 
perovskite class is LaFeO3. LaFeO3 has an orthorhombic or cubic crystal structure with band gap 
energy of 2.1 eV. [14] The particle size, surface morphology, thermal, and electrical properties of 
LaFeO3 are modified by the inclusion of transition metal [15]. To emphasise the characteristics of 
ferrites, several attempts have been made by incorporating magnetic and nonmagnetic materials 
with different sites A and B of perovskite materials like lanthanum [16], manganese [17], 
neodymium [18], praseodymium [19], zinc [20], etc. Lanthanide and actinides are well-known rare 
earth elements. In the Lanthanide series, lanthanum is the lightest, most abundant material, having 
the lowest vapour pressure at its melting point, the highest boiling point, and a superconducting 
nature at atmospheric pressure. [21]. By the method of sol-gel citrate combustion, ferrites of rare 
earth element nanowires with anodic aluminium oxide were synthesised (22). The addition of 
catalysts to the various preparation routes has previously been investigated [23, 24], and the 
morphological features of electrodes were compared. This investigation explicates the preparation 
of Mg substitution of lanthanum ferrite nanoparticles by citrate autocombustion route. 

 
 
2. Experimental details 
 
2.1. Materials 
All chemicals (La (NO3)2.9H2O, Mg (NO3)2.6H2O, Fe (NO3)3.9H2O, and citric acid) were 

purchased (up to 98.99% purity) from Aldrich and Rankem chemical suppliers and used as 
received. The de-ionized water was used as the solvents. The entire chemical was used without any 
further purification. 

 
2.2. Preparation of LaFeO3 nanoparticles and LaMgFeO3 nanocomposites 
La (NO3)2.9H2O, Mg (NO3)2.6H2O, Fe (NO3)3.9H2O, and citric acid were used as starting 

materials for the sol-gel citrate self-ignition technique to synthesize with mol of (x = 0.0, 0.1, 0.2, 
and 0.3). The metal nitrates were dissolved in citric acid at 50° C, and sol was formed with 
continuous stirring for 3 hours. Next, the sol gets dehydrated at 120 °C for two hours so as to form 
a gel. The ash-like powder is then formed, followed by autocombustion. This ash was taken in a 
silica crucible and fine-powdered by grinding. In order to produce magnesium-doped lanthanum 
ferrite (LFM) nanoparticles, the fine powder must be calcined for duration of five hours at 650 °C 
in the muffle furnace. 

 
2.3. Material characterizations 
X-ray diffraction pattern for the LaFeO3 nanoparticles and LaMgFeO3 nanocomposites 

was analyzed using an X-ray diffractometer (X’Pert Pro - PAnlytic) using Cu Kα radiation of 
wavelength 𝜆𝜆=0.1541 nm in the scan range 2𝜃𝜃=10-80∘. Morphology of the nanoparticles was 
analyzed using scanning electron microscope (DESKTOP Mini - SEM with EDS, SNE- 3200M, 
SEC) which also has been used for compositional analysis of the prepared nanoparticles. The 
optical absorption spectra of prepared nanoparticles were recorded using a UV-VIS 
spectrophotometer (Thermofisher Evaluation 220). The functional groups of prepared 
nanoparticles were recorded using a FTIR spectrophotometer (Thermo Nicolet 380). The 
electrochemical capacitive behavior has been examined using a (CH – Instrument) electrochemical 
work station. 
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3. Results and discussion 
 
3.1. Powder XRD Studies 
Figure 1 show XRD spectrum for pure LaFeO3, nanoparticles and Mg doped LaFeO3 

nanocomposite with different concentration. It can be clearly seen that, there is no difference in 
XRD patterns of pure LaFeO3, nanoparticles and LaMgFeO3 nanocomposite. The XRD spectrum 
of LaMgFeO3 nanocomposite consists of peaks corresponding to the presence of LaFeO3, 
nanoparticles used during the synthesis. The absence of other overlapping peaks at the sample 
peak position indicates that the sample preparation was single-phase, i.e. only pure 
LaFeO3 molecules were present. 

 

 
 

Fig. 1. XRD spectra of LaFeO3 nanoparticles and LaMgFeO3 nanocomposites. 
 
 
LaFeO3 crystalline sizes were estimated using XRD analysis. Scherer's equation has been 

applied to determine the perovskite phases of lanthanum ferrite. 
 

𝐷𝐷 =
𝑘𝑘λ

𝛽𝛽ℎ𝑘𝑘𝑘𝑘 𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃
−                                                                              (1) 

 
Here, D is the crystalline size associated with the crystal in nanometers, k is the Scherer 

constant (0.89), λ is the X-ray wavelength (1.54Å), θ is the Bragg's angle associated with the 
primary peak of (121) higher intensity, and βhkl is the (FWHM) full width at half maximum in 
radians. The average crystallite size is found to be 20 nm for LaFeO3, and the average values of 
the LaMgFeO3 compound are found to be 30 nm. According to a powder diffraction file (JCPDS 
card no. 37-1493), the samples showed a pure orthorhombic perovskite structure having strong and 
narrow phase peaks, as was previously described [25]. 

 
3.2. FTIR studies 
Figure 2 shows an FTIR spectrum was performed to examine the functional group of 

LaFeO3 nanoparticles and LaMgFeO3 nanocomposites in the wave number range of 4000 to 400 
cm-1 with an orthorhombic perovskite structure. FT-IR spectra of LaFeO3 were recorded to 
investigate the chemical bonding between Fe-O atoms in mono-structured LF. The formation of a 
typical perovskite structure is made clear by the mode of metal-oxygen bond vibration that ranges 
from 400 to 600 cm-1. [26]. With rare earth and transition metal ions residing in the A site and B 
site of the compound (ABO3), a kind of perovskite structure, the Fe-O stretching vibration band 
can occur at 555 cm-1. A peak at 1638 cm-1 is present, and the H-O stretching mode is responsible 
for its presence. [27]. The FT-IR spectrum is in good agreement with the XRD pattern of LaFeO3 

nanoparticles and LaMgFeO3 nanocomposites. 
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Fig. 2.  FT-IR spectra of LaFeO3 nanoparticles and LaMgFeO3 nanocomposites. 
 

 
3.3. UV-Vis Studies 
The UV-vis spectrum of La1 − xMgxFeO3 (x = 0, 0.1, 0.2, and 0.3) nanopowders are shown 

in Figure 3. In Figures 3 and 4, broad absorption peaks are observed at approximately 405 nm for 
all the samples.  A plot of (αhν)2 vs. hν is used to calculated band gap energy (Eg) for pure and Mg 
doped LaFeO3 nanoparticles, which was observed to be near 2.18 eV with no significant change 
after doping. It is also witnessed that the gathering of Mg ions causes substantial alterations in the 
absorption spectrum of LaFeO3 showing the visible region causing a large absorbance over the 
entire visible region with elevated Mg concentration. The optical band gaps (Eg) of the samples 
can be determined, and the obtained values are 2.18 eV, 2.16 eV, 2.14 eV, and 2.18 eV. It is clear 
that by increasing Mg content, the optical band gap does not vary significantly [28]. 

 
 

 
 

Fig. 3. UV-vis absorbtion plot of LaFeO3 nanoparticles and LaMgFeO3 nanocomposites. 
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Fig. 4. Tauc’s plot of LaFeO3 nanoparticles and LaMgFeO3 nanocomposites. 

 
 
3.4. Morphology studies 
The SEM micrographs of the LaFeO3 and LaMgFeO3 samples are shown in Figure 5.  
 

 

 
 

Fig. 5. SEM with edax of LaFeO3 nanoparticles and LaMgFeO3 nanocomposites. 
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The Mg-doped materials had sporadic morphology and were discovered to have 
agglomerated particles that resembled choral-like structures. The elemental compositions of 
synthesised ferrite samples are shown in Fig. 5. Elements like La, Fe, O, C, and Mg were 
identified. The carbon (C) element was present in the EDAX spectrum since carbon tape was used 
in the EDAX during analysis. No further elements were noted or identified, and it is concluded 
that the synthesised ferrite samples have no impurities. The observed La, Mg, and Fe percentage 
values are tabulated inside the EDAX spectrum (Figs. 5). These values are compatible with the 
precursors of Fe, Mg, and La used in the citrate combustion method. 

 
3.5. The electrochemical studies 
The electrochemical capacitive behavior has been examined by the GCD, CV, and EIS 

tests on the as-fabricated pure LaFeO3 (LF) and LaMgFeO3 (LFM) nanocomposites. The 
measurements for the samples were carried out under normal conditions for electrochemical 
behaviour, such as electrochemical impendence spectroscopy (EIS), cyclic voltammetry (CV), and 
galvanostatic charging and discharging (GCD) in a 2 M KOH electrolyte. In the open-circuit 
potential with a frequency ranging from 100 kHz to 100 MHz, the EIS test was carried out. With a 
potential window of 0.1–0.6 V, CV investigations have been carried out with various scan rates. 
The GCD investigations have been implemented at varying current densities from 1 to 5 A/g in a 
constant potential window rate between 0.1 and 0.5 V. Using Eqs. (1) and (2), it was possible to 
compute the specific capacitance Csp (F/g) from CV and GCD. [29] and [30, 31], respectively 

 
𝐂𝐂𝑐𝑐𝑠𝑠 = ∫ 𝐼𝐼∆𝑡𝑡

𝑚𝑚𝑚𝑚∆𝑉𝑉
                                                                          (1) 

 
𝐂𝐂𝑐𝑐𝑠𝑠 = 𝐼𝐼∆𝑡𝑡

𝑚𝑚∆𝑉𝑉
                                                                           ( 2) 

 
Here I is the current in (A), Δt is the discharging time in (s), m is the mass of active 

material in (mg), v is the scan rate in (mV/s), and ΔV is the potential window in (V). Fig. 6a shows 
the CV curves of LFM2 at various scan rates of 10 mV/s to 100 mV/s in the 2M KOH electrolyte, 
and the range of potential is 0.1V to 0.6V. The area under the CV curve increases gradually with 
the increase in scan rate. The CV current is proportionate to the scan rate [32]. The specific 
capacitance was determined, ranging from 10 mV/s to 100 mV/s. The value of specific capacitance 
is high (323 F/g) at the scan rate of 10 mV/s. The value of specific capacitance is lower (112 F/g) 
at the scan rate of 100 mV/s. The graph plotted between specific capacitance and scan rate is 
shown in Fig. 6b. It is reported that the high ohmic resistance occurred at a large scan rate [33, 34]. 
The comparison between pristine LF and LFM2 particles is shown in figs. 5c and 5d. 

The frequency range of 100 kHz to 100 MHz in a 2 M KOH electrolyte with an open 
circuit voltage has been studied using electrochemical impedance spectroscopy (EIS) analysis of 
the LFM2 electrode. In the Nyquist graph (Fig. 5e), the solution resistance (Rs) and charge transfer 
resistance (Rct) have been identified as Rs = 0.7 ohm and Rct = 3.44 ohm. The image which is 
inserted in Fig. 6f expresses the equivalent circuit. Fig. 6f represents the Nyquist’s plot of the 
samples LF and LFM2 

The specific capacitance Csp (F/g) was estimated from GCD curves at various current 
densities using Eq. (2). Figs. 6g and 6h demonstrate the variation of specific capacitance values 
with current density. The comparison of pure LF and doped lanthanum LFM2 can be noted in 
figs.6i & 6j   
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(a)      (b) 

 

   
(c)      (d) 

 

   
(e)       (f) 

                    
Fig. 6. a) CV Plot (voltage vs current), b) Represents scan rate vs specific capacitance,  

c) and d) comparison LF and LFM2; e) Nyquist plot, f) Equivalent circuit;  
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(g)      (h) 

 

     
(i)       (j) 

 
Fig. 6. g) GCD (current densities time vs potential range);  

h) Represents Specific Capacitance Vs Current density; i) and j) comparison of LF & LFM2 
 

 
4. Conclusion        
 
LaMgFeO3 nanoparticles were successfully synthesized by the sol-gel citrate 

autocombustion method. The structural, morphological, and electrochemical properties of the 
LaMgFeO3 nanoparticles were examined. The formation of single-phase lanthanum 
ferritenanoparticles was confirmed by XRD patterns. The formation of porous LFM2 nanoparticles 
facilitates the electric charge transfer of the electrolyte, which was confirmed by SEM 
micrographs. The formation of LaMgFeO3 without any impurities was confirmed by the EDAX 
spectrum. In a 2 M KOH electrolyte, the LFM2 electrode was investigated using CV, GCD, and 
EIS. LaMgFeO3 nanoparticles were synthesised using the sol-gel citrate auto-combustion process, 
and their electrochemical characteristics exhibited Faradaic behaviour with a specific capacitance 
of 323 F/g at a slow scan rate of 10 mV/s. 
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