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ABSTRACT 
In this study, silver-doped LaFeO₃ (AgLaFeO3) perovskite was genuinely synthesized by a paleoconservative sol-gel 
method. The results confirmed the blending of silver-doped LaFeO₃ perovskite with an orthorhombic structure, 
crystallizing in the Pnma space group. The Kubelka-Munk analysis demonstrated that Ag⁺ doping effectively 
condensed the band-gap energy of LaFeO₃ to 2.37 eV. Furthermore, magnetic studies at room temperature revealed 
that the AgLaFeO₃ perovskite exhibits superparamagnetic behavior, characterized by the absence of magnetization 
remnant and high saturation levels. Due to these properties, AgLaFeO₃ superparamagnetic materials hold significant 
potential for applications in the medical field. 
Keywords: Sol-Gel Method, AgLaFeO3 Perovskite, Powder-XRD, Vibrating Sample Magnetometer Analysis, 
Superparamagnetic Behavior, Medical Field. 
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INTRODUCTION 
The sol-gel process is a commonly used technique to synthesize various perovskite materials effectively. 
The selection of appropriate A and B cations, as well as chemical doping, plays a critical role in 
enhancing the stability and selective sensitivity of ABO₃-type perovskite materials. Perovskite, with the 
general formula ABO₃, is a mineral that can appear in yellow, brown, or black hues. Named after Lev A. 
Perovski, a Russian mineralogist, who claimed that the mineral was first discovered in the Ural 
Mountains.1,2 The cubic crystal structure identified by Perovski corresponds to CaTiO₃. Ions form an 
octahedron around cation B in perovskite crystals, and cation A is in the middle of the BO6 octahedron, 
joined at the angle of the apex. Anions can coordinate in six dimensions.3 These materials exhibit 
remarkable properties, including optoelectronic behavior, half-metallicity, high absorption coefficients, 
long-range ambipolar charge transport, high dielectric constants, exciton-binding energy, and 
ferroelectricity4-6, making them highly versatile for various applications.7 In this study, AgLaFeO₃ 
perovskite was synthesized using the sol-gel technique and characterized through powder-XRD, FESEM-
EDS, VSM analysis, HRTEM analysis, and UV-Vis-DRS. AgLaFeO₃'s successful pattern with an 
orthorhombic crystal structure was validated by the results. Eight O²⁻ atoms in eight-coordinate geometry 
coordinate with La³⁺ ions in this configuration, and also, AgLaFeO₃ perovskite exhibits 
superparamagnetic behavior. 
Doping with noble metals, such as silver, increases oxygen ion vacancies, thereby enhancing the 
material’s catalytic activity. However, limited studies have explored silver doping in submicron particles, 
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flakes, or orthorhombic crystals.7,8 Such modifications further improve the technological applicability of 
perovskites. The electrical, magnetic, and structural properties of doped lanthanum oxides are of 
significant interest due to their relevance in various applications. Among metallic dopants, silver is 
particularly notable due to its stability in alkaline environments and its ability to enhance the overall 
electrical conductivity of composites, making it suitable for electrode materials. The sol-gel method offers 
distinct advantages over other synthesis techniques, such as shorter reaction times and the ability to 
produce uniformly structured materials with controlled size and shape, making it an efficient and reliable 
approach for perovskite fabrication.9 

EXPERIMENTAL 
One of the most straightforward methods for creating superior perovskite nano and microstructures is the 
Sol-Gel process. The method of detailed preparation is given below. 
 

Materials and Methods 
Lanthanum(III) nitrate hexahydrate (La(NO₃)₃·6H₂O) and silver(I) nitrate (AgNO₃) were provided by 
Sisco Pvt. Ltd.'s Research Labs in Taloja, Maharashtra, India. Virat Lab in Mumbai, India, provided us 
with the nitrate nonahydrate of iron (III) (Fe (NO3)3. 9H2O). Ethanol (C₂H₅OH), ethylene glycol (HO-
C₂H₄-OH), citric acid (HOC(CO₂H)(CH₂CO₂H)₂), and ammonia (NH₃) were procured from Fine-Chem 
Industries, Mumbai, India. All chemicals were of AR grade for high grade of quality chemicals. 
 

Scheme for the Preparation of AgLaFeO3 Perovskite Materials 
Synthesis of AgLaFeO3 Perovskites by the Sol-Gel Method 
The perovskite AgLaFeO₃ powder was produced by the sol-gel technique, which was then Calcination. 
Initially, 0.09 g of AgNO₃, 5 g of La(NO₃)₃·6H₂O (0.05:0.95 ratio), and 4.6 g of Fe(NO₃)₃·9H₂O were 
soluble in 200 mL of Et-OH and stirred continuously at 27o °C for two hours. After this, 0.5 g of citric 
acid was added to the mixture, and stirring was continued. To adjust the pH to 7, an NH3 solution was 
introduced, followed by one hour of stirring at 70°C. Afterward, 1 mL of ethylene glycol was added to the 
reduced 50% solution (100 mL) and stirred for an additional hour at 160°C. The resulting mixture was 
dried, ground into fine particles, and subjected to calcination in a muffle furnace at 800°C for eight hours. 
The final product was obtained as 98% AgLaFeO₃ perovskite material. 
 

Reaction Involved in the Synthesis of AgLaFeO3 Perovskite Material 
 

 
RESULTSANDDISCUSSION 

UV-Visible Diffuse Reflectance Spectroscopy Analysis 
Figure-1 presents the UV-visible DRS spectrum of AgLaFeO₃ synthesized via the sol-gel method, with 
absorbance plotted against wavelength. The absorption edge of AgLaFeO₃ was observed at 774 nm. The 
spectrum exhibits a red shift, indicating an absorption shift toward a longer wavelength. This shift 
confirms a reduction in the band gap energy, as wavelength is inversely proportional to band gap 
energy.10 The narrowing of the band gap promotes electron excitation between the conduction and 
valence band with lower energy input, thereby enhancing the photocatalytic activity of AgLaFeO₃. 
 

 
Fig.-1: UV-visible DR Sspectrum of AgLaFeO3 Material 
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Band Gap Energy Analysis 
The Kubelka-Munk (KM) plot is used to estimate the band gap energy from intensity vs. energy plots. 
The band-gap energy (Eg) was calculated using the formula: Example -1240/2, where Eg is the band gap 
energy and λ is the wavelength of the absorption edge11. The band gap was measured. The band-gap 
energy of AgLaFeO, perovskite materials synthesized via the sol-gel method, was determined from their 
respective KM plots (Fig.-2). The KM plot for AgLaFeO exhibited a band gap of 2.37 eV, which is 
significantly lower than the band-gap energy of LaFeO (2.94 eV). This reduction in band gap energy 
demonstrates the effective incorporation of Ag ions into the LaFeO lattice. A lower band gap enhances 
electron excitation from the valence band to the conduction band, resulting in hole formation in the 
valence band. This enhanced charge carrier mobility suggests that silver ions were successfully doped 
into LaFeOs, further improving its optoelectronic and photocatalytic properties. 

 
Fig.-2: KM Plot ofAgLaFeO3 Perovskitematerial 

X-ray Diffraction Analysis 
Figure-3 shows the X-ray diffraction (XRD) spectra of silver-doped LaFeO3 perovskite materials calcined 
at 800 oC. Silver-doped LaFeO3 exhibits an intense peak at a 2θ value of 32.4 degrees corresponding to 
the (12 1) h, k, and l planes, indicating an orthorhombic phase. Therefore, this demonstrates that silver 
ions are successfully doped into the LaFeO3 crystal.12 

 
Fig.-3: The XRD Patterns of Ag LaFeO3 Perovskite Material 

FESEM and EDS Analysis 
The FESEM and EDS were used to examine pure AgLaFeO3 perovskite to examine its surface 
morphology and elemental analysis. After silver (Ag) doping, the shape of AgLaFeO3 changed 
dramatically, as large, irregularly shaped lumps are shown in Fig.-4. It indicates that silver ions are doped 
in LaFeO3 and form AgLaFeO3.13 EDS analysis revealed that the chemical ratios of La, Ag, Fe, and O in 
pure powders of AgLaFeO3 synthesized by the sol-gel method are stoichiometric, with percentage 
weights of each element shown in Table-1. The EDS analysis shows a silver (Ag) concentration of 7.42 
wt%. 
 

HRTEM Analysis 
To understand the three-dimensional structural morphology of AgLaFeO₃ perovskite synthesized by the 
sol-gel technique, Fig.-5 presents HRTEM images. These images reveal that the silver nanoparticles are 
well-assembled on the surface of the LaFeO₃ perovskite, with flawless crystal lattice fringes13. The 
interplanar distance between these fringes is 0.28 nm, corresponding to the (121)14 crystal plane of silver 
(Ag). The crystalline silver nanoparticles show no noticeable internal defects, suggesting high 
crystallinity. 
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Fig.-4: FESEM and EDS Images of AgLaFeO3 Materials 

Additionally, Fig.-5 includes SAED patterns of silver-doped LaFeO₃.  
 

Table-1: EDS of AgLaFeO3 Perovskite Material 
Element Weight% Atomic% 

O K 18.76 59.82 
Fe K 17.49 15.98 
Ag L 7.42 3.51 
La L 56.33 20.69 
Total 100.00  

 

The SAED patterns of pure LaFeO₃ exhibit weak diffraction rings or spots, which can be attributed to the 
existence of silver. In contrast, the SAED patterns of AgLaFeO₃ show polycrystalline diffraction rings, 
further confirming the successful doping and uniform distribution of silver in the perovskite lattice. 
 

 
Fig.-5: HRTEM Images and Selected Area Electron Diffraction (SAED) Patterns of 

AgLaFeO3 Materials 
XPS Analysis 
To obtain a better comprehension of the surface architecture and chemical valence states of key elements 
in AgLaFeO₃, an XPS analysis was conducted, as shown in Fig.-6. Figure-6a presents the XPS survey 
spectra of AgLaFeO₃ perovskite, confirming the presence of lanthanum (La), silver (Ag), iron (Fe), and 
oxygen (O) in the sample, with no additional elemental peaks observed, indicating the purity of the 
material. Silver (Ag) exhibits two prominent signals at 367.71 eV and 373.81 eV, indicating that Ag is in 
the +1 oxidation state. Shifts in the binding energy are observed due to Ag doping15, as shown in Fig.-6b. 
Lanthanum (La) displays two significant signals at 835.86 eV and 865.27 eV, which are assigned to the 
La 3d₅/₂ and La 3d₃/₂ binding energies, respectively. These values are close to the standard values for La 
3d₅/₂ (836.0 eV) and La 3d₃/₂ (853.0 eV), as shown in Fig.-6c.16 This corresponds to the La²⁺ oxidation 
state in the oxide structure. Iron (Fe) is present in the Fe³⁺ oxidation state, as shown in Figure 6d. The 
binding energies for the Fe 2p₃/₂ and Fe 2p₁/₂ peaks are observed at 710.86 eV, 724.70 eV, and 743.01 eV, 
which correspond to the Fe³⁺ oxidation state (standard values: Fe 2p₃/₂ - 869.3 eV; Fe 2p₁/₂ - 852.6 eV). 
Additionally, the La 3d and Fe 2p peaks shift slightly towards lower and higher binding energies, 
respectively, compared to typical peak values17,18, indicating La-Fe interactions. Oxygen (O) shows two 
peaks at 528.55 eV and 531.17 eV, which confirm the presence of O²⁻ in the AgLaFeO₃ perovskite lattice, 
as depicted in Fig.-6e. These peaks align with the expected chemical structure of AgLaFeO₃. Overall, the 
XPS analysis reveals the successful doping of silver into the LaFeO₃ perovskite and confirms the 
oxidation states of the constituent elements. 
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VSM Analysis 
The magnetic behavior of AgLaFeO₃ perovskite, synthesized via the sol-gel technique, was analyzed and 
is shown in Fig.-7, which depicts the hysteresis loops of magnetization (M) versus field (H) obtained 
using a VSM analysis at 25°C.19 The result reveals a substantial ferromagnetic effect, with enhanced 
magnetization compared to bulk materials. This behavior is attributed to the probability distribution of 
Fe³⁺ ions within the octahedral structure, as suggested by Gehring and Goodenough. At room temperature, 
the magnetic study indicates that the AgLaFeO₃ perovskite exhibits superparamagnetic behavior. These 
superparamagnetic materials do not exhibit permanent magnetization and demonstrate high saturation 
magnetization, making them suitable for a range of medical applications.20,21,22 

 
Fig.-6: The XPS Spectrum of AgLaFeO3 Material (a) Survey Spectra, (b) Ag 3d, (c) 

La 3d, (d) Fe 2p and (e) O 1s 
 

 
Fig.-7: VSM of Silver Doped LaFeO3 Perovskite Materials 

 

CONCLUSION 
AgLaFeO₃ perovskite was synthesized by a simple and traditional sol-gel process followed by calcination. 
FESEM analysis reveals that the AgLaFeO₃ exhibits a large, irregular morphology, which significantly 
differs from that of pure LaFeO₃, suggesting that the silver ions have effectively modified the material's 
structure. XRD results confirm the synthesis of silver ions into the LaFeO₃ crystal lattice. EDS analysis 
shows that the silver content is 7.42 wt%, while HRTEM imaging displays a well-dispersed arrangement 
of silver nanoparticles on the surface of LaFeO₃ particles. XPS analysis indicates no significant change in 
the oxidation state of iron, but a slight shift in the oxidation state of lanthanum, suggesting that silver ions 
are doped onto the La site. The Kubelka-Munk plot further demonstrates that silver doping effectively 
reduces the band gap energy of LaFeO₃, lowering it to 2.37 eV. VSM analysis results show that the 
AgLaFeO₃ exhibits superparamagnetic behavior at room temperature, characterized by no magnetization 
remnant and high saturation levels. These superparamagnetic properties highlight the potential of 
AgLaFeO₃ in various applications, particularly in the medical field and other areas that require magnetic 
materials. 
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