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A B S T R A C T 

The Yb1—xEuxFeO3(x = 0.1 — 0.4) nanoparticles (NPs) were successfully synthesized using a sol–gel method. X- ray diffraction analysis revealed an average crystallite size of approximately 102 nm with a strain of 0.273 for the optimised specimen (x = 0.3) sample. Raman spectroscopy further elucidated internal structural distortions arising from fluctuations in bond distances and bond angles. Reflectance differential spectroscopy was employed to determine band gap energies (Eg) for Yb1—xEuxFeO3(x = 0.1 — 0.4) are varied in between 2.01 eV to 2.30 eV.

In addition to structural analysis using UV–visible absorption and photoluminescence, the ligand-to-metal charge transfer from the tartrate ligand to the lowest unoccupied energy levels of Eu3+ metal ions in the nanoparticles (NPs), along with the f-f transitions of Eu3+, are crucial for the emergence of photoluminescence in the ligand- functionalized Yb1—xEuxFeO3(x = 0.1 — 0.4) NPs. The photocatalytic activity of these materials was assessed, and among them the sample x = 0.3 demonstrating the most effective performance in photocatalytic applications.



1. Introduction

The multifunctional properties of rare earth orthoferrites (RFeO3, where R represents a rare earth element) have attain significant atten- tion for a variety of applications, including gas sensors, membranes, active catalysts oxidation [1–4]. The electrical and optical characteris- tics of multiferroic nanocrystals, especially RFeO3 nanoparticles, are distinctive and remain separate throughout exchange processes [5,6]. RFeO3 nanoparticles typically adopt a distorted orthorhombic structure with the Pnma/Pbnm space group, falling within the perovskite family [7]. The material properties of Fe-O-Fe bonds are influenced by struc- tural distortions, which can be quantified by the angles of these bonds. In these compounds, each rare earth ion (R3+) is surrounded by 12 ox- ygen ions (O2—) with 8 of these being the nearest neighbours and 4 being the second closest. To enhance the magnetic and transport properties of RFeO3 perovskites, numerous studies have explored methods such as site substitution of by either R or Fe. Additionally, significant research has been conducted on the impact of various alkaline metal cations, such as Ca2+ and Sr2+, on the substitution of rare earth elements (R) in RFeO3 orthoferrites. It has been demonstrated that specific properties can be controlled and improved by substituting the Eu3+ (~0.095 nm) site in YbFeO3 with the nonmagnetic Yb3+ ion (~0.087 nm). Substituting Yb3+ ions (ionic radius ~ 0.087 nm) with slightly larger Eu3+ ions (ionic

radius ~ 0.095 nm) in the YbFeO3 lattice can induce structural distor- tions due to the size mismatch. This change in ionic radii is known to affect the crystallographic parameters, potentially leading to modifica- tions in lattice strain, unit cell volume, and crystallite size, which in turn can influence the material’s functional properties [8]. The structural, electrical, and optical properties of RFeO3 orthoferrites are also influ- enced by modifications to R-site and Fe site, although relatively few studies have explored these effects. Previous research has shown that variations in the cation content of RFeO3 compounds can significantly impact their distinct characteristics within the perovskite family [9].
The rare-earth multiferroic YbFeO3 exhibits moderate ferromagne- tism at high temperatures, compared to all orthoferrites. This is attrib- uted to the non-collinear spin arrangement of the iron ions (Fe3+). Rare earth ions are rarely found in the spaces between the FeO6 oxygen octahedra in a disordered paramagnetic state. The orthorhombic struc- ture with space group Pnma (D16) describes the crystal symmetry of RFeO3 orthoferrites, which aligns with the magnetic symmetry [10]. The unit cell contains 4-Fe3+ and 4-R3+ ions. Distortions in the cell arise from the tilting of the FeO6 octahedra around the orthorhombic axes b and c. The spin-reorientation transfer occurs within the ac plane. These tilts cause the Fe-O-Fe bonds to deviate from their ideal 180◦ alignment. The antiferromagnetic structure and macroscopic magnetism of RFeO3 orthoferrites  have  been  experimentally  validated  through  the2h
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Abstract
In this investigation, the Yb0.7Eu0.3FeO3 nanoparticles were prepared via the sol-gel method and optimized the calcined temperature (800 °C, 850 °C and 900 °C) to revels the optimized physical performance. X-ray diffraction (XRD) and Rietveld refinement confirmed a single-phase orthorhombic (Pnma) crystal structure with enhanced crystallinity at higher temperatures. An increase of calcination temperatures increases the crystallite size while inducing octahedral tilting and strain. The average particle size for Yb0.7Eu0.3FeO3 calcined at 800, 850 and 900 °C was 152, 161 and 168 nm, respectively was observed through scanning electron microscopy (SEM). The magnetization value increased from 2.721 emu/g to 3.789 emu/g with an increase of calcination temperature from 800 °C to 900 °C for Yb0.7Eu0.3FeO3 sample. Magnetic measurements indicated improved Fe3+–Fe3+superexchange interactions, with the 900 °C sample exhibiting superior magnetization. A strong red photoluminescence was observed under 532 nm excitation, dominated by the 5D0 → 7F2 transition of Eu3+, with intensity increasing alongside temperature due to improved local symmetry. X-ray photoelectron spectroscopy (XPS) confirmed the oxidation states of each ion along with ~20.12% oxygen vacancies, contributing to the observed functional behavior. The findings underscore the critical role of calcination in tuning multifunctional properties, highlighting Yb0.7Eu0.3FeO3 as a promising candidate for optoelectronic and magneto-optic applications.
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