ESR of nanoparticles powder of europium metaphosphate Eu(PO3)3 doped by Eu2+ ions
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The Eu3+ is a non-Kramers ion, while the ground state of the Eu2+ ion is characterized by spin S = 7/2. Both natural europium isotopes 151Eu (47.82%) and 153Eu (52.18%) have a nuclear spin I = 5/2, but they are differ in the values of the nuclear spectroscopic splitting factor. The EPR spectrum of a single-crystal sample containing Eu2+ of both isotopes is a superposition of two spectra with fine and hyperfine structure and with effective values of the spectroscopic splitting factor 
g* near the value of the g-factor of a free electron ge [1]. The Eu2+ ions are located at crystal lattice sites with different crystal field symmetries in many europium compounds and they exhibit so-called U-spectrum (U stands for ubiquity) [2]. 
The typical U-spectrum contains a set of lines with effective values of the spectroscopic splitting factor g* ~ 6.0; 4.5; 2.8 and 2.0 [2-5]. The line with g* ~ 2.0 in this spectrum is usually attributed to both single Eu2+ centers and defects in the crystal structure [3, 6]. In Eu(PO3)3 : Eu2+, defects can be imperfections of the metaphosphate structure such as PO2-, PO32-, PO44-, as well as holes in the oxygen-phosphorus system, which appear as asymmetric lines in the EPR spectra of metaphosphates [7, 8]. The fine and hyperfine structure Eu2+ lines is averaged in polycrystalline samples, which leads to complex spectra containing many components with comparable widths and intensities [3, 9]. It is obvious from the above, that the interpretation of the EPR spectra of powder compounds containing the Eu2+ ions becomes non-trivial task.

This paper reports the results of EPR studies of nanosized powder particles of trivalent europium metaphosphate Eu(PO3)3, doped with divalent europium ions. The compound under study was prepared by low-temperature pyrolysis of europium and tributyl phosphate [10]. All EPR spectra of this compound were recorded on a JEOL‑X330 spectrometer (Japan, JEOL) equipped with a DVT5 variable temperature unit (ES‑13060). EPR spectra analysis was performed using computer modeling.
Three components can be distinguished in the EPR spectrum of the Eu(PO3)3 : Eu2+ powder, they differ significantly in peak-to-peak width and peak intensity (Fig. 1). The widest of them (ΔB = 149 mT) at room temperature is characterized by g*=2.139 (Fig. 1b), and can be attributed to the averaged lines of the fine and hyperfine structure of the Eu2+ ions. As the temperature decreases, this line narrows simultaneously with the decrease in the integrated intensity; its g* value slightly increases and then decreases to the value that less than its value at room temperature (Fig. 1b). The other two components of the spectrum have g* values close to the ge value (Fig. 1c, d). The first of them has a width of 10.2 mT at room temperature (Fig. 1c) and may belong to the Eu2+ ions with a strong dipole-dipole interaction. When the temperature is reduced to -80 оС, it broadens, and then, 
by ‑160 оС, it narrows by ( 18%. The second component has an asymmetric shape and narrows with a decrease in temperature with a simultaneous increase in the integral intensity (Fig. 1d). This component may belong to defects of the metaphosphate structure, significantly distant from the phosphorus atom, since it does not exhibit a doublet hyperfine structure caused by the interaction of the electron spin of the defect (S = 1/2) with the nuclear spin of phosphorus 31P (I = 1/2). It worth to note that in the EPR spectrum of the powder under study at low temperatures, a low-intensity resonance with g* ( 2.7 is also recorded (Fig. 1b), which according to literature might be considered as the component of the 
U-spectrum of Eu2+ ions [2, 4]. The spectrum component with g* ( 4.3 (Fig. 1b) may belong to impurity Fe3+ ions entering the sample from precursors during synthesis.
This work was carried out within the framework of the state assignment to the Institute of Chemistry FEB RAS (project FWFN-2025-0005).
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Fig. 1. EPR spectrum of Eu(PO3)3:Eu2+ powder: at 21oC (a); at 21, -80 and -160 ⁰С in the range from 100 to 500 mT with omitted central part of the spectrum (b), in the range from 310 to 345 mT with omitted central part of the spectrum (c); in the range from 327.75 to 329.50 mT (d). Gray lines and dots are the experimental data, dashed lines are the approximations.
