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The calcium phosphate (CaP) systems under investigation are widely used in biomedical applications, particularly in orthopaedics and maxillofacial surgery, as fillers for bone defects resulting from injuries or various diseases [1]. Incorporating rare earth (RE) elements—such as cerium (Ce³⁺), neodymium (Nd³⁺), europium (Eu²⁺), gadolinium (Gd³⁺), and erbium (Er³⁺)—into the CaP crystal structure enables the development of bioimaging systems that enhance contrast for monitoring bone repair dynamics [2]. Modern diagnostics widely uses non-invasive imaging methods, including radiography, computed tomography (CT), single-photon emission computed tomography (SPECT), and magnetic resonance imaging (MRI). Ionizing radiation-based methods (radiography and CT), despite their high resolution and throughput, are associated with radiation risk and do not always provide sufficient contrast for accurate tissue differentiation. The search for new biocompatible and safe agents with more effective contrast enhancement is a popular area in practical diagnostics. 
This study focuses on characterizing synthetic CaP doped with RE ions using continuous and pulsed electron paramagnetic resonance (EPR) techniques. The CaP-RE materials were synthesized via precipitation from aqueous salt solutions [3].
Samples of magnesium-calcium phosphate powders with gadolinium impurity centers were studied by EPR at a temperature of T = 297 K, since the Gd3+ ion with the electron configuration 4f7 (8S7/2 is the ground state) is the only trivalent RE element that can be observed at room conditions. The CaP crystal lattice without paramagnetic impurities does not contain ions with a non-zero electron spin, which leads to the absence of an EPR signal. The presence of a resonance low-intensity signal (g ≈ 2) for a nominally pure sample (Fig. 1 (a), blue inset) indicates the presence of an uncontrolled impurity in the structure due to the reagents used, presumably indicating the presence of oxide groups or a free radical on the surface of magnesium-calcium phosphate powder nanoparticles. It is also worth noting that the broadening of the resonance absorption line is due to the fact that the Gd3+ ion is characterized by a strong spin-lattice interaction and due to extremely short longitudinal relaxation times (T1 ≈ 1/Tn (K), where n is the exponent depending on the relaxation mechanisms). Based on the characteristic EPR signals with g-factors (geff = 5.8, geff = 2.8 and g = 1.9), we can unambiguously conclude that Gd3+ is embedded in the crystal lattice of the sample under study. Analysis of the intensities of the EPR spectra for two different concentrations of gadolinium (0.5% Gd and 1% Gd) indicates that the proposed synthesis method allows the introduction of the amount of impurity centers declared during chemical synthesis into the CaP structure (the integral intensity differs by a factor of 2).
The typical detection range of the Er3+ signal is up to 20 K, at temperatures above 30 K the EPR signal is usually not observed, so the experiment was carried out at a sample temperature of 10 K (Fig. 1(b)). In polycrystalline systems, all crystal orientations are statistically equally probable. As a result, the EPR spectrum of the powder is the superposition of all nanocrystal orientations. Figure 1(b) shows the EPR spectra recorded at a sample temperature of 10 K. According to the literature data [4] the signal at the g-factor of 11.8 refers to the RE element Er3+. The weak structural inflections detected in the spectrum (Fig. 1(b)) are possibly associated with the emergence of a hyperfine structure as a result of interaction with the 167Er isotope with a nuclear spin of I = 7/2 (abundance of 23%). Also, the presence of low-intensity resonance curves can be caused by the presence of various uncontrolled impurities on the sample surface or in the interstitial sites of the crystal lattice. Thus, the obtained results indicate the introduction of Er3+ ions into the crystalline lattice of hydroxyapatite in the proposed synthesis method. 
The results of this study demonstrate the potential of EPR spectroscopy as a powerful tool for investigating functional biomaterials doped with rare earth elements. 
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Fig. 1. (a) Concentration dependence of CW EPR spectra in the X-band for magnesium-calcium phosphate powders with Gd3+;(b) EPR spectra recorded in CW mode in the X-band for hydroxyapatite with 0.25Er
