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This work discusses the results of EPR studies on NASICON powder doped with iron ions (Na3+xFexZr2-xSi2PO12, x = 0.1). Magnetically nonequivalent states of impurity ions and the types of crystal fields acting on them were identified. The EPR spectra were recorded using a JES-X330 spectrometer (JEOL, Japan) equipped with a variable temperature unit ES-13060 DVT5 (JEOL, Japan). The EPR spectra analysis was performed using the EasySpin software package implemented in MATLAB.
For the quantitative description of the Fe3+ EPR spectrum in the powder particle, the following spin Hamiltonian was chosen:
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where (=E/D, and other parameters have their conventional meanings. 
The EPR spectrum of NASICON:Fe3+ powder was calculated assuming distributions in the fine structure parameters D and (. The weight w of each individual spectrum F(B, D, λ) was modeled by a double normal distribution:
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where σD and σλ are the standard deviations of parameters D and λ, D0 and λ0 are the mean values of parameters D и λ in the distribution. The approximation of the experimental EPR spectrum, accounting for the parameter distributions D and (, was performed using the expression
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Improvement of the Fe3+ EPR spectrum fit in the studied powder was achieved by varying the weights w using a gradient descent method. The results of these calculations, accounting for distributions of D and λ, shown in fig. 1, are presented in fig. 2.
Computer modeling of the NASICON:Fe3+ powder EPR spectrum shows it is a superposition of four types of Fe3+ ion spectra (Fig. 2). According to EPR data on NaZr2(PO4)3, single crystals doped with Fe3+ ions [1], the impurity iron ions substitute for Zr4+ ions with local charge compensation and reduced positional symmetry. This information allows components 3 and 4 of the powder EPR spectrum
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Fig. 1. Distributions of the fine structure parameters D and λ of the NASICON:Fe3+, EPR spectrum obtained by approximating spectrum components in weak (a) and strong (b) crystal fields. Т = -160 оС.
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Fig. 2. Experimental (black) and theoretical (red) EPR spectra of NASICON:Fe3+  powder. Comp(i)(i=1, 2, 3, 4) denote components of the theoretical spectrum. Т = -160 oC.


to be attributed to Fe3+ ions substituting Zr4+ in a weak crystal field with rhombic distortion. These distributed spectra differ in the mean fine structure parameters D0 and λ0, their standard deviations σD and σλ, line widths, and effective spectroscopic splitting factors, determined by the magnetic field at the zero-line crossing by resonance. The resonance with a narrower linewidth can be assigned to Fe3+ ion clusters coupled via averaging spin-exchange interaction. The broader resonance likely belongs to isolated Fe3+ ions interacting via dipole-dipole interactions that broaden the line.
Spectra types 1 and 2 correspond to Fe3+ ions in a strong crystal field with a significant rhombic component. Spectrum type 1 corresponds to Fe3+ ions with ( varying from 0.07 to 0.29, and type 2 corresponds to Fe3+, ions with ((1/3. In literature [2], EPR spectra of types 1 and 2 are attributed to Fe3+ ions located on or near particle surfaces where structural disorder is likely. They may also belong to Fe3+ ions in the glassy phase of the sample [3].
Quantitative analysis of the integrated intensities of the NASICON:Fe3+ powder EPR spectrum components at -160 оС indicates that the total intensities of Fe3+ resonances in strong and weak crystal fields relate approximately as 1:3.
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