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This work discusses the results of EPR studies on Na2Ti6O13 powder doped with iron ions. 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.
The EPR spectrum of Na2Ti6O13:Fe3+ powder contains resonances corresponding to different positions of iron ions in the structure. Several narrow resonances are observed in the low-field region of the spectrum (fig. 1). According to literature [1], the resonance with an effective spectroscopic splitting factor g* ≈4.3 is attributed to the high-spin configuration of Fe3+ ions in a crystal field with strong rhombic distortion. The resonance at g* ≈5.6 is characteristic of ions in crystal fields with a strong axial component [2]. The origin of features at g* ≈8.4 and ≈17 remains unclear and is debated in the literature. 
In the high-field region, a broad intense resonance is observed, whose g* value depends on temperature, changing from 2.25 at 20 oC to 2.05 at -160 oC. However, its intensity changes only slightly. The temperature dependence of g* is a typical sign of superparamagnetic resonance; however, in such cases, the sign of the change should be opposite to what is observed. Moreover, the resonance intensity should 
decrease [3]. This anomaly may be explained if the resonance represents a sum of paramagnetic and superparamagnetic resonances. The superparamagnetic resonance may arise from clusters or nanoparticles of iron oxide, while isolated Fe3+ ions in a weakly distorted octahedral crystal field, for example in the substitution positions of Ti4+ ions, are responsible for paramagnetic resonance.

The analysis of Na2Ti6O13:Fe3+ powder EPR spectra was performed using the spin Hamiltonian:
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where β is the Bohr magneton, B is the magnetic field vector, g is the spectroscopic splitting factor, assumed isotropic in the studied samples, Ŝ is the spin angular momentum operator vector, Ŝx, Ŝy, Ŝz are spin operators along the x, y and z axes respectively, S is the spin quantum number of the electron system, D is the axial component of the crystal field, and λ = E/D, where E is the rhombic component of the crystal field.
To account for the spread of crystal field parameters in simulating low-field maxima, a double normal distribution over D and λ was used:
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where σD and σλ are the standard deviations of D and λ, D0 and λ0 are their mean values in the distribution.
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Fig. 1. Experimental (black) and theoretical (red) EPR spectra of Na2Ti6O13 powder doped with iron. Comp(i)(i = 1-5) denote components of the theoretical spectrum. Т = -160 oC.

The maxima at g* ≈17, ≈5.6 and ≈4.3 correspond to different Fe³⁺ centers (positions) in the structure; accordingly, their simulations were performed using separate lines, each with its own set of parameters and distributions (Fig. 1, Comp(3)-(5)). The main resonance was approximated by two broad lorentzians 
(Fig. 1, Comp(1) and (2)). Analysis of temperature-dependent changes in the parameters of the main resonance components confirms the superparamagnetic origin of one of them.
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