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In lithium-ion batteries, the electron and ion transport that occurs during the charge/discharge process is associated with the movement of electrons and ions within the crystal lattice structure of cathode materials. In the process of obtaining cathode materials, so-called antisite defects arise, which are associated with the fact that some of the transition element ions fill the alkali metal positions, and the alkali metal is localized in the transition element positions. Such antisite defects create an obstacle to the mobility of the alkali metal ion and electrons, which in turn worsens the characteristics of lithium-ion batteries, such as cyclability, specific capacity. Therefore, understanding the mechanisms of the occurrence of such defects and their evolution in the process of intercalation/deintercalation of sodium or lithium plays an important role in the properties of cathode materials.
Because antisite defects represent the point defects to detect their requires the use of complex structural techniques [1].

The paper will consider the application of EPR methods for studying antisite defects of their modifications arising in cathode materials. In our article, EPR measurements were carried out in non-stoichiometric cobaltite NaxCoO2, in the range of sodium concentrations x = 0.53; 0.58; 0.64; 0.75; 0.76; 0.79, and the influence of degradation processes on the properties of the NaxCoO2 system was studied [1]. It is known that in stoichiometric NaCoO2, cobalt ions have the valence of Co3+ and are in the low-spin configuration t62g. This state corresponds to a completely filled 3d orbital. This configuration has zero spin and is characterized by the absence of an EPR signal. An EPR signal was detected in a non-stoichiometric sample of sodium Na0.79CoO2 (Fig. 1). The analysis of the obtained EPR results allows us to say that the observed resonance signal is caused by magnetic Co4+ ions, the appearance of which in the studied system is associated with sodium non-stoichiometry and the presence of antisite defects caused by the localization of cobalt ions in sodium positions. In the low temperature region T < 50 K, a sharp decrease in the EPR line width, g-factor and integral intensity of the EPR signal is observed. This means that in the specified temperature range, there is a significant decrease in the magnetization of the sample. Sodium non-stoichiometry in NaxCoO2 samples leads to the appearance of cobalt ions in the proportion Co3+x /Co4+1−x depending on the sodium ion content, at which magnetic Co4+ ions and non-magnetic Co3+ ions are randomly distributed in the crystal lattice. In this case, the dominant interaction between the magnetic cobalt ions will be short-range magnetic correlations between nearby magnetic ions, which typically leads to a spin glass-type magnetic state where the magnetic moments are "frozen" in random orientations.

In another work, LiCoO2 samples with excess Li of 0%, 1.0%, 2.0%, 3.0%, 4.1%, 5.1%, 6.2%, 7.3%, 8.3% and 12.8% were synthesized and the effect of excess Li on its microstructure and electrical properties was studied [2]. According to their model, the defect in LiCoO2 is most likely a pair of antiimpurity Li and an oxygen vacancy. LiCoO2 is a p-type semiconductor, and Co4+, which has unpaired electrons in d-orbitals, apparently contains charge carriers. Therefore, it is believed that the electronic conductivity of LCO depends on the amount of Co4+. The authors of this work carried out EPR measurements on LiCoO2 samples with excess Li of 1.0%, 4.1% and 7.3% to estimate the Co4+ content in LCO. The peak appears at g ≈ 2.13 for all spectra, and the electron conductivity is strongly dependent on Imax. Compared with 1.0% Li excess, the maximum value of the EPR peak with 4.1% Li excess was larger. It was shown that the increase in Co4+ was due to the charge compensation by the excess Li. On the other hand, in the case of 7.3% Li excess with antiimpurity Li, the maximum value of the peak was lower than that with 4.1% Li excess without antiimpurity Li. These results indicate that the Li antilayer was compensated not only by Co4+ but also by the oxygen vacancy, which resulted in the decrease in the electron conductivity upon the formation of the Li antilayer.

Thus, the EPR method began to be used predominantly to determine and describe the mechanisms of occurrence of antistructural defects that arise during the synthesis process.
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Fig. 1. EPR spectra of Na0.79CoO2 at different temperatures: 24, 30, 35 and 43K. Red lines are the results of spectral approximation using the Lorentzian shape of the absorption line.
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