

Pulse EPR of radicals in mechanoactivated calcium gluconate

M.M. Akhmetov1, G.G. Gumarov1, R.B. Zaripov1, G.N. Konygin2, D.S. Rybin2

1 FRC Kazan Scientific Center of RAS, Kazan, 420111, Russia, mansik86@mail.ru
2 UdmFRC Ural Branch of RAS, Izhevsk, 426067, Russia, dsrybin@mail.ru

It was previously shown that the EPR spectrum in the X-band from mechanically activated calcium gluconate [1] is a narrow single line with a width of less than 10 Gs. However, in the W-band, it was found that the spectrum is multicomponent. The low-field part is well described by carbon radicals of the δ-gluconolactone molecule, formed as a result of the detachment of a proton from a carbon atom. However, identifying the high-field part turned out to be a non-trivial task. On the one hand, calculations using quantum chemistry methods indicate the possibility of localization of the spin density on the calcium ion. At the same time, according to the literature, this radical is short-lived and has so far been detected only in the gas phase. On the other hand, under strong energy impact on organic materials, the CO2- radical ion is often observed. In addition, it cannot be ruled out that the observed line is probably due to a contact ion pair consisting of the gluconate anion and calcium gluconate.
It has been shown [2] that the action of CO2 on electron-rich MgO surfaces leads to the formation of paramagnetic species that have been unambiguously identified as adsorbed CO2. The main attention is paid to the interaction of CO2 molecules with (H+)(e-) centers, a recently discovered class of defects on the surface of ionic oxides. The action of H or H2 atoms on MgO or CaO under UV-radiation leads to spontaneous ionization of H followed by stabilization of the electron on low-coordinated cation sites and the proton on the surface oxide anions. It is known that mechanical activation in a ball mill can activate carbon dioxide molecules. In addition, the CO2 molecule can be activated by coordination with transition metal complexes or by interaction with solid surfaces [3].
As is known, CO2- radicals with low symmetry have a g-tensor with two higher and one lower eigenvalues than the g value of a free electron. In most solid matrices, the spectra have low symmetry, i.e. the three eigenvalues of the g-tensor differ from each other [4]. Axial symmetries with two equal eigenvalues are observed less frequently. The component with g-tensor values [2.0009 2.0009 2.0023] in a sample of mechanically activated calcium gluconate may correspond to two radicals at once, but this fact requires further studies (in particular, ENDOR).
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