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High-Field EPR of Unusual Complexes of Semiquinone Radicals
Witwicki, M.; Jezierska, J. (Wroclaw U., Chemistry); Ozarowski, A. (NHMFL) 
Introduction

Radicals are reactive molecules and semiquinons (SQ•) are not an exception to this rule. Hence, identification of the factors affecting the generation and stability of SQ• is essential for understanding their role in biological processes and can open the doors to their future application in functional materials. It has been observed that heavy [1a-d] or transition [1e] metals ions as well as metalloproteins [1f] can stabilize SQ• via metal–ligand interaction. This interaction was always accompanied by the flow of spin density from the oxygen atoms of semiquinone onto its carbon atoms. [1a-c,2] In these work exceptionally stable complexes between two Al3+ and one SQ• as well as complexes between Cd2+ and SQ• suggested by X- and Q-Band EPR to have a reversed spin density flow were taken under high-field EPR investigation. In addition, bi- or triradical complexes of Zn2+, Cd2+, Al3+ and Ga3+ were also examined.
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Experimental


All EPR measurements were conducted at the Electron Magnetic Resonance Facility (EMR) using 17 T superconducting magnet system at various frequencies (100-406 GHz) and temperatures (4 K to RT). Experiments were carried out on powder samples and frozen solutions.
Results and Conclusions

The 406.4 GHz EPR spectra recorded for complexes between two Al3+ and one o-semiquinone allowed to assess the g matrix principal components for this compound, namely gx = 2.0049, gy = 2.0041 and gz = 2.0023. These values were compared to their counterparts determined for the uncomplexed radical, which were gx = 2.0056, gy = 2.0050 and gz = 2.0022. The observed decrease in the gx and gy components was interpreted as an indication of the spin density flow from oxygen atoms of the radical towards its carbon atoms. Analysis of the 406.4 GHz spectra recorded for monoradical complexes of Cd2+ with p-semiquinone showed that two g tensor components underwent a significant increase from gx = 2.0063 and gz = 2.0021 for the uncomplexed radical to gx = 2.0093 and gz = 2.0033 for the radical interacting with Cd2+. These changes proves that in the Cd2+ complexes the spin density was more substantially concentrated on the oxygen atoms in comparison with the uncomplexed radical. The changes in spin density for the Al3+ and Cd2+ complexes were confirmed by DFT calculations.

The investigation on bi- and trisemiquinonato complexes of Zn2+, Cd2+, Al3+ and Ga3+ revealed negative sign of the parameter D in these systems (Fig.1). Moreover, the high field EPR measurements proved that the tensors g and D are non-collinear.
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Fig.1 406.4 GHz spectrum for Zn(oSQ•)2 at 30 K and spin density for a molecular model, oSQ• = 3,5-di-tert-butyl-o-semiquinone.








