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High-Frequency and -Field EPR Spectroscopy of a Trigonal-Bipyramidal Manganese(III) Complex with a Positive Axial Anisotropy Parameter D
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Coordination complexes of Mn(III) (3d4) are of interest for a variety of reasons, including their role as models for the active sites present in important metalloenzymes such as superoxide dismutase (SOD)1 and ribonucleotide reductase (RNR).2 Mn(III) in its most common, high-spin (S = 2) configuration is also important as a building block of single molecule magnets (SMMs).3 We have been studying a series of Mn(III) complexes based on Schiff bases with siloxane bridges. The specific complex studied in this Report is shown in Fig.1, and is abbreviated MnL(NCS); other ancillary ligands besides thiocyanato can be used. As can be seen, MnL(NCS) has idealized trigonal-bipyramidal (tbp) geometry with an N3(eq)O2(ax) donor set. Mn(III) has been widely studied by HFEPR,4 but this ion is more commonly found in idealized octahedral or square pyramidal geometries, rather than tbp. Thus the spectroscopic characterization and computational analysis of this representative tbp Mn(III) complex is of general interest.
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Experimental
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The EMR Facility and its 15/17 T superconducting magnet was used in the experiments. Microcrystalline MnL(NCS) measured as is, i.e. unconstrained, produced strong spectra that showed symptoms of field-induced torquing. We thus proceeded to study an n-eicosane pellet, which gave close to ideal powder-patterned spectra.
Results and Discussion


A representative HFEPR spectrum of MnL(NCS) pellet is shown in Fig.2, accompanied by simulations assuming a perfectly random distribution of the crystallites. The agreement between the simulations and experiments is excellent, using D > 0. Interestingly, good quality HFEPR spectra were observable over the entire temperature range: 4.2 ‒ 300 K. Slight variation (decrease of ~2%) in zero-field splitting (zfs) parameters occurred between 5 and 300 K, which may be due to structural effects.
Conclusions

This study demonstrates the ability of HFEPR to determine spin Hamiltonian parameters for HS Mn(III) and show that the assumption that D > 0 for tbp geometry is again held. Computational studies are probing this effect more deeply as well as the temperature variation in zfs.
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Fig.1. Structure of neutral Mn(III) complex, MnL(NCS).





Fig.2. HFEPR spectrum of MnL(NCS) at 307.2 GHz and 8 K (black trace) with simulations using |D| = 2.526 cm-1, |E| = 0.443 cm-1, g = 2.00. Blue trace: simulations using negative zfs; red trace: positive zfs. The asterisk denotes signals from Mn(II) and other impurities.








Fig.2 295 GHz HFEPR spectrum of CrCl2(dmpe)2 in toluene/DCM glass at 4.5 K. Simulations:|D| = 7.38 cm–1, |E| = 0.103 cm–1, giso = 2.00.D is clearly positive.
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