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High-Field EPR Studies of the Magnetic Anisotropy in Pseudo-Octahedral VIII Complexes
Saber, M.R. (Texas A&M University, Chemistry); Bhaskaran, L. (NHMFL & FSU, Physics); Thirunavukkuarasu, K. (NHMFL, EMR); Hill, S. (NHMFL & FSU, Physics) and Dunbar, K.R. (Texas A&M University, Chemistry)
Introduction 
Early efforts aimed at increasing blocking temperatures, TB, in single-molecule magnets (SMMs) focused on maximizing the spin ground state of polynuclear clusters. However, this becomes challenging for large molecules. Thus, a more direct route involves optimization of the magnetic anisotropy, albeit for simpler molecules in which one can exert considerable synthetic control over the ligand field. This approach resulted in the first SMM comprising a single lanthanide ion in 2003. Since then, much effort has been directed towards mononuclear species. To this end, we have studied two series of hexa-coordinate VIII complexes: one consisting of trans-dicyanide VIII building blocks with equatorial ligands; the other involving a tridentate scorpionate ligand, with three halides completing the coordination sphere. Multi-high-field/frequency (up to 35 T and 450 GHz) EPR was employed to determine the magnetic anisotropy.
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Experimental 

EPR provides a direct measure of magnetic anisotropy and is, therefore, the spectroscopic technique of choice. However, giant anisotropies require very high frequencies and/or large magnetic fields. Multi-frequency EPR measurements were thus performed using a sensitive cavity perturbation technique in magnetic fields up to 35 T using a 32 mm bore resistive magnet in the DC field facility. The single-crystal sample was oriented in situ via rotation of the moving end-plate of the cylindrical TE011 cavity. 
Results and Discussion


Members of the Jahn-Teller elongated cyanovanadate series can be described by an effective spin-only Hamiltonian with positive D parameters in the +3 to +6 cm‑1 range, and negligible rhombicity. On the other hand, one of the scorpionate complexes was found to have a very large easy-axis-type anisotropy with D ~ ‑40 to -50 cm‑1 (Fig. 1). This complex also possesses a non-zero, albeit small E value of 0.93 cm-1. The large magnetic anisotropy is thought to arise from the trigonal distortion imposed by the rigid scorpionate ligand, which also partially suppresses the Jahn-Teller physics, thereby giving rise to a considerable orbital contribution to the magnetic ground state. However, the finite E value and the three branches of transitions observed in Fig. 1, likely indicate weak Jahn-Teller distortions that give rise to distinct molecular species [1].
Conclusions

We report spectroscopic evidence for a giant magnetic anisotropy in a trigonal [Tp*VIIICl3]- complex. These studies are important in realizing the ultimate goal of making ideal building blocks for a new generation of SMMs.
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Fig. 1 displays multi-frequency, high-field EPR peak positions associated with transitions between the lowest-lying triplet states, Tx and Ty, associated with the spin S = 1 trigonally distorted octahedral VIII complex, [Tp*VIIICl3]- (see inset); the applied field was oriented approximately within the xy-plane of the molecule. The solid curves are fits to the data which provide constraints on the spin Hamiltonian parameters. The D and E values are given at the top of the figure, and the results of CASSCF calculations are given below.












