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Mononuclear Magnetic Building Blocks with Giant Axial Anisotropy
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      The motivation behind this project is the recent observation of giant easy-axis magnetic anisotropy in the orbitally degenerate, trigonal bipyramidal (TBP) [NiIICl3(Me-dabco)2]ClO4 complex, where the rigidity of the ligand prevents Jahn-Teller-type effects, giving rise to a 2nd-order axial zero-field-splitting (zfs) parameter, |D| > 400 cm-1. This is close to the limiting value set by the spin-orbit coupling (SOC) parameter ζ = 668 cm-1 for NiII.1,2 Consequently, [FeIICl3(Me-dabco)2]ClO4 (1) was synthesized with the aim of understanding Jahn-Teller-type effects in TBP FeII complexes, wherein the unpaired spin occupies the lowest energy degenerate dxz/dyz orbitals (Fig.1a & b). To this end, multi-frequency high-field EPR studies were performed to precisely elucidate the spin Hamiltonian parameters which describe the magnetic anisotropy.
Experimental 

A series of high-frequency EPR measurements were conducted on a polycrystalline sample of 1, at a temperature of 5 K, using the 15/17 T homodyne transmission spectrometer housed in the EMR facility.
Results and Discussion

 
Analysis of the frequency dependence of the spectra within the context of a spin S = 2 effective spin model suggests an energy separation of ~13 cm-1 between the Ms = ±2 and ±1 doublets, which corresponds to an axial zfs parameter, |D| ~ 4.3cm-1 (see Fig.1c). This value is considerably smaller than the SOC parameter, ζ = 456 cm‑1 for FeII, which suggests that the molecule is susceptible to Jahn-Teller-type effects that lift the degeneracy between the dxz/dyz orbitals, unlike in the case of TBP NiII.
Conclusions

 In conclusion, we have synthesized and conducted a spectroscopic study of [FeIICl3(Me-dabco)2]+. This work is important in terms of understanding the factors that cause a quenching of the orbital moment in molecular building blocks that show potential for the design of new and improved single-molecule magnets.
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Fig.1 (a) Representation of the [FeIICl3(Me-dabco)2]+ molecule (Fe – orange; Cl – green; N – blue; C – gray; H omitted for clarity). (b) d-orbital crystal field splitting scheme for TBP FeII (d6). (c) Frequency vs field plot indicating the EPR transitions collected as a function of frequencies at 5K. The red (gray) lines indicate ground (excited) state transitions with the field parallel to the molecular easy-axis; the inset shows the corresponding energy level diagram for S = 2.









