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High-Field EPR Studies of Mononuclear Single-Molecule Magnets 
with Giant Axial Magnetic Anisotropy
Craig, G.; Marriott, K.; Murrie, M. (University of Glasgow, Chemistry); Bhaskaran, L. and Hill, S. (NHMFL and FSU, Physics)
Introduction 

Trigonal bipyramidal (TBP) Ni(II) complexes with orbitally degenerate ground states are attractive candidates to consider as building blocks for single-molecule magnets (SMMs). Recently we reported a giant easy-axis magnetic anisotropy in [Ni(MDABCO)2Cl3]ClO4 with a 2nd-order axial zero-field-splitting (zfs) parameter, |D| > 400 cm-1, which is close to the spin-orbit coupling (SOC) parameter,  ζ = 668 cm-1 for NiII. In reference to this, [Ni(MDABCO)2Cl3]I(MeOH (1) was synthesized with the aim of further understanding the role of the bulky ligands that prevent symmetry breaking Jahn-Teller effects that can lead to dramatic reductions in magnetic anisotropy. High-field EPR studies of such molecules play a crucial role in precisely elucidating the spin Hamiltonian parameters that describe the magnetic anisotropy.
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Experimental 

Multi-frequency EPR measurements based on a cavity perturbation technique were performed at magnetic fields up to 35 T in the DC field facility. The sample was placed in a rotating cavity to obtain the required orientation of the single-crystal with respect to the applied magnetic field.
Results and Discussion


Spectra recorded with the field applied approximately within the hard-plane are displayed in Fig. 1a; two EPR transitions are observed at all frequencies due to two molecular orientations within the unit cell of 1. Careful rotation of the crystal permits field alignment exactly within the molecular hard- (xy-) plane of one of the two species. Analysis of the frequency dependence for this orientation suggests a huge axial zfs parameter, |D| > 200 cm-1, as seen in Fig. 1b. This value is marginally lower than that recorded for [Ni(MDABCO)2Cl3]ClO4,1 belonging to the same family, but still larger than the previous record for a Ni(II) complex.2 This is attributed to the employed rigid ligand set which prevents Jahn-Teller distortion, thus stabilizing the highly anisotropic orbitally degenerate ground state.3 
Conclusions

We report spectroscopic evidence for a giant magnetic anisotropy in [Ni(MDABCO)2Cl3]I(MeOH. These studies are important in realizing the ultimate goal of synthesizing ideal building blocks for a new generation SMMs. 
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Fig.1 (a) EPR spectra collected at 5K for various frequencies, with the field aligned approximately within the molecular hard-plane. (b) Associated frequency vs. field plot for the resonances in (a); the gray lines are simulations.









