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High-Field EPR Studies of Mononuclear Single-Molecule Magnets with Giant Uniaxial Magnetic Anisotropy
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Introduction 
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    The motivation behind this project involves designing new mononuclear single-molecule magnets (SMMs) with giant magnetic anisotropies, particularly trigonal bipyramidal (TBP) Ni(II) complexes with orbitally degenerate ground states. However, such species are highly susceptible to Jahn-Teller-type distortions that lift the orbital degeneracy, thereby ultimately limiting the anisotropy. To this end, [Ni(MDABCO)2Cl3]ClO4 was synthesized using the rigid DABCO (= 1,4-diazabicyclo[2.2.2]octane) ligand in the hope of suppressing these Jahn-Teller effects. High-field EPR studies then play a crucial role in precisely elucidating the spin Hamiltonian parameters which describe the magnetic anisotropy.
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


High-field EPR studies were performed at multiple frequencies on [Ni(Mdabco)2Cl3]ClO4 with the applied field aligned to within < 0.5o of the molecular hard plane [1]. An analysis of the frequency dependence of the observed resonance fields suggests a huge easy-axis type anisotropy, with a negative 2nd order axial zero-field splitting (zfs) parameter |D| > 400 cm-1, as seen in Fig. 1. This value is considerably larger than the previous record reported for a TBP Ni(II) complex [2], and is thought to be due to the rigidity of the ligands [3] which prevents Jahn-Teller distortion away from the ideal TBP geometry. This results in a 1st order orbital contribution to the spin-orbit anisotropy. To confirm this assertion, we performed low-field measurements on the same sample (not shown) in order to determine an upper bound on the rhombic zfs parameter, E ≤ 0.17 cm-1, thus confirming little or no distortion of the molecule [1].

Conclusions

This work highlights an important strategy for designing highly anisotropic magnetic building blocks that could potentially be employed in a new generation molecular scale magnetic memory storage devices [1].
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Fig. 1 Frequency-dependent EPR spectra (upper inset) and peak positions (main panel) obtained with the magnetic field applied within the hard plane of the [Ni(MDABCO)2Cl3]ClO4 molecule (right inset); frequency-dependent out-of-phase susceptibility peaks (lower inset) indicate slow magnetization relaxation.












