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Investigating the Origin of the Barrier to Magnetic Relaxation when S = 1/2 
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Introduction 

Understanding and controlling the barrier to magnetic relaxation in molecular materials is vital for the development of next generation technologies. It has long been known that the magnitude of the barrier depends on both the spin and magnetic anisotropy of the molecule. To maximize the magnetic anisotropy in transition metal based materials, the ligand field must be finely tuned to stabilize the orbital moment. One promising strategy to accomplish this is to employ linear geometries where one of the main mechanisms to reduce the orbital moment is not in operation. Historically, it has been stated that in order to generate the type of magnetic anisotropy needed to generate a barrier, the molecular spin, S, must be greater than 1/2. Here, we  report an electron paramagnetic resonance (EPR) study of a two-coordinate cationic Ni(I) bis-N-heterocyclic carbene complex (1) which, despite having S = 1/2, displays a barrier to magnetic relaxation. This work highlights a novel class of compounds with S = 1/2 that display slow magnetic relaxation.
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Experimental 

Single crystal EPR measurements of 1 were performed using a Quantum Design Physical Property Measurement System and accompanying 7 T split-pair magnet. Microwave generation and detection was achieved with a millimeter wave vector network analyzer. Powders of 1 were studied using the homodyne EPR instrument and 15/17 T superconducting magnet of the EMR facility. The microwaves were generated using a phase-locked Virginia Diodes source operating at a base frequency of 12-14 GHz in conjunction with a series of frequency multipliers. Detection of the field modulated signal was achieved using a hot electron InSb bolometer.  
Results and Discussion


The frequency dependence of the single observed resonance in the powder measurements (Fig.1 inset) establishes the g||-value which occurs when the field is applied along the easy axis. The powder measurements were unable to detect the resonance associated with the field applied in the hard plane. In order to determine this value, we have performed angle-dependent single-crystal measurements. The maximum resonance position occurs when the field is oriented parallel to the hard plane, thus permitting determination of g(.         
Conclusions

The magnetic anisotropy of 1 has been quantified via multi-frequency high field EPR. From our subsequent crystal field analysis, we have also found that the origin of the anisotropy is the large orbital moment associated with the dxy/dx2-y2 orbitals. 
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Fig.1 Resonance position of a single crystal of 1 as a function of magnetic field orientation. The vertical green bar shows the range of positions expected for a typical S = 1/2 system. The inset shows the molecular structure as well as the resonance position as a function of frequency in the powder spectra.











