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Relating Symmetry to Magnetic Anisotropy in a Trigonal Mn(III) Complex
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Introduction 
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[image: image3.jpg]The design of single-molecule magnets (SMMs), relies on the ability to tune the structure that gives rise to magnetic anisotropy. This anisotropy lifts the degeneracy of spin states in the absence of an applied magnetic field and, in certain geometries, can generate an energy barrier separating spin-up and down states. One approach to creating SMMs involves assembling multiple paramagnetic ions with appreciable magnetic anisotropy into larger high-symmetry molecules. In this regard, trigonal molecules provide interesting insights into the effects of molecular symmetry and local single-ion anisotropy on the overall molecular anisotropy. In this study, extensive two axis field rotation electron paramagnetic resonance (EPR) measurements were performed on a ferromagnetically coupled Mn(III) triangle displaying rigorous C3 symmetry, in which the Jahn-Teller axes are tilted ~50° into the trigonal plane formed by the individual Mn(III) ions. This relatively extreme tilt, in which the single ion anisotropy of each Mn(III) site is comparably projected onto the C3 axis and into the xy-plane, results in a near complete suppression of the total molecular 2nd order anisotropy. This affords a rare opportunity to precisely characterize higher 4th and 6th order trigonal anisotropy terms that emerge within the coupled molecular spin Hamiltonian. As seen in our results, EPR is exceptionally sensitive to these higher-order anisotropies.

Experimental 

A single crystal of the Mn3 triangle was mounted in a 9-5-1 T Vector Magnet such that the magnetic field could be varied in both the polar (() and azimuthal (() directions with respect to the sample face. As such, EPR was measured at 89.2 GHz in 10 degree steps in both ( and (. From these measurements, the resonance positions of the ground state \transition were mapped with respect to field orientation, as shown in Fig.1. 
Results and Discussion


The resulting 3-fold pattern in the 2D color map clearly demonstrates the emergence of trigonal anisotropy terms within the coupled ‘Giant Spin’ Hamiltonian. These terms are attributed to a local tilt angle β, shown in Fig.2, which tilts the anisotropy tensors of the Mn(III) sites such that the total symmetry of the Hamiltonian is reduced from C6h to C3. In most SMMs, zero field splitting (ZFS) is dominated by 2nd order axial anisotropy;1 in those cases, the higher order trigonal terms do not require such precise consideration. 
Conclusions

The ZFS parameters of Mn3 triangle have been experimentally determined, from which we can gain further insights into structure/property relations of small spin clusters.
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Fig.1 2D Color map representing the ground state transition resonant field position with respect to the field orientation. The slower oscillation in phi results from the fact the sample was not perfectly aligned with respect to the magnet coordinate frame.








Fig.2 Schematic showing how the individual Mn(III) Jahn-Teller axes are tilted with respect to the plane of the Mn3 triangle. 









