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HFEPR Investigations of (i) Anisotropy of Magnetic Clusters, and (ii) Quantum Mechanical Interactions between Structural Building Units in Polymers
Lampropoulos, C. (U. of North Florida, Chemistry); Ozarowski, A. (NHMFL); Christou, G. (UF, Chemistry); Meisel, M.W. (UF, Physics) and Tasiopoulos, A.J. (U. of Cyprus)
Introduction

Single-molecule magnets (SMMs) are superparamagnetic particles of typically high spin and large Ising (axial) anisotropy. The family of Mn12 clusters has been central in the study of SMMs, as they have been used as models for phenomena such as quantum phase interference and spin parity. We have synthesized polymeric aggregates of Mn12 SMMs, and have studied them both by DC and AC magnetization, and as part of the present proposal we have also investigated the magnitude of the axial anisotropy using high-field, high-frequency EPR (HFEPR). 

Experimental


The HFEPR studies were performed in collaboration with Dr. A. Ozarowski at the EMR facility, using the 17 T continuous wave transmission EMR spectrometer. The samples were prepared by undergraduate students at the University of North Florida (UNF) Chemistry Department, and typically the PI and his students were also present during the experiments. The experiments where carried out at different temperatures and frequencies in order for the entire energy space to be mapped. The results were fitted using the program SPIN, which Dr. Ozarowski modified in order to handle the high-spin ground states exhibited by the [Mn12]n polymers. and the data was plotted as field vs. frequency plots (Fig. 1). The fitting was done using the following spin Hamiltonian:   
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Ĥ = DŜz2 + B40Ô40 + μBBgŜ

[1]

Results and Discussion


Several samples were measured. Sample data plots are presented in Fig. 1. From these data sets we were able to obtain the D values. HFEPR is the most accurate technique to obtain D, whereas other physical methods can merely provide approximations. 
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As part of this investigation we performed a correlation study between the structures and the anisotropy parameter, namely the D value. There seems to be a correlation of the linker length in the polymer and the axial anisotropy of the system, which is certainly not an expected outcome. Further studies are in progress to find a general theory to explain this trend, whereas the PI’s students are currently investigating ways of producing similar species bearing functional linkers. 
Conclusions

We have previously performed a magnetostructural correlation between different [Mn12]n polymers, and with this HFEPR study we have unveiled an important relationship between the size of the bridge linking the structural building units and the anisotropy parameter D.1 Currently this relationship is further investigated.  
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Fig. 1. Left: field vs frequency plot (“Florida Map”) of a [Mn12]n polymeric species. Circles: experimental points; red lines: calculated for the "parallel" orientation; blue: calculated "perpendicular" resonances. 


Right: powder HFEPR spectra. Blue: experimental; red: simulated.









