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Magnetic Anisotropy Study on trans-[ReIVF4(CN)2]2-
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Introduction


The design of new molecule-based magnetic materials with characteristics challenging those of traditional inorganic and metallic materials relies largely on the ability to rationally organize high magnetic anisotropy building units into polynuclear complexes or coordination networks. For single-molecule magnets (SMMs), the detailed analysis of multi-frequency and -temperature EPR spectra allows for the precise/unambiguous determination of the effective g tensor, which cannot easily be obtained from other techniques. This information forms the basis for the formulation of magneto-structural correlations that are of crucial importance for the development of SMMs and derived materials with improved characteristics like longer spin-lattice relaxation times and magnetic coercivity.
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Experimental

A series of high-field EPR measurements were performed on a polycrystalline sample of (PPH4)2[ReIVF4(CN)2], 1, using a transmission type EPR spectrometer outfitted with a 15/17 T superconducting magnet available at the EMR Facility.
Results and Discussion 

The molecular structure of 1 is shown in Fig.1A. A typical high field EPR spectrum is displayed in Fig.1B. The variable-frequency results are summarized in the inset of Fig.1B, where the observed resonance conditions are plotted. Linear fits of the frequency versus field data set reveal a rhombic effective g-tensor, with geff,1 = 4.64, geff,2 = 1.43, geff,3 = 1.15, for the lowest Kramers doublet associated with the spin S = 3/2 ground state of the ReIV ion. This set of effective g values is consistent with the direct-current magnetic measurements, confirming a large magnetic anisotropy, as characterized by a large energy gap separating the Ms = ±1/2 and Ms = ±3/2 Kramers doublets in zero field. In addition, alternating-current magnetic susceptibility measurements show out-of-phase peaks below 23 K, indicating slow magnetic relaxation.
Conclusions

Significant magnetic anisotropy is observed from both HFEPR and magnetic measurements on this unique cyanido-fluorido-metallate anion, suggesting that it may serve as a useful building block in the design of SMMs.
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Fig.1 A: The molecular structure of trans-[ReF4(CN)2]2-. B: A representative powder EPR spectrum of 1 recorded at 203.2 GHz and 5 K. The inset shows the observed resonances (open circles) and the corresponding linear fits (solid lines) for the three components of the effective g tensor.
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