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Probing Molecular Magnetism by Infrared & Raman Spectroscopies in Magnetic Fields
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Far-IR and Raman spectroscopies, under variable magnetic fields, are direct methods to determine separations between magnetic ground and excited states in single molecular magnets (SMMs). The determination will help measure magnetic anisotropy barriers and relaxations in SMMs. In SMMs, magnetic peaks often overlap with phonon/vibrational peaks. Far-IR and Raman inside magnetic fields will show that magnetic peaks change, including shifting the positions, or degenerate magnetic levels will split, while phonon/vibrational peaks do not.

Transition-metal and lanthanide compounds in Fig. 1 have been reported to be SMMs based on magnetic susceptibility measurements. Gómez-Coca et al. reported in 2014 [1] that Co(acac)2(H2O)2 (1, acac = actylacetonate) with the axial zero-field splitting (ZFS) parameter D > 0 shows slow magnetic relaxation. We reported in 2014 [2] that [Co(12-crown-4)2](I3)2 (3) showed a large axial ZFS (D < 0) with a slow magnetic relaxation. 5 is an FeII-DyIII-FeII complex with one of the largest reported magnetic relaxation barrier of 319 cm-1 [3]. Er[N(SiMe3)2]3 (6) is a three-coordinate SMM [4].
Experimental


The far-IR spectra of Co(acac)2(D2O)2 (1-d4), Zn(acac)2(D2O)2 (2-d4), fully deuterated Co(acac-d7)2(D2O)2 (1-d18), and 3-6 were measured at 5 K and magnetic fields up to 16 T and, for 1, 3 and 6 up to 35 T, using a Bruker Vertex80v FTIR spectrometer. 1, 2 and 5 had been prepared by procedures similar to those in the literature [1-4], except that D2O rather than H2O was used in the preparation of 1-d4 and 2-d4.
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Results and Discussion

Far-IR spectra of 5, e.g., are given in Fig. 2. Several field-dependent peaks were observed at 162, 167, 170, 176, 224, 267, 295 cm-1. Some of these peaks may be the result of the magnetoelastic coupling.  Except 6, far-IR spectra of other SMMs 1, 1-d4, 1-d18 and 3 all show field-dependent peaks.
Conclusions
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Far-IR, under variable magnetic fields, provides a direct spectroscopic means to probe single molecular magnets (SMMs).  
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Fig. 2. Far-IR magneto-absorption spectra of 5 measured at 5 K and at selected magnetic fields between 0 and 17.5 T.
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