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Probing Molecular Magnetism by Infrared & Raman Spectroscopies in Magnetic Fields

Moseley, D.H. (U. Tenn., Chemistry); Thirunavukkuarasu, K. (FAMU, Physics and NHMFL); Lu, Z.; Smirnov, D. (NHMFL); Stavretis, S.E. and Xue, Z.L. (U. Tenn., Chemistry)

Introduction

Single-molecule magnets (SMMs) are transition-metal or lanthanide compounds with large anisotropy and slow relaxation. SMMs have been actively studied for their fundamental magnetic properties and potential applications in, e.g., information storage and quantum computation. One current research goal is to design/prepare SMMs with large anisotropy and slow relaxation. Separations between magnetic ground and excited states and magnetic relaxation barriers in SMMs have been determined mainly by magnetic susceptibility measurements. Raman spectroscopy is one of the direct methods to determine the separations. However, magnetic peaks often overlap with phonon/vibrational peaks in SMMs. Thus, magneto-Raman experiments will help distinguishing magnetic peaks which change/shift positions or even split and phonon/vibrational peaks which do not usually show such changes.
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Gómez-Coca et al. reported in 2014 [1] that Co(acac)2(H2O)2 (1, acac = acetylacetonate), as a representative compound with the axial zero-field splitting (ZFS) parameter D > 0, shows slow magnetic relaxation. Susceptibility studies gave the magnetic separation of 2D ( 114 cm-1. 1 is attractive as they provide a comparison of two Co(II) compounds with D > 0 and D < 0, respectively. In addition, deuterated analogs Co(acac)2(D2O)2 (1-d4) and Co(acac-d7)2(D2O)2 (1-d18) may be prepared to study how phonon changes affect the magnetic excitations.
Experimental


1, 1-d4 and 1-d18 were prepared at the University of Tennessee, Knoxville, by procedures similar to that in the literature [1], except that D2O and D2O/Dacac-d7 were used for the synthesis of 1-d4 and 1-d18, respectively. The Raman spectra were measured in a backscattering Faraday geometry using a 532 nm laser excitation at the 14.5 T SCM at the Electron Magnetic Resonance (EMR) facility. The collected scattered light was guided via an optical fiber to a spectrometer equipped with a liquid-nitrogen-cooled CCD camera, at temperatures down to 5 K and magnetic fields up to 14 T. Calibration of the Raman spectrometer was conducted separately.
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Results and Discussion
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The spectra of 1-d4 at 0-14 T are given in Fig.2. The peak at 115 cm-1 at 0 T is split into two peaks inside magnetic fields.  The two peaks exhibit considerable shifts with increasing magnetic fields, suggesting that these peaks have a magnetic origin and also that magnetoelastic coupling might play a very important role in these SMMs. The observation of the magnetic peak at 115 cm-1 at 0 T is consistent with results from far-IR and inelastic neutron scattering (INS) studies.
Conclusions

Raman spectroscopy at variable magnetic fields was successfully performed on the SMM. It is a direct method to probe magnetic transitions and magnetoelastic coupling in SMMs.
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Fig. 2. Raman spectra of 1-d4 at 0-14 T.
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