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High-Frequency and -Field EPR of Octahedral Vanadium(II) and Chromium(II) Bisdiphosphine Complexes in Frozen Solution
Zolnhofer, E.M.; Meyer, K. (Friedrich-Alexander U. Erlangen-Nürnberg, Germany, Inorganic Chemistry); Krzystek, J. (NHMFL) and Telser, J. (Roosevelt U., Biological, Chemical and Physical Sciences)
Introduction

Girolami, Wilkinson and co-workers reported in 1985 the synthesis and structural characterization of a series of early transition metal complexes of the then novel ligand 1,2-bis(dimethylphosphino)ethane (dmpe).


1 ADDIN EN.CITE  These complexes had the general formula [MX2(dmpe)2], where M = Ti, V, Cr, Mn, or Fe, and X = Cl or Me (methyl); see Fig.1.  All of the complexes in this series are paramagnetic, with S > 1/2, and thus of potential interest for HFEPR investigation. The Mn(II) complexes have S = 5/2 ground states, but with small magnitude zero-field splitting (zfs), as is typical for this 3d5 ion, so that D is measurable by X-band EPR. However, the Ti(II) (3d2) and Cr(II) (3d4) complexes have S = 1 ground states that are “EPR-silent” and the X-band EPR of the V(II) (3d3) complex is not definitively analyzable. Related Cr(III) complexes, isoelectronic with V(II), are of interest as single ion magnets,2 but have not been studied by EPR. As part of our investigation of early transition metal complexes with unusual electronic structure, we have studied [MX2(dmpe)2], M = Ti, V, Cr, X = Cl by HFEPR in frozen solution. Results on the latter two complexes are described in this Report.
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 Experimental


The EMR Facility and its 15/17 T superconducting magnet was used in the experiments. Rigorously air-free procedures were used at all stages for handling these highly air-sensitive complexes in 1:1 toluene/dichloromethane (DCM) frozen solution (4.5 K).

Results and Discussion
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[VCl2(dmpe)2] in frozen solution exhibited a strong HFEPR signal over a wide range of frequencies (ca. 100 – 320 GHz) that could be simulated using: S = 3/2, |D|        = 0.323 cm–1, |E| = 0.0618 cm–1, g = [1.984, 1.989, 1.993]. At lower frequencies, hyperfine coupling (hfc) from 51V (100%, I = 7/2) could be partially resolved to give A|| ( 480 MHz. This hfc observation is unusual and will be useful for electronic structure calculations. The Cr(II) complex also exhibited a strong HFEPR response, in this case characteristic of a spin triplet (Fig.2). The field-frequency dependence of the resonances allowed accurate determination of spin Hamiltonian parameters (see Fig.2 caption).
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Conclusions

This study is the first definitive zfs determination for a spin triplet Cr(II) complex. Related complexes have exhibited spin-crossover behavior,3 so the relation of zfs in this complex to its electronic structure will be of interest also in comparison with the V(II) congener which would not exhibit such effects.
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Fig.1 Molecular structure of investigated complexes.





Fig.2 295 GHz HFEPR spectrum (black trace) of CrCl2(dmpe)2 in toluene/DCM glass at 4.5 K. Simulations (colored traces): |D| = 7.38 cm–1, |E| = 0.103 cm–1, giso = 2.00. Comparison with experiment shows that D is clearly positive (red trace).








Fig.2 295 GHz HFEPR spectrum of CrCl2(dmpe)2 in toluene/DCM glass at 4.5 K. Simulations:|D| = 7.38 cm–1, |E| = 0.103 cm–1, giso = 2.00.D is clearly positive.
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