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Enhancing the Magnetic Anisotropy of Linear Cr(II) Chain Compounds Using Heavy Metal Substitutions
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Introduction 

Compounds with a linear array of M−M−Cr atoms (Cr2Cr(dpa)4Cl2, Mo2Cr(dpa)4Cl2, and W2Cr(dpa)4Cl2) were examined. Increasing the size of M increases the magnitude of axial zero-field splitting in the compounds, and the temperature above which magnetic hysteresis is observed. All three compounds possess an S = 2 electronic ground state arising from the terminal Cr2+ ion, which exhibits slow magnetic relaxation under an applied magnetic field, as evidenced by ac magnetic susceptibility and magnetization measurements. The slow relaxation stems from the existence of an easy-axis magnetic anisotropy, which is bolstered by the axial symmetry of the compounds and has been quantified through rigorous high-frequency EPR measurements performed at the NHMFL. The D value measured for W2Cr(dpa)4Cl2 is the largest yet reported for a high-spin Cr2+ system.
Experimental

The magnetic properties of Cr2Cr(dpa)4Cl2, Mo2Cr(dpa)4Cl2, and W2Cr(dpa)4Cl2 were rigorously characterized using magnetization and EPR measurements. High-field/high-frequency (240 GHz) EPR measurements were conducted in the Electromagnetic Resonance group at the National High Magnetic Field Laboratory (NHMFL) in Tallahassee, FL, over the temperature range from 300 to 4 K and up to 12 T using a homemade superheterodyne high-frequency EPR spectrometer.

Results and Discussion
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The three new trimetallic chain compounds were found to exhibit slow magnetic relaxation stemming from the existence of an easy-axis magnetic anisotropy bolstered by the axial symmetry of these compounds. The magnitude of D in these compounds increases when heavier ions are substituted into the trimetallic chain; thus D = −1.640, −2.187, and −3.617 cm–1 for Cr2Cr(dpa)4Cl2, Mo2Cr(dpa)4Cl2, and W2Cr(dpa)4Cl2, respectively. While earlier studies have demonstrated that ligands containing heavy atoms can enhance magnetic anisotropy, this is the first report of this phenomenon using heavy metal atoms as “ligands”. 
Conclusions

Trimetallic chain compounds Cr2Cr(dpa)4Cl2, Mo2Cr(dpa)4Cl2, and W2Cr(dpa)4Cl2 have analogous magnetic properties stemming from their electronic structure containing a nearly isolated high-spin, S = 2 Cr(II) center. This class of compounds show promise for highly tunable magnetic properties. Further examples of these chain compounds are now being studied so that their full potential may be reached.
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Fig.1 Our study on the magnetic properties of three new trimetallic chain compounds was featured on the cover of Inorganic Chemistry.









