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Molecular magnets form a new class of material that enables us to chemically engineer and control magnetic behavior in ways that are impossible with conventional inorganic magnets. Potential applications for magnetic molecules in future technologies range from ultra-high density data recording to spintronics logic devices, and even to quantum computing.  Toward this end we are building molecular spin networks and studying the magnetic coupling between spin centers that occurs through individual molecules. Our objectives are to understand the local magnetic behavior of these hybrid nanostructures, to control their quantum spin state, and to evaluate their device potential.


Most recently we have used a scanning tunneling microscope (STM) at cryogenic temperatures (4 Kelvin) to arrange single atoms and molecules with atomic-scale precision on a clean silver crystal surface.  This has allowed us to form new chemical bonds between magnetic atoms and organic molecules and thus establish new magnetic molecular networks that have never been seen before. The sequence of STM images below shows the creation of V[TCNE] and V[TCNE]2 molecular complexes made by connecting tetracyano​ethylene (TCNE) molecules to a single vanadium (V) atom. Tunneling spectroscopy reveals the successful formation of V-TCNE chemical bonds, as well as the altered spin properties of the newly formed organic/inorganic complexes.
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Figure:  STM images (upper panels) show the formation of V-TCNE magnetic spin complexes on a silver crystal surface, made through atomic and molecular manipulation via the tip of an STM.  Lower panels show sketches of the atomic and molecular structure of the elements imaged in upper panels.








