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Molecular spin coupling at the tip of a STM
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Recent advances in addressing and controlling the spin states of a surface-supported object (atom or molecule) have further accredited the prospect of quantum computing and of an ultimate data-storage capacity [1]. Information encoding requires that the object must possess stable magnetic states, in particular magnetic anisotropy to yield distinct spin-dependent states in the absence of a magnetic field together with long magnetic relaxation times. Scanning probe techniques have shown that inelastic electron tunneling spectroscopy (IETS) within the junction of a scanning tunneling microscope (STM) is a good starting point to study the stability of these spin states [2]. STM-IETS allows for an all-electrical characterization of these states by promoting and detecting spin-flip excitations within the object of interest. As spin excitations need however to be preserved from scattering events with itinerant electrons, single objects are usually placed on non-metallic surfaces such as thin-insulating layers or superconductors.
In this sense, new approaches to improve the detection of spin-flip excitations are desirable. With this purpose we present here a novel strategy based on the molecular functionalization of a STM tip. We study the surface magnetism of a simple double-decker molecule, nickelocene [Ni(C5H5)2], which is adsorbed directly on a copper surface. By means of X-ray magnetic circular dichroism and density functional theory calculations, we show that nickelocene on the surface is magnetic (Spin = 1) and possesses a uniaxial magnetic anisotropy, while IETS reveals an exceptionally efficient spin-flip excitation occurring in the molecule [3]. Interestingly, nickelocene preserves its magnetic moment and magnetic anisotropy not only on the surface, but also in different metallic environments. Taking advantage of this robustness, we are able to functionalize the STM tip with a nickelocene [3,4], which can then be employed as a portable source of inelastic excitations. As we will show during the talk, IETS can then be used to probe the interaction between a surface-supported object and the nickelocene tip, including a magnetic interaction.
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The center panel sketches the STM setups employed. With a metal tip, IETS reveals an exceptionally efficient spin-flip excitation for nickelocene adsorbed on a copper surface. Intense stepped-like features symmetric relative to zero-bias are in fact detected at ±3.2 meV in the tunneling spectrum (left panel). This energy corresponds to the uniaxial magnetic anisotropy of nickelocene, in other words below 3.2 meV the magnetic moment of the molecule is parallel to the aromatic rings, while above 3.2 meV the magnetic moment is along the principal molecular axis. Interestingly, the molecule preserves its magnetic moment and magnetic anisotropy in different metallic environments. By taking advantage of this property, we are able to functionalize the STM tip with a nickelocene molecule. Such a tip can then be employed as a portable source of inelastic excitations and used to produce, for example, a double spin-flip excitation (right panel).
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