Physics of silicene stripes
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The challenging hypothetical reflection in the silicon realm of graphene, presently the hottest material in condensed matter physics, is coined “silicene”. If existing, it would also reveal a cornucopia of new physics and potential applications; typically, like graphene, its charge carriers would be massless relativistic Dirac fermions. Yet, when such sheets of silicon are formed, the energy extra cost to produce curved structures is very low. Hence, while typically silicon nanotubes have been produced recently, the synthesis of silicene remained up to now a virtual quest. Here, we will reveal the epitaxial growth of silicene stripes, i.e., Si nanoribbons self-aligned in a massively parallel array on a noble metal surface. We have carried out a detailed investigation of their physical properties by a synergetic combination of STM/STS, high-resolution synchrotron radiation phtoelectron spectroscopy and advanced theoretical calculations. These novel silicon nanostructures possess a magic width of just 1.6 nm, are atomically precise, show a surprising symmetry breaking and a substrate mediated cross-talk, which induces their chiral organization in magnetic-like domains. Their spectroscopic signatures are unique: strong metallicity, quantized electronic states, narrowest Si 2p core-level lines ever met in the solid state. Unlike graphene nano-ribbons, the silicene stripes do not present chemical reactivity of the edges making these systems more chemically stable than their graphene counterparts. Furthermore, these silicene stripes can self-organize by lateral compaction to form a one-dimensional grating with a pitch at the molecular scale. This crucial step in the silicene « gold rush » could give a new kick to silicon on the electronics road-map and opens the most promising route towards wide-ranging applications, e.g., by further deposition of an insulating support on top and chemical removal of the primary metallic substrate. In the search for energy efficiency, solar cells and hydrogen storage technologies could strongly benefit from this novel material.
































































