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STM Study of Exfoliated Few Layer Black Phosphorus Annealed in Ultrahigh Vacuum
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Exfoliated black phosphorus (bP) has found a prominent place in the family of van der Waals
materials, thanks to its direct band-gap, tunable with layer number, and to its strong in-plane
anisotropy. Another peculiarity of bP is its high reactivity, especially with oxygen and
moisture, which results in water-soluble phosphorus oxiacids. This represents a major
drawback for surface science studies of this material. Here, we investigate surface
modifications on exfoliated bP flakes upon subsequent annealing steps, focusing on the
temperature range around 375 °C, when sublimation starts and a controlled desorption from
the surface occurs with the formation of well-aligned craters. There is an open debate in the
literature about the crystallographic orientation of these craters, i.e. whether they align along
the zigzagl or armchair2 direction. Thanks to the atomic resolution provided by STM, we can
directly identify the crystallographic orientation of the craters with respect to the crystal,
solving the controversy3: the long axis of the craters is aligned along the zigzag direction.
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