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Black phosphorus (bP) has emerged as an interesting addition to the category of two-dimensional 

materials. Surface-science studies on this material are of great interest, but they are hampered by bP’s 

high reactivity to oxygen and water, a major challenge to scanning tunneling microscopy (STM) 

experiments. Consequently, the large majority of these studies were performed by cleaving a bulk 

crystal in situ. We have developed a technique, which allows preparing clean exfoliated bP flakes for 

surface science studies, using epitaxial monolayer graphene as a conductive substrate for the 

exfoliation of the bP flakes [1]. 

Based on this approach, we study surface charge transfer doping of exfoliated black phosphorus flakes 

by copper using scanning tunneling microscopy and spectroscopy (STS) at room temperature [2]. The 

tunneling spectra reveal a gap in correspondence of Cu islands, which is attributed to Coulomb 

blockade phenomena. Moreover, using line spectroscopic measurements across small copper islands, 

we exploit the potential of the local investigation, showing that the n-type doping effect of copper on 

bP is short-ranged. These experimental results are substantiated by first-principles simulations, which 

quantify the role of cluster size for an effective n-type doping of bP and explain the Coulomb blockade 

by an electronic decoupling of the topmost bP layer from the underlying layers driven by the copper 

cluster. Our results provide novel understanding, difficult to retrieve by transport measurements, of 

the doping of bP by copper, which appears promising for the implementation of ultra-sharp p-n 

junctions in bP. 
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