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Abstract:  We have developed an easy and efficient method for exfoliating few-layer sheets of black phosphorus 

(BP) in N-methyl-2-pyrrolidone, using ultra-high pressure homogenization (UPH). The BP was first exfoliated into 

sheets that were a few atomic layers thick, using a homogenizer for only 30 min. Next, a double centrifugation 

procedure was used to separate the material into few-layer nanosheets that were examined by X-ray diffraction, 

atomic force microscopy (AFM), transmission electron microscopy (TEM), high-angle annular dark field scanning 

transmission electron microscopy (HAADF-STEM), and energy-dispersive X-ray (EDX) spectroscopy. The results 

show that the products are specimens of phosphorene that are only a few-layer thick.  
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1. Introduction  

Graphene, a two-dimensional sheet of carbon atoms, has attracted considerable attention in recent years, 

due to its exceptional electronic properties, carrier transport, and mechanical properties[1-3]. Phosphorene is an 

analogous two-dimensional semiconducting material composed of phosphorous atoms, in which its bandgap is 

thickness-dependent, suggesting the potential for many advanced applications in nano-electronic, 
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