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Abstract  
Black Phosphorus (BP) is a semiconductor layered material with a direct energy band gap [1]. The 
exfoliation of bulk BP to a few layers BP (FL-BP) flakes[2] allows the tuning of its (opto)electronic 
properties. Indeed, the energy band gap of BP changes from 0.33 eV to 1.7 eV when exfoliated from 
bulk to single layer[3,4]. This makes FL-BP an interesting material with potential applications in optics[5] 
and electronics[6,7]. Additionally, the layered structure and the chemistry of BP makes it also attractive 
for energy storage[8] and composite[9] applications. Recently, it was demonstrated the liquid phase 
exfoliation (LPE) of BP[9,10]. Unfortunately, this process is usually carried out in high boiling point 
(HBP) solvents[10,11], making the use of FL-BP very challenging in applications where both the toxicity 
and the removal of the solvent are a key, e.g., functional polymer composites[12] and printable 
inks[13,14]. 
Here, we show the LPE of BP in low boiling point (LBP) solvents, such as acetone (Fig. a), achieving 
material properties, i.e. lateral size (approx. 200 nm), thickness (~10 layers) and crystallinity (Fig. b), 
similar to the one exfoliated in HBP solvents. We used the FL-BP dispersed in acetone for the 
fabrication of lithium ion battery anodes. Our devices achieved a reversible specific capacity of 293 mAh 
g
−1

, see Fig. c, which is higher than those obtained by BP flakes exfoliated both in high boiling point 
solvents (CHP, giving a specific capacity of 55 mAh g

-1
), and water 180 mAh g

-1
 [8] (all tested at a 

current density of 100 mA g
-1

). Our approach represents a step further towards the fabrication of device 
components based on FL-BP. 
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Figure 1: a) Image of FL-BP dispersion in acetone at different concentrations. b) High resolution 
transmission electron microscopy image of FL-BP flake; Inset: Fourier transform of the image, 
confirming the crystalline structure of the flake. c) Specific capacity over charge/discharge galvanostatic 
cycles, at different current densities, for the anode based on FL-BP in acetone (red triangles) and the 
one based on FL-BP in CHP (blue diamonds), at current density of 100 mA g

-1
. 
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