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Figure S1. XRD pattern of bulk black phosphorus. 

 
 
 
 
 

 

Figure S2. SEM images of the obtained bulk B.P., showing layer-stacking 

morphology. 
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Figure S3. Photograph of as-exfoliated B.P. nanosheets dispersed in various solvents, 

which are water, N-methyl-2-pyrrolidone (NMP), N,N-Dimethylformamide (DMF), 

ethanol, acetone and isopropanol (IPA), respectively, among which the NMP is the 

most efficient solvent for the dispersing of B.P. nanosheets. 

 

 

 

 

 

Figure S4. Atomic arrangements of single-layer and multilayer B.P. projected along 

[010] direction. The translucent atoms in right part mean the P-layer behind the first 

layer. 
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Figure S5. HAADF-STEM images analyses. (a) and (b) Radom parts of two different 

HAADF-STEM images. (b) Analysis the arrangement of 50 dots from (a) and (b), 

respectively. Herein, the zero site was defined as the middle of start and end dots. The 

sites of other dots that higher than the zero site were recorded as plus, otherwise, were 

recorded as minus. 

 

 

Figure S6. Elemental analysis of exfoliated nanosheets. (a) EDS image. (b) and (c) 

HAADF-STEM image and corresponding mapping image of B.P. nanosheet. 
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Figure S7. XPS spectra of B.P. nanosheets. (a) Survey spectrum. (b) P2p spectrum. 

The small peak in Fig. S7b located at about 134 eV can be assigned to PxOy. 

 

 

 

Figure S8. (a) HAADF contrast image for B.P. nanosheet, (b) corresponding EELS 

spectrum of the dotted box in Fig. S8a. The peak around 132 eV in EELS spectrum 

indicated the black phosphorus substance of obtained ultrathin nanosheet, and the 

peak located at 138 eV reveals the phosphorus oxides species due to the slight 

oxidation. 
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Figure S9. XPS spectra of as-exfoliated ultrathin B.P. nanosheets in water for 

different times. (a) one week; (b) two weeks. The peak for B.P. located at about 134 

eV indicated the formation of oxidized PxOy. 

 

 

Figure S10. Raman spectra of as-exfoliated ultrathin B.P. nanosheets in water for 

different times.  

 

Figure S11. TEM image of ultrathin B.P. nanosheets in water for two weeks. 
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Figure S15. UV-vis spectra of bulk B.P. and ultrathin B.P. nanosheets. 

 

 

Figure S16. Photocatalytic degradation of Methyl Orange (MO) by B.P. nanosheets 

with or without NaN3. Test conditions: 5 mg catalyst; 10 mg NaN3; 100 mL MO 

solution with concentration of 6 mg/L, under Xe lamp with 600 nm cut-off filter. 
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Figure S17. Time-dependent absorption spectra of the DPBF in different conditions. 

(a) Ultrathin B.P. nanosheets in O2 atmosphere; (b) Ultrathin B.P. nanosheets in N2 

atmosphere; (c) Ultrathin B.P. nanosheets with adding 5 mg NaN3; (d) Bulk B.P. in air; 

(e) Blank; (f) Illustration of the reaction from DPBF to DPBF endoperoxide by singlet 

oxygen. Test conditions: 1 mg catalyst; 100 mL DPBF solution with concentration of 

20 mg/L. The reactions were conducted under Xe lamp with 600 nm cut-off filter in 

ethanol. 
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