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Progress of Black Phosphorus in Photocatalysis
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(1. School of Chemical Engineering, East China of Science and Technology, Shanghai 200237, China; 2. Key Laboratory
of Resources Conversion and Pollution Control of the State Ethnic Affairs Commission, College of Resources

and Environment, South-Central Minzu University, Wuhan 430074, China)

Abstract As a kind of non-metallic crystal, black phosphorus (BP) is the most stable one among the allo-
tropes of phosphorus, which will not occur spontaneous combustion in the air. As a kind of thin black
phosphorus, thin phosphorus has wide sources, high chemical stability, and excellent electrical conductivi-
ty, which has attracted wide attention in the field of environmental purification and energy conversion. In
this paper, the structural characteristics and preparation methods of black phosphorus are introduced, and
the morphology control strategies (the solvothermal method, mechanical crushing method etc. ) and appli-
cations of black phosphorus (photocatalytic carbon dioxide reduction, photocatalytic cracking of aquatic
hydrogen, photocatalytic nitrogen fixation, and extraction of radioactive elements) are summarized. Final-
ly, the outlook on the BP future research development direction of the development in the field of photoca-
talysis is discussed.
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Fig. 2 (a) Illustration of the crystal structure of layered BP and (b) the corresponding top view
(¢) SEM image of BP nanoflakes”*!! ; (d) TEM image of black phosphorus quantum dots**!
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Fig. 3 (a) The schematic diagram of the high-pressure and high-temperature method to produce BP; (b) SEM image,
(¢) TEM image™ , (d) XRD pattern and (e) XPS spectrum of bulk BP""’
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Fig. 4 (a) The synthesis process of BP; (b) polarization Raman spectra and (c) infrared extinction spectra under
four incident light with different polarization directions of BP films; (d) infrared extinction spectra

of BP films with a thickness of around 50 nm peeled on sapphire[m
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Fig. 5 (a) The synthesis process of few-layered BP nanosheets; (b) the Atom Force microscope and (c) corresponding
layer thickness of BP nanosheets; (d) XRD spectra of BP nanosheets; (e) high-angle annular darkfield

scanning transmission electron microscopy and elemental distribution map of BP nanosheets (39]
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Fig. 6 Morphological characterization of BPQDs: (a) TEM images of BPQDs and their morphological sketches, (b) enlarged
TEM images of BPQDs, (c¢,d) HRTEM images of BPQDs with different lattice fringes, (e) statistical analysis of the sizes
of the 200 BPQDs measured from the TEM images, (f~h) AFM images of BPQDs along the height contours of the
white line in (f), (i) statistical analysis of the heights of 200 BPQDs measured by AFM"*?; (j) Schematic
of synthesis and (k) schematic model of the stabilization mechanism of F—BPQDs“”
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Fig. 7 (a) Raman spectra, (b) XRD patterns, (¢) TEM and (d) high-resolution TEM images, (e) band offset diagram and
interfacial charge properties, and (f) schematic diagram of direct Z-Scheme charge transfer path of BP/RP heterojunction’'*!
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Fig. 8 (a) The preparation of BP nanosheets/CdS photocatalysts; TEM images of (b) bulk BP and (c¢) BP nanosheets;
(d) TEM and (e) high-resolution TEM images of BP nanosheets; (f) AFM image and (g) the height profile along
the white line of BP nanosheets; (h) XRD patterns and (i) Raman spectra of bulk BP and BP nanosheets"*"
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