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Abstract Low-dimensional black phosphorus materials, such as two-dimensional black phosphorus (2D-BP) and
black phosphorus quantum dots (BP-QDs), show great potential application value in structural and photoelectric
properties. However, they are still faced with problems including uncontrollable synthesis and poor antioxidation
performance. In this research, the simple and low-cost synthesis of low-dimensional black phosphorus was achieved
by the microwave method. The effects of microwave annealing temperature and annealing time on the structure,
morphology, and photoluminescent properties of such black phosphorus were studied. An aluminium oxide (Al, O;)
protective layer was deposited on the surface of BP-QDs samples through atomic layer deposition, and the influence
of Al, O, film thickness on the antioxidation performance of BP-QDs was investigated. The results show that the
size of the quantum dots gradually decreases as the microwave annealing temperature rises and the
photoluminescence emission peak exhibits blue shift, which demonstrates that the reaction temperature affects the
size of the material and then affects the band gap and photoluminescent properties of the material. The black
phosphorous nanosheets are gradually peeled off to form BP-QDs as the microwave annealing time increases. The
BP-QDs are uniformly distributed and smaller in size when the microwave annealing temperature and time are 250 ‘C
and 4 h, respectively. In addition, a thicker Al, O, film offers better protection. Specifically, BP-QDs present the
optimal antioxidation performance in the atmosphere when the thickness of the Al, O, film is 20 nm.
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Fig. 1 Synthesis diagram of low-dimensional black phosphorus
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Table 1 Parameters of atomic layer deposition equipment for preparing Al, O, film antioxidant layers

Parameter Value Parameter Value

Chamber temperature /°C 200 Cycle index 84,167,250,334

Flow rate of water /(mLemin ') 150 Flow rate of trimethylaluminum /(mLemin™ ") 120

Pulse time /s 0.2 Purging time /s 5.0
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Fig. 2 SEM image, TEM image, AFM image, and height statistics charts of 2D-BP sample. (a) SEM image; (b) TEM image;

(c) AFM image; (d) height statistics charts of 2D-BP sample (vertical lines in figure indicate relative positions of peaks)
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Fig. 3 TEM images, size statistics charts, lattice fringe patterns, AFM images, and height statistics charts of BP-QDs samples.
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Fig. 4 TEM images of BP-QDs prepared at different microwave annealing time. (a) 1 h; (b) 2 h; (¢) 3 h; (d) 4 h
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Fig. 5 Absorption spectra of 2D-BP and BP-QDs samples and fluorescence spectra of BP-QDs prepared at different temperatures.

(a) Absorption spectra of 2D-BP and BP-QDs samples; (b)—(d) fluorescence spectra of BP-QDs prepared at different temperatures
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Fig. 7 XPS diagrams of 2D-BP samples annealed at different temperatures. (a) 150 ‘C; (b) 200 C;
(c) 250 C; (d) 300 C
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