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Abstract

As a new member of two-dimensional materials, black phosphorus (BP) has attracted unprecedented
attention owing to its unique electronic and optoelectronic properties. In this work, a facile liquid
exfoliation method was used to prepare BP nanosheets and BP Quantum Dots (QDs) suspended in NMP
solvent. The Z-scan and pump-probe measurements indicated that BP nanosheets and QDs exhibit
typical broadband saturable absorption properties. For BP nanosheets, an ultrafast recovery time
(~50fs) and slow electron-hole recombination time (~1.9ps) of BP nanosheets were determined at
1550nm and correlated with intraband relaxation and interband carrier recombination, respectively. For
BP QDs, the ultraviolet intraband relaxation time may be too short to be resolved, while the extracted
interband relaxation time was 200~300 fs. The carrier diffusion length of 5 nm was obtained based on
non-equilibrium carriers diffusion theory, which is consistent with the size of BP QDs. The excellent
nonlinear optical characteristics of BP nanosheets and QDs may lead to new applications in lasers and
optical switching.
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