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Abstract:
Layered crystals have revolutionized the field of nanoelec-
tronics and optoelectronics due to their potential to be 
exfoliated into atomically-thin twodimensional (2D) sur-
faces (for example graphene from graphite). Phosphorene, 
a two-atom thick 2D material has found significant at-
tention because of its unique properties including: siz-
able band gap (0.3-1.2 eV), in-plane anisotropy, and high 
charge carrier mobility. Further the 2D phosphorene lay-
ers can be easily exfoliated from the bulk 3D black phos-
phorus crystals and transferred onto any arbitrary sub-
strate. However, the major problem associated with the 
technological applications of phosphorene is that these 
2D material crystal structures can be deteriorated (un-
stable) in the ambient condition. In this thesis, we have 
studied the degradation mechanism of phosphorene and 
developed approaches to protect these anisotropic 2D 
crystals via creating sandwich structure with hexagonal 
boron nitride (h-BN) passivating layer. Confocal Raman 
characterization results indicate oxygen as a leading fac-
tor, with light as a catalyst causing the degradation nu-
cleating at the edge of phosphorene and extending to 
the basal surface. In addition, the mass transfer model is 
applied to define the relationship between the oxidized 
film thickness and oxygen concentration with time de-
pendent. The model and Raman results have interesting 
approach to have constant rate after long enough time of 
exposure to degradation factor. The oxidized film itself is 
prone to have ability to protect underneath phosphorene 
layers from degradation.
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