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Summary 

In the last few decades, semiconductor nanocrystals have been the topic of interesting 

research. With their unique ability to tune the band gap with the NC size, this class of 

materials presents an interesting range of optoelectronic properties. Perovskite NCs in 

particular caught the interest of many researchers due to their tolerance to defects that is 

not typically seen in other semiconductor NCs. This property is, however, still not well 

understood. In this thesis, we use computational tools, such as Density Functional Theory, 

to perform systematic studies on the properties of perovskite NCs. The NC surface will be 

a focal point of this thesis, as the NC surface plays a central role in achieving NC with 

desirable properties. 

In chapter 2, we presented realistic lead halide NC models taking into account 

experimental data. We studied the effects of surface passivation, crystal morphology and 

different halides on the electronic structure of the NC using Density Functional Theory. 

Based on these calculations, we found that the CsPbBr3 NCs exhibit an orthorhombic 

crystal structure. Our study also showed that an excess of halide ions on the surface of the 

NC leads to the formation of trap states. The high PLQY of CsPbBr3 NCs can, however, be 

attributed to the absence of trap state formation as the structure degrades. These 

perovskite NC models serve as the foundation for future chapters in this thesis, as well 

allows for a multitude of possible future studies. 

Chapter 3 explored the origin of trap states in CsPbBr3 NCs by manually introducing 

structural defects in our models. We showed that the majority of trap states can be 

attributed to Br- not being able to fully bond to the crystal lattice. We also showed that 

neutral vacancies in the crystal lattice do not directly affect the electronic structure of 

CsPbBr3 NCs. Creation of elemental vacancy defects (such as Cs(0), Pb(o) and Br2) are all 

calculated to be endothermic and have low defect densities, meaning that they are 

unlikely to occur. Lastly, we highlight the differences between the bulk and the NC variant 

of lead halide-based materials and computational methods. 

In the last chapter, we rationalized the loss of luminescence as the NC degrades as it ages 

using computational tools. We showed that a NC with a CsX-terminated surface remains 

trap-free until 75% of the surface has been stripped. In comparison with a PbX2-

terminated surface, where stripping of only 25% already leads to the formation of traps, a 



CsX-terminated NC exhibits a clear defect tolerance. Lastly, we presented two different 

surface treatments to prevent the loss of luminescence. One method was post-synthesis 

treatment using PbBr2 and didodecylammonium bromide, which led to the recovery of 

photoluminescence quantum yield back up to above 95%. The second method utilized 

zwitterionic molecules as capping ligands, which allowed recovery of the PLQY back up to 

90%.  

 


