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Abstract: While experimental protocols aimed at the synthesis and characterization of colloidal
semiconductor nanocrystals are now well established, theoretical calculations of the same
materials still present many challenges. Some of these are: (1) the compromise in the size of the
modelled systems, which have to be large enough to avoid too strong quantum confinement
effects but small enough to be described computationally; (2) the construction of a nanocrystal
model system that represent closely that found in the experiment, and (3) the possibility of adding
surface ligands that increase dramatically the computational requirements.

A successful methodology to tackle some of the above issues is Density Functional Theory (DFT),
which scales cubically with the number of atoms, but that in recent years was capable to provide
important insights in the electronic structure and geometry of several colloidal nanocrystals of up
to 3nm in size. However, a strong limitation of DFT is the high computational cost, which prevent
on the one hand the inclusion of solvent and ligand molecules as in the experiments and on the
other, performing long timescale simulations to study rare events like ligand binding at the surface,
trap formation rates and phonon induced non-radiative quenching. To address these chemico-
physical processes, the field moved to computationally cheaper alternatives such as those based
on classical force fields. These methods however have also important drawbacks, such as the
development of accurate force-field parameters and more importantly the lack of information on
the electronic structure of the material studied. In this framework, novel machine-learning
techniques are poised to bridge the gap between DFT and classical force fields to enable DFT
guality simulations on colloidal nanocrystals also for long timescale events.

In this talk | will therefore discuss the most important achievements obtained in the semiconductor
nanocrystal field by theoretical methodologies and an outlook of future developments.



