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Abstract 

 

 

 

 
Silicon has served as the backbone of microelectronics for over half a century, owing 

to its unique electronic and physical properties, combined with mature and well-established 

fabrication techniques. While bulk silicon exhibits an indirect band gap that limits its optical 

efficiency, nanoscale silicon demonstrates enhanced radiative emission, making it a promising 

candidate for advanced photonic and photovoltaic applications. 

In this thesis, we employ a multimodal computational approach to investigate the 

thermal dynamics structural stability and the optical properties of four hydrogen-passivated 

silicon nanostructures. We also explore possible configurations of surface-oxidized analogues 

to better understand the relationships among size, shape, and interface characteristics with the 

surrounding medium. 

Our methodology integrates time-dependent density functional theory (TD-DFT) with 

ab initio molecular dynamics (AIMD), allowing for a comprehensive analysis of both the 

electronic structure and the structural evolution of Si zero-dimensional systems. This 

synergistic approach offers insight into the complex interplay between nanostructure 

geometry and dynamic behavior. Furthermore, we assess the optical response of these systems 

under external perturbations using TD-DFT with the turbo-Lanczos algorithm—a technique 

that achieves a balance between computational cost and accuracy. This enables the prediction 

of dynamic electronic excitations, which are critical for understanding and engineering light–

matter interactions at the nanoscale. 
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