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Abstract: Low-cost and earth-abundant materials, such as wide bandgap semiconductors, chalcogenides, and organic molecules, are 
currently being pursued as integrated components within next-generation optoelectronics. The design and optimization of these ma-
terials requires understanding of their structural features and spectroscopic properties at the nanometer scale, i.e. how electronic 
excitations, charge transfer, and charge transport relate to their chemical structure and are influenced by solid-state morphology. The-
ory and computation provide important tools for predicting material properties on the atomic scale, and guiding synthesis and experi-
mentation. In this talk, I will present our recent advances in applying state-of-the-art first-principles computational methods, based on 
the laws of quantum mechanics, to understand the excited-state electronic properties of next-generation materials. In particular, we 
explain the role that structural complexity, arising due to the presence of defects, interfaces, and phonons, plays on the electronic and 
optical excitations of bulk and low-dimensional semiconductors, and demonstrate that simple physical models can explain these phe-
nomena. Collectively, our first-principles simulations provide a physical intuition of complex materials to understand and improve the 
performance of next-generation devices. 
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