
ABSTRACT 

Nitrides and Oxynitrides as Next-Generation Solar Energy Materials 

Nitrides and oxynitrides are emerging classes of materials with a large promise for solar energy 

conversion due to their high visible-light absorption, tunable electronic structures, and defect 

tolerance. Although their development has long been hindered by challenging synthesis routes and a 

tendency toward metastability, recent advances in synthesis and computational modelling are 

rapidly accelerating progress in the field. 

In this talk, I will focus on two nitride semiconductors, CuTaN₂ and ZrTaN₃, and the structural 

factors that govern their photoactive properties. In CuTaN₂, combined computational and 

experimental studies reveal strongly anharmonic structural dynamics that lead to an unusual 

temperature dependence of the bandgap. In ZrTaN₃, density functional theory calculations show that 

the distribution of cations across lattice sites significantly influences the electronic structure and 

optical response. I will also discuss related oxynitride materials and the role of atomic-scale 

disorder in tuning optoelectronic properties. 

Overall, these results highlight the potential of complex nitrides and oxynitrides as next-generation 

photoactive materials and demonstrate how atomic-scale structural engineering can be used to tailor 

their functional properties. 
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