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Abstract:  

Metal-organic chalcogenides (MOCs) are an emerging class of hybrid materials 

composed of both organic and inorganic components. The optical processes in the 

inorganic component of a MOC can be finely tuned by modifying the organic 

component. A thorough understanding of the optical properties of MOCs is 

crucial for designing MOCs with desired properties for optoelectronic 

applications. We explored how the dimensionality, structure, and optical 

properties of MOCs can be controlled through organic components. The 

challenges in understanding the structure-property relationship and establishing 

design principles for these materials will be discussed. A major obstacle lies in 

the prohibitive computational cost associated with calculating excited state 

properties. To address this, we developed a cost-effective approach for calculating the absorption spectra of 

nanomaterials. Our method employs a simplified GW approximation and the Bethe-Salpeter equation, 

reducing storage requirements to grow quadratically and computational time to grow cubically with system 

size. It enables the calculation of absorption spectra for nanocrystals and large dye molecules using limited 

computing resources. Initially applied to finite systems, our method can be extended to periodic systems, 

offering valuable tools for MOC discovery. 
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