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Two-dimensional inorganic nanostructures provide a versatile material platform for applications. Here, in the
context of algorithm development for modelling periodic material systems on quantum computers, we
provide examples of interest, where the optical and electronic properties can be tuned by defects, morphology
or incorporation of moieties. We discuss the calculated optical response of transition metal dichalcogenides,
specifically monolayer WSe, with vacancy defects, which demonstrated promise for single-photon emission.
Inaiming to achieve a red-shift in the localized excitons, we report on the optical spectra of monolayer WSe,
with extended patterns, resulting in such a shift. Furthermore, in considering the morphology of the
monolayer, such as in generation of wrinkles, the potential for single-photon emission is shown. Next, the
role of the organic ligand within the inorganic framework of 2D hybrid organic-inorganic perovskites, proven
promising for nonlinear optical applications, will be discussed. Dependent on the organic moiety, band
alignments indicate variability in quantum-well types and absorption spectra, motivating further synthesis and
experimental characterization. Finally, we describe the electronic properties of patterned graphene, fabricated
using electron-beam chemistry with radiolyzed water vapor. Calculated defect-induced Raman intensities
demonstrate consistency with experimental data, and electron transport calculations of alternating pristine and
epoxide defective strips in graphene demonstrate comparable characteristics to graphene nanoribbons.
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