Generative models for the computational design of quantum materials
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Figures extracted from Ref. [Chem. Sci. 14, 10702-10717, (2023)] and Ref. [Nat. Commun. 15, 6061, (2024)].
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The discovery and optimization of quantum materials can be accelerated thanks
to the marked advancements in quantum and statistical methods, their
implementation in advanced software, as well as the seemingly never-ending
improvement in computer hardware. Thus, computer-driven molecular design
combines the principles of chemistry, physics, and artificial intelligence to identify
compounds with tailored properties. While quantum-mechanical (QM) methods,
coupled with machine learning, already offer a direct mapping from 3D
molecular structures to their properties, effective methodologies for the inverse
mapping in diverse chemical space remain elusive. Notable advancement in this
area is the implementation of generative Al frameworks to design novel
compounds with desired physicochemical properties.

The GOAL of this thesis is to use quantum mechanics to explore chemical spaces
spanning low-dimensional materials, gaining insights into structure-property and
property-property relationships. The student will then develop generative models
for the targeted design of quantum materials with specific functionalities.
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