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Abstract: Understanding the vibrational properties of materials becomes crucial as

temperature deviates from absolute zero. Vibrations play a pivotal role in how
materials interact and behave thermally, impacting various aspects of their
functionality. Well-established theories on vibrations exist, primarily from the
physics community for bulk materials and from quantum chemists for small
molecules.

In this project, we target an intermediate scale, situated between individual
molecules and bulk materials—the realm of nanostructures. Nanostructures
possess unique vibrational characteristics that differ from bulk materials and
individual molecules. Our objective is to bridge this theoretical gap by utilizing
established methodologies and innovating new approaches.

Drawing upon our recent advancements, this project will amalgamate
knowledge from both physics and quantum chemistry domains. We will apply
our methodology to colloidal nanostructures and 2D twisted (Moire) systems.
This deeper comprehension will not only contribute to fundamental science
but also pave the way for technological advancements and applications in
various fields, such as nanotechnology and quantum information science.
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