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Our research focuses on the rational design, deterministic assembly, and detailed
investigation of the physical phenomena emerging from quantum confinement effects in
carbon hanomaterials. We pursue a highly integrated multidisciplinary program, founded
on synthetic bottom-up approaches toward functional materials with precisely defined
structure. We control their assembly into hierarchically ordered architectures and evaluate
inherent physical properties using modern scanning probe techniques cross multiple length,
time, and energy scales.

Here we describe two new classes of low-dimensional carbon nanomaterials: The first
represents a dual-square carbon-oxide lattice featuring a Dirac nodal-line semimetal
(DNLSM) band structure. Orbital engineering guided by Wannier function analysis guided
the design of a d4mm symmetric tefraoxa[8]circulene (TOC) covalent-organic framework
linked through cyclobutadiene groups. A second example describes the realization of
phase frustration induced flat bands in a diatomic Kagome lattice. The chemical
stabilization of the energetically unfavorable open-shell high-spin ground state of azo-
[3]triagnulene within the lattice of a COF forms the basis for a degenerate set of molecular
orbitals that give rise to hopping frustrated topological flat bands near the Fermi level.
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