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Geometric and electronic properties of graphene-related systems: chemical bonding schemes
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1. Emergent graphene-related materials: essential properties, such as electronic properties and
optical properties, and applications, such as LED, solar cells and photo-detectors.

2. First-principle calculations for exploring the geometry- and adatom-enriched essential properties
of graphene-related systems. The critical orbital hybridizations are accurately obtained from the
carbon- and adatom-dominated energy bands, the spatial charge density and the difference after
chemisorption, the free carrier density/ band gap, and the atom- and orbital-decomposed densities
of states (DOSs). The concise chemical pictures are very useful in fully understanding the
fundamental properties, covering optimal geometric structures, electronic properties and magnetic
configurations. Three Kinds of spin arrangements, non-magnetism, ferromagnetism and
anti-ferromagnetism, are clearly identified from the spin-split band structure, the net magnetic
moment, the spatial spin distribution, and the spin-projected DOSs.

3. How to solve the various Hamiltonians is always one of the main-stream topics in physics science.
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Tight-binding model is applicable for studying the emergent 2D materials, accompanied with 3D,
1D and 0D systems, which might possess the critical intrinsic properties, the lattice symmetries,
planar/curved surfaces, few- or multi-layer structures, distinct dimensionalities, stacking
configurations, single- or multi-orbital hybridizations, intralayer and/or interlayer hopping
integrals, significant/negligible spin-orbital couplings.
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1. Understanding about the geometric and essential properties of various emergent graphene-related

materials
2. Know basically how to use numerical computations (First-principles calculations and tight-binding

model)
3. Apply basic simulation and modelling tools to solve simple problems related to graphene materials
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