
Learning Objectives
Electronic Band Structure of Graphene

By the end of this lecture, you will be able to:

• Construct reciprocal lattice vectors for non-orthogonal hexagonal systems and identify the hexagonal first 
Brillouin zone

• Locate special k-points (Gamma, M, K, K') in hexagonal Brillouin zones and convert between reciprocal 
lattice and Cartesian coordinates

• Distinguish sigma and pi band contributions in graphene and apply orbital orthogonality at high-symmetry 
points

• Predict bonding character of pi orbitals at Gamma, M, and K points using phase relationship analysis
• Explain semi-metallic behavior, Dirac points, and linear dispersion as unique features of graphene's 
electronic structure









































Learning Objectives
3D Band Structures: Primitive Cubic Systems

By the end of this lecture, you will be able to:

• Construct 3D reciprocal lattice vectors using cross products and identify special k-points (Gamma, X, M, 
R) in primitive cubic Brillouin zones

• Predict band dispersion for s and p orbitals by analyzing nearest-neighbor bonding patterns at high-
symmetry points

• Explain how p-orbital directionality causes band splitting and determines which bands remain degenerate 
at specific k-points

• Apply sigma and pi overlap analysis to rationalize subtle energy variations between k-points
• Predict Peierls distortions in half-filled p-band systems and calculate Fermi level positions from valence 
electron count



















































Homework
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Learning Objectives

Band Structures of Face-Centered Cubic Crystals

•Understand the first Brillouin zone structure for face-centered cubic lattices
•Analyze the electronic band structure of FCC metals using aluminum as a representative example
•Examine band structures of diamond structure materials (carbon, silicon, germanium)
•Distinguish between valence bands, conduction bands, and band gaps in semiconductors
•Explain the progression from insulator to semiconductor to metal down Group 14 elements
•Understand how orbital overlap influences bonding/anti-bonding states and metallic vs semiconducting 
behavior
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