
















Key Concepts
1D Band Structures Summary

Band Formation

•Bloch functions: ψ = e·u(x) determines phase 
relationships across unit cells

•Zone boundaries: k = 0 (uniform phase) vs k = 
π/a (alternating phase via e = -1)

•Orbital-band rule: Number of orbitals in unit cell 
= number of bands

•Peierls distortion: Dimerization opens band 
gap by stabilizing filled states

Material Properties

•Classification: Fermi level cuts band (metal) vs 
between bands (semiconductor/insulator)

•Direct gap: VBM and CBM at same k → 
efficient optical transitions (LEDs)

•Indirect gap: Different k-points → requires 
phonon for momentum (Si solar cells)

•Bandwidth: σ orbitals wider than π orbitals due 
to stronger overlap



Homework

6.6-6.8, 6.12



Learning Objectives
Electronic Band Structures in 2D Systems

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

• Construct reciprocal lattice vectors from real space lattice vectors using perpendicularity and length 
requirements

• Identify the first Brillouin zone as the Wigner-Seitz cell of reciprocal space
• Locate and interpret special k-points (Γ, X, M) in 2D square lattices
• Predict crystal orbital phase relationships at different k-points in two dimensions
• Read and construct band structure diagrams for 2D materials using cuts through reciprocal space























































Homework

6.13, 6.14



Learning Objectives
Band Structure of the CuO₂²⁻ Layer

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

• Construct band structures for multi-atom unit cells from molecular orbital diagrams
• Interpret density of states (DOS) and partial DOS diagrams to identify orbital contributions
• Predict orbital overlap patterns and symmetry-allowed interactions at different k-points
• Relate band width to orbital overlap strength and electron delocalization
• Extract key properties from band structure diagrams: metallic vs semiconducting behavior, localized vs 
delocalized electrons





















































Homework: 
•6.9
•6.10
•6.11
•6.13
•6.14
•6.15
•6.16


