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Critical review of bonding
• Bonding states are stable because they have electrons in the middle  this

resembles the H2
+ covalent bonding

• Antibonding states are unstable because they create antialigned dipoles

• If the distance between two atoms (potential wells, boxes) is shortened, splitting
of energy levels increases (see example with quantum wells)

• Adding the repulsion energy (origin: Pauli’s exclusion principle) gives the overall
bonding energy

Increasing number of atoms involved

r: distance
between atoms



Band Theory of Solids



Band Theory of Solids
- the example of sodium -



Band Theory of Solids
- the example of group IV elemental substances -



Classification of Solids
- according to Band Theory -
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Side note: Eg for semiconductors is much larger than kbT… What’s going on?



Classification of Solids
- according to Band Theory -



Density of States
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Classification of Solids
- according to Band Theory -



Periodicity of Crystal Potential
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Potential in solids is not constant, it is periodic
Direction is important
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Periodicity of Crystal Potential
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Potential in solids is not constant, it is periodic
Direction is important



Band Theory of Solids

1s (filled)

2s (filled)

2p (filled)

3s band

3p band















Brillouin zone 
boundary!!!



Band Theory of Solids
- Brillouin theory and the dependence on k -



Band Theory of Solids
- Brillouin zones in 3D -



Band Theory of Solids
- Brillouin zones in 3D -



Band Theory of Solids
- Brillouin zones in 3D -



Band Theory of Solids
- Brillouin zones in 3D -



Representing Bands – a different way



Statistics

• Probability of occupation of a state

ത𝑛 =
𝑛𝑠
𝑔𝑠

number of particles
number of states with energy Es
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Statistics



Calculating the density of states

𝑛 𝑘 = 2 ∙
1

𝑉
∙
1

Ω

V: volume della cella unitaria
nello spazio reciproco

Densità degli stati per unità di volume reale

𝑛 𝐸 =
8𝑚𝜋

ℎ3
2𝑚𝐸



Density of States in 3D, 2D, 1D, 0D



Fermi Energy and
Average Electron Energy
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Transport in solids

Energy (approximate
with a sin function)

Velocity

Effective mass


