
Chapter 8 : The  nearly free electron model and the tight binding model 

The electronic structure of solids is usually described by two different approaches, the nearly 

free electron model and the tight binding model. Their primary differences are as follows: 

1- Nearly Free Electron Model (NFEM) 

 This model considers that electrons in a solid 

are nearly free, which means they move in a 

weak periodic potential caused by ions in the 

crystal lattice. The potential is treated as a 

small perturbation to the free electron gas, 

and the electrons are delocalized over the whole crystal. The model is particularly useful for 

metals and simple metals where the potential is relatively weak. The mathematical approach is 

based on solving Schrödinger equation for a free electron gas with a weak periodic potential 

treated as a perturbation, resulting in forming nearly parabolic energy bands with small 

deviations due to the weak periodic potential. In conclusion, the model focuses on the 

delocalized nature of electrons and the influence of weak periodic potential on their motion. 

 

 

2- Tight Binding Model (TBM) 

This model assumes that electrons are tightly bound to 

their respective atoms, and the wavefunctions of 

neighboring atoms overlap only slightly. This model is 

more appropriate for describing insulators and 

semiconductors where electrons are more localized. 

The mathematical approach is based on the idea that 

wavefunction is constructed as a linear combination of 

atomic orbitals (LCAO) from neighboring atoms. The 

overlap between LCAOs leads to the formation of 

energy bands that can have non-parabolic shapes, 

reflecting the atomic orbitals from which they originated. 
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|k> and |k+K> are degenerate at k = -pi/a, as |k> and |k-K> are also degenerate at k= +pi/a
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is the total potential felt by the electron on site |m> that is produced by all other atoms including the atom at site |m>
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bandwidth: the difference in energy between the highest and lowest allowed levels within a given band

A larger bandwidth implies greater electron mobility, as electrons can occupy a wider range of energies.

A narrow bandwidth often indicates localized electrons and less conductivity.

In a 1D lattice, bandwidth is 
independent of the number of 
atoms once the system is large  
enough to form a band. It depends 
on the hopping strength t between atoms.

band.

for large enough 1D lattice



Recall that the # of available 
states in the band is N, which can
accommodate up to 2N electrons

(parabolic)



This is theoretical prediction of the TBM based on non-overleaping bands. However, in realty, most divalent solids (like Ca and Mg) are metals due to band overlap

separated by a gap 





I need to go over problem 4 in HW#6 to make sure you understand how the bandgap forms and how to determine its magnitude for the 1D diatomic chain of atoms ABABAB.....





Please go over problem 6 in HW#6 to find out how to calculate DOS of 1D diatomic solid with two different atoms per unit cell ABABAB....



(optional)
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