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Electron bands



Bloch Theorem

Eigenfunction solutions of the Schrödinger equation have Bloch form. 
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is a wavevector in the first Brillouin zone. 

is a periodic function.



Empty lattice approximation
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empty lattice approximation





http://www.springermaterials.com/navigation/bookshelf.html#l_2_106048_



Lithium bcc

bcc comb potential

Materials project



Sodium



http://lampx.tugraz.at/~hadley/ss1/bands/bandstructures/Cr/Cr_Bandstructure.html

Quantum Espresso Materials Project 



Transition metals 



d band metals, transition metals

f band metals, rare earths



Copper dispersion relation and density of states

from Ibach & Lueth

Empty
lattice
approx.

4s overlaps more than 3d



Silver



Gold



Measure the density of states 
with photoemission 
spectroscopy 

Photoemission spectroscopy

UPS - Ultraviolet 
photoemission spectroscopy 

From: Ibach & Lueth

Secondary 
electrons 



Angle resolved photoemission spectroscopy (ARPES) 

Measure the dispersion relation with angle resolved photoemission  









Thermodynamic properties of metals

From the band structure measurements, we obtain the electron 
density of states.

Thermodynamic 
properties can be 
calculated from the 
tabulated data for the 
density of states



http://lampz.tugraz.at/~hadley/ss1/fermigas/sommerfeldtable/sommerfeld.php

Thermodynamic properties of metals







http://www.sciencedirect.com/science/article/pii/036459169190030N

SGTE data for pure elements 



Close packed  bcc

http://lampx.tugraz.at/~hadley/ss1/materials/sgte/SGTE.html

Ti Hf

Close packed  bcc: Am, Be, Ca, Gd, Nd, Pr, Hf, Sc, Sm, Sr, Ti, Tb, Th, Tl, Y, Yb, Zr



http://lampz.tugraz.at/~hadley/ss1/fermigas/sommerfeldtable/sommerfeld.php

Sommerfeld expansion for metals

Approximate the density of states with D(EF) and D′(EF).



Metals, semiconductors, and insulators

From Ibach & Lueth

Insulators: band gap > 3 eV


