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Graphene

Two atoms per unit cell

Graphene has an unusual dispersion relation in the vicinity of the 
Fermi energy. 
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There will be two eigen energies for every k.

Tight binding graphene 
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Tight binding, graphene
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www.physics.umd.edu/courses/Phys732/hdrew/spring07/
Schoenenberger%20tutorial%20on%20CNT%20bands.pdf 
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http://lamp.tu-graz.ac.at/~hadley/ss1/bands/tbtable/dispgraphene.html

Another band is included here.
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Carbon nanotubes 

metallic (5,5)  armchair tube

231 4 cos cos 4 cos2 2 2
y yx k a k ak aE t                    

http://lamp.tu-graz.ac.at/~hadley/ss1/bands/tbtable/CNTs.html



Tungsten disulfide 
Boron nitride 
Silicon 
Titanium dioxide  
Molybdenum disulfide

Other nanotubes 

graphene Boron nitride 
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Measure the density of states 
with photoemission 
spectroscopy 

Photoemission spectroscopy   
UPS - Ultraviolet 
photoemission spectroscopy 

XPS - X-ray photoemission 
spectroscopy 

From: Ibach & Lueth



Angle resolved photoemission spectroscopy (ARPES)  

Measure the dispersion relation with angle resolved photoemission  http
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Topological insulator  



Inverse photoemission spectroscopy (IPES)   

http://iopscience.iop.org/0034-4885/51/9/003



k-resolved Inverse Photoemission Spectroscopy (KRIPES)    

http://iopscience.iop.org/0034-4885/51/9/003



Handbook of X-ray photospectroscopy
John F. Moulder
XPS: Chemical identification
UPS: Valence electrons

XPS



XPS



XPS

Cu

ARPES



Thermodynamic properties
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Implicitly defines .



Thermodynamic properties
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Have a form that can be integrated by parts (Partielle Integration)
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Thermodynamic properties



( ) ( )             
E

K E D E dE


  

( )( ) ( )
exp 1

B

D En D E f E dE dEE
k T


 

 
      
 

Chemical potential
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Chemical potential
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Chemical potential



Internal energy density



Specific heat



GaN

1st Brillioun zone of hcp
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