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There is no video for this lecture. I forgot to 
press ‘record’ at the beginning of the lecture.
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polytypes

Different polytypes Different properties



1

2

3 1
ˆ ˆ

2 2

3 1
ˆ ˆ

2 2

a ax ay

a ax ay

 

 





Graphene

Two atoms per unit cell

Graphene has an unusual dispersion relation in the vicinity of the 
Fermi energy. 
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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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www.physics.umd.edu/courses/Phys732/hdrew/spring07/
Schoenenberger%20tutorial%20on%20CNT%20bands.pdf 

Carbon nanotubes - rolled up graphene

armchair

zig-zag

chiral



http://www.personal.rdg.ac.uk/~scsharip/tubes.htm

(m,n) notation



Carbon nanotubes 

metallic (5,5)  armchair tube
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http://lamp.tu-graz.ac.at/~hadley/ss1/bands/tbtable/CNTs.html



metallic m - n = 3Z semiconducting

Carbon nanotubes 

www.physics.umd.edu/courses/Phys732/hdrew/spring07/
Schoenenberger%20tutorial%20on%20CNT%20bands.pdf 
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http://lampz.tugraz.at/~hadley/ss1/bands/tbtable/dispbn.html
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2-D boron nitride



Structural phase transitions

Si, diamond structure

Si II, b-Sn,   tetragonal

silicon makes a diamond to 
b-Sn transition under 
pressure



Structural phase transition in Si

Michael Scherbela 2015



Structural phase transition in Si

Michael Scherbela 2015200 kbar = 20 GPa



Strain

Strain displaces the atoms and the band structure needs to be recalculated.

This changes the density of states and the thermodynamic properties.

Make Legendre transformations from 
the internal energy to the enthalpy 
that has temperature and pressure as 
independent variables. The crystal 
structure with lowest enthalpy will be 
observed.

Enthalpy is calculated from the 
microscopic states of electrons and 
phonons.  



ABX3

Ferroelectricity

Perovskites

Spontaneous polarization
Analogous to ferromagnetism
Structural phase transition
Tc is transition temperature

Electric field inside the material,
is not conducting



BaTiO3

cubic (contains i = > 
no spontaneous P)

Can be used to make 
nonvolatile memory



BaTiO3

Can be used to make 
ultracapacitors
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Phase change material  

Electron diffraction in a TEM of a GeSbTe alloy.

http://web.stanford.edu/group/cui_group/research.htm
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Structural phase transitions in iron

bcc
ferrite

fcc
austenite

specific heat

doi:10.1016/j.calphad.2008.07.009

ferromagnetic a paramagnetic a

antiferromagnetic g

bcc
d-ferrite



Structural phase transitions in iron

specific heat

doi:10.1016/j.calphad.2008.07.009

ferromagnetic a paramagnetic a

antiferromagnetic g




