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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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http://lampz.tugraz.at/~hadley/ss1/bands/tbtable/dispbn.html
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2-D boron nitride





Angle resolved photoemission spectroscopy (ARPES)  

Measure the dispersion relation with angle resolved photoemission  
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Bi2Te3

Topological insulator  



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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PbTiO3

Pyroelectric 
constant

Dielectric constant

Specific 
heat
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Polarization









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





Structural phase transitions

GaAs, Zincblende
GaAs, Wurtzite

3C - SiC 

SiC has about 100 polytypes

4H - SiC 6H - SiC 



Bismuth

Kumar, Anil & Loke, Rajendra & Pramanik, Arindam & Sensarma, Rajdeep & 
Ramakrishnan, Sitaram & Prakash, Om & Bag, Biplab & Thamizhavel, Arumugam 

& Ramakrishnan, Srinivasan. (2022). 10.48550/arXiv.2212.03543.



SiO2



Superconductivity in Hydrides



Quantum cascade laser


