
Excitons
Bound state of an electron and a hole in a semiconductor or insulator 

Mott Wannier excitons
(like positronium)



Mott-Wannier Excitons
Bound state of an electron and a hole in a semiconductor or insulator (like 
positronium)

 
* 4 2 2

, 2 2 2 2 2 * *032 2n K g
h e

e KE E n m m


     




Hydrogenic model

Kittel



Gross & Marx

Excitons



Excitons

See: C. D. Jeffries, Electron-Hole Condensation in Semiconductors, Science 189 p. 955 (1975).

Biexcitons H2?
Metallic plasma 
droplets
Observe with an 
infrared camera

Kittel



Frenkel Excitons

Excitons transport energy but not charge. Frenkel excitons are occur in 
organic solar cells, organic light emitting diodes, and photosynthesis. 

A Frenkel exciton is localized on an atom or molecule in a crystal.
The band gap of solid krypton is 11.7 eV. Lowest atomic transition in the solid 
is 10.17 eV. 



OLEDs

Glass
ITO anode

Aluminum cathode

Cathode is typically a low work function material Al, Ca - injects electrons
Anode is typically a high work function material ITO - injects holes 

Egbert says you always have an injection barrier. The best you get is about a barrier of 0.2 V even if you choose a high or l
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Galaxy Tab

OLEDs



Organic solar cells

P3HT donor  
PCBM acceptor

Excitons in polymers: a monomer is in an excited states and this moves down 
the chain.  

https://www.uni-ulm.de/nawi/nawi-oc2/forschung/ag-organische-halbleiter-und-farbstoffe-fuer-die-photovoltaik.html?print=1



https://en.wikipedia.org/wiki/Perovskite_solar_cell

Perovskite solar cells

Efficiency ~ 22%

I, Br, Cl



Raman Spectroscopy
Inelastic light scattering    
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Phonons, magnons, plasmons, polaritons, excitons
0K 

C. V. Raman



Raman Spectroscopy
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There are components of the polarization that oscillate at 
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Raman Spectroscopy

( ) 1kI n    

( ) kI n   

Stokes:

anti-Stokes:



Raman spectroscopy



ABX3

Ferroelectricity

Perovskites

Spontaneous polarization
Analogous to ferromagnetism
Structural phase transition
Tc is transition temperature
Electric field inside the material,
is not conducting


