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…using the work of many others!





Bonding 
(the ‘glue’ in matter)

is determined
by the valence electrons





Core electrons are chemically inert 

All electron calculation for an isolated Si atom 

Angularly integrated core and valence charge densities 
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Radial profile of charge density for Si atom
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Effective potential for valence electrons
Pseudopotential
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Internal electrons are inert, and do not 
participate in the chemical bond



Orthogonalized plane-wave method (Herring, 1940)

Phillips-Kleinman
cancellation theorem

(1959)



Common metal:  Na



Empirical 
pseudopotentials











The modern era 
of pseudopotentials





: Pseudo wavefunction
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non-linear 
core corrections
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Ab-initio pseudopotentials





(Many) newer developments to 
address transferability and cost 

issues

• Refinements of the “node ironing” and 
inversion procedures.

• Ultrasoft pseudopotentials

• Norm-conserving schemes using multiple 
projectors



More…

• Find out how your favorite materials 
simulation code uses pseudopotentials.

• Become familiar with the available databases. 

• (Remember to test your pseudopotentials!)



Databases of curated pseudopotentials
http://www.pseudo-dojo.org/



Practical issues
in Siesta



PS use in Siesta

• Legacy format:  .psf extension
• PSML format:  .psml  extension

• Richer metadata
• Can use Pseudo-Dojo database

Generation of pseudopotentials:
• ATOM program: https://docs.siesta-project.org/projects/atom
• ONCV program: See https://www.pseudo-dojo.org

https://docs.siesta-project.org/projects/atom
https://www.pseudo-dojo.org

