
 
 

SUPPLEMENTARY MATERIAL 1 

Details of the total energy calculation in DFT. 

The total energy, totE , in density functional theory (DFT) is given by the sum of the kinetic energy, kinE ; 

the electron-core Coulomb energy, ecE ; the electron-electron Coulomb energy, eeE ; the exchange-

correlation energy, xcE ; and the core-core Coulomb energy, ccE , between the pseudocore charges iZ  

and jZ  as follows: 
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where i  and α  are the site and basis function indices, respectively. βαρ ji ,  is the density matrix 

associated with two basis functions, i  and j , and is defined by αχi  and βχ j . These are defined by 
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,
 with the linear combination of numerical atomic local basis orbitals (LCAO) 

coefficient, vic ,α ; the one particle eigen-energy, vε ; the chemical potential, μ ; and a step function, )(xΘ . 

n  is the electro density defined by  βα βαβα χχρ
ji jiji, ,2 . kLV ,  and kNLV ,  are the local and non-local 

parts in the norm-conserving pseudopotential of atom k , respectively. The factor 2 in kinE  and n  is for 
the spin multiplicity [1].  
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