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• What is Kohn-Sham density-functional theory?  

• What is the derivative discontinuity?  

• Why do steps form in the exact Kohn-Sham 
potential?  

• How are these two features of the exact potential 
related?  

• Conclusions
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Density-functional 
theory
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What is the derivative discontinuity? 
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Single atom
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iDEA
interacting Dynamic Electrons Approach

1) We calculate the fully correlated many-body wavefunction for two or three 
electrons for any system we choose 

2) We compute the exact electron density, then reverse engineer it to get the exact 
Kohn-Sham potential

Please note: 

Results are numerically very accurate for the import low density regions 

Our electrons are spinless, hence each electron occupies a distinct Kohn-Sham 
orbital 

Our systems are one-dimensional 

We are currently running CI calculations of ‘real’, 3D atoms/molecules; the results 
agree with our model systems using iDEA. Although, the CI calculations are far more 
computationally taxing



Exact Kohn-Sham potential
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Numerical example
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Why do steps form in the 
Kohn-Sham potential? 



Diatomic molecule

e
Many-electron scenario

e



Diatomic molecule

e
Kohn-Sham scenario

e
S
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Numerical example

S = IR − IL + ε
ho

R − ε
ho

L



Charge transfer

ee δ

Question: what happens when we transfer a very small 
amount of charge from one atom to the other? 



S
(2) = IR − AR + ε
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S = IR − IL + ε
ho

R − ε
ho

L

S
(1) + S

(2) = ∆R −∆L→R = IR − IL + ε
ho
R − ε
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L

S
(2) = IR − AR + ε

ho
R − ε

lu
R = ∆R

S
(1) = −(IL − AR + ε

ho
L − ε

lu
R) = −∆L→R

‘Charge transfer derivative discontinuity’
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Equilibrium
• The two steps from before form at the same point in 

the electron density, hence only one step is present



• These two features of the exact Kohn-Sham potential 
(derivative discontinuity and steps) are related 

• We have a new quantity: the charge-transfer 
derivative discontinuity 

• If the charge transfer derivative discontinuity is 
present in the Kohn-Sham potential, then the atoms 
are bonded

Conclusions



Extra slides



Exact Hartree-exchange-correlation potential
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Far from the atom
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Kohn-Sham perspective
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• Far from any atom the many-electron density decays as

n ∼ e
−2
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• Where the asymptotic decay rate changes…



• …a step forms in the Kohn-Sham potential
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Far from and between the two atoms
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Kohn-Sham perspective
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