
Exchange and correlation in spherically confined atoms 

Sergei F. Vyboishchikov 

Institut de Química Computacional i Catàlisi, Universitat de Girona, 17071 Girona 

In a spherically confined atom[1] electrons are exposed to the Coulomb nuclear attraction po-

tential within a cavity of radius Rc, but outside of this cavity the potential is set to infinity: 

 V(r) = –Z/r  for r≤Rc 

 V(r) = ∞     for r>Rc 

The electron density is confined to the cavity and vanishes outside. The electron correlation 

and exchange as well as orbital energies [2] and shapes [3] depend on the confinement radius 

Rc
 
[4]. 

 The confined atoms is a convenient model system for studying electron exchange and 

correlation. In the present work [5], local exchange potentials corresponding to the Hartree–

Fock electron density have been obtained using the Zhao–Morrison–Parr method [6] for a 

number of closed-shell confined atoms and ions. The exchange potentials obtained and the re-

sulting density were compared to those given by the Becke–Johnson model potential [7]. We 

demonstrate that introducing a scaling factor to the Becke–Johnson potential allows improv-

ing the quality of the resulting density. The optimum scaling factor increases with decreasing 

confinement radius. The performance of Karasiev and Ludeña’s SCα-LDA method [8] for 

reproducing the Hartree–Fock electron densities in confined atoms has been also studied. 

 We also performed CISD calculations of confined atoms to evaluate the correlated elect-

ron density ρCI and the correlation density δρ= ρCI – ρHF. Typically, δρ(r) is positive at large r 

and negative at intermediate r, while its behavior at short distances is more complicated. 

Moreover, δρ behaves differently at different confinement radii Rc. 
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