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Within the context of Kohn-Sham density functional theory, Langreth and Perdew [1] proposed an exact coupling-constant integration for the exchange-correlation energy as a functional of the electron density, in which the density is held fixed at its physical form as the electron-electron interaction is scaled from zero to its physical form.  In the same context, they proposed a random phase approximation (RPA) based upon occupied and

unoccupied Kohn-Sham orbitals.  RPA replaces the exact coupling-constant-dependent linear response of the density to a time-dependent external potential by one that has the form of the Hartree approximation.  Significantly the Hartree orbitals, with their too-diffuse density, are then replaced by the Kohn-Sham orbitals, with their realistic density.  Within RPA, the exchange energy is treated exactly, and only the correlation energy is approximated.
These expressions had been proposed and applied earlier to the electron gas of fixed uniform density, in which the Hartree and Kohn-Sham orbitals are identical.  By re-summing an infinite series of divergent terms to all orders in the electron-electron interaction, RPA produced a finite correlation energy per electron, avoiding the spurious divergence of finite-order perturbation theory for the uniform gas.  Moreover, the RPA correlation energy was relatively exact in the high-density limit.  But, due to its neglect of second-order exchange, the RPA correlation hole around an electron was seriously too deep near the electron, leading to a correlation energy per electron that was too negative by about 0.02 hartree/electron at high- and valence-electron densities.

Yan, Perdew, and Kurth [2] proposed nonempirical semilocal corrections (local spin density and generalized gradient approximations) to RPA for nonuniform densities.  These corrections were typically +0.02 hartree/electron, and so tended to cancel out of energy differences for processes in which the total electron number remained unchanged (e.g., atomizations but not ionizations). These semilocal functionals work well for atoms [2,3] and for the jellium surface [2].  But, for atomization energies of molecules, Furche [4] found that RPA and semilocally-corrected RPA+ gave atomization energies typically about 10 kcal/mol too low in comparison with experiment. This “RPA atomization energy puzzle” suggests that the correction to the RPA correlation hole in a molecule is not entirely short-ranged, but has an intermediate-ranged part that extends from one atomic center to another and so requires some full nonlocality [5].
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