Polarizabilities and Hyperpolarizabilities of Hydrogen Chains: Is Self-Interaction
Correction the Key?
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Semi-local density functionals like the local spin density and generalized gradient
approximations are known to overestimate [1, 2, 3, 4] the polarizabilities and especially the
hyperpolarizabilities of long-chain molecules, the latter by as much as a factor of ten or more.
These quantities are much better predicted by exact-exchange methods (Hartree-Fock or
Optimized Effective Potential) [1, 2, 3, 4]. When a static electric field is applied to a chain of
atoms, charge transfer occurs along the backbone of the chain. This induced polarization is a
non-local effect, and the local and semilocal approximations are not able to capture the non-
locality in the potential, so they fail to provide the counteracting response field which reduces the
polarizabilities. The source of this failure of the semilocal approaches for the electric response is
rooted in the self-interaction error inherent to the semilocal approximations. We show here that
the semi-local functionals, after full [5] or scaled-down [6] Perdew-Zunger self-interaction
correction are about as good as the exact-exchange methods for these quantities.
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