
An exchange potential functional is
constructed from semi-local quanti-
ties, and is shown to reproduce hy-
drogen chain polarizabilities with the
same accuracy as exact exchange
methods. We discuss the exchange
potential features that are essen-
tial for accurate polarizability calcu-
lations, i.e., derivative discontinuities
and the potential step structure. The
possibility of a future generalization
of the methods into a complete semi-
local exchange-correlation functional
is discussed.

• Numerical polarizabilites in bohr
3 of DFT using the

Slater potential + our adjusted BJ term, compared
to other methods; local density approximation (LDA),
Hartree-Fock (HF) and Møller-Plesset (MP4):

H4 H6

DFT, Cr. BJ 30.1 54.8

DFT, LDA 37.7 73.2

EXX-KLI 33.2 60.4

EXX-OEP 32.2 56.6

HF 32.0 56.4

MP4 29.5 51.6

• The large overestimation of LDA is typical for DFT with
semi-local functionals. The HF and MP4 methods are
generally considered to reproduce polarizabilites well.

• Becke and Johnson (BJ) started from (non-local)
Slater exchange, which has no potential step structure,
and added a semi-local correction term,
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Here: φiσ is the i:th Kohn-Sham-orbital of spin σ (up
or down) with occupation miσ and eigenvalue ǫiσ; the
total occupancy is N =
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σi miσ; the electron spin den-
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i miσ|φiσ|2; and the kinetic energy spin
density τσ = 1

2
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• For atoms, this introduces
a step structure similar to
exact exchange, and we
also observe a potential
derivative discontinuity that
behaves correctly.

• Asymptotics of Kohn-Sham orbitals explain why: start-
ing from orbital I, and occupying J = I + 1, induces
a constant shift in the correction, independent of the
occupation:
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• A similar examination when an external electric field F
in the z-direction is present, shows that a new surplus
field-related term must be removed. Final potential is:
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• DFT is not limited to integer electron numbers. Non-
integer electron numbers ‘simulates’ sharing an orbital
within a larger system. This can be used as a bench-
mark for functionals.

• In the ground state, two well separated atoms are both
neutral. To reproduce this, a functional must have a
discontinuity in dE/dN at integer electron numbers N .

• A related (but not the same) discontinuity is present in
the exchange potential, i.e., δEx/δn(r) shifts discontin-
uously at integer electron numbers.

• The potential shift is further related to the successive
steps visible in the potential vs. radial coordinate of
atomic systems.

• Both features are illustrated by an Mg atom at two
slightly different occupations:

• Black circles are Hydrogen atoms.

• Exact exchange (in the KLI approximation) and the cor-
rected BJ both slope to counteract the field, whereas
LDA – similar to other common semi-local functionals
– slopes weakly with the field.

• The model mimics the electronic features of poly-
mers like polyacetylene such as bond-length alterna-
tion, high and directional electron mobility, and large
response coefficients.

• The electronic structure is still transparent enough to
keep technical details (basis sets or grid parameters)
well controlled.

• Ab initio correlated wave function calculations are
available for comparison.

• Current-DFT calculations have shown that among var-
ious molecular chains, hydrogen chains are the most
difficult to describe accurately within DFT.

• It can thus be expected that, if they are described cor-
rectly, then other chains will be described correctly too.

• Hydrogen makes it possible to test new functional ex-
pressions witout the need of creating new pseudopo-
tentials.


