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Polarization Dependence of the Exchange Energy From (1), one finds
!/ !
In our 1995 Letter [1], we showed that the density- —%fx _ _ L f] y(r.r) dy(hr) (4)
functional-theory (DFT) exchange-correlation energy of 9vks(q) 2 Ir —r'| Svks(q)

pend not only on the t.)ulk. periodic density, but also on 1] as Svks(q) = SE (where 8F is the KS effective
the macroscopic polarization. In a recent Letter Restd,actric field), so thzét

[2], after a careful discussion of the electrostatics of
the exchange-correlation energy for macroscopic bodies, sy(r',r) _ . dy('r) (5)
states “that, whenever the macroscopic polarization con- dvks(q) ST

tributes to the bulk XC energy, the system shows long
range correlation,” and proposes that the integral of thc%h
exchange-correlation hole in the bulk may not bd,

The final step in the proof comes from the fact that
e density matrix built from KS wave functions indeed
some part of the hole being found on the surface. dep_ends on the long-wave change in the K.S potential or,
Although we do not comment here on the latter inter_equwalently, that the exchange hole polarizes [6] when
placed in a KS effective electric field. This is easily seen

esting possibility, we now argue that the DEEXchange ! the followi le. Consid 3D o
energy (without correlation) already shows dependence oy, the following example. L.onsider a sL periodic array
f widely spaced helium atoms, with its corresponding

the polarization, although the exchange hole integrates t S potential and associated KS wave functions. The

—1 in the bulk. Thus we disagree with Resta’s assertio h hole. f lect I ; heli i
[2] that long-range correlations must be present in ordefXcnange Nole, for an eiectron close 1o one helium atom,
equal to minus half the density surrounding this helium

to observe the kind of behavior that we have discussed il? . . .
our previous Letter, atom, and integrates te 1. If an independent KS electric

1y o . field is now applied, the density around each atom, and
A 0() d|vergenc§ in the |0;11?-an6 pa _>_ 0) of hence also the exchange hole, will polarize.
the exchange potentiak(q) = 5,7 (correspondingtoa  The dependence of the DFT exchange energy on
homogeneous exchange electric field) is a necessary ap@larization is thus demonstrated.

sufficient condition for the exchange energy to depend on X, G. thanks C.J. Umrigar and C. Filippi for discus-

the polarization [1]. Here the exchange energy sions about the definition of the DFT exchange energy.
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tial was recently proposed by Gorling and Levy [5], with
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