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Density-Relaxation Part of the Self-Energy

In a recent Letter, Ö̆güt, Chelikowsky, and Louie
[1] presented an important series of calculations of th
effect of quantum confinement on optical gaps in larg
hydrogen-passivated spherical silicon clusters, by calc
lating the quasiparticle energies for addition of an electro
and of a hole separately, and then the excitonic bindi
energy. The quasiparticle energies were calculat
by what might be termed aDLDA approach: Within
the local-density approximation (LDA), the ground
state total energies of then-, sn 2 1d-, and sn 1 1d-
electron systems (wheren is the number of electrons
in the neutral cluster) were calculated, and then th
quasiparticle gap was estimated using

eqp
g ­ En11 1 En21 2 2En . (1)

The authors suggest that this expression would be e
pected to approach the experimental quasiparticle ene
gap of bulk silicon (1.2 eV) in the large-cluster limit.
They presented a numerical fit of the correctione

qp
g 2

e
qp
g,LDA, which they stated approached the bulk value

0.68 eV liked21.5, wheree
qp
g,LDA is the LDA Kohn-Sham

eigenvalue gap andd is the cluster diameter. However, it
is known that in the bulk limit Eq. (1) (in the LDA) sim-
ply yields the LDA energy gap: The correction is zer
[e.g., Ref. [2], and references therein]. This is becau
the LDA exchange-correlation energy is an analytic fun
tional of density: The fact that the change in electro
density on adding (or subtracting) a single electron is
order1yn allows the changes in the Kohn-Sham eigenva
ues and the other ingredients of the energy to be eva
ated using perturbation theory, and after a substant
cancellation between terms the stated result is obtain
(The same formula yields thecorrect gap in exact Kohn-
Sham density-functional theory, but this reflects a nona
alytic discontinuity in the exchange-correlation potentia
between then- andsn 1 1d-electron systems [2].)

In physical terms, theDLDA approach includes the
electrostatic effect of the relaxation of the charge densi
when an electron is added or subtracted, and the cor
sponding relaxation in the LDA exchange-correlation po
tential. In the large-cluster limit, both these effects go t
zero, and the nonzero band-gap correction may be cal
lated using many-body perturbation theory in a suitab
approximation (e.g., [3,4]), where the correction to th
LDA band gap arises from the differing effects of the non
local self-energy on the states concerned [4].

Furthermore, there is no reason to suppose that t
term in the self-energy correction that is excluded i
the DLDA approach is negligible in the clusters studied
Therefore, it is likely that the quasiparticle and optica
0031-9007y98y80(14)y3161(1)$15.00
e
e
u-
n

ng
ed

-

e

x-
rgy

of

o
se
c-
n
of
l-
lu-
ial
ed.

n-
l

ty,
re-
-
o
cu-
le
e
-

his
n
.
l

FIG. 1. The band-gap correction from Ref. [1] plotted again
the inverse cluster diameter. The best fit (solid curve) correc
tends to a value consistent with zero.

gaps given in Ref. [1] should be increased by very a
proximately 0.68 eV, where the error bar in this estimate
correction is smallest for the largest clusters. Of cours
this additional correction is of lower relative importanc
for the smaller clusters.

To confirm our theoretical analysis, we have reanalyz
the data for theDLDA gap correction from Ref. [1],
shown here in Fig. 1 as a function of1yd. The dashed
curve shows the best (least-squares) fit of the for
0.68 eV 1 Ad2p , as in Ref. [1], obtained by us with
p ­ 1.40 (similar to the 1.5 given in Ref. [1]). The solid
curve shows the best fit obtained, if the constraint th
the limit as d ! ` should be 0.68 eV is removed (a
it should be): K 1 Ad2p with K ­ s0.12 6 0.24d eV,
p ­ 0.92 6 0.14. The value ofK is indeed consistent
with zero, and inconsistent with 0.68 eV. The second
is more than twice as good as the first, as measured byx2.
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