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Addition energies and quasiparticle gap of CdSe nanocrystals
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Using atomistic pseudopotential wave functions we calculate the quasiparticle gap, the optical gap
and the electron and hole addition energies of CdSe nanocrystals. We find that the quasiparticle gap
and the addition energies depend strongly on the dielectric constant of the surrounding material,
while the optical gap is rather insensitive to the environment. We provide scaling lows for these
quantities as a function of the quantum dot size, and compare our results with recent scanning
tunneling spectroscopy experiments. ZD00 American Institute of Physics.

[S0003-695100)02413-X]

Recent developments in the spectroscopginfllesemi-
conductor quantum dots allow one to obtain resolution-
limited spectra by eliminating all sources of inhomogeneous
broadening. These experimental techniques include single-
dot far-field photoluminescence,
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Here 9gap ed—el, is the single-particle gap, and?,
?1 is the splitting between the two lowest electron Ievels
Y,P%is the polarization self-energy of an electrar a hole
in the single-particle orbitakv which occurs due to the di-
electric discontinuity between the dot and the surrounding
material’ andJﬂ‘?'ﬂ is the polarization energy arising from the
interaction of an electron in the single-particle orbisahnd
an electron in the single-particle orbitgl mediated by the
surface polarization chardeBoth ¥, andJ”o'ﬂ vanish when
€out= €in, and decay monotonlcally a&,; increases. The
quantity J, ¢ dir_is the conventional direct Coulomb repulsion
between partlcles in orbitals and 8, while K, ¢ is the cor-
responding exchange attraction.

We consider here nearly spherical CdSe nanocrystals
having the wurtzite lattice structure. The interatomic
bondlength is assumed to be the same as in bulk CdSe, and
the surface dangling bonds are passivated using ligandlike
potentials. As discussed in Ref. 8, we first solve the single-
particle Schrdinger equation

[V 24V )+ Vol b, 1 @)=, 1, 0 9)

in a plane-wave basis set. Hevg{r) is the total pseudopo-
tential of the systemnanocrystalligands, and V,, is a
short-range operator that accounts for the nonlocal part of the
potential, including spin-orbit coupling. The local pseudopo-
tential V(r) is calculated from the superposition of
screened atomic pseudopotentials, which are fitted to repro-
duce the measurduollk transition energies, deformation po-
tentials, and effective masses, as well as the bulk single-
particle wave functions calculated using density-functional
theory in the local-density approximation. These pseudopo-
tentials were previously used to calculate the first eight ex-
citonic transitions of CdSe nanocrystils.

The single-particle wave functiong,(r, #) obtained
from Eq. 9) are then used to calculate the Coulomb and
polarization integrals that occur in Eq%)— 8). We assume
that the macroscopic dielectric constar{r) changes
smoothly frome;, inside the dot toe,; outside the dot, with
a transition region of the order of the interatomic bondlength.
We use a modified Penn modéb calculatee;,(D), while
€.t 1S treated as a parameter. The Coulomb enetﬁj’gsare
calculated as

1=e3 | lu



calculations. We then proceed to determine the scaling laws
of the calculated quantities as a function of the quantum dot
diameter. Assuming a single power law, we find:

eghy=1.83+82.47x D~ %%V, 14)
A®=11.96xD 0%y, 15)
A =27.93xD 1%y, 16)
eghy=1.83+92.75<D eV, 17)

where the diameteD is expressed in A. Note thai) In the
bulk limit (D—o) the quasiparticle gap and the optical gap



