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where the superscrifit andR denote the left-hand-side and
right-hand-side dot, respectively. The electron and hole
bonding and antibonding wave functions are delocalized
over the two quantum dots. When the electron-hole interac-
tion is taken into account, one would expect that in the
ground state the electron and the hole would be localized in
the same quantum dot, as shown in the upper part of Fig. 1.
However, mean-field approaches that estimate the electron-
hole interaction using the unperturbed wave functions of
Eqgs.~4!,~5! are unable to break the symmetry of the electron-
hole pair, and lead to an unphysical solution where the elec-
tron ~and separately the hdleesides on the two dots with
equal probability. This is true even for self-consistent mean-
field techniquessuch as conventional Hartree-Fock or LDA
approachdsthat calculate iteratively the potential experi-
enced by the electron due to the electrostatic field generated
by the hole. We conclude that mean-field approaches, which
have been used successfully to calculate the electron-hole
interaction in strongly-confined quantum dots, fail to de-
scribe the electron-hole localization in quantum dot arrays,
and are unable to predict, even qualitatively, the exciton dis-
sociation energy.

In this paper we show that the exciton dissociation energy
DE

u



culation based on single-particle wave functions calculated
via our pseudopotential approach for a dot molecule.

We consider here spherical CdSe quantum dots having the
wurtzite lattice structure. The diameter of the dotsOs



that‘]ﬁoé decreases rap|d|y Bt increases. As a result, the This simple expression makes two fundamental assumptions:
total DE(L) decreases. ~i! that the interaction between the charged dots can be ap-
In order to test the accuracy of the CI expansion, we hav@roximated by the interaction between two pointlike charges
calculated the dissociation energy using a larger Cl basis seit distance- and-ii! that the electronic coupling between the
consisting of 64 electron-hole pair256 including spih S|.ngle-par_t|cl_e wave fupcnons IS neghglble. We see fram
This basis set is constructed frasrand p valence and con- Fig. 3-solid lined that this apprOX|m§t|0n works re_markably
duction states. We find that far=43 A ande..=6.1 the well, even at small dot-dot separations, suggesting that the
exciton disso;:iation energy changes frorr;mt16zi mev toassumptionsi! and-ii! are adequate for CdSe nanoqrystals.
166 meV when the larger basis set is used. This suggests thla%.In summary, we have shown that a pseudopotential calcu-
in the dot molecule, as in the single dot, configuration mix- ation for a dot molecule, coupled with a basic CI calculation
ing has a small eff;act on the electron-ﬁole interaction beplc the exciton energy levels, provides directly the exciton

cause of the large separation between the single-particle eglssomatlon _energ)DE(L,eom), 'F‘C'“d'”g the_ effects_ Qf
ergy levels wave function overlap, bonding-antibonding splitting,

We next test a simplified model f@E(L). The dissocia- screened Coulomb attraction between the electron and the

tion energyDE(L) can be estimated by subtracting the elec—hcl)zIe dm (rj|fferentagcc)its,rand pole;]rldzatloninefrects. We find that
trostatic attraction between the two charged dots from thg ecreases ecreases and &, Increases.
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