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�2 + V�r� + V̂SO��i�r,�� = �i�i�r,�� , �1�

where m is the bare electron mass, V̂SO is the spin-orbit op-
erator, and V�r� is the local pseudopotential, given by the
superposition of screened atomic potentials vn centered at the
atomic positions �Rn� :V�r�=�nvn�r−Rn�. The screened

atomic potentials vn and the spin-orbit operator V̂SO were
fitted to experimental transition energies, effective masses,
and deformation potentials of bulk GaAs.12 To mimic the
effects of organic ligands, which are often used to passivate
the surface of colloidally grown NCs, we surround the nano-
crystals by a fictitious lattice-matched barrier material having
a large band gap and large type-I band offsets with respect to
GaAs. Equation �1� is solved by expanding the wave func-
tions �i�r ,�� in a plane-wave basis set and selectively cal-
culating the band-edge eigenstates via the folded-spectrum
method.13 The atomistic pseudopotential method used here
fully includes intervalley coupling and intraband coupling,
which are brought about by the lack of translational symme-
try. The wave functions of Eq. �1� can be analyzed in recip-
rocal space by projecting them on the bulk GaAs wave func-
tions, i.e., �i�r ,��=�n,kci�n ,k��n,k�r ,��, and summing over
the coefficients ci�n ,k� to obtain the projection of the
quantum-dot wave function i on each k point in the bulk
Brillouin zone as follows:

Pi�k� = �n
	ci�n,k�	2. �2�

�ii� In the second step, the excitonic energies and wave func-
tions are calculated in the framework of the configuration-
interaction �CI� scheme.11 In this approach, the excitonic
wave functions 	�i� are expanded in terms of single-



with the Td point-group symmetry, �-derived states belong to
the a1 irreducible representation, while X-derived states can
belong to the a1, e, or t2 irreducible representations.14,15 In
all the GaAs NCs considered here the LUMO has the a1
symmetry, except the R=15 Å NC, where the X-derived
LUMO has the t2 symmetry.

To clarify the causality effect between the �-X electronic
transition of the LUMO and the nonmonotonic behavior of
the exchange splitting, we calculated �X as a function of the
electron-hole interaction radius S �see Eqs. �5a� and �5b��.
Figure 2�a� shows �X�S� for several NC sizes, suggesting a
qualitatively different behavior of �X in small NCs �R=12
and 15 Å� compared to large NCs �R=19, 25, and 30 Å�.
This is demonstrated more clearly in Fig. 2�b�, which shows
the ratio �X�S� /�X���, where �X��� is the converged value
of �X�S�.

Figure 2�b� shows that the GaAs NCs can be classified
into two groups: large NCs �R�18 Å� have a significant LR
component to the dark/bright splitting �X, whereas small
NCs �R�18 Å� have a negligible LR component. This can
be gleaned from the fact that in large NCs the quantity
�X�RWS�, i.e., the value of �X�S� calculated at the Wigner-
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change interaction. Figure 3 shows in �a� the pressure depen-
dence of �X for two GaAs NCs of radius R=20 Å and
R=25 Å, and in �b� the pressure dependence of the projec-
tion of the LUMO wave functions on the � point of the
Brillouin zone. In these calculations, the effects of external
pressure are described by uniformly rescaling the Ga-As
bond lengths and by determining the corresponding pressure
via the Murnaghan equation for bulk GaAs.17 We see from
Fig. 3�a� that when the external pressure exceeds a critical
value, the dark/bright splitting decreases. This transition cor-
relates with a reduction in the � component of the LUMO
wave function, as shown in Fig. 3�b�. The pressure-induced
�-X transition and the ensuing decrease in the dark/bright
splitting are very sharp in the case of the 25 Å GaAs NC, for
which we find a critical pressure of �1 GPa and a concomi-
tant reduction in �X from �3.6 to �0.6 meV. In the case of
the 20 Å NC, the �-X transition and the reduction in the
dark/bright splitting occur over a pressure range from �


