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tion peak.14 As in previous studies favoring this
interpretation,2,3,10,17,21 the existence of intravalley splitting
�P� vs P�� of the electron and hole P levels was ignored.
What is needed is a calculation of one-photon and two-
photon absorption spectra that include the P�-P� splitting, as
well as other effects stemming from interband and intraband
couplings.

We report here such a calculation using the atomistic
pseudopotential method,23,28 which includes effects missed
in previous effective-mass calculations �e.g., intervalley and
interband couplings, effective-mass anisotropy, and finite
confinement barrier� or previous tight-binding calculations
�e.g., correct rendering of the L-point effective-mass aniso-
tropy�. The calculated one-photon and two-photon absorp-
tion spectra are both in excellent agreement with the experi-
mental results of Peterson et al.14 We find that the two-
photon absorption peaks originate from Sh-Pe and Ph-Se

transitions, as suggested in Ref. 14, while the second one-
photon absorption peak originates from dipole-allowed
Ph

� -Pe
� transitions, not from dipole-forbidden Sh-Pe and Sh-Pe

transitions as suggested in Ref. 14. We conclude that the



states and the eightfold degenerate Ph
� states �which have a

significant Dh component23�. The Sh-Ph
� average energy sepa-

ration is 0.09 eV, and the Ph
� -Ph

� separation is 0.14 eV.
The one-photon absorption spectrum was calculated in the

independent-particle approximation using Fermi’s golden
rule,

I1-ph��



width increases with decreasing NC size. This peak was at-
tributed, based on a comparison with tight-binding calcula-
tions, to the two-photon-allowed Sh-Pe and Ph-Se transitions.
Our pseudopotential calculations predict four peaks in the
two-photon absorption spectrum of R=30.6 Å PbSe NCs
�Fig. 3�. Since these peaks are close in energy, they are prob-
ably not resolved in the experiment of Ref. 14. Peterson et
al.14 also observed that the first 2PPLE peak is only slightly
higher in energy than the second one-photon absorption
peak, with the energy difference being 3912 meV. Thus,
they concluded that the second one-photon absorption peak
should also be assigned to Sh-Pe and Ph-Se transitions. Since
those transitions are dipole forbidden in one-photon absorp-
tion, the authors14 suggested that some yet unexplored
mechanisms could render those transitions allowed in the
measured one-photon absorption spectrum. Our calculations
also show a good match between the two-photon absorption
peaks and the second one-photon absorption peak �see Fig.
3�. The dominant two-photon peak, which we assign to the
Sh-Pe

� transition, is 36 meV higher in energy than the second
one-photon peak, in excellent agreement with experiment.
However, our pseudopotential calculations indicate that the
second one-photon absorption peak originates from dipole-
allowed Ph-Pe transitions �see Fig. 3�, thereby obviating the
need to go beyond the dipole approximation to explain the
one-photon absorption spectrum.

Trapping of charges near the surface of a PbSe NC pro-
duces an electrostatic field inside the NC that can change the
oscillator strength of the optical transitions. A similar effect
can be expected if the NC has a ground-state dipole moment
induced, for example, by irregular surface termination. Pre-
vious atomistic pseudopotential calculations26 have shown
that in the presence of a localized surface charge the oscilla-
tor strength of the Sh-Se and Ph-Pe interband transitions de-
creases, while the formally forbidden Sh-Pe and Ph-Se tran-
sitions acquire some oscillator strength. Due to the large
dielectric constant of PbSe, however, any internal electric
field is bound to be highly screened. As a result, the intensity
of the


