Direct observation of the structure of band-edge biexcitons in colloidal semiconductor CdSe
quantum dots
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We report on the electronic structure of the band-edge biexciton in colloidal CdSe quantum dots using
femtosecond spectroscopy and atomistic many-body pseudopotential calculations. Time-resolved spectroscopy
shows that optical transitions between excitonic and biexcitonic states are distinct for absorptive and emissive
transitions, leading to a larger Stokes shift for the biexciton than for the single exciton. The calculations explain
the experimental results by showing that there is a previously unobserved electronic substructure to the
band-edge biexciton which yields two distinct families of transitions.
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Physical confinement of electrons and holes in semicon-
ductor quantum dots yields the well-known quantization of
excitonic states.! The energy spectrum of the single exciton
(X) is characterized by a coarse as well as a fine structure.!~6
While the coarse structure arises primarily from quantum
confinement and spin-orbit interactions and is manifested in
higher absorption bands above the band edge, the fine struc-
ture originates from electron-hole exchange interactions and
lattice asymmetries, and results in an energy shift between
absorbing transitions and emitting transitions.

In addition to single excitons, quantum dots are known to
support quantum-confined excitonic complexes.® The sim-
plest excitonic complex is the neutral biexciton (XX), con-
sisting of two electrons and two holes. Current efforts to
investigate excitonic complexes®’~1° are motivated by a de-
sire to understand the fundamental physics of carrier interac-
tions in nanostructures, as well as by potential applications
based on optical gain®"1617 and multiple exciton
generation'®20 phenomena.

The structure of excitonic complexes is relatively well
explored in self-assembled epitaxial dots and dots grown on
prepatterned substrates.'1%18-22 However, there is still little
understanding of the electronic structure of biexciton com-
plexes in the complementary case of colloidal quantum
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1(b)]

from the S-like (h;hy,ejeq), (hihy,eqeq), and (hyh,,e4€9)
configurations of two hole and two electron orbitals [Fig.
1(b)]. The XX ground state (h;h;,e;e;) has a closed-shell
S-like configuration so a resonant Stokes shift of the type
observed for the single exciton—due to exchange-induced
bright/dark splitting—cannot exist for the biexciton. How-
ever, as in the case of X, a global XX Stokes shift oy
=ES-EST [where EZ denotes the energy of the lowest XX
absorption peak and ES}' the energy of the XX emission
peak, see Fig. 1(c)] may arise from the contribution of
higher-energy transitions [e.g., B, and Bg




nant to the band-edge exciton. The contour plot has projec-
tions along the time and energy axes in order to show slices
of the transient spectra and dynamics without truncation of
the AOD axis. In stark contrast, pumping into the 1S band-
edge exciton (hole in the h;-h, states and electron in the e;
state) shows a clear absence of the expected induced absorp-
tion [Fig. 2(b)] due to the balance between state filling and
level shifting in the optical signal.'®* The main point is that







