Exciton and biexciton states in nanosystems from quantum dots of aluminum oxide: Theory 
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         In [1] study, we find that the binding energy of an exciton formed from an electron and a hole spatially separated from each other (the hole is moving within a quantum dot (QD), and the electron is localized above the spherical QD–matrix interface) in a nanosystem containing insulating aluminium oxide  QDs is substantially increased (by nearly two orders of magnitude) compared to the exciton binding energy in an Al2O3 single crystal. It is established that, in the band gap of an aluminium oxide  QD,  there is a band of exciton states (formed from a spatially separated electron and hole). It is shown that there exists the possibility of experimentally detecting the ground and excited exciton states in the band gap of an aluminium oxide  QD at room temperature from the absorption and transmittance spectra of the nanosystem. The effect of a substantial increase in the exciton binding energy offers considerable scope for the use of insulating nanoheterostructures as the active region of nanolasers operating at excitonic transitions.
         Thus it has been shown [2] that the biexciton formation in a nanosystem made up of aluminum oxide QDs of the mean radius  is of threshold character and can occur in a nanosystem where the distance D between the surfaces of QD is given by the condition . We have demonstrated that in such a nanosystem (with the mean radius   = 3.18 nm and the distance between surfaces of aluminum oxide QD  = 2.93 nm) at temperatures lower than the critical temperature  = 81.6 K (which corresponds to the biexciton binding energy  = 7.03 MeV) an ,,exciton molecule“ (a biexciton consisting of spatially separated electrons and holes) can be formed. Acting as “exciton molecules” in the nanosystem are aluminum oxide quantum dots with excitons (consisting of spatially separated electrons and holes) localizing over their surfaces. The interaction of the excitons with the QD surfaces (“intramolecular” interaction) is shown to be much stronger than that between  quantum dots (,,intermolecular” interaction).We have also shown that the position of the biexciton band in the nanosystem depends both on the QD mean radius  and the distance  between QD surfaces. By varying these parameters, one can purposefully control the position of the energy band of biexciton states in thenanosystem. With increase in temperature above the threshold (Т ), a phase transition can occur from the biexciton to exciton state. It has been found that at a constant concentration of excitons (i.e. constant concentration of QD) and temperatures Т below Tc, one can expect a new luminescence band shifted from the exciton band by the value of the biexciton binding energy . This new band disappears at higher temperatures (Т ). At a constant temperature below Tc, an increase in exciton concentration (i.e. in QD concentration) brings about weakening of the exciton luminescence band and strengthening of the biexciton one. 
Thus, NHS made up of “exciton molecules” are of considerable interest both   physically and practically as novel nanomaterials for nano-optoelectronics. 
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