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A systematic study was made on the optical absorption spectra of permethyl
oligosilanes, CHs[ CHs- Si- CH3]xCHs, as a function of their backbone chain length from
N=2 to 16 by using first principles(density functional with local density approximation
(LDA) electronic structure calculations. The general features of the calculated spectra
agree with those of experimental measurements. Analysis of the nature of optical
transition revealed the existence of two qualitative crossovers at chain lengths of N=2 and
around N=10 and 12. The first one is associated with the molecular orbitals giving rise
to the first ultra-violet absorption peak, while the second one is associated with the
crossover from “molecular” to “polymeric” as the oligomers become larger. The
broadening of the first absorption peaks is estimated by the vibration modes and
electronic relaxation energies in the oligomers. Comparison with calculated results by
a model Hamiltonian based on the Sandorfy C model is made and the relative merit of

semi - empirical and LDA calculations is discussed.
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SIZE-SELECTIVE SPECTROSCOPY OF EXCITONS AND PHONONS
IN SEMICONDUCTOR NANOCRYSTALS
A.l.Ekimov
A.F.loffe Physical - Technical Institute of Russian Academy of Sciences

194021, St. Petersburg, Russia

Semiconductor nanocrystals embedded in a wide gap matrices have been a subject of
intensive investigations since early 80es, when it was found that electronic excitations
(electrons, holes, excitons, etc.)are spatially confined in the nanocrystals and their
energy spectra are governed by quantum size effect. This talk is aimed at reviewing of
our recent results on size-selective optical spectroscopy of electron-hole pairs and
phonons in CdSe nanocrystals grown in a matrces of oxide glass. Fine structure of
photoluminescence(PL),photoluminescence excitation(PLE) and Raman scattering
spectra was revealed at size - selective excitation or/and registration of the spectra due to

suppressing of inhomogenious broadening originating from size distribution of



nanocrystals.

We show an example of low temperature (5K) PL spectrum of CdSe nanocryatals at
excitation of the sample by Kr-ion laser line with A =568nm. The spectrum is
decomposed for components originating from inter - impurity, bandimpurity and band to
band transitions. Fine structure of the luminescence, consisting from Stokes shifted
narrow line and its phonon replica is shown by filled curves. Strong dependence of Stokes
shift value and relative intensity of band to band and fine structure transitions on
excitation energy was found. The experimental data are discussed in terms of splitting
of exciton states due to crystalline field in wurtzite nanocrystals and exchange interaction
between electron and hole.

Raman scattering spectra of CdSe nanocrystals with different mean size, recorded at
room temperature to suppress luminescence from the nanocrystals, are measured. The
spectra were obtained at excitation by different lines of Ar and Kr-ion lasers. It is seen
that the decrease of nanocrystals size leads to strong enhancement of scattering from
acoustic modes. Size adn polarization dependent fine structure of scattering from the
acoustic modes is found. The dedrease of nanocrystal size is accompanied also by
decrease of LO phonon frequency. The experimental data are discussed in terms of

quantum confinement of LO and acoustic modes in the nanocrystals.
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Fig.1. Differential transmission spectra for
various negative time delays for PIC J
aggregates in WEG at 77 K pumped at
495 nm with 7 w/cm?.

Fig.2. Same as Figure 1 except for the
pump intensity with 36 uJ/cm?
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a new collective mode in the Hubbard model. This collective mode has spin one and
charge two, it couples to the neutron only below the superconducting transition
temperature. A new type of tunneling experiment is proposed to probe this excitation

directly in the normal state.
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