OPTICAL FEATURES OF THE SILICA SOL-GEL MATRICES WITH NANOPARTICLES OF  A SERIES OF CU-CONTAINING SEMICONDUCTORS
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Semiconductor nanoparticles are of great interest last years in different fields of physics, chemistry, material science, etc. due to their unique properties provided by size effects, formation of new chemical species and peculiar electronic structure. A successful study of the nanoparticles aimed at possible applications requires building up a solid material which incorporates and stabilizes them. The sol-gel technique has been shown to be one of useful methods for fabrication of materials with nanoparticles. In contrast with other techniques of nanoparticles incorporation (e.g., ion implantation, melting and recrystallization) in the case of sol-gel-derived matrices there are much more routes to control chemical composition and tune particle characteristics. Meanwhile, nanoparticles of transition metal compounds have more complicated chemistry than the traditional II-VI compounds, and sol-gel-based methods are more appropriate for their directed synthesis within dielectrtic matrices. The present report concerns a review of the recent results on optical features of the semiconductor-doped sol-gel materials with nanoparticles of copper compounds: oxides, sulfides and selenides. Binary semiconductors with the VIa group elements are most frequently studied with respect to quantum size effects, linear and non-linear optics, luminescence and electrooptics.


     This series of copper compounds in the form of nanoparticles (<100 nm) has been produced by means of the modified silica-based sol-gel sequence, and the main optical features are presented here in Fig. 1 as absorption spectra in the visible/near IR. The two types of matrices were investigated: amorphous silica films (right plot) and monolithic glasses (left plot). The main features observed include (i) a fundamental absorption edge which is most pronounced in the case of copper selenide nanoparticles, but accompanied with the smoothed excitonic maxima for oxide and sulfide in monoliths; and (ii) the intense additional absorption band peaked in the red part of the visible (films) or near-IR (monoliths). These features admit a tuning of the position by stoichiometry of the compounds, size of particles, their concentration, etc.  The quantum confinement and a partial surface chemical modification of the nanoparticles are considered as possible reasons of appearance of these features specific for the copper multivalent compounds. The materials developed are promising for non-linear applications.
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Fig. 1.  Typical absorption spectra of the sol-gel derived silica monolithic glasses (right plot) 


            and films deposited onto a fused quartz substrate (left plot) doped with nanoparticles


            of the copper compounds indicated.











