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Since the discovery of nonlinear optical characteristics of glasses doped with ultradisperse noble metals (Ag, Au), the thin film (metal-oxide( systems formed by sol-gel method have been of considerably growing interest. This paper presents the results of the investigation on the sol-gel formation of the (metal-oxide( film systems from the composite sols consisting of Ag or Au nanoparticles produced by chemical reduction of appropriate soluble salts in SiO2 sol, as well as on that of the films of ultradisperse germanium in SiO2 matrix, which were formed either from codeposited or from mixed SiO2-GeO2 sols.

Thin Me-SiO2 film systems (Me is for Ag, Au, Ge) were formed by centrifugal casting from the respective composite sols, and the as-deposited layers were subsequently heated in air and/or in hydrogen. The films produced were characterized by electron microscopy and optical spectroscopy methods.

The Ag-SiO2 films formed from composite sols containing silver particles 7-35 nm in size, were shown to be discolorated on heating them in air at 500(C, the discoloration temperature being only slightly affected by a particular way of the sol preparation. Silver particles are formed again on heating discolorated samples in hydrogen (500(C, 40 min), thus imparting a color to the nanocomposite. The nanoparticles formed are 1,5-2 times smaller in size than the initial ones, and they become encapsulated, thus no longer being susceptible to oxidation, and the composite remains colored on further oxidative heat treatment. Heating the as-prepared Ag-SiO2 layers in hydrogen results in an about twofold growth of the silver particles in the films formed, and in a red shift of the silver plasmon absorption band. Au-SiO2 films produced from the composite sols with 5-10 nm gold particles do not lose their colour when heated in air, while the size of the particles therein remains the same or grows by a factor of two and more, depending on the nature of the precursor sol from which they were formed.

The Ag(Au)-SiO2 film layers are of different colors, from light-pink to dark-purple for Au and from light-yellow to dark-gray for Ag. The results obtained are of importance in producing a new type of pigments based on (nanodisperse noble metal-oxide matrix( composites.

Different approaches to the formation of SiO2-GeO2 sols were studied, and SiO2 films containing ultrafine germanium particles were formed by the reduction thereof in hydrogen (650(C, 2 hours). The Ge particles size was from several to 20-25 nm, depending on the method of the initial sol production. The film colour varies from yellow-brown to red-brown, and a blue shift of the absorption band edge is observed in the optical spectrum compared to that of the bulk germanium. The conditions were found under which germanium particles are uniformly distributed in the silicon dioxide matrix. GeO2 reduction with hydrogen in the SiO2-GeO2 films was shown to proceed at temperatures higher than the individual GeO2 films (600-650(C and 450‑500(C, respectively), which may be due to the mixed Si-O-Ge bonds present in such films and hindering the reduction process.

Thus, it has been found that the particle size in the (metal-oxide( film systems formed by sol-gel route from the composite sols produced by a variety of methods, and the optical characteristics of the films are largely governed by the way of the oxide matrix production and by the heat treatment conditions (temperature and atmosphere).

