AN INCORPORATION OF TRANSITION METALS AND THEIR COMPOUNDS INTO SILICA SOL-GEL MATERIALS
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Silicate glasses doped with different inorganic compounds are widely used in laser technologies and optoelectronics. We consider the possibility of fabrication of the sol�gel derived glasses containing nanosize particles of transition metals and their compounds. On the example of a series of copper compounds (CuO, CuxS, CuxSe) we illustrate the fabrication methods for some "particles-matrix" systems with controlled composition in the form of both thin films and monolithic glasses. 


The beginning step of the preparation sequence (see the scheme below) was the hydrolysis of TEOS followed by addition of aerosil (SiO2 with sizes of particles ~ 20 nm) to avoid a strong volume change under gelation and further operations. High temperature treatment of the gel leads to the formation of porous silicate xerogels with density 0.8-0.9 g/cm3 and pore size 10-200 nm (adjusted by the sintering temperature). The open porous system allowed easy incorporation of dopants from liquid and gaseous phases remaining inside. A subsequent chemical transformation under heating in different atmospheres (H2, O2, H2S, Se) resulted in formation of corresponding nanoparticles, and the finishing annealing did the transparent monolithic glasses. The particles appear in the size range of 10-150 nm with comparatively low concentration (from 1012-1013 cm-3). The film materials (the thickness of the films up to 1 (m) were got under milder heat treatment on substrates with optical characteristics similar with the glasses, however, the nanoparticle concentration was on 2-3 orders higher. XRD and XPS studies allowed us to establish the chemical composition and its relationship with optical features.





The scheme of preparation of the doped glasses and films





1. Gels


The preparation of water-alcohol solution of an polysilicate acid: Si(C2H5O)4 + H2O + acid catalyst (


The preparation of aqueous emulsion of SiO2 (with ultrasonication)


Mixing of the above followed by centrifugation


ðÍ upgrade (5.5-6) by aqueous NH3


Gelation in a forming volume


2. Doped xerogel


Drying of gels and heat treatment at 600-8000Ñ


The impregnation of xerogels in a doping solution with metal compounds


3à. Glass doped with nanoparticles


Heating and annealing of xerogels (about 12000Ñ) in air - metal oxides in glass


Heating and annealing of xerogels (about 12000Ñ) in H2 - metal particles in glass


Heating in air followed by H2S (400 0Ñ) and annealing in closed volume (12000Ñ) – metal sulfide particles in glass


Heating in H2 (6000Ñ)followed by annealing in Se vapour in closed volume (12000Ñ) – metal selenide particles in glass


2b. Films doped with nanoparticles


An incorporation of the metal salts in sols


Spin-coating of the sol onto a solid substrate with simultaneous gelation


Heating of the films (500-9000Ñ) in air - metal oxides in films


Heating of the films in H2 (500-9000Ñ) – metal particles in films


Heating in air followed by H2S (4000Ñ) - metal sulfides in films


Heating in H2 (6000Ñ) followed by Se vapour (3000Ñ)– metal selenide particles in films


