POROUS SILICA FILMS AS A SUPPORT OF ULTRAFINE METAL PARTICLES AND CLUSTERS
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Composite solid materials like glasses and films with complicated structure of pores are of great significance for fabrication of optical device components with controlled features and for study of low-dimensional structures due to active and/or passive contribution from pores and incorporation into them clusters, small aggregates and nanopaticles. In this respect the sol-gel technique is of interest since different sol-gel derived materials can possess a developed porous structure which is easily variable by preparation condition of sols and subsequent heat treatment of solid matrices. The latter can be combined with metal and semiconductor nanoparticles in the size range when their optical features are very sensitive with respect not only to size but also to porous structure of matrices. Besides, the matrix incorporation stabilizes the nanoparticles that makes them applicable for practical purposes as sensors, catalysts, optical elements, etc.

The present work is devoted to the studies of incorporation of small metal particles (Ag and Cu) into silica sol-gel derived films. Within the conventional sol-gel process with the TEOS hydrolysis, metal salts were introduced into precursor sols, and the subsequent heating in oxidized and reduced atmospheres resulted in formation of silver or copper nanoparticles. An appearance of the particles was recorded by optical absorption spectroscopy (Fig. a, b) as the plasmon resonances and other absorption features prescribed to aggregations of less size. Usually, the short-wavelength maxima ((<350 nm) attributable to the few-atomic clusters are not observable for silver reduced in similar systems, however, in our case the tuning of the preparation method can provide the participation of the lower-size pores like those in zeolites with regular cavities.  
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The absorption spectra of Ag−SiO2 films (~1 wt.% of Ag) (Fig. a) reveal the remarkable effect of the hydrogen reduction temperature: its variation from 150 to 500°С shows change of the absorption peak position which may be interpreted as transition from clusters (Agn, n<30) those grow further to the particles with size > 100 nm (according to the plasmon resonance).

An incorporation of copper in the sol-gel films results also in production of nanoparticles with intense plasmon resonance peak (Fig. b), however, reduction conditions required are more hard, and any cluster-like absorption was not detected up to date in these films. 

These data indicate feasibility of the sol-gel materials in the size regulation of metal nanoparticles, however, the physical and chemical nature of this phenomenon is not clear yet and requires more detailed studies of nanoporous structure of the matrix and doped materials. 
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