Nanostructured surfaces
Gold-catalyzed synthesis of As2S3 nanolayers and their characterization by electron microscopy, surface-enhanced Raman spectroscopy and DFT calculations
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We report on the growth of cage-like molecular nanocrystals on the surface of As2S3 films synthesized by gold-catalyzed thermally initiated chemical vapor deposition. The Si substrates covered with a layer of 5, 20, 40 and 60 nm spherical gold nanoparticles were placed downstream and maintained at temperature of ~100° C in a tube furnace flowed with As2S3 vapor for film preparation. The vapor was obtained by sublimation of As2S3 glass powder at temperature elevated up to ~300°C and was forced to downstream by H2/As carrier gas.
The formation of crystallites, their size and shape on the surface of As2S3 films are well defined by electron microscopy. The Raman spectra of obtained structures demonstrate crystal-like spectral behavior and show essential differences in comparison with the Raman spectra of As2S3 in their both glassy and crystalline states. The results of density functional theory (DFT) calculations of Raman active modes of different cage-like As-S nanoclusters [1] were combined with the results of Raman and surface-enhanced Raman spectroscopy (SERS) study in order to interpret the experimental spectra of crystallites and to identify their structure. The main bands in the SERS spectra of synthesized As2S3 films are located at 168, 192, 218, 228, 307, 312, 328, 341, 362, 368 and 386 cm-1. Structural characterizations indicate that the crystallites are built from As4S5 molecular units. An ordered sequence of As4S5 cage-like molecules connected by weak dispersion Van der Waals forces form tetra-arsenic pentasulfide crystallites (uzonite).
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