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Abstract
 The high reactivity and aggregation tendencies of metallic nanoparticles stimulate a search for effective stabilization and passivation techniques. In particular, much attention has been paid to organic compounds, including polymers, as candidate matrices for the stabilization of disperse metallic systems. When Al atoms encounter the matrix, they penetrate some depth into the layer, rapidly losing their kinetic energy. This gives rise to local heating, favoring Al diffusion deeper into the layer. To examine the effects of the evaporation rate and benzene-to-aluminum ratio on the size of deposited clusters, aluminum (0.03 g) was deposited onto layers produced by freezing 5, 20, or 60 g of benzene. The deposits were examined on a JEM-1100CX electron microscope. The electron micrographs of Al particles deposited onto benzene layers consisting of 4∙1022 and 5∙1023 molecules. It can be seen that, in the thicker benzene layer, the particles are smaller sized and are more uniformly distributed. Increasing the evaporator temperature at a fixed layer thickness led to partial melting of benzene, resulting in aggregation of Al particles (Image). Electron-microscopic examination of the Al particles deposited at the same evaporation rates demonstrates that, at high evaporation rates, the benzene layer contains coarse aggregates nonuniform in size. The main reason is that rapid evaporation increases the probability of atomic encounters.

It was interesting to investigate the physicochemical processes accompanying the incorporation of Al particles into the organic matrix. According to IR spectroscopy data, Al deposition in vacuum produced no bonds involving Al. After benzene was distilled off, the reactor contained only Al powder. After Al deposition in a hydrogen atmosphere, the IR spectrum showed, along with absorptions at 2750-3100, 1520-1620, and 600-700 cm-1 (=C-H stretches, C=C stretches, and out-of-plane C-H bending vibrations, respectively), a band at 725 cm-1, attributable to the AI-C bond.

CONCLUSION

The present results demonstrate that benzene can be used to stabilize Al nanoparticles at low temperatures.

The evaporation rate and benzene layer thickness are shown to have a significant effect on the particle size and aggregation of the deposited Al.

In atomic hydrogen, the energy of Al evaporation is almost 4 times lower than that in vacuum.

IR Spectroscopic studies reveal the formation of a metalorganic compound via reaction of Al particles with benzene.      
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Electron micrographs of Al particles deposited onto benzene layers consisting of (a) 4 x 10" and (b) 5 x I023 molecules;×78000
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