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Optical properties of dielectric films dispersed with metal nanoparticles synthesized by
sol-gel method and applications to functional materials
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Abstract Composite films dispersed with metal nanoparticles within dielectric matrices are
synthesized by a sol-gel method. Serface plasmon resonace (SPR) absorption spectra of metal
nanoparticles are analyzed using the Maxwell-Garnett model and the correlation between particle
parameters such as size, shape and dielectric constant of the matrix, and theoretical model are

discussed. Several applications as optically functional materials are introduced.
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Fig.1 Dielectric constants of various optical materials in visible region. Open circles show the
materials fabricated by sol-gel method in this study.
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Fig. 2 (@) XRD pattern of the TiO, film dispersed with Au nanoparticles annealed at 500 C.
The solid circles indicate the anatase phase of TiO,. (b) TEM image of Au-TiO film.?
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Fig. 3 SPR spectra of Au-ZnO (a) and Ag-ZnO (b) composite films. Calculated spectra using

Maxwell-Garnett model assuming spherical nanoparticles are also shown.
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experimental absorption spectrum
using the Maxwell-Garnett model.
Fig. 4 Experimental absorption spectum for ZrO,-Ag composite at 20 mol%
of Ag (solid curve) fitted by the Maxwell-Garnett model (dashed curve) and
the proposed model with optimized parameter value of £ (dash-doted curve).
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Fig.6 Irradiation time dependences of absorption intensities of stearic acid for the films with
TiO,:Au compositions of 100:0, 95:5, 90:10 and 80:20 for UV irradiation (a) and for
visible irradiation (b), where the absorption intensities before irradiation are normalized as
unity. Solid curves are the best fitted exponential curves for each composition to

evaluate degradation rates which define photocatalytic activities.
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