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Abstract

1. Introduction

The preparation of noble metal colloids in glass-like sol-gel-coatings on glass substrates is
of interest because of their optical properties (high molar extinction coefficients, high tem-
perature stability, non-linear optical properties, decorative applications). In recent publica-
tions [1-4], the successful preparation and optical characterisation of such coatings has
been reported in case of Ag, Pd, Au and Cu. The colloid formation process is controlled by
bifunctional ligands and thus the interface colloid to matrix that also has an influence on the
optical properties of the system, plays a very important role. A systematic investigation of
the electronic structure of these colloids with special stress on the interface colloid to the
surrounding matrix has not been performed yet. Temperature and atmosphere during densi-
fication of the coatings, composition of the matrix, composition of the substrate and shape
of the colloids are possible parameters which could change this interface.

2. Results
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To give an example to one aspect of the enormous influence of the interface to the physical
properties of the coatings, fig. 1 shows a theoretically calculated optical spectrum for a Cu
colloids containing coating using the Mie-theory. In this model it is assumed, that a nucleus
of metallic Cu colloids (mean size: ~15 nm) is coated with a CuO shell with different thick-
nesses.The spectra resulting from this calculation as a function of the thickness of the shell
fit very good to the experimental UV-VIS and XPS data published in [4] and prove the
model proposed there if a mean thickness of the oxidic shell of about 2 - 3 nm is assumed.
The aim of this paper is to demonstrate that the combination of UV-VIS spectroscopy and
XPS offers a wide and detailed set of information about the electronic structure of the
colloids. Beneath a quantitative analysis of the composition of the coatings and the
structure of the valence band, XPS offers a direct account to the core binding energies and
thus to a determination of the valences of the investigated elements. Fig. 2 shows a XPS
4f-core spectrum of Au colloids in a sol-gel-matrix, prepared as described in [3] on a soda
lime glass.
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Two components with a binding energy of 84,45 eV (1) and 83,48 eV (2) can be resolved.
The first component is attributed to metallic Au whereas the second component could be
ascribed to a formally negative valence of Au. As this component is not observed when
fused silica is used as a substrate instead of soda lime glass it is hypothesised that this
component is due to an interaction of the surface of the Au colloids with Na* ions, which dif-
fuse into the sol-gel-matrix from the substrate as determined by SNMS. In detail, it could be
attributed to the formation of an Au-compound at the surface of the colloids or to a charge
transfer from the nucleus to the surface. Both assumptions would imply a different dielectric
function at the surface of the colloids compared with the nucleus. The observed binding
energy component (2) is much lower than in the case of metallic Au (84 eV) and can not be
explained only as a pure physical effect similar to ref. [6-8] in the case of small Au-colloids
which showed a binding energy shift of about 0.25 eV to higher values due to final state



effects. In the contrary, such final state and size effects for small colloids probably contrib-
ute to the energy difference of 0.45 eV of the "metallic" component (1) in fig. 2 to the bulk
value for metallic gold at 84 eV. Bulk Au-compounds with such low Au 4f-core energies as
in component (2) are not known in the literature. Any effect due to improper energy refer-
ence can be excluded since the binding energies for the Si 2p lines and the O 1s-line were
102.88 eV and 532.32 eV respectively which are typical values for soda-lime glasses [9]. At
present HTEM and UV-VIS investigations are carried out to study these coatings in detail to
get more infcrmation about the surface and shape of the Au colloids and to clarify whether
this effect also can be explained by a nucleus-shell-model. Au colloids with surface layers of
different electronic structure are very interesting for non-linear optical investigations as the
dielectric function at the surface has a strong influence on the x®-effect. Further work will

be concentrated in this field and in the systematic preparation of such effects.
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