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Thin films of silver containing 0.2− 3at % Fe have been prepared by vapor co-deposition under
ultra-high vacuum conditions onto cooled Kapton substrates. Depending on substrate temperature
and iron concentration we could systematically follow the formation of nanometer size clusters of
iron from initially dilute iron monomers. Characterization of samples was performed via X-ray
diffraction, resistivity, magnetization, susceptibility, and Mössbauer spectroscopic measurements.
The silver matrices had typical grain sizes around 10 − 20 nm. Two well-defined types of iron
clusters could be distinguished with hyperfine parameters indicating local atomic coordinations
significantly deviating from bcc or fcc iron clusters.

The magnetic behavior derived from Mössbauer and magnetization data can be best described
with an ensemble of ferromagnetic mono-domain particles with about 6 and 15 iron atoms for the
two types of clusters, respectively, situated probably in grain boundaries.

The magnetic freezing observed at low temperatures, is clearly different from a blocking process
of free small particles. It is controlled via the inter-particle interactions mediated via conduction
electron polarization, i.e. RKKY interaction. The interaction of the cluster magnetic moments
with the conduction electron sea is best quantified by the electrical resistivity data. For all studied
concentrations we find a non-monotonic variation with temperature which can be understood by
competing shielding of the cluster moments by conduction electron spin scattering due to Kondo
effect and the magnetic coupling. We will discuss the development of these competing mechanisms as
a function of varying types of clusters and concentration. Notably the derived Kondo temperatures
up to iron concentrations of 1% at are in keeping with earlier data on extremely dilute iron in silver.
Deviations are met for higher concentrations and will be discussed especially under new aspects of
magnetic inter-cluster coupling even via long distances.
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