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Report:
EXAFS measurements at the Cu and Ag K-edges have been carried out to study polychrome
luster decorations in original samples of glazed Renaissance pottery (end of XV-XVI century)
from Deruta and Gubbio.
Luster is one of the most important decorative techniques of the Medieval and Renaissance
pottery of the Mediterranean basin. It consisted of a metal deposition on a tin-opacified lead
glaze which produced brilliant metallic reflections of different color and iridescence [1].
Examples of luster pottery from Deruta and Gubbio are conserved in many important
international museums, such as the Louvre in Paris, the Metropolitan Museum of Art of New
York, the National Gallery of Art of Washington, the British Museum and the Victoria and
Albert Museum of London and many others. Very recently, studies of the same authors of
the present work demonstrated that luster consists of a heterogeneous metal-glass composite
film, some hundreds of nanometers thick, analogous to that present in the modern metal-glass
nanostructured composites synthesized for high technology applications [2,3]. In the luster,
separate silver and copper nanoclusters appear dispersed within the outer layers of the glaze.
Although heterogeneous, the nanocluster distribution can be locally homogeneous, being
characterized in specific regions by constant cluster dimensions and constant densities.
Aims of the measurements were to collect X-ray absorption spectra at Cu and Ag K-edges,
for different luster decorations (gold and red), with the goal to establish states and local
environment of copper and silver into the glaze matrix, and to correlate these data to the
luster properties.
It has been found that, in the case of red luster, the color is mainly due to the presence of
copper nanoclusters, while in the case of gold luster the color is mainly due to nanoclusters of
silver. However, copper and silver are significantly present in the glaze also in oxidized

forms; specifically: in gold luster, Ag+, Cu+ and Cu2+ ions are present, while in red luster,
where no silver is present according to the historical recipes [4,5], the dominant ion is Cu+.
It has been found that, in the luster, the nanoclusters are confined in the more external glaze
surface layer, while oxidized forms are more deeply penetrated. This was put in evidence, in
the case of red luster, by the absorption spectra at the Cu K-edge (8979 eV) recorded both in
fluorescence mode (fluo), probing depths of about 50 microns, and in total electron yield
(TEY), capable to collect signals only for the first 0.1 microns. As reported in the figure, the
TEY spectrum shows the presence of metallic copper, while that collected in fluorescence
mode (fluo) shows the dominant presence of oxidized Cu2O.
Quantitative analysis of the EXAFS spectra obtained for red luster, in the fluo- mode,
indicates that copper coordinates oxygen atoms at 1.86 Å, which is a distance very close to
the interatomic distance for the first shell of Cu2O (1.85 Å). The Cu-O first shell coordination
number is 1.3, which is a value not very far from 2, the value shown by the Cu2O standard.
The low coordination number (1.3 instead of 2) can be explained taking into account that a
fraction of copper atoms is in the reduced metallic phase.
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States and local environment of Cu ions are similar to those found in copper-alkali ionexchanged silicate glass samples [6]. This finding strongly supports the view that luster
formation is mediated by a copper- and silver-alkali ion exchange as a first step, followed by
nucleation and growth of metal nanocrystals as a spontaneous process due to the
supersaturation of the elemental concentrations in the region where clustering occurs [7,8].

References
[1] A. Caiger-Smith, Luster Pottery. Technique, Tradition and Innovation in Islam and the
Western World. (Faber & Faber, London, UK, 1985)
[2] J. Pérez-Arantegui, J. Molera, A. Larrea, T. Pradell, M. Vendrell-Saz, I. Borgia, B.G.
Brunetti, F. Cariati, P. Fermo, M. Mellini, A. Sgamellotti, C. Viti, J.Am.Ceramic Soc. 84, 442
(2001).
[3] I. Borgia, B. Brunetti, I. Mariani, A. Sgamelotti, F. Cariati, P. Fermo, M. Mellini, C. Viti,
G. Padeletti, Appl. Surf. Science 185 (2002) 206.
[4] C. Piccolpasso, Li Tre Libri dell'Arte del Vasaio, 1557 (Edizioni all'Insegna del Giglio,
Firenze, 1976).
[5] W. D. Kingery, P.B. Vandiver, in Ceramic Masterpieces. Art, Structure and Technology
(The Free Press, New York, 1986), pp. 111- 121.

[6] F. d'Acapito, S.Colonna, S.Mobilio, F.Gonella, E.Cattaruzza, P.Mazzoldi, Appl.Phys.Lett.
71 (1997), 2611
[7] A. Miotello, G. De Marchi, G. Mattei, P. Mazzoldi, A. Quaranta, Appl. Phys. A 67 (1998)
527; A 70 (2000) 415.
[8] E. Borsella, E. Cattaruzza, G. De Marchi, F. Gonella, G. Mattei, P. Mazzoldi, A.
Quaranta, G. Battaglin, R. Polloni, J. Non-Crystalline Solids 245 (1999) 122.

