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Self prints on natural materials have been a common tool to preserve and distribute knowledge on
plants at the beginning of the modern era. Such knowledge is of prime importance in case that the
plants have or are thought to cause medical responses. At that time, pharmacists were obliged to
either possess a herbarium or plant self prints [1]. Plant self prints were preferred because they are
generally more stable than herbaria. They nowadays may provide important information on cultural
aspects concerning the knowledge of plant medicine, the distribution of plants and the technique of
obtaining plant prints at the beginning of the era of reproduction.
In this study, we have examined a book with plant self prints which was donated to the library
of the ”Hamburger Staatsinstitut für Allgemeine Botanik” in 1912. Based of examinations at the
University of Hamburg on the writing and the paper, the book has been dated to the first half of the
16th century [2]. Most plants in the book are multicolored. The aim of our study was to identify
the used colors. In order to achieve this aim the elemental compositions of the colors have been
measured by X-ray fluorescence (XRF) on as many different colors as possible. Elemental distri-
bution maps have then been obtained on selected areas. In addition, X-ray near edge absorption
spectroscopy (XANES) was performed on colors in the book and on selected reference materials
in order to identify the colors.
Measurements were performed at beamline L at DORIS III at DESY Photon Science. Due to the
size and fragility of the book, a special sample holder was constructed in which the book could be
safely stored (Fig. 1). For the measurements, a 90◦ geometry was chosen between the X-ray beam
and the surface of the book sheet. XRF measurements were performed using a multilayer double
crystal monochromator set to either 39 keV in a first beamtime and finally to 20 keV. For XANES
measurements, a Si111 double crystal monochromator was used due to the better energy resolution.
Depending on the required spatial resolution, the incoming beam was collimated with a 4-blade slit
system to a size between 0.2 and 1 mm. The fluorescence signal was detected in a Vortex detector
placed at 60◦ in a backscattering geometry with respect to the incoming beam.

Figure 1: Photograph of a section of a book sheet (left) and of the experimental set-up (right).



Single point analysis revealed the presence of 20 elements with Z between 20 and 82. The most
common elements for coloring are Fe, Cu, Pb and Cr. In order to learn about the elemental combi-
nations elemental distribution maps were performed on selected areas. Figure 2 shows an example
of a plant which was colored with Cu, Pb and Hg containing colors in leafs and blossom and Co,
Ni and Fe in the blossom. This shows that more than one pigment was used for one color. In order
to identify the pigment mixture, fingerprint XANES measurements were performed on reference
samples and on selected colors in the book for Pb, Cr and Cu. For Cu, for example, the use of
malachite can be interpreted from the obtained XANES spectra which is typically used as green
color in the 16th century [3].

Figure 2: Elemental distribution maps of Co, Cu and Hg (from left to right, top) and of Ni, Fe and Pb
(from left to right, bottom).

References
[1] P. N. Heilmann (1997) Mitt. Geol. und Paläont. Landesmuseum Joanneum, 55, 85-101.
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