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Polycapillary lenses are monolithic X-ray optical element that allow to capture radiation within a
large solid angle and focus it into spots of 20-100 µm diameter. Whereas full lenses are suitable for
efficient focussing of radiation produced in (low power micro-focus) X-ray tubes, half-lenses can be
employed for efficiently focussing synchrotron radiation.
In the recent past, we have used polycapillary half-lenses in combination with a fixed-exit Si<111>
monochromator installed at bending magnet beamline L of the second generation synchrotron
DORIS III (Hamburg, Germany) to construct an experimental facility that permits to record µXANES (X-ray absorption near edge spectroscopy) profiles of trace constituents of solid materials.
Since µ-XANES is one of the few methods that allow to derive information on the oxidation state of
trace constituents that are present at the 10-100 ppm concentration level in solids, several
opportunities presented themselves to apply this technique in various fields of research. In this paper,
the following concrete applications of the µ-XANES method, as implemented at HASYLAB
Beamline L, will be discussed:
- A µ-XANES study of the redox equilibrium of Fe2+/Fe3+ in iron-gall inks (used for preparation of
many historic documents) revealed that the fraction of Fe2+ present in the individual hand-written
characters is subject to considerable variations and is also dependent on the ink-thickness and the
distance to the edge of the character. This points to a gradual oxidation of the Fe2+ present in the ink,
possibly by hydrogen peroxide that is released during the oxidative degradation of the paper.
- Speciation of U in microscopic particles of Depleted Uranium (DU), recovered from polluted sites
in Kosovo revealed that most of the U (originally present in the metallic state in the DU-ammunition)
is oxidized to the UO2 form, while in a number of cases, a complete or partial oxidation to the U3O8
form was observed. These observations stress the necessity of the availability of species-specific
abundance information as input to model calculations on the mid- and long-term fate of the U-dust
particles in the environment.
A combination of a polycapillary half-lens and a double multilayer bandpass system was used to
produce a highly-intens 17.5 keV X-ray micro beam of 15 µm diameter at the above-mentioned
beamline. The detection limits of a ‘pink-beam’ µ-XRF (X-ray fluorescence analysis) set-up,
consisting of the micro-beam described above, a Gresham Si(Li) detector and a motorized sample
stage were evaluated by irradiation of thin glass standards (NIST 1832 and 1833) and several
biological reference materials (such as NIST Spinach Leaves). Relative detection limits (DL) for
trace elements such as Se and Sr in the 10-100 ppb range were obtained within a 1000 s counting
time. These low DL values indicate that highly sensitive trace analysis of solids at moderate
resolution is possible by means of a polycapillary-based pink-beam µ-XRF system installed at a
magnet beamline of a second generation synchrotron.

