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Biominerals are materials produced by living organisms such as animal bones and teeth, mollusc shells, pathological
calcifications, made from organic and inorganic compounds and organized in a multi-scale structure, from the
macroscopic to nanometric level. Understanding the organization and the mechanisms of formation of these
complex systems implies to analyze their chemical structure at the nanometer scale difficult to access using
traditional characterization methods.

Recent studies have shown the great interest of scanning and transmission electron microscopy coupled with
electron energy loss spectroscopy (STEM-EELS) for the study of these systems (1-3). This approach is based on the
detection of signals induced by the interaction of the electron beam with the sample. It makes it possible to
characterize the elements and chemical compounds present in the specimen through the study of the fine structure
of their corresponding ionization thresholds. In addition, the use of a latest generation STEM microscope also
provides information on the crystallinity of minerals (4). STEM-EELS offers the advantage of an outstanding spatial
resolution (down to nanometer) compare to spectroscopic approaches based on the use of photons (X-ray
absorption spectroscopies for instance). These data offer the possibility to establish chemical and structural maps
of biominerals corresponding to the mineral and organic phases (2,4). For instance, STEM-EELS results on the shell
of the barnacle Austromegabalanus psittacus allow to propose a model of the biomineral growth which challenges
the previously established conception (4). The proposed internship aims to extend this study to other samples
(current shells or fossil) in order to test the generality of the biomineralization mechanisms revealed by the study
on Austromegabalanus psittacus.

The internship will take place at the Orsay Solid State Physics Laboratory within the STEM team
(https://equipes2.lps.u-psud.fr/stem/) as part of a collaboration with the University of Granada (Spain).

The candidate will actively participate in different aspects of the project. He/she will be trained in STEM-EELS
approaches on a latest generation microscope, the microscope Chromatem (https://equipes2.lps.u-
psud.fr/stem/chromatem/). He/she will carry out measurements on biomineral samples. The acquired data will be
processed by statistical analysis approaches to improve the detection limit and extract of spectral signatures of
interest.

Techniques used during the internship: scanning transmission electron microscopy (STEM) coupled with electron
energy loss spectroscopy (EELS) on a last generation monochromated STEM microscope.
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Figure: Chemical and structural maps from EELS study on Austramegabalanus Psittacus. (a,b) distributions of carbonate (in red) and organic
compounds (in green) are shown. (c,d) Maps of the crystalline vs amorphous nature of the mineral phase. The amorphous areas are
represented in green and crystalline ones in purple (from de Frutos et al, ACS Nano (2023) 17, 2829-2839; DOI: 10.1021/acsnano.2¢11169).
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