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Obtaining information on the matter organization on the micrometer scale still
remains a challenge in physics, chemistry or biology. In this context non-linear
vibrational processes such as Coherent Raman Scattering (CRS) are powerful
approaches for 3D imaging with chemical specificity without sample preparation.
Most often used in the context of biology or soft matter, CRS is more rarely used to
study molecular crystals. However, the bonds density and the symmetry properties
of a repetitive pattern allow exploiting all CRS specific strengths, in particular
regarding spectral resolution or light polarization.
In the first presented study, we have implemented polarization-resolved
scheme to retrieve the molecular symmetries and thus target more specifically the
vibration to improve the signal contrast. We have used the irreducible tensor
formalism to describe both the susceptibility tensor and the polarization of the
electromagnetic fields [1]. By choosing a specific set of circular polarizations, the
symmetries of the crystals could be highlighted, whatever the crystals orientation in
the sample plane was [2-3].
In a second study, we have used the specific spectral signatures of crystalline
polymorphs to investigate the biomineralization process of an oyster shell, made of
calcium carbonate crystals [4]. We could image the spatial distribution of the free
carbonate and the crystalline carbonate at the growing edge of the shell. Those
detailed polymorph maps, combined with a proteins image, allow us to propose a
biomineralization scenario.

Figure 1: Structure of a calcium carbonate shell imaged with Coherent Raman
scattering.
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