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Internship proposal in experimental optics

Characterization of cellulose by SHG microscopy and polarization-resolved SHG

Within plants, cellulose fibers have a very specific and multi-scale structure. Inside the cell walls, cellulose
macromolecular chains are assembled into microfibrils (10 to 30 nm diameter), which are themselves arranged
into macrofibrils (around 1 pm diameter). Some crystalline domains of cellulose have a non-centrosymmetric
structure and therefore a non-zero second-order nonlinear susceptibility, which can lead to the emission of second
harmonic generation (SHG) signals, detectable by microscopy'?. These SHG signals are already used to
characterize collagen, and recent work within the team already illustrated the potential of this technique for
characterizing the structure of collagen in both biological tissues® and collagen-based cultural heritage objects such
as parchments®. Polarization-resolved SHG (pSHG) is complementary and provides access to orientation and local
information about order at the submicrometric scale (focal volume scale)’. Finally, preliminary experiments have
shown tha ability to detect SHG signals from cellulose in wood®, but also in archeaological mineralized textiles’
(see Figure).

In this context, the aim of this internship is twofold:

To understand the origin of SHG and pSHG signals from cellulose. It has been shown that cellulose exhibits
a specific response in polarimetry of SHG signals'’. It is therefore necessary to understand the nonlinear
interaction between a linearly polarized incident beam and cellulose fibers as a function of their respective
orientations. This study will be based on the tensorial formalism of nonlinear optics, formulating different
hypotheses on the symmetry of the susceptibility tensor at different scales of cellulose structuring and testing them
experimentally through polarization-resolved SHG experiments.

To monitore the degradation of cellulose in paper. Using contemporary paper samples, artificial aging protocols
in the presence of heat and/or relative humidity will provide a series of samples with varying degrees of alteration.
These samples will then be characterized by SHG and pSHG microscopy in order to evaluate the potential of this
technique for characterizing cellulose deterioration.

This internship will benefit from the expertiseof the Conservation Research Center (L. Robinet, A.-L. Dupont) at
the National Museum of Natural History (Paris) on paper and deterioration protocols.

Figure 3 : Nonlinear optical microscopy of cellulose. (a) Imaging of wood (flmaed maple): plant cells are composed of lignin
(fluorescence signals in red) and cellulose (SHG signals in green). (b)-(d) Imaging of textile fibers with SHG emission from cellulose
(green): (b) modern flax fiber, (c) fiber from an archaeological textile from the 2nd millennium BC, and (d) intact archaeological textile
sample. Adapted from &7.

Description of the expected profile

The intern will have a background in physics, particularly in optics and data processing. She or he must be
comfortable with experimental optics and have a good knowledge of microscopy techniques (principles, contrast
modes, acquisition modes). Knowledge of programming and image processing will also be essential in order to




extract quantitative information from the collected signals. An interest in heritage science as well as an ability to
work in a highly interdisciplinary environment, will also be essential.
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The internship may potentially lead to a thesis.
Internship duration : 4 to 6 months. Level : Master degree or equivalent.

Contact : Gaél LATOUR, associate professor Université Paris-Saclay

gael.latour(@universite-paris-saclay.fr
Website of the LOB : https://portail.polytechnique.edu/lob/fr/recherche/microscopies-avancees-physiologie-des-tissus




