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In situ investigation of the mechanical properties of
silk and optically switchable silk with neutron and

X-ray scattering
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The biological structural material silkworm silk combines high extensibility with high mechanical strength.
The key to silk’s uniquemechanical properties lies in the microstructure of this protein fibre with nanocrystals
embedded in a softer, disordered matrix. On the basis of results of novel in situ experiments using the tech-
niques of mechanical relaxation [1], neutron spectroscopy [1], small-angle neutron scattering [2] and X-ray
microdiffraction [3] we were able to develop new models explaining the contributions of both the amorphous
matrix and the nanocrystals to the mechanical properties of silk. In particular, the models hold across many
orders of magnitude on time and length scales [1].
Based on this deeper understanding of the composite material, native silk fibres were functionalised with
chromophores so that their mechanical properties can be reversibly switched with UV and visible light, re-
spectively [4]. The fibre geometry ensures that unpolarised light is converted into directed mechanical stress.
The effect may in the future be used for the development of optically driven micro actuators or the conversion
of light into mechanical energy.
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