Analysis of the force applied on the regular polymer

network using FLAP mechanophore
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Understanding the mechanical properties of gels requires the clarification of the
forces applied to their network strands. However, methods to experimentally
measure these forces are limited. In this study, we conducted a quantitative
analysis by correlating the changes in the fluorescence spectrum of the
mechanophore, which is a force-responsive chemical moiety, with the
mechanical model-estimated forces applied on the polymer chains in the gels.
For our experiments, we introduced a mechanophore called FLAP!!2] into the
tetra-PEG gels. FLAP is a molecule that undergoes structural deformation when
mechanical force is applied, resulting in a change in its fluorescence spectrum.
A tetra-PEG gel has a highly homogeneous, well-regulated network structure.
The structural characteristics of the tetra-PEG gels are known to be in good
agreement with the rubber elasticity models.
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Tensile and compression tests were performed on these gels. The Arruda-Boyce
model was adopted to estimate the forces on the network strands based on the
stress-strain relationships.[3] At the same time, we measured intensity ratio of
blue to green fluorescence emitted by FLAP in each conformations. We found a
strong correlation between the fluorescence ratio and the estimated force.

Through these experiments, we confirmed that introducing a FLAP
mechanophore into a tetra-PEG gel enables the estimation of the average force
generated in network strands during its bulk deformation based on changes in
the fluorescence spectrum.
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