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A ratiometric fluorescent force probe (FLAP) with a response threshold of
about 100 pN, ideal for polymer physics research, has been developed. By controlling where FLAP is
chemically doped, we showed that local stress is more concentrated at the cross-linking sites than
at the main chains in cross-linked polymers prior to fracture, making them more likely to be the
starting points for fracture. The non-uniform stress distribution was quantitatively tracked using
fluorescence imaging for elastomer stretching and polymer gel compression. We also pioneered a
method of optically tracking the state of "strain-induced crystallization”, which contributes to the

toughening of polymeric materials, and showed that stretching and crystallization of molecular
chains occur stepwise rather than simultaneously. New insights into soft matter physics was
developed by using FLAP as an environmental response probe, monitoring the local force, the local
viscosity, and the single polymer free volume.
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