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Flexible and aromatic photofunctional system (FLAP) has been developed based on the design of flapping 
molecules, in which a central flexible ring is fused with multiple rigid wings. 

A series of FLAPs demonstrated diverse functions as below.

1) Viscosity  probe:  A  molecular  flapping 
motion  feels  nanoscale  viscosity  more 
sensitively  than  a  conventional  twisting 
motion.  Dynamics  of  single  free  volume  in 
polymeric materials can be also monitored by 
the flapping motion.

2) Force probe:  Dual emissive force probes 
explore  quantitative  mechano  science.  The 
ratiometric  fluorescence  analysis  monitors 
both mechanical polymer chain stretching and 
strain-induced  crystallization  (SIC)  of 
polymers by hyperspectral imaging.

3) Photomelting materials:  Twofold  π-stacking of V-shaped molecules exhibits high cohesive force of 
materials,  while  excited-state  planarization  plays  a  key  role  for  photoinduced  melting.  The  control  of 
assembly develops light-melt adhesives and photomelting gels on demand.

References for FLAP: [1] Excited-state planarization, Twofold columnar -stacking: J. Am. Chem. Soc. 2013, 135, 8842; Chem. Eur. J. 2014, 
20, 2193; [2] Light-melt adhesive: Nat. Commun. 2016, 7, 12094 (2016); [3] Ratiometric viscosity probe: J. Mater. Chem. C 2017, 5, 5248; [4] 
Molecular movie for a photoresponsive liquid crystal: J. Am. Chem. Soc. 2017, 139, 15792; [5] Singlet fission: Angew. Chem. Int. Ed. 2018, 57, 
5438; [6] Mechanophore function in crystals: J. Am. Chem. Soc. 2018, 140, 6245; [7] Fluorogenic viscosity probe: Angew. Chem. Int. Ed. 2020, 
59, 16430; Bull. Chem. Soc. Jpn. 2020, 93, 1102; [8] Excited-state aromaticity: J. Am. Chem. Soc. 2020, 142, 14985; [9] Single free volume 
monitoring: J. Am. Chem. Soc. 2021, 143, 14306; [10] Force probe for polymer physics: Nat. Commun. 2022, 13, 303; J. Am. Chem. Soc. 2023, 
145, 26799; [11] Real-time stress imaging of compressed gels: J. Am. Chem. Soc. 2022, 144, 2804. [12] Probing strain-induced crystallization: 
J. Am. Chem. Soc. 2023, 145, 26799. [13] Ultrafast planarization by Baird aromaticity: J. Am. Chem. Soc. 2025, 147, 12051.
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