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2. Mechanically Triggered Chemiluminescence 
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Can Mechanical Force
Overcome Woodward–Hoffmann Rules?
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Ultrasound Transmits Mechanical Force
to Polymers

4Hickenboth, C. R.; Moore, J. S.; White, S.; Sottos, N. R.; Baudry, J.; Wilson, S. Nature 2007, 446, 423. 
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Accepted Mechanism of Polymer Cleavage
by Sonication

5Basedow, A. M.; Ebert, K. H. Adv. Polym. Sci. 1977, 22, 83.
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Velocity of solvent is faster
in the adjacent to cavity. It makes tension.

• Threshold of polymer length: ~30 kDa
• Cleavage point: Center of polymer
• Efficacy of polymer cleavage: ↑sound intensity, ↓solvent temperature, ↓polymer concentration

sonication



Ultrasound Cleaves Weak Bond

6Encina, M. V.; Lissi, E.; Sarasua, M.; Gargallo, L.; Radic, D. J. Polym. Sci., Plym. Lett. Ed. 1980, 18, 757.
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• PVP with O-O is cleaved faster.
• PVP with O-O has smaller threshold for cleavage.
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Site-Specific Cleavage by Ultrasound (I)

7Berkowski, K. L.; Potisek, S. L.; Hickenboth, C. R.; Moore, J. S. Macromolecules 2005 38, 8975.
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Site-Specific Cleavage by Ultrasound (II)

8Berkowski, K. L.; Potisek, S. L.; Hickenboth, C. R.; Moore, J. S. Macromolecules 2005 38, 8975.
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impurity of 30 kDa was included…



Bond “Strength” in Bond Cleavage by Force

9Beyer, M. K. J. Chem. Phys. 2000, 112, 7307.
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Introduction of Prof. Maxwell J. Robb

https://www.robbgroup.caltech.edu 11
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Landmark Report

12Chen, Y.; Spiering, A. J. H.; Karthikeyan, S.; Peters, G. W. M.; Meijer, E. Q.; Sijbesma, R. P. Nat. Chem. 2012, 4, 559.
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Concept of This Study

13Liu, P.; Tseng, Y.-L.; Ge, L.; Zeng, T.; Shabat, D.; Robb, M. J. J. Am. Chem. Soc. 2024, 146, 22151.
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Mechanophore Unit

14Hu, X.; Zeng, T.; Husic, C.; Robb, M. J. J. Am. Chem. Soc. 2017, 141, 15018.
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Chemiluminophore Unit (I)
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Chemiluminophore Unit (II)

16
1) Green, O.; Eilon, T.; Hananya, N.; Gutkin, S.; Bauer, C. R.; Shabat, D. ASC Cent. Sci. 2017, 3, 349.
2) Adam, W.; Bronstein, I.; Trofimov, A. V.; Vasil’ev, R. F. J. Am. Chem. Soc. 1999, 121, 958.
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Design of Mechanoluminophore

17Liu, P.; Tseng, Y.-L.; Ge, L.; Zeng, T.; Shabat, D.; Robb, M. J. J. Am. Chem. Soc. 2024, 146, 22151.
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Experiment Procedure

18Liu, P.; Tseng, Y.-L.; Ge, L.; Zeng, T.; Shabat, D.; Robb, M. J. J. Am. Chem. Soc. 2024, 146, 22151.
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Luminescence Intensity
of Each Sonication Time

19Liu, P.; Tseng, Y.-L.; Ge, L.; Zeng, T.; Shabat, D.; Robb, M. J. J. Am. Chem. Soc. 2024, 146, 22151.



Luminescence Intensity
After of During Sonication

20Liu, P.; Tseng, Y.-L.; Ge, L.; Zeng, T.; Shabat, D.; Robb, M. J. J. Am. Chem. Soc. 2024, 146, 22151.
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Mechanoluminescence in Biological Condition

21Liu, P.; Tseng, Y.-L.; Ge, L.; Zeng, T.; Shabat, D.; Robb, M. J. J. Am. Chem. Soc. 2024, 146, 22151.
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Summary
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Appendix: Synthesis of Mechanoluminophore 

24Liu, P.; Tseng, Y.-L.; Ge, L.; Zeng, T.; Shabat, D.; Robb, M. J. J. Am. Chem. Soc. 2024, 146, 22151.
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Appendix: Synthesis of Mechanoluminophore

25Liu, P.; Tseng, Y.-L.; Ge, L.; Zeng, T.; Shabat, D.; Robb, M. J. J. Am. Chem. Soc. 2024, 146, 22151.
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