
Mesoscopic photomechanical motions achieved by synergetic use of photochemical 

reactions and photon pressure 

Syoji Ito,1 Kenji Setoura,1 Morio Mitsuishi,1 Ahsan M. Memon,1 Shinya Nakamura,1 Shunsuke 

Okamaoto,1 Mizuki Hayasaka,1 Mamoru Tamura,2 Takuya Iida,2 Katsuya Mutoh,3 Jiro Abe,3 

Masakazu Morimoto,4 Masahiro Irie,4 Hiroshi Miyasaka,1 

1 Division of Frontier Materials Science and Center for Promotion of Advanced Interdisciplinary 
Research, Graduate School of Engineering Science, Osaka University, Toyonaka, Osaka 560-
8531, Japan 

2 Department of Physical Science, Graduate School of Science, Osaka Prefecture University, 1-1, 
Gakuen-cho, Nakaku, Sakai, Osaka 599-8531, Japan 

3 Department of Chemistry, School of Science and Engineering, Aoyama Gakuin University, 5-10-
1 Fuchinobe, Chuo-ku, Sagamihara, Kanagawa 252-5258, Japan 

4 Department of Chemistry and Research Center for Smart Molecules, Rikkyo University, Nishi-
Ikebukuro 3-34-1, Toshima-ku, Tokyo, 171-8501, Japan 

Email: sito@chem.es.osaka-u.ac.jp 

Mesoscopic photomechanical motions have been attracting considerable attention because of their 

promising applications to ultrafine wireless remote-actuators. To achieve mesoscopic mechanical 

motions, photoinduced morphological changes of molecular assemblies have been intensively 

investigated, such as microcrystals and polymer solids. Although photomechanical molecular systems 

can exhibit variety of flexible motions, precise motional control is relatively difficult because of too 

many parameters to be simultaneously controlled. Optical tweezer is another approach for achieving 

mesoscopic photomechanical motions. The experimental parameter of optical tweezer is simple and 

precise control of mechanical motions can therefore be achieved, while the variety of motion is limited 

compared with the aforementioned molecular systems. 

     In the present study, to demonstrate a new series of light-driven small mechanical systems, we 

propose hybrid systems of laser tweezer (photon pressure) and photochemistry. Small particles under 

photo-irradiation experience three photon forces: scattering, absorption, and gradient ones. The 

direction and amplitude of the photon forces depend on not only photoirradiation condition but also 

photo-response of target materials. We have modified photo-response of small organic particles by 

using P-type and T-type photochromic reactions. The absorption strength of target particles at the 

wavelength of laser tweezer were switched through photochromism, leading to nanoscopic reciprocal 

motion of the optically trapped particles synchronizing with the photochromic reactions.  
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