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Introduction 

The last three decades have seen the creation of numerous molecular-level machines, which switch their 

molecular structure under external stimuli. Despite these excellent developments in molecular machine 

synthesis, it is still challenging to create the macroscopic motion of materials to do physical jobs. Recently, 

the macroscopic motions of soft materials have been realized, in which the photoisomerization of 

azobenzene dyes and the self-orientation of amphiphilic molecules are orchestrated.
1–3

 This paper will 

report the light-powered motion of materials in two sections.   

Section 1. Cooperative Deprotonation Induced Motion of Macroscopic Self-Assembly
1,2

 

In an aqueous medium, sodium oleate self-associates into macroscopic assemblies of several different 

shapes in a pH-dependent manner, because the ratio of acid-dissociation changes according to the external 

pH.
4
 Helical assemblies are formed at pH 7.5, and change their shapes straight by a small increase in the 

pH. In this study, we achieved spatially-organized recoiling motion of the oleate helical assemblies induced 

by photoisomerization of an amphiphilic azobenzene, which was incorporated into the helical assemblies 

(Fig. 1). In the dynamics, the deprotonation of the carboxyl group occurred due to the increase in the 

effective volume of the azobenzene dye by trans-to-cis photoisomerization. This result indicates that the 

creation of highly organized motions is possible by designing the morphology of molecular assemblies. 

  

 

Fig.1. Macroscopic propeller motion of 

molecular assembly composed of oleic 

acid and an amphiphilic azobenzene 

triggered by UV light and blue light. 

 

 

 

 

Fig.2. Sequential micrographs and explanatory 

illustrations of one cycle of a limit-cycle 

self-oscillatory flipping motion of a co-crystal under 

continuous blue light irradiation.  



Section 2. Far-From-Equilibrium Motion of Macroscopic Co-Crystal
3
 

An important intrinsic characteristic of life is permanent mechanical function. The key to realizing such 

far-from-equilibrium dynamics is the dissipative self-organization of chemical processes. We constructed a 

macroscopic self-oscillation of a co-crystal composed of a synthesized azobenzene derivative and oleic acid 

under continuous light irradiation (Fig.2).
3
 In this study, we used blue light ( = 435 nm), which induces 

both cis-to-trans photoisomerization  ( = 0.59 in MeOH soln.) and trans-to-cis photoisomerization ( = 

0.48 in MeOH soln.). If the photoisomerization is undergone in a solution under continuous blue-light 

irradiation, the ratio of the concentration of trans- and cis- isomers decays to 72:28 in a photostationary 

state, and further change is not observed. However, a self-oscillatory flipping motion was observed, 

because the azobenzene photoisomerization causes the crystalline phase transition, and the crystalline phase 

transition switches the direction of the photoisomerization. By paddling the water with the autonomous 

flipping motion, some of the co-crystals swam mechanically. This work presents the first molecular crystal 

working with a “dissipative structure,” which is considered to be a fundamental principle of an autonomous 

function in a life system. 

Conclusion 

Herein, we discuss about the spatio-temporal organized motion of macroscopic molecular assemblies as 

the result of the self-organized combination of molecular self-association and photoisomerization. This 

concept can be applied not only to photo-responsive materials but also to chemical-responsive materials. 

Studies on creation of chemically-powered self-organized motion now undergo in our research unit. 
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