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球体の自律振動子における時空間パターンの制御 
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[概要] 
 自然界には時空間パターンの形成がよく見られる。非平衡条件下で生物が創

り出すような非線形現象を再現・制御するために、条件制御が容易な無生物モデ

ル実験系の構築が求められてきた。その中で、金属触媒が酸化・還元を自発的に

繰り返しで振動する Belousov-Zhabotinsky（BZ）反応を用いた研究がある。具体

的には、陽イオン交換樹脂からなる球形のビーズに、BZ反応の金属触媒として

機能するフェロインを化学吸着させて非線形振動子として用いる BZ ビーズ系

がある。本研究では、フェロインの吸着分布を制御した球形の自励振動子を作製

し、擬 2次元（2D）または 3次元（3D）における化学波の伝播様相を観測可能

なシステムを実験的に構築した（図 1）。また、2つの BZビーズのカップリング

や、BZビーズに対する局所的な電圧印加を通して、反応場における化学種の分

布・濃度変化による時空間パターンの制御が可能であることを見出した。

図 1. (i) 2D, (ii) 3D ビーズに発現する時空間パターン (Side view). (a) 等方的な振

動, (b) 化学波の伝播, (c) 螺旋波の伝播. Wn: 化学波W が発生する順番 nを表す. 
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Abstract 
Self-propelled object is defined that the object which can move autonomously in a space without 

the application of an external force. Various types of self-propelled objects have been studied by 
researchers to create artificial motors that respond to the change in the external environments. However, 
the autonomy of self-propelled objects in non-living systems is low since the unidirectional or random 
motion was generally observed in non-living systems. The biological systems that exhibited the 
nonlinear phenomenon (e.g., oscillation, synchronization, and bifurcation) have inspired how to design 
the self-propelled object with higher autonomy. 

In my research, we designed several types of self-propelled objects by introducing the 
nonlinearity to induce the characteristic motion  and to explain the mechanism of the characteristic 
motion. A camphor object was designed to study the feature of the oscillatory motion depending on 
the amount of the camphor molecules dissolved from the object. In addition, we observed the opposite 
dependence of water depth on speed for the camphor disk at the lower and higher concentration 
surfactant solution. Finally, a urease motor that exhibited pH-sensitive oscillatory motion was 
constructed by coupling an enzyme reaction of the urea. 

Figure 1. (Left) Time variation of speed for the urease motor at different initial pH, pHini,. No motion was change 
to oscillatory motion and to no motion again with an increase in pH ini. (Right) The mechanism of the oscillatory 
motion. A resting urease motor is accelerated by the autocatalytic production of ammonia, then the urease motor 
returns to the resting state at a new position. Oscillatory motion is observed since the alternation between resting 
and acceleration states. 
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