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Control of spatio-temporal patterns in a sphere field
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Oscillatory Motion in Self-Propelled Objects at an Air/Water Interface
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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.
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Figure 1. (Left) Time variation of speed for the urease motor at different initial pH, pHixi,- No motion was change
to oscillatory motion and to no motion again with an increase in pHini. (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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