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Motion is one of unique dynamics observed in living system. Living organisms exhibit motion by
transduction from chemical energy to mechanical energy in nonequilibrium conditions of which
inflowed substances with high energy are convert to those with low energy through metabolism.
However, the whole picture has not fully unraveled due to their complexity. A new molecular
chemistry which can induce the targeted motion mode derived from molecular features could be a
powerful tool for understanding the motion mechanism of living organisms at the molecular scale.
Here, we have investigated the dependency of molecular species on the self-propelled droplets in
surfactant solution due to the Marangoni convection from both experiments and simulation.
According to the previous work that oil droplets composed of fatty nitriles frequently self-propelled
in cationic surfactant solution, we synthesized the cationic surfactant containing amide linkages
(Es) and ester linkages (Es). It is well known that amide linkages show a strong interaction with
polar groups. The motion speed of the droplets in Es solution was faster than that in aqueous
solution of the surfactant without hydrolyzable linkages (N). In the Am solution, no motion of
droplets was observed. To investigate the difference in the motion mode, we carried out
measurements of oil-water interfacial tension. As a result, there were differences in the rate at
which the interfacial tension decreased and in the degree of interfacial tension lowering in a range
of small surfactant concentration. Therefore, both dynamic and static differences in the interfacial
tension probably led to the motion speed of droplets. In addition, we found that the necessary
conditions for self-propelling droplets from the viewpoints of the molecular structure of surfactants
and their adsorption behavior to the droplet surface by using dissipative particle dynamics
simulation.
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Motion is one of unique dynamics observed in living system. Living organisms exhibit motion by transduction
from chemical energy to mechanical energy in nonequilibrium conditions of which inflowed substances with
high energy are convert to those with low energy through metabolism. However, the whole picture has not fully
unraveled due to their complexity. A new molecular chemistry which can induce the targeted motion mode
derived from molecular features could be a powerful tool for understanding the motion mechanism of living
organisms at the molecular scale. Here, we have investigated the dependency of molecular species on the self-
propelled droplets in surfactant solution due to the Marangoni convection from both experiments and
simulation.

According to the previous work that oil droplets composed of fatty nitriles frequently self-propelled in cationic]
surfactant solution, we synthesized the cationic surfactant containing amide linkages (Es) and ester linkages
(Es). It is well known that amide linkages show a strong interaction with polar groups. The motion speed of the
droplets in Es solution was faster than that in aqueous solution of the surfactant without hydrolyzable linkages
(N). In the Am solution, no motion of droplets was observed. To investigate the difference in the motion mode,
we carried out measurements of oil-water interfacial tension. As a result, there were differences in the rate at
which the interfacial tension decreased and in the degree of interfacial tension lowering in a range of small
surfactant concentration. Therefore, both dynamic and static differences in the interfacial tension probably led
to the motion speed of droplets. In addition, we found that the necessary conditions for self-propelling droplets|
from the viewpoints of the molecular structure of surfactants and their adsorption behavior to the droplet|
surface by using dissipative particle dynamics simulation.
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