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Investigation of self-propelled droplets in various chemical gradient
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We have developed self-propelled droplets having the abilities to detect a
chemical gradient, to move toward a higher concentration of a specific metal ion (particularly the
dﬁsprosium ion), and to extract it. Such abilities rely on the high surface activity of 2—ethKIhexyl
phosphoric acid (DEHPA) in response to pH and the affinity of DEHPA for the dysprosium ion. The oil
droplets loaded with DEHPA spontaneously move around beyond the threshold of pH even in a homogeneous pH
field. In the presence of a gel block containing metal ions, the droplets show directional sensing and
their motility is biased toward higher concentrations. The metal ions investigated can be arranged in
decreasing order of directional sensing as Dy3+ Nd3+ > Y3+ > Gd3+. Furthermore, the analysis of
components by using an atomic absorption spectrophotometer reveals that the metal ions can be extracted
from the environmental media to the interiors of the droplets.
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1 Time evolution of  interfacial
tension of a pendant oil droplet loaded
with 0.1M DEHPA in aqueous phase
containing Dy3+ at the initial pH 12.5.

# 1 Criteria of equation 1 based on
interfacial tension.
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2 Self-propelled vesicle showing shape

deformation. (V: Velocity, D: Dimple,
Y~Y,: Deviation in the center of gravity)
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3 Membrane permeability vs. driving
force
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