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Researchers describe unique molecular
activity in water-ethanol mixtures

July 2 2018

Droplet of ionic liquid (Red) with active holes (white holes) in a water-ethanol
solvent (Blue). The holes propel themselves inside the IL droplet. Credit: Rei
Kurita
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Researchers from Tokyo Metropolitan University have observed the
formation of holes that move by themselves in droplets of ionic liquids
(IL) sitting inside water-ethanol mixtures. This complex phenomenon is
driven by an interplay between how ionic liquids dissolve, and how the
boundary around the droplet fluctuates. Self-driven motion is a key
feature of active matter, materials that use ambient energy to self-propel,
with potential applications in drug delivery and nano-machine
propulsion.

It is well known that substances like water and ethanol mix very well at
room temperature; how well alcoholic beverages mix depends on the
environment in which the mixture takes place, including such factors as
temperature and pressure.

However, dissolution can take a complex turn. A team led by Associate
Professor Rei Kurita, Department of Physics, Tokyo Metropolitan
University, was studying how an ionic liquid (IL) dissolved in a mixture
of water and ethanol. Ionic liquids are liquids composed entirely of ions
in ambient conditions; properties like their resistance to drying and
ability to dissolve otherwise difficult materials make them a promising
solvent, with possible applications in industrial processes such as battery
production, pharmaceuticals and recycling.

The team placed a small droplet of IL at the bottom of a mixture of
ethanol and water. With the temperature and particular ratio of ethanol
to water they used, they expected a boundary or interface to form
between the IL and the water-ethanol above it, and for the two to mix
gradually. Yet, what they saw was startling: Over time, holes emerged
inside the IL droplet, and the holes could propel themselves inside the
droplet.
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They found that this curious phenomenon was the result of how the
composition of the water-ethanol mixture naturally fluctuated around the
interface. The conditions were such that the mixture is close to a critical
point at which small variations in composition can have major
consequences. In this case, they were enough to promote local mixing of
the IL into the water-ethanol mixture; the unique way in which ILs
interact with water resulted in further local changes in composition,
leading to a positive feedback loop, or instability. The effect was so
drastic that they produced variations in the surface tension, causing the
surface to become spontaneously bumpy, form holes, and generate the
large flows required to move them around. These holes have been
dubbed active holes.

Their discovery paves the way for a broad new class of synthetic active
matter, materials that can spontaneously take energy from the
surroundings and convert it into motion. With possible applications in
drug delivery and propulsion at the nanometer scale, this new
phenomenon might inspire investigations into novel industrial uses as
well as further accelerate academic interest in active phenomena.

More information: Noriko Oikawa et al, Active hole generation in a
liquid droplet dissolving into a binary solvent, Soft Matter (2018). DOL:
10.1039/c8sm00357b
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