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Dynamics of self-organization induced by Marangoni instability
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Regularly recurring phenomena are a common and important part of life
activity. Such rhythmic behaviors are often seen in non-living systems under far-from-equilibrium
conditions. The study of simple non-living systems provides clues to understand the origin of
biological rhythms. Here, we focus on the spontaneous oscillation of surface tension associated with

an intermittent Marangoni convective flow generated by two types of surfactants, partially soluble
and insoluble in water. In this system, we find the collective motions of two surfactants interact
with each other in a systematic manner to control a stable periodic motion. Recently developed
time-resolved X-ray surface scattering technique enable the dynamical structure of the water surface
under flow to be determined. We have repeatedly observed that lipid molecules at the air-water
interface become regularly oriented normal to the surface at every onset of the Marangoni convective

flow.
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Fig. 1 (a) Experimental setup. The surface tension is measured using a Wilhelmy plate. (b)Oscillations of
surface tension produced by 1-heptanal in the presence of aspread monolayer of DSPC with different initial
surface pressure, Tlo. % i the difference of the surface tension with that for water, yv. Yellow: Ilo =0
mN/m (25 pL of 10 mol/L DSPC); Orange: TTo = 5 mN/m; Red: TTo = 10 mN/m; Purple: TTo = 17 mN/m;
Blue: TTo = 23 mN/m.
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Fig. 2 (a) Surface tension for DSPC/octanol averaged over 41 oscillations under the condition of ITo= 7
mN/m. (b) X-ray reflectivity curves of DSPC films taken at states | (open) and Il (closed) divided by that
of water. The dashed and solid curves are the reflectivity curves for the “static” DSPC monolayers formed
under the conditions of ITo= 6.4 and 14 mN/m, respectively. These curves coincide with those for the
monolayers with Marangoni flow, which indicates that the monolayer was compressed to give a highest

surface pressure at state I1. (c) Electron density profiles corresponding to the fits of the reflectivity curves



under the conditions of ITy= 6.4 (dashed) and 14 mN/m (solid). The z-axis is taken normal to the water

surface. The peaks originate from the phosphor group of DSPC penetrated in the water.
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Fig. 3 Schematic illustration of the behaviour of the donor and acceptor surfactants during the spontaneous

oscillation of surface tension. (1) The Marangoni flow of the donor surfactant compresses the acceptor

surfactant. (11 - 111) The acceptor surfactant expands while the donor surfactant dissolvesin water.

J. Phys. Chem. Lett.



50

X / 2019
161-168
DOl
X /
2018
/
2017




http://www.Kindai.ac. jp/sci/research/forefront_research/yano_yohko.html




