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Fig. 1 (a) Experimental setup. The surface tension is measured using a Wilhelmy plate. (b) Oscillations of surface ten-
sion produced by Il-octanol in the presence of a spread monolayer of 1,2-dioctadecanoyl-sn-glycero-3-

phosphocholine (DSPC).
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Fig. 2 (Color online) (a) Photograph of the experimental setup for visualization of the Marangoni flow. The motion
of tracer particles made of polyethylene terephthalate placed on the water surface was observed to visualize the
Marangoni convective flow. (b) Velocity of the Marangoni flow near the capillary and surface pressure I7, de-
pending on the added volume of 10~3 mol/L DSPC. (c¢) Oscillations of surface tension produced by 1-octanol in
the presence of a spread monolayer of DSPC. The movement of the particle was exactly synchronized with the

abrupt decrease in the surface tension.
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Fig. 3 (Color online) (a) Illustration of the liquid-interface reflectometer installed on BL37XU at SPring-8. (b) The

kinematics for the steering-crystal assembly.
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Fig. 4 (Color online) (a) Illustration of the bent crystal. (b) The bent-twisted crystal is obtained by twisting the bent
crystal.
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Fig. 5 (Color online) Simultaneous Multiple Angle-Wavelength Dispersive X-Ray Reflectometer.
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Fig. 6 (a) X-ray reflectometry curves of DSPC monolayers. (b) Dependence of the tilt angle of the hydrophobic chains
on the surface pressure of the DSPC. The region of the spontaneous oscillation of surface tension shown in blue.
(c) Electron density profiles corresponding to the fits of the reflectometry curves. The peaks originate from the

phosphor group of DSPC penetrated in the water.
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Fig. 7 (a) Surface tension for DSPC/1-octanol averaged over 41 oscillations under the condition of 77,=7 mN/m. (b)
X-ray reflectivity curves of DSPC films taken at states I (open) and II (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 ITy=6 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 the highest surface pressure at state II. (c) Electron
density profiles corresponding to the fits of the reflectivity curves under the conditions of I7,=6 (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. 8 (Color online) (a) Schematic illustration of the behavior of the donor and acceptor surfactants during the spon-
taneous oscillation of surface tension. (I) Equilibrium state. (II) The Marangoni flow of the donor surfactant
compresses the acceptor surfactant. (II->III) The acceptor surfactant expands while the donor surfactant dis-
solves in water. (b) Oscillations of the tilt angle of the hydrophobic chain in DSPC with different initial surface

pressure, I1,.
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Microscopic observation of Marangoni
convection on a liquid surface

Yohko F. YANO Department of Physics, Kindai University,
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Abstract Marangoni convective flow is the convective mass transfer along an interface between two fluids
due to a gradient of surface tension. When a surfactant droplet is suspended under the water sur-
face, the surfactant molecules that diffuse to the water surface induce Marangoni flow, which can
lead to spontaneous oscillations of the surface tension under the right conditions. We have suc-
ceeded in observing the dynamical structure of a water surface under Marangoni flow. Using a
recently-developed simultaneous multiple angle-wavelength dispersive X-ray reflectometer, 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. Understanding the
mechanism of rhythmic movement caused by a simple system of water and surfactants will lead
to the elucidation of various rhythmic phenomena found in life activities such as heartbeat.
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