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(Pujado & Scriven 1972)

: stable only for drops small relative to capillary length

A

: stable for drops of any size
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B e.g. o1l on water
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= when an oil drop is emplaced on the surface of water, its behaviour will
depend on the spreading coefficient

" for S <0, an equilibrium configuration arises: the drop assumes the form of

a sessile lens
Statics:

Dynamics:

= for S > 0, the droplet will completely wet the underlying liquid, and so spread
to a layer of molecular thickness






The beating heart



= when a drop of mineral o1l containing a small quantity of nonionic, water-insoluble
surfactant (Tergitol) is so emplaced, a sessile lens with S<0 is formed

= however, NO EQUILIBRIUM SHAPE EMERGES; the lens is characterized
by periodic fluctuations in radius, and so resembles...

Stocker & Bush (JFEM, 2007)



The beating heart




= first reported by Buetschli (1894), a Professor of Zoology at the University
of Heidelberg, in his treatise Investigations on Protoplasm

" subsequently described qualitatively by Sebba (1979, 1981)

“The ultimate goal of physiologists is to be able to explain living behaviour in terms of
physicochemical forces. Thus, any expansion of our knowledge of such forces, based on

inanimate systems, should be examined to see whether this might not offer insight into
biological behaviour”. _ Sebba (1979)

many biological systems exhibit periodic behaviour; e.g. oscillations of cells of
nerves and muscle tissue, oscillations in mitochondria, and biological clocks

conversion of chemical into mechanical energy is one of the main processes
in biological movements; e.g. chloroplast movements and muscle contraction

®* fundamental interest



The breaking heart : high surfactant concentration




" mineral oil with 0-10% Mineral
Tergitol 15-S-3 (nonionic oil with
surfactant; insoluble Tergitol
1n water, soluble in oil)

" ]ens emplaced on water
surface with eye-dropper

Distilled water

= lens behaviour independent of water depth
" ]ens behaviour strongly dependent on surfactant concentration
for : no beating; stable sessile lens

for moderate , steady beating observed
for high , drop edges become unstable to fingers

for highest , lens explodes into series of smaller beating lenses



Nujol with
Tergitol

Distilled water

" beating marked by slow expansion, rapid retraction
" odour of Tergitol always accompanies beating modes

= placing lid on the chamber suppresses the oscillations



Distilled water

" beating marked by slow expansion, rapid retraction
= odour of Tergitol always accompanies beating modes

= placing lid on the chamber suppresses the oscillations



AIR OIL
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WATER

ADSORPTION

= adsorption of surfactant onto oil-water interface

= evaporation of surfactant from air-water surface

" flushing of surfactant onto air-water interface



Flushing events: breaking waves dump surfactant onto surface




Flushing events

" emulsification set by surfactant’s HLC

(hydrophobicity-lipophobicity coefficient)

—~




: confined to outer extremities of the lens




: stagnant :

<D <>

internal circulation confined to drop edges, absent in flat central region
Marangoni flow associated with gradient in  : indicates  lowest at drop edge
consistent with radial gradient in adsorption flux along surface

reflects geometric constraint: less surfactant available to corners from bulk

unstable to longitudinal rolls or (as in wine glass)
flushing events associated with breaking Marangoni waves

(Frenkel and Halpern 2005)



Variations on the same theme




Variations on the same theme

Pinch-off The spitting drop

Fernandez & Homsy (2004)






Waves
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Why does one only surf near the beach?
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Small splash




