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Surfactants: surface-active reagents
  molecules that find it energetically favourable to reside at an interface

e.g. commercial detergents

  generally act to reduce       locally,                   : may induce Marangoni flows
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e.g. Soap boat

Surfactants: surface-active reagents
  molecules that find it energetically favourable to reside at an interface

  generally act to reduce       locally,                   : may induce Marangoni flows
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   beyond the CMC (critical micell concentration),
     there is no further dependence of        on    

micells shed by saturated
interface, desorbed into bulk
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Surfactant properties

air

water

Solubility

   prescribes the ease with which surfactant passes from the surface to the bulk

   an insoluble surfactant cannot dissolve into the bulk, must remain on surface

dissolution

sublimation

Volatility

   prescribes the ease with which surfactant sublimates/evaporates from surface

Diffusivity

   prescribes the rate of diffusion,         , of  a surfactant along an interface
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   prescribes the rate of diffusion,         , of  a surfactant within the bulkDb



The evolution of a surfactant-laden interface

Since             ,  N-S equations and BCs must be augmented by

Surfactant evolution equation:
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Surfactants:  impart effective elasticity to contaminated interfaces

Surface divergence

Surface convergence

    through resisting flows with non-zero surface divergence
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Surfactants:  impart effective elasticity to contaminated interfaces

Surface divergence

Surface convergence

    through resisting flows with non-zero surface divergence
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Clean interface  =  `slippery trampoline’

   resists deformation through generation of normal curvature pressures

Surfactant-laden interface  =  trampoline

   resists surface deformation as does a clean interface

   can support tangential stresses via Marangoni elasticity

   cannot generate traction on the interface



Surfactant-driven Marangoni propulsion
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   lateral force may be generated by surface tension gradient 
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integrate around 
contact line

  motion driven by soap cannot be sustained in a closed contained

  motion may be sustained if driven by a volatile component (e.g. camphor)

e.g. water-walking insects, dispersal of pine needles



Nakata (2005)

Camphor boats



Nakata (2006)

Camphor boat races
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The cocktail boat:  fueled by alcohol

Video:   Lisa Burton



José Andrés



Soap films

  prevalent in art owing to their aesthetic appeal 



Soap films

  color due to interference of light
    reflected from both sides of film

  film thickness comparable to 
    wavelength of light



Soap films

  stabilized against rupture by presence of surfactants

Draining soap film

   weight of film supported by Marangoni stress
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The influence of surfactant on bubbles and drops

Observation: small bubbles, drops rise at speeds anticipated for RIGID particles

no internal
circulation

   rearrangement of surfactant          Marangoni, viscous stresses balance on surface

   surfactant rigidifies drop surface: internal circulation suppressed
 
   effect most pronounced for small drops, bubbles since
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The suppression of capillary waves by surfactant

  wave motion generates regions of surface divergence

  concomitant surfactant gradients generate Marangoni stresses

  resulting small scale flows extremely dissipative

  flat ship wakes first remarked upon by Pliney the Elder

  now used to track submarines: flat wakes visible on satellite images 
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  examined by Benjamin Franklin, motivated by Bermudan spear fishermen



The footprints of whales
  surfactants (biomaterial in water column) swept to surface by diving whales
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  suppress capillary waves and cascade to larger scale waves

  similar rationale for the glassy wake of ships



Wind

Puddle

Capillary waves
stagnant
surface

The dynamics of puddles 

  surfactants swept to lee of puddle by wind stress

  Marangoni stress balances wind stress          stagnant surface

  capillary waves suppressed by surfactant in lee of puddle
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Surfactants and a murder mystery

waves
flat

WIND

Who dunnit?



Nature, 22, 1880



The Thoreau-
Reynolds Ridge



The Thoreau-Reynolds Ridge

•  arise upstream of blocked flow regions; e.g. floating log, canoe paddles
•  surfactants adjoining the blocker suppress waves, impede surface flow



Flapping retracting soap films 

 (Lhuissier & Villermaux, 2009)

   rationalized in terms of Marangoni 
      elasticity of the film



Marangoni  buckling

Emulsification through Area Contraction 
T.Dabros A.Yeung J.Masliyah J.Czarnecki

The collapse of a water drop in
a surfactant-laden oil



Bubbles in a thin gap

•  surface divergence at leading edge, convergence on trailing edge

•  resulting surface tension gradients induce Marangoni jets towards bubble nose

•  rationalized in terms of surfactant-induced Marangoni elasticity

Bush (JFM, 1997)



Marangoni  Doomsday
The storage of radioactive liquid waste.

Marangoni 
burrowing


