
WATER SURFACE:  

SURFACTANT MONOLAYERS 

AND EVAPORATION OF WATER 

 

Water-soluble (Gibbs) or insoluble (Langmuir) layers 

Ionic or non-ionic surfactants  

Water/air or water/oil  

With or without an indifferent electrolyte in water  

 



Surfactant adsorption monolayers on water:  

Theory and experiment 

Here, a cationic surfactant is depicted. Of course, the same 

scheme is valid for an anionic surfactant.  

Soluble (Gibbs) monolayers 
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Previously, the following equation was proposed:   

As result, excluding  the          value, we obtain:    d

t = +1; – 1; and 0: Volmer; Henry; Langmuir adsorption isotherms  

for the surface-active ion.  

Surface pressure 
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Instead of the Gibbs excess in the monolayer,  
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one obtains:   
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In these terms, the following equation  may be obtained:  

Here,        stands for the cohesive contribution to the surface pressure;  c

is the Boltzmann constant; T is the absolute temperature;  

is the elemental electrical charge;  

is the charge of the surface active ion;  

is the degree of the counter-ions binding;  

 

is the electrical potential of the charged monolayer.  
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Different variations of the initial equation:  
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Using the last expression and neglecting the cohesive 

pressure, the following equation can be obtained: 
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after excluding          may be represented as: 

After integrating: 
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Accordingly, after excluding             :   
2d ln a

After integration: 



Limiting cases 

0; 0; 0d   (1) A kT 

2 2

0
0

d ln
2

a akT
kT

A A A
 

 

On the other hand: 
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On the other hand (Henry equation): 

m 2
2 surfln ln

z e
d d c d

kT
   

m

2

2

ln
2

kT
d d

z e
 

m

m m

2 A 2 2

0 2 00

2
2 ln

2

kT kT kT kT kT
N z ed

A A z e A A A A



      
 



2

0
2

z e kT
d

A A





Therefore:  
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the double electrical layer is absent; 

0( )A A kT  

In the presence of a high concentration of 

a foreign electrolyte:   





Experimental study of the structure of monolayers: 

Direct determination of the surface excess  

1. Radioactive tracers: beta-emitters 3H, 14C, 22Na, 35S 

 

2. Ellipsometry  

 

3. Neutron reflection 
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ionic surfactant 

Direct determination 



Direct measurements of surface excess 

35SSodium di-n-octyl radiosulphosuccinate 



35S ? 

The deviation from n = 2 may be caused by experimental problems:  

In diluted solutions not      but  
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Hence, correct measurements result in coincidence of the Gibbs 

excess values as calculated from the surface tension isotherm 

and measured directly via radiotracers.    



Neutron reflection 
monolayer 

micelles +

14 29 3 3C H N(CH ) Br

on water surface 



12 25 3C H OSO Na 

monolayer 

micelles 

on water surface 
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Diffusion resistance of evaporation  
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 C – equilibrium concentration 

of  water vapors 

Insoluble surfactant layers on water surface:  

Evaporation suppression from water surfaces.  
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(J. Phys. Chem. 1925) 







In the USA:     10 32 10 m / year


















































