
 

MICELLES  OF  COLLOIDAL 

SURFACTANTS 



Investigations of surfactant micelles using indicators  

1. Acid-base indicators 

 

2. Solvatochromic indicators 

 

3. Fluorescent indicators  

 



Acid-base indicators as molecular probes  

Hartley ‘s rules  

1HA A Hz z 

The pH range of color transition of indicators, bound to 

cationic micelles, shifts toward the acidic region, and in 

the case of anionic surfactants the effect is reverse  



Acid-base indicators as molecular probes  

A next pioneering work by Hartley   

(Application of an acid-base indicator readily attached to surfactant 

micelles) 
What does it mean? 



Current state of the problem 



 

The ionic micelle with an acid-base indicator molecule; grey and 

black circles depict the head groups and counter-ions, respectively.  
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Molecular probes: Acid-base indicators fixed in micelles    
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Dissociation constant of an acid in solution 

1HA A Hz z 
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Index of the dissociation constant,  * *

a ap logK K

hydrated proton: + +

3 5 2H O , H O , .etc

Determined via spectrophotometry, or 

fluorometry, ESR., etc.  

Determined using a glass electrode in a cell with liquid junction   

Omitting the ionic charges for the sake of simplicity: 



Acid-base indicators under conditions of complete binding    
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Now let us consider an indicator involved into the micellar 

pseudophase    
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Partition between two phases: Equilibrium conditions 
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Activity coefficients of transfer of “i” 

from water to micellar pseidophase 
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The pH values on the charged micellar  surface 
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Hence, in this equation the electrical potential is absent  

?



The concept of the “apparent” dissociation constant  
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If the indicator is fixed in the micellar pseudophase:    

“t” means “total”  
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“m” means “in micelles”  



Now, the equations in the paper by Hartley and Roe (1940) 

are understandable   
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The last equation is used for determination of        



Examining of surfactant micelles using indicators 

1HA A Hz z  

The concept of the apparent dissociation constant  



Most important conditions   

1) The micellar pseudophase occupies only a small  part of the 

total volume (about 1 %  or even lower).  

2) The number of micelles is not less than the number of 

indicator molecules; i.e., there is no more than one indicator 

molecule per micelle.  

3) The above equation is valid for an indicator completely 

bound to the pseudophase. Normally, this is ensured by 

“attaching” a long hydrophobic hydrocarbon tail.  



Some representative acid-base long-tailed indicators  



SDS micelles, 0.10 M NaCl 

CPC (1); CTAB (2,4); CDAPS (3); TX-100 (5); 

SDS (6); 0.10 M NaCl (1-3, 5,6) and 4 M KCl (4)   



Hartley ‘s rules  
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Not taken into account in 

earlier works  
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 Medium effects: 



In cationic surfactant micelles 
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In anionic surfactant micelles 
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In non-ionic surfactant micelles 
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Determination of the electrostatic surface potential of micelles   
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Most popular approach is equating the intrinsic constant  

in ionic micelles to the apparent constant in non-ionic micelles.      

Index of the intrinsic 

dissociation constant   
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Difference between the structure of ionic and non-ionic 

surfactant micelles in water 
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Ohshima, Healy, White equation for a spherical charged  

colloidal particle 

Independent estimation of the electrostatic surface potential   

Problems consist in the values of the parameters: degree 

of counterions binding, molecular area, micellar size 





(Hartland, Grieser, White) 

Another way: measurements of the electrokinetic  potential 

 



Electrokinetic potential, or zeta-potential. 

The f function is described by the approximate 

equation by Ohshima   



Third approach: Molecular dynamics simulation 

In sodium n-dodecylsulfate 

micelle 
In cetyltrimethylammonium 

bromide micelle 

(Farafonov, 2020) 
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Theoretical calculation via MD simulations   



Some representative acid-base long-tailed indicators  





Theoretical calculation via MD simulations   
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Main result: the indicator measurements reflect the electrostatic 

value in the LOCUS of the molecular probe  



(From J. N. Israelachvili, Intermolecular and surface forces, 2011) 

The same for related  

systems 
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Salt effects: Influence of the ionic strength  

of the bulk (aqueous) phase 



Equilibrium of micelle formation  Ct Br micelle n mn m   
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Explanation of the salt effects 

Hernst equation 

Mass action law 
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Linear dependence with slope   
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For cationic and anionic surfactant micelles, respectively 

3X Cl ,Br , NO ,...   
+M Li , Na ,K ,...  



Healy, Drummond, Grieser, 

Murray,1990 

Cationic surfactant micelles 

Anionic surfactant micelles 



Healy, Drummond, Grieser, Murray,1990 



Fernandez, Fromherz, 1977 



Lukanov, Firoozabadi, 

2014 

In an anionic surfactant 

micelles: 

+

12 25 3C H O SO Na 





Incomplete binding of reactants by micelles   

micelle (in micelle)i i 
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m – in micelle 

w – in water phase 

t – per total  volume 

Binding constant: 
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apparent dissociation constant under conditions of 

complete binding  



Apparent dissociation constant under conditions of complete binding  



Mixed surfactant micelles 



Rubin (basing on the theory of regular solutions):  

y -  molar fraction of the ionic surfactant in micelles, x – molar 

fraction in the system  



The pKa values of indicators in mixed micelles   
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Solvent Polarity. Solvatochromism 

The position of the absorption 

band maxima of electronic 

spectra depends on the 

solvent nature   



Energy of a quant:    

34, 6.6256 10E h h J s   

8 1; 2.997925 10 ms
c

c


  

Light absorption is an intramolecular process 

 

The Franck – Condon principle: time of molecular vibrations is about 

10–12 s, whereas the time of electron transition is about 10–15 s.  
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6 5Ph =C H

Pyridinium N-phenolate (Reichardt’s dye)  
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Solvent influence on absorption spectra :  

positive (a) and negative (b) solvatochromism 
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Solvatochromic polarity scale of solvents 

(several examples)  

Main idea of solvatochromic dyes application to surfactant 

micelles consists in comparison with organic solvent 









Molecular dynamics simulations allow revealing (predicting) 

the locus of the solvatochromic indicators within the 

micellar phase   



Different solvatochromic betaine dyes   









SURFACE ACIDITY OF WATER 

Several years ago, this problem was on the boil because some 

theoretical papers predicted the acidic character of the water/air 

interface, whereas the experimental  measurements of the zeta-

potential of air (or argon) bubbles indicated a substantial 

negative charge. The last is probable caused by HO- ions.   

PNAS USA 2007 2009 







(Prof. James Beattie; Sydney, Australia)  

Water/air surface: zeta-potential versus pH  



Takahashi, 2005 



The structure of water surface 
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Diffuse part of the DEL 
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Unfortunately, some authors write: 



Takahashi, 

2005 
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The pH of the isoelectric state (so-called isoelectric point) 

is about 3 or 4, as reported by different authors  

Therefore, at this pH:  s s

2
HO H ; 0; exp 1;

F

RT

   
         

 

3 4

bH (10 10 )M      

b means “bulk”, or 

water phase 





In addition to the numerous discussions, an attempt was 

made by Tahara’s group to apply an acid-base indicator .  

 

Their first work was devoted to the CTAB mono layers 

on the water surface, and the results were reasonable.  

 

Bur their results for “bare” water surface were certainly 

wrong.  





The CTAB monolayer displays ca. the same influence as the CTAB 

micelles in water   



An attempt to use the same approach to the    
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Processing the data as for surfactant monolayers, Yamaguchi et al. 

estimated:                                and concluded that the surface is acidic.  m wpH pH 1.7  
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Processing the data as for surfactant monolayers, Yamaguchi et al. 

estimated:    m wpH pH 1.7  
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On “bare” (entire) water surface, this value is extremely low 

(see above), and therefore     spH pHb


