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The fact that a relatively small additive of fatty acid to CAPB ï SLES 

mixtures causes the formation of very viscous surfactant solutions 

(of consistence like that of dense honey) can be used for creation of 

shampoo-type formulations.  

Motivation: Formulations with Less Surfactant 



Diluted micellar solutions Concentrated micellar solutions 

Diluted regime 

(no interaction) 

Micelle overlap regime 

(interweaved, 

non-Newtonian) 

Poster P5.6 (Gergana Georgieva) This oral contribution 



SLS + DLS Data: The Prolate-Spheroid Model  
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a CAPB 
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The calculated RG is considerably greater than the 

measured RG  Ý  the micelles are not prolate-ellipsoids! 

2/122 )( baQ -=

ct 
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a 

(nm) 

RG 

calculated 

(nm) 

0.20 49.9 51.9 274 122 

0.25 50.2 54.5 291 130 

0.30 52.1 62.2 342 153 

0.35 51.7 68.1 382 171 

0.40 52.3 67.6 379 169 

0.50 52.3 70.5 398 178 

First, a is calculated by solving 

numerically the equation:  

RH ï experimental volume average 

Next, the RG is calculated from:  

Van de Sande, 1985 



SLS + DLS Data: The Oblate-Spheroid Model  
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Agreement between the calculated and measured RG 

Ý  the micelles are disclike (oblate-ellipsoids)! 

First, a is calculated from RH by 

solving numerically the equation:  

b å 2.8 nm (length of  

a CAPB molecule) 

ct 

(mM) 
RG,exp 
(nm) 

RH,exp 
(nm) 

a 

(nm) 

RG 

calculated 

(nm) 

0.20 49.9 51.9 79.8 50.5 

0.25 50.2 54.5 83.8 53.0 

0.30 52.1 62.2 95.9 60.7 

0.35 51.7 68.1 105.2 66.5 

0.40 52.3 67.6 104.4 66.0 

0.50 52.3 70.5 109.0 68.9 

RH ï experimental volume average 

Next, the RG is calculated from:  

Van de Sande, 1985 



Model of Micelle Growth ï Single Component 

Chemical equilibrium between 

micelles and monomers: 

This model is liable to generalization for mixed systems.  
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X1 and Xn ï molar fractions of monomers and 

n-micelles; 

               ï  standard chemical potentials; 
nɛ

~,ɛ~1

Taking inverse logarithm, 

we obtain: 

The ladder model provides an expression for  
1ɛ

~ɛ~ nn-



Ladder Model for Rodlike Micelles: Size Distribution 

Different standard chemical potentials 

of the molecules in the cylindrical part 

and in the spherical caps: 
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Spherical and bigger  

cylindrical micelles: 

n Ó ns 

Missel, P.J.; Mazer, N.A.; Benedek, G.B.; Young, C.Y.; Carey, M.C. J. Phys. Chem. 1980, 84, 1044.  



Ladder Model: Expression for the Mean Aggregation Number 

R.G. Alargova, V.P. Ivanova, P.A. 

Kralchevsky, A. Mehreteab, G. Broze, 

Colloids Surf. A 142 (1998) 201-218.  

Molar fraction of the surfactant in micelles:  
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Mean aggregation number by mass:  

This square-root dependence is confirmed by the experiment!  
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Geometrical Relations for micelles of different shape 

ns is the aggregation number of a spherical micelle;  

R is the radius of its hydrocarbon core; 

    is the mean volume per hydrocarbon chain in the micelle.  

ä
=

=
N

i

iivyv
1

v
ä
=

=
N

i

ii lyR
1

,3
4 3

s
v

R
n

p
=

R

v

n

R
a

34

s

2

s ==
p

R

v
a =d

R

v
a

2
c =

R

v
a

3
s =

R

v

RL

RL
a

24

3
8t
+

+
=
p

p

R

v
aaa

R

v 32
stc =¢¢=

LŸÐ = cylinder LŸ0 = sphere 

The area per molecule 

in the toroidal part is 

between that for 

cylinder and sphere 

For a spherical micelle: 

Likewise we obtain: 

spherical cylindrical discoidal 

toroidal 



Generalization of the Model to Disclike Micelles 

t
(t)

t
(d) )(~ nnnn mmm +-=

(d)m ï mean standard free energy per molecule 

   in the discoidal part of the micelle 

t
(t), nm ï for the toroidal part of the micelle 

   (depend on the micelle size!) 

For L Ÿ 0 the micelle is transformed into a spherical micelle with s
(s), nm

)(amm= )( s
(s) amm = )( t

(t) amm =

spherical 

cylindrical 

)( c
(c) amm = )( d

(d) amm =

discoidal 

toroidal 

parts of a micelle 



Theoretical model of disclike micelles growth 




