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Anionic surfactants

unsaturated
omega 3 3rd carbon from the

fatty acids

saturated

omega-3 – 3rd carbon from the 
metyl end has double bond 



Non-ionic surfactants



Cationic surfactants



Zwitterionic surfactants



Surfactant self-assembly

surfactantssurfactants 
residence time

At l t ti f t t f d b d l f

Oily core

• At low concentrations surfactants form adsorbed layers of 
air/solution and solid/solution interfaces
At critical micellization concentration (cmc) the surfactant• At critical micellization concentration (cmc) the surfactant 
starts self-assembling into micelles
– driven by hydrophobic interactiondriven by hydrophobic interaction
– spontaneous and reversible cooperative transition 



Surfactant self-assembly

• Compounds that are sparingly soluble 
in water can dissolve in oily core above 
cmc yielding solubilized systems 
Additi f f t t ( ll• Addition of co-surfactants (usually 
alcohols) to an emulsion can lead to 
formation of a termodynamically stableformation of a termodynamically stable 
microemulsion

• Some surfactants self-assembling intoSome surfactants self assembling into 
vesicles (called liposomes in case of 
phospholipids) 

• At high concentrations surfactants 
forrm liquid crystalline phases



Adsorbed surfactant layers
• Surfactant in contact with clean 

adsorbs onto the surface
• Hydrophobic surfaces:

– surfactant contacts surface via tail formingsurfactant contacts surface via tail forming 
progressively more compact monolayers

– at higher coverage the morphology wasat higher coverage the morphology was 
observed to form hemi-cylindrical 
aggregates irrespective of the nature of 
surfactants 

S.Manne and H.Gaub, Science 270, 1480 (1995) 



Adsorbed surfactant layers
H d hili f• Hydrophilic surfaces:
– surfactant is attracted to the 

f i i h tsurface via ion-exchange step
– then, surface aggregates are 

formed in a cooperative processformed in a cooperative process
– the morphology depends on the 

surfactant geometry could be
C14TAB on silica 7mM. 
Sperical micelles (A) pH 6 3;surfactant geometry, could be 

bilayer, sperical or cylindrical 
aggregates

Sperical micelles, (A) pH 6.3; 
(B) pH=2.9

gg g

C14TAB on mica 7mM. 
cylindrical micelles

S.Manne and H.Gaub, Science 270, 1480 (1995) 



Micelles
• The balance between the attractive 

and repulsive interaction in a micellesand repulsive interaction in a micelles 
results in a micelles of finite size
Micelles are spherical near CMC• Micelles are spherical near CMC

• The aggregation number of a 
spherical micelle can be estimated as
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Micelles

• At higher g
concentration the 
micellar shape is p
governed by the 
surfactant packing p g
parameter
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Micelles



Micelles



Micelles

• The micelle oily core is in a quasi-liquid statey q q
• very rapid movement of the chain
• very low viscosity• very low viscosity
• extensive chain looping
• rapid fluctuation of micellar shape (10-3 – 10-10 s)



Micelles

• Formation of giant thread-g
like micelles in gemini
surfactant 12-2-12 solution  
observed by cryo-SEM, the 
concentration 0.74 wt% (D), ( )
1wt% (E) and 1.5wt% (F and 
G))



Micelle is a dynamic object
• Molecular Relaxation time (exchange)

• Relaxation Time for Aggregate DissolutionRelaxation Time for Aggregate Dissolution



CMC
• CMC value slightly depends on the experimental technique 

used
M i l d i d b h f f d h l h• Mainly determined by the nature of surfactant and the length 
of the chain
D ti ll ith th h i l th i• Decreases exponentially with the chain length increase

log cmc b a m= − ⋅
• CMC is increased with branching (increased solubility)

log cmc b a m



CMC

• CMC Decreases upon increasing concentration of an added 
electrolyte that has a common ion with surfactant

0 0log log( )cmc A B cmc C= − ⋅ +

• Explanation:• Explanation: 
Ions produce electrostatic 
screening. This allow the 
head groups to get closer



CMC
• Effect of counter ion



Solubilized systems
• Generally, all said about micelles holds for solubilized systems

• Short chain alcohols (methanol –
propanol) reduce micelle sizepropanol) reduce micelle size 
and transform them into 
spherical onesspherical ones

• Medium chain alcohols (butanol-
hexanol) reduce micelle size at )
lower concentration and 
increase at high concentration

• High chain alcohols increase the 
size of the micelles and change 
the shapethe shape 



Water soluble polymers/surfactant system

• Water-soluble polymers lower CMC and aggregation p y gg g
number

• form “necklace bearing beads”form necklace bearing beads



Microemulsions
• First discovered by Hoar and 

Schulman in 1943: they found 

water/n-octane/C12E5 microemusion

y
that is alcohol is added to 
benzene emulsion the system is 
clarified

• Significant interest after oil crisis 
i 1975 i tt t t i i lin 1975 in attempt to improve iol 
recovery

• Surface tension at oil water

spherical micelles

• Surface tension at oil-water 
interface can be reduced down 
to 10-4 mN/m2to 10 mN/m

bicontinuous phase



Vesicles
• Vesicles in water are commonly 

observed with phospholipids andobserved with phospholipids and 
other two chain surfactants with 10 
or more carbons

• Commonly prepared by:
– solubilizing the amphiphile in organic 

solvent
– evoporating the solution on glas 

surfacesurface
– exposing the film to water
– sonification, extrusion etc further used 

to reduce the vesicles into unilamellar
– usually unstable

• Stable vesicles can be prepared by

vesicles in 12-20-12 
gemini surfactant 

• Stable vesicles can be prepared by 
mixing two surfactants



Vesicles

• ”Onion phase” (multilamellar 
vesicles)

1µm



Vesicles



Liquid crystal phases
A th f t t t ti i• As the surfactant concentration increases, 
repulsive intermicelle interaction induce 
micelle orderingmicelle ordering

• For spherical micelles (P<1/3) :
Sperical micelles →cubic phase → hexagonal p p g
phase → lamellar phase 

• For elongated (1/3<P<1/2) or disklike 
(1/2 P 1)(1/2<P<1)
Disordered elongated micelles→ hexagonal 
phase → lamellar phasep p
Disordered disklike micelles→ lamellar phase

• As the system tries to keep intermicelle distance as 
large as possible the micelle might coarsenedlarge as possible, the micelle might coarsened 
before:
Sperical micelles →cubic phase → hexagonal 

h l ll hphase → lamellar phase
Disordered elongated micelles→ hexagonal 
phase → lamellar phase 



Liquid crystal phases
• Commonly encountered mesophases

discontinuous 
cubic phase with hexagonal phase lamellar phase

elngated micelles

amphiphile surface 
divides space into 
two interconnected 
domains

bicontinuous 
cubic phase

disordered bicontinuous cubic 
phase (L3)



Liquid crystal phases
• Dependence between the phase structure and the structure of 

surfactant


