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Surfactant Structures
• Surfactants possess a characteristic 

chemical structure that consists of
– Molecular components that will have little 

attraction for one surrounding (i.e., the 
solvent) phase, normally called the 
lyophobic group

– Chemical units that have a strong attraction 
for that phase – the lyophilic group

The basic molecular structure of a surfactant includes the hydrophobic (or lyo-
phobic) group having little attraction for water (or the solvent) and the hydrophilic 

(or lyophilic) group having strong interactions with water (or the solvent)
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Characteristics
• Surfactants are generally referred to as being 

amphiphilic (“liking both”), indicating that they 
have some affinity for both two essentially 
immiscible phases

• When a surfactant is dissolved in a solvent, the 
presence of the lyophobic group causes an 
unfavorable distortion of the liquid structure, 
increasing the overall free energy of the system

• In an aqueous surfactant solution, for example, 
such a distortion (in this case ordering) of the 
water structure by the hydrophobic group 
decreases the overall entropy of the system

• That entropy is regained when surfactant 
molecules are transported to an interface and 
the associated water molecules released

For a surfactant molecule in water, the hydrophobic tail will be “solvated” with 
an ice-like structure of associated solvent molecules. The hydrophilic head 

will be solvated in the usual way.



Characteristics

• The surfactant will therefore pre-
ferentially adsorb at interfaces, or it 
may undergo some other process to 
lower the energy of the system (e.g., 
micelle formation)

• Since less work is required to bring 
surfactant molecules to an interface 
relative to solvent molecules, the 
presence of the surfactant decreases
the work required to increase the 
interfacial area resulting in a decrease
in interfacial tension

Phase 2 (liquid or vapor)

Phase 1 (aqueous)

When adsorption occurs at the interface, the adsorbed molecules will have a 
preferred orientation that tends to minimize unfavorable interactions between 

the aqueous phase and the surfactant molecular sections.



Characteristics

• The chemical structures having suitable 
solubility properties for surfactants vary with 
the nature of the solvent system to be employed 
and the conditions of use

• In water, the hydrophobic tail may be, for 
example, a hydrocarbon, fluorocarbon, or 
siloxane chain of sufficient length to produce 
the desired solubility characteristics when 
bound to a suitable hydrophilic head

• The hydrophilic head will be ionic or highly polar, 
so that it can act as a solubilizing functionality

• In a non-polar solvent such as hexane the same 
groups may function in the opposite sense

The most commonly encountered hydrophobic materials used in the 
commercial manufacture of surfactants.



Classification
• Anionic, with the hydrophilic group carrying a 

negative charge such as carboxyl (RCOO-M+), 
sulfonate (RSO3

-M+), or sulfate (ROSO3
-M+)

• Cationic, with the hydrophile bearing a positive
charge, as for example, the quaternary 
ammonium halides (R4N+X-)

• Nonionic, where the hydrophile has no charge 
but derives its water solubility from highly polar
groups such as polyoxyethylene (-OCH2CH2O-), 
sugars or similar groups

• Amphoteric (and zwitterionic), in which the 
molecule has, or can have, a negative and a 
positive charge on the principal chain (as 
opposed to a counterion, M+or X-) such as the 
sulfobetaines, RN+ (CH3)2CH2CH2SO3

-



Insoluble Monolayer Films

• A dilute solution is prepared from an aliphatic 
solvent and an organic solute RX in which R is a 
long-chain alkyl group and X is a polar group

• A small amount of this solution is placed on a 
large volume of water with a horizontal surface

• The components of this system were chosen 
because they are assumed to meet the criteria:
– The solubility in water of both components of 

the organic phase is negligible at room 
temperature

– The likelihood of any complex being formed 
between the organic solvent and solute is low

– The volatility of the organic solvent is high 
and that of the solute is low

Insoluble Monolayer Films

• After spreading, allow sufficient time to 
elapse for all the solvent to evaporate from 
the spread layer

• At this point the surface will contain a layer 
of the organic solute similar to that which 
would result from the spreading of a sessile 
drop of pure liquid solute or from the 
adsorption of vapors of the solute component 
from the gas phase

• Using a solution with a volatile solvent to 
form such a layer is a very common technique 
and has the advantage of permitting very 
small amounts of solute to be quantitatively 
deposited on a surface



Properties



Physical States
• Condensed films, which are coherent, rigid

(essentially incompressible), and densely packed, 
with high surface viscosity. The molecules have 
little mobility and are oriented perpendicular (or 
almost so) to the surface

• Expanded films, roughly equivalent to the liquid
state, in which the monolayer is still coherent 
and relatively densely packed but is much more 
compressible than condensed films. Molecular 
orientation is approximately perpendicular to the 
surface, but the tails are less rigidly packed

• Gaseous films, in which the molecules are 
relatively far apart and have significant surface 
mobility. The molecules act essentially 
independently, much as a bulk phase gas and 
molecular orientation will be random

Molecules in a monomolecular film are usually considered to exist in one of 
three principle “states.” (a) The gaseous state is that in which the molecules 

are relatively far apart and have little mutual interaction; the film is 
compressible. (b) The liquid expanded state is that in which the head groups 

are relatively closely packed, but there is significant degree of tail mobility; the 
film is compressible to a limited extent. (c) The condensed state in which the 

molecules are closely packed and have very limited mobility; the film is 
essentially incompressible.



As pressure is applied to a condensed film, the adsorbed molecules can 
rearrange to a small extent by a change in packing structure (e.g., cubic to 
hexagonal). Beyond that point added pressure will result in film ‘‘buckling.’’



Film Deposition

Self-Assembled Colloids
A surfactant in solution has 
various options in terms of 
its surface activity. 
Depending on the system 
composition, surfactants 
can (and usually do) “play 
the field,” completing 
various functions at the 
same time.
Usually, the multi-role 
playing is advantageous, 
although there are 
situations in which such 
flexibility can be 
counterproductive.
For that reason, surfactant 
selection can be an 
important decision in many 
applications.



Micelles

• Structurally resembles the solid crystal
or a crystalline hydrate

• Thermodynamically, the formation of 
micelles favors an increase in solubility

• Micelles will be the predominant form of 
surfactant present above a critical 
surfactant concentration: the critical 
micelle concentration (cmc)

• The total solubility of the surfactant will 
depend not only on the solubility of the 
monomeric material but also on the 
solubility of micelles

The threshold concentration at which micellization begins is 
known as the critical micelle concentration. Below the 
breaks in the curves in the figure, anionic surfactants

behave as expected for strong electrolytes; above the CMC, 
however, the behavior observed is consistent with the 

presence of particles in the colloidal size range.



Structures

A schematic representation of the structure of an aqueous micelle. Three 
possibilities are illustrated: (a) tails overlap at the center; (b) water penetrates 
core; and (c) chain protrusion and bending correct deficiencies of (a) and (b).























Emulsion Stabilization



Ostwald Ripening

Hydrophile-Lipophile Balance (HLB)

• A quantitative way of correlating the chemical 
structure of surfactant molecules with their 
surface activity through some quantitative 
relationship that would facilitate the choice of 
material for use in a given formulation

• Employs certain empirical formulas to calculate 
the HLB number, normally giving answers within 
a range of 0–20 on some arbitrary scale

• At the high end of the scale lie hydrophilic
surfactants, which possess high water solubility 
and generally act as good solubilizing agents, 
detergents, and stabilizers for O/W emulsions

• At the low end are surfactants with low water 
solubility, which act as solubilizers of water in 
oils and good W/O emulsion stabilizers



HLB
• HLB numbers could be calculated on the basis 

of group contributions according to the 
formula



HLB in Emulsion Formulation
HLB Ranges and Their General Areas of Application

HLB Numbers for Typically Encountered Oil Phases

calculate the HLB number of a 
surfactant and match that 
number with the HLB of the oil 
phase which is to be dispersed

Phase Inversion Temperature

• For a nonionic surfactant of the polyethoxylated
type as temperature increases, the surfactant head 
group becomes less hydrated and hence the 
surfactant becomes less soluble in water and more 
soluble in oil

• The surfactant affinity and hence the type of 
emulsion can be tuned by temperature

• A W/O emulsion is first prepared at high temperature 
and then is rapidly cooled below the PIT to obtain 
an O/W emulsion without the need for stirring

• The phase in which the surfactant is preferentially 
soluble tends to become the continuous phase



Nucleation and Growth

• Nucleation is the spontaneous appearance of a 
new phase from a metastable (supersaturated) 
solution of the material in question

• The initial stages of nucleation result in the 
formation of small nuclei where the surface-to-
volume ratio is very large and hence the role of 
specific surface energy is very important

• With the progressive increasing size of the nuclei, 
the ratio becomes smaller and, eventually, large 
crystals appear, with a corresponding reduction in 
the role played by the specific surface energy

• Addition of surfactants can be used to control the 
process of nucleation and the size of the resulting 
nucleus






