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Introduction to the colloid chemistry 
and surface phenomena
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Why do mosquitos and other small 
insects can walk on water? 

Why does Ouzo’s colour change 
from transparent to cloudy when 
we add water?

Why do we so often use eggs 
for making sauces?

How detergents really clean?
And why this “milky”
colour that milk has?

Examples of colloidal systems 
and surface phenomena from daily life

Why the leaves of 
lotus possess self-
cleaning property?
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More examples of 
colloids
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Colloid science is both a multi- and 
interdisciplinary topic

• Physical chemistry

• Physics

• Biology

• Medicine 

• Materials

• Microelectronics

Dialysis

Microemulsion synthesis

Truly valuable to chemists, chemical engineers, 
biologists, material and food scientists and 
many more.
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Definition of colloidal systems

• Finely-divided dispersion of one phase in another.

• It concerns, in the main, systems containing
large molecules and/or small particles.

• The adjective 'microheterogeneous' provides an
appropriate description of most colloidal systems.

• There is, however, no sharp distinction between
colloidal and non-colloidal systems.
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What are the colloids and interfaces?
Why do we study them together?

Colloidal dispersions are systems of particles or droplets with 
the “right dimensions” (the dispersed phase), which are 
dispersed in a medium (gas, liquid or solid). 

But which are the “right dimensions”? 

The link between 
colloids and surfaces 
follows naturally from 
the fact that particulate 
matter has a high 
surface area to mass 
ratio.
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Surface matters
The characteristic properties
of colloidal systems are due
to the size of the particles or
droplets (i.e. the dispersed
phase), and not to any special
nature of the particles

Their high interfacial area is
the reason why colloidal
systems have special
properties and also why we
study colloids and interfaces
together.
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Another example

• 1 litre of a latex paint suspension containing 50% 
solids with a particle size of 0.2 μm has a total 
particle surface area of 15000 m2.

• However, to form such huge interfaces, e.g. by 
dispersing water in the form of droplets in an oil, 
we need “to do a lot of work”.
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Colloids and interfaces
An interface has a 
thickness of afew
ångstrøm
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Why are colloids important?

• It is a highly interdisciplinary subject, of interest 
to diverse fields of science and engineering.

• Just to mention a few: pharmaceuticals, food, 
cosmetics, detergents, medicine and biology, up 
to materials and microelectronics.
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Some applications



__________________________________________________________________________________________
____________
This project has been funded with support from the European Commission. This publication reflects the views only
of the authors, and the Commission cannot be held responsible for any use which may be made of the information
contained therein.

Three ways of classifying the colloids

• Colloids (or colloidal dispersions) can be classified 
according to the state of the dispersed phase and 
the dispersion medium (gas, liquid, solid).
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Classification 
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Lyophobic and Lyophilic

• Lyophobic (i.e. solvent hating) colloids are those in 
which the dispersoid (dispersed object) constitutes a 
distinct phase.

• Lyophobic colloids are thermodynamically unstable. 

• Lyophilic colloids refer to single-phase solutions of 
macromolecules or polymers.

• These terms describe the tendency of a particle (in 
general a chemical group or surface) to become 
wetted/solvated by the liquid.
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How to prepare colloid systems?

• Basically, the formation of colloidal material 
involves either degradation of bulk matter or 
aggregation of small molecules or ions.

• Dispersion of bulk material by simple grinding in 
a colloid mill or by ultrasonics

• Aggregation methods involve the formation of a 
molecularly dispersed supersaturated solution 
from which the material in question precipitates 
in a suitably divided form.
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Key properties of colloids

• They have very interesting kinetic, 
rheological and optical properties.

• The van der Waals attractive forces in 
colloids are much stronger than those 
between molecules and lead to 
aggregation (instability), but there are 
(fortunately) also repulsive electrical  
forces, when the particles are charged, 
which ”help stability”. 

• There are other types of repulsive forces, 
e.g. steric, solvation.

• Almost all lyophobic colloids are in reality 
metastable systems.

• When we use the term “stable” colloids, 
we imply a kinetically stable colloid at 
some arbitrary length of time (which can 
be, forexample, two days or two years).
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Colloid Stability –The Major Players
(van der Waals and Electrical Forces)
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Key forces and potential
energy plots 

• Colloidal dispersions have a high interfacial area and are 
therefore unstable; they have to be stabilized.

The most important 
forces are:
▪ the van der Waals 
(vdW) forces, which are 
usually attractive and 
are the cause of 
instability
▪ the, usually, repulsive 
forces due to electrical 
charges on the 
particles.
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Colloid stability and mechanical stability

• The colloid stability of a dispersion refers to small 
particles that do not aggregate (in the practical 
lifetime of the dispersion). 

• The mechanical stability refers to dispersed 
particles that do not sediment or cream.
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Interactions
• The potential 

energy–distance 
plot (V–H curves) 
represents 
graphically the 
behaviour of a 
colloidal system.

• The stability of 
colloidal dispersions 
is often described 
quantitatively via 
the DLVO 
(Derjaguin–Landau–
Verwey–Overbeek)
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Critical coagulation concentration (CCC)

• In DLVO the total potential 
energy is expressed as 
simply the sum of the 
repulsive and the 
attractive energy.

• Equation for V in the slide 
is for equal-sized spherical 
particles of equal and 
small surface potentials 
(less than 25 mV for 1 : 1 
electrolytes) and small 
electric double layer 
overlap.

• For very small particles 
(radius less than about 10 
nm) the secondary 
minimum is not deep 
enough to get flocculation. 
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vdW and electrostatic forces

• are long-range (vdW forces dominate at high and
small distances, electrostatic forces may 
dominateat intermediate distances);

• depend on the characteristics of the particles and
the medium;

• depend greatly on the shape of the 
particles/surfaces (e.g. sphere, plates, cylinders), 
their size and proximity.
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Electrical and steric 
stabilization

• Schematic representation 
of the electrical double-
layer forces (a) and of the 
steric (or entropic) 
stabilization (b).
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vdW forces

• Colloid stability assumes a 
balance between the van der
Waals (vdW) forces (typically 
attractive) and the (typically 
repulsive) electric (double-
layer) forces.

• Attractive vdW forces between 
particles and surfaces are 
much more long-range (they 
can be of importance at 
distances as high as 100 nm) 
than the vdW forces between 
molecules

Gecko on the glass (vdW forces)
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van der Waals force between
equal-sized spherical colloidal 
particles when

• The vdW forces depend 
on the size and shape 
(geometry) of 
particles/surfaces and 
their proximity but 
above all they depend 
on the nature 
(chemistry) of the 
materials and the 
medium via the so-
called Hamaker
constant, A.
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Eeffective value of the Hamaker constant in a 
medium other than vacuum or air

• when we have the same 
type of particles in a 
medium

• the effective Hamaker
constant in the case of two 
different types of particles 
(1 and 3) in a medium 2 is

The effective Hamaker constant can be negative, which implies 
repulsive van derWaals forces. 



______________________________________________________________________________________________________
This project has been funded with support from the European Commission. This publication reflects the views only of the authors, and the
Commission cannot be held responsible for any use which may be made of the information contained therein.

Some examples of effective Hamaker
constants
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vdW forces for different geometries -
examples
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Electrostatic forces: the electric double
layer and the origin of surface charge

• The interfaces may have a positive or negative 
charge,  but the latter (negative) is the most 
common.

• Charge depends on pH, nature of surface groups and 
salt concentration.

• Most surfaces are negatively charged, since the 
smaller cations are typically more hydrated than 
anions.

• Thus the cations remain in aqueous solution, while the 
anions adsorb on the surface. 
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Hydratation

• Hydration of counter-ions 
is good because it 
restricts the ability to 
approach the particle 
surface and enter the 
Stern layer.

• Consequently, less 
destabilization by 
hydrated ions is obtained.

• Ionic valency also plays 
an important role in itself 
(the Schulze-Hardy rule).
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Charged interfaces

• In the diffuse double-layer model, the ionic 
atmosphere consists of two regions: a so-called 
Stern (or near-Stern) layer and a diffuse layer 
after that.
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The surface of 
shear

• The exact location of the 
surface of shear, of great 
importance for the 
measurement of the“zeta
potential” .

• It is considered to be quite 
close to the Stern plane.

• The net charge of the 
Stern layer, diffuse layer, 
and the surface is zero 
because of 
electroneutrality
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Why are the surfaces or 
particles charged?

(a) Differential ion 
solubility;

(b)direct ionization of 
surface groups;

(c) isomorphous 
substitution;

(d) specific ion 
adsorption; and

(e) anisotropic 
crystals
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Sources of surface charge in colloids

• Adsorption of surface ions, e.g. ionic crystals, AgCl, 
CaCO3;

• dissociation (dissolution) of surface groups, e.g. latex, 
celluloses, biomolecules, metal oxides (TiO2);

• chemisorption of ions, e.g. phosphates on oxide 
surfaces;

• reaction with OH– and H+, e.g. oxide surfaces;
• adsorption of ionic surfactants or polyelectrolytes

(general – all surfaces);
• isomorphous substitution (clay minerals, kaolinite, 

mica).
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Isoelectric point (IEP) also called the 
point of zero charge (PZC)
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Electrical forces: key parameters
(Debye length and zeta potential)

• The Debye length „ κ−1“ (or screening length) is 
a measure of the length (thickness) of the double 
layer and depends on the solvent, temperature 
and the ionic strength of the solution.

• The potential energy of repulsive forces
decreases exponentially with the distance and 
increases with increasing Debye length, relative 
permittivity and surface potential.

• The surface potential „ ψo“ is approximated by 
the so called zeta potential „ζ“.
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Surface or zeta potential and electrophoretic 
experiments

• The zeta potential can also 
be defined as the potential 
where the centre of the first 
layer of solvated ions 
moving relative to the 
surface is located. 

• Goodwin (2009) states that 
this is about 0.5 nm or so 
from the surface. 

• A rule of thumb often cited 
suggests that the absolute 
value of the zeta potential, 
for stability in many 
practical situations, should 
be larger than 30 mV. 
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Hückel Smoluchowski and Henry equation

• The zeta potential is much lower than the Stern potential in 
those cases where we have high potential and high salt 
concentrations.

• The limiting cases of very small 
(Hückel) and very large 
(Smoluchowski) particles, which 
correspond to the point charge and 
flat surfaces assumptions, 
respectively.

• “Approximate” equations, like the 
Henry equation, which are valid 
also in the intermediate range, are 
useful.
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The f correction parameter of the Henry 
equation for various values of κR
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Variation of zeta potential 
with both pH and salt 
concentration
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Stability

• Stabilization can be obtained if the pH is far from 
the IEP and/or upon adding small charged 
molecules that adsorb to the surface, e.g. citric 
acid or upon adding polymers (block-copolymers, 
polyelectrolytes).

• When the zeta potential is zero (at the IEP), 
there is no charge on the particles and 
flocculation will take place.
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How to reverse the 
sign of the zeta 
potential?
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The Debye length

The Debye length, κ–1, is often 
referred to as the “thickness of the 
double layer” even though the 
region of varying potential is of the 
order of 3/κ to 4/κ (Hunter, 1993).
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Debye length for 
aqueous solutions
for different types of 
salts
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Double layer thickness–salt relationship
for water
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The dependence of 
the double-layer 
thickness on both 
the electrolyte 
concentration and 
type
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Electrical forces

• When two charged particles approach each other, 
their double layers begin to overlap, and they 
repel each other.

• The force falls exponentially with distance and 
with decreasing Debye length.

• It is effectively zero after a few times the
thickness of the double layer.

• Decreases less rapidly with distance compared to 
the vdW forces.
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Electrostatic double-layer interactions
and the simplest mathematical expression

• Equation is valid 
for monodisperse 
spherical colloidal 
particles when the
so-called Debye–
Hückel 
approximation is 
fulfilled and when 
κR < 5.

The Debye–Hückel approximation (strictly valid when 
a single symmetrical electrolyte (e.g. 1 : 1 or 2:2))
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Approximate expressions for the potential 
energy of electrostatic interactions, VR
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Born repulsion

• At very short distances of approach Ångstrøms),
H, there can be overlap of molecular orbitals.

• This is known as Born repulsion and these 
interactions are very short-range (proportional to 
H–12).
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Schulze–Hardy rule and the critical
coagulation concentration (CCC)

• The critical coagulation concentration, often abbreviated as 
CCC, is the minimum concentration of an (inert) electrolyte 
that is just sufficient to coagulate a dispersion.

• The CCC depends only very weakly on factors other than 
the counter-ion valency (like the charge number of co-ions 
and the concentration of the particle, and even moderately 
on the nature of the particle itself).

• All these generalizations are known as the Schulze–Hardy 
rule.
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Small amounts af salt can reduce
drastically the stability of 
colloids
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Concluding remarks: vdW forces
• they are long-range and extremely strong – much longer range than 

the vdW forces between molecules;
• they are almost always attractive and thus contribute to instability;
• they are always attractive in air and in vacuum (where the Hamaker

constant is zero);
• they are always attractive between two identical surfaces or particles;
• they depend on the size/shape, in general the geometry of the 

particles (e.g. spherical, flat surfaces or cylindrical); thus there are 
several analytical expressions for the van der Waals forces;

• they depend on the material and the medium (via the Hamaker
constant);

• they decrease because of an intervening medium (this can help in 
controlling the vdW forces!, e.g. by changing the solvent or adding a 
layer containing a large amount of the solvent);

• they are weak if particles and medium are chemically similar;
• they can be repulsive (sometimes) between different surfaces (or 

particles) in a medium (if the Hamaker constant of the medium has a 
value intermediate to those of the particles, which means that one 
material interacts more strongly with the medium than with the 
second body).
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Concluding remarks: 
Electrostatic/electric forces

• decrease with increasing distance exponentially (and this is 
a different dependency than for the vdW attractive forces);

• depend on the size of particles (or surfaces);

• depend on the medium (often water);

• depend on the surface (potential) – zeta potential;

• depend on the electrolyte used (concentration and 
valency);

• are always repulsive between identical surfaces but they 
can be attractive between dissimilar surfaces
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The Debye length

• It is a length (usually in nm) – a measure of the 
thickness of double layer.

• It depends on both electrolyte type and concentration.

• It decreases with increasing salt concentration.

• It “protects” – it helps stability! We want the Debye 
thickness to be as high as possible for good stability!

• The diffuse double layer fades away at a distance 2–3 
times the Debye length.
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For understanding electrical forces we 
recall the following steps:

• identify the source of surface charge;

• measure surface charge (zeta potential) versus pH;

• regulate surface charge (and via this the diffuse double 
layer), e.g. ion adsorption, adsorption of polymers 
especially polyelectrolytes, proteins, (ionic) surfactants, 
small charged molecules, surface treatment (curing, 
chemical modification) –pH and common ions can help in 
controlling the surface charge;

• stability is obtained far from pH = IEP and far

• from the point of zero charge (PZC);

• control salt content, temperature and medium.
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Which colloid is the most stable?
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Stability?
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Ion concentration outside the double 
layer
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Stability of particles in different
solvents

• The maximum
stability is observed 
in moderately polar 
solvents (with 
relative permittivities 
between 20 and 45).
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Surfactants and self-assembly.
Detergents and cleaning
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Surface active agents or surfactants

• Surfactants are amphiphilic compounds, consisting
of a “polar” head (ionic –anionic or cationic - or 
polar group) and a hydrophobic part.

• Surfactants adsorb on liquid–air and oil–water 
interfaces and decrease surface and interfacial
tensions and the corresponding works of adhesion.

• Water molecules surrounding the hydrocarbon 
groups order, so as to increase the number of 
bonds to other neighbouring water molecules
(decreasing entropy and increases the free energy).
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Basic properties

 Important characteristics in surfactant science
include the following parameters:

CMC,

Krafft point,

hydrophilic/lipophilic balance,

Temperature,

Salts,

Co-surfactants,

Time.
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Classification of surfactants

 The surfactants can be classified 
according to the nature of the 
“head”, i.e. their hydrophilic group
(anionic, non-ionic, cationic).
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Detergents remain the most important use of surfactants

 Surfactants have many 
applications:
 as important parts of 

detergents for cleaning, 
 as emulsifiers,
 foaming agents or 

stabilizers for colloidal 
dispersions,

 in various applications in 
biotechnology and 
catalysis,

 as components in many 
complex products, e.g. 
paints and coatings as well 
as in lotions, shampoos,
etc.
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Critical micelle concentration

 A decrease of water surface tension is 
observed up to a certain concentration, called 
the critical micelle concentration (CMC).

 Above the CMC, surfactants create new liquid-
like often near spherical structures, called 
micelles .

 Close to CMC micelles are spherical or semi-
spherical “liquid-like” aggregates in a very
dynamic situation; the life – time of micelles is
1-100ms and the occupancy time of one
surfactant in a micelle is 10–1000 μs.

The radius of the micelles is of 
the order of the length of the 
surfactant molecules: a few 
nanometres.
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Critical micelle concentration

 Some molecules enter the 
solution but most of them stick 
on the (water–air) surface.

 During this process the surface 
tension decreases.

 When, however, all the surfaces 
are “saturated” (complete), the 
surfactants will find other ways 
to minimize the energy; this 
happens by the creation of 
(semi-spherical) liquid-like 
aggregates, called micelles.
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Critical packing parameter (CPP)

• A very important characteristic of surfactant molecules, 
which quantifies their hydrophilic and hydrophobic 
character, is the so-called CPP (critical packing parameter). 

• CPP is a geometric parameter of the surfactant defined as 

• where Vsurf denotes the tail chain (or chains) volume, lc is 
the critical tail chain length and α0 is the headgroup area 
at the head-tail interface. 
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Critical packing parameter (CPP)

 The CPP depends significantly on salt, pH, co-surfactant, temperature, 
counterion, double bonds and double chains.

 Approximate expressions for vmax (v) and lc (lmax) of surfactants as a 
function of the carbon number chain have been presented

where n is the number of carbon atoms in the hydrocarbon (hydrophobic) 
chain and m is the number of hydrocarbon (hydrophobic) chains. v is 
expressed in Å3 and lmax is in Å. 
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The shape/structure of the micelles

• Surfactants having CPP values below 
1/3 will create spherical micelles.

• Higher CPP values result to other 
structures

• At concentrations higher than CMC, 
are liquid crystalline structures like 
hexagonal or lamellar, some of which 
resemble the structure of biological 
membranes. 
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Relationship between CPP values and 
micelle structure
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Use of the critical packing parameter 
(CPP) to predict aggregate structure
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Use of the critical packing parameter (CPP) to predict 
aggregate structure
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Surface tension and CMC

• Surface tension (Nm–1) versus 
logarithm of concentration (C in 
mol m–3) for an aqueous solution 
of sodium  dodecyl sulfate (SDS) 
at 20 ˚C. 

• This plot can be used to estimate 
the CMC (critical micelle 
concentration).
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Aggregation number of ionic and non-ionic 
surfactants

 The number of surfactants in a micelle is 
called the “aggregation number” (Nagg) and
is about 50–100 for spherical micelles.

 The aggregation number can be estimated 
from the ratio of the volume of the micelle 
to the volume of a surfactant molecule or, 
equivalently, as the surface area of a 
micelle divided by the surface area of the 
surfactant head:
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The aggregation number and CMC

• The aggregation 
number increases 
with decreasing 
CMC and with 
increasing salt 
concentration, as 
shown for two 
surfactant families 
in Table.
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CMC salt concentration and chain length

 For non-ionics, salts do not have an important 
influence.

 However, for ionic surfactants, salts result in 
a drastic decrease of CMC.

 This is due to the reduction of the repulsions 
between the charged head groups of the 
surfactants.

 The effect of chain length is more pronounced 
for the non-ionic surfactants. The decrease of 
CMC is pronounced until there are 18 carbon 
atoms in the chain, after which CMC tends to 
be rather constant, possibly due to coiling of 
the hydrophobic chains in the water phase.
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Experimental versus predicted 
(via the group contribution 
method) values of CMC for a wide 
range of non-ionic surfactants 
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Micellization – theories and key parameters

 Micelles only appear after a 
certain temperature is 
reached, the so-called 
“Krafft point”.

 In other words, the Krafft
point is the temperature 
above which micelles are 
created.

 The surfactant must be in 
fluid form and thus the 
Krafft temperature is 
essentially close to the 
melting point of the chain 
term of the ionic surfactant. 
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Krafft temperature and cloud point

• In general, the longer the hydrocarbon chain length, the 
higher the Krafft temperature.

• For this reason, shorter-chain-length surfactants or 
branched chain soaps are used for cold-water detergent 
formulations.

• Non-ionic surfactants suffer the inverse problem and 
become insoluble with increasing temperature.

• This is because their polar head groups become less 
hydrophilic with increasing temperature and a ‘cloud point’ 
is reached where they precipitate from solution.



______________________________________________________________________________________________________
This project has been funded with support from the European Commission. This publication reflects the views only of the authors, and the Commission cannot be held responsible for any use
which may be made of the information contained therein.

Krafft–CMC relationship for two families of surfactants 
(black: sodium alkyl sulfates, white: sodium alkyl 
sulfonates)

• Low Krafft temperatures are linked
to surfactants having high CMC, i.e. 
low chain lengths.

• This is because, long-chain ionic 
surfactants create micelles at low 
concentrations, but this happens at 
rather high temperatures.

• A length of the hydrophobic chain of
about 12–14 or 16 atoms is often a 
good compromise. 
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The temperature dependency of CMC is rather complex 

 CMC does not depend very much on 
temperature (due to a balance 
between enthalpic and entropic 
effects).

 CMC increases with increasing 
temperature for ionic surfactants 
because micellization is an 
exothermic process, but there are 
exceptions.

 SDS (sodium dodecyl sulfate) 
presents a minimum in the CMC–
temperature plot and, thus, at low 
temperatures the micellization must 
be endothermic.

 CMC decreases with increasing 
temperature for non-ionic surfactants, 
e.g. the polyoxyethylenes.
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Enthalpy, entropy and Gibbs free energy change during the 
micellization process 

 It is an entropic phenomenon with high positive values of the entropy change, which are 
typically attributed to the changes of the structure of water in the presence of surfactants
and micelles, i.e. the so-called hydrophobic effect 
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The micellization process in surfactant solutions is an entropic effect.

 Water molecules due to their very 
strong tendency to be with each 
other (“and far away from the 
hydrophobic enemies”) create (in 
the presence of hydrophobic 
compounds) a higher degree of 
local order than in pure liquid 
water (entropy decrease). 
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The energy and entropy changes

during the micellization

 Assuming that the enthalpy 
of micellization is almost 
constant within a certain 
temperature range, then the 
quantity ln(CMC) can be seen 
to be linear with respect to 
1/T.

 The enthalpy of micellization 
could be obtained from the 
slope of such a plot. 
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Surfactants and cleaning (detergency)

 A detergent is a very complex
chemical product.

 Its cleaning ability depends on 
several factors: type of surfactant
and other compounds (chemistry),
the concentration of contaminants, 
the mechanical energy used, the 
time, the temperature, the type of 
surface, etc.

 In the detergency process, fatty 
materials (i.e. dirt, often from 
human skin) are removed from 
surfaces, such as cloth fibres, and 
dispersed in water. 

The creation of a foam is not necessary for detergent 
action in a conventional washing machine.
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How do we clean the various surfaces?

 We can roughly summarize the major mechanisms of 
surfactant cleaning in the following three steps:

 improving the wetting of surfaces by decreasing the surface 
tension of water/aqueous solution (water alone cannot in 
most cases provide good wetting);

 good adhesion on substrate and dirt and reduction of the 
interfacial tensions between dirt(d) water(w) and solid 
substrate(s)-water and thus reducing the corresponding 
work of adhesion, since the interfacial tensions between 
dirt–water and solid–water are reduced (Wadh,ds =γsw + 
γdw−γsd);

 solubilization of dirt inside micelles, which ensures that the 
dirt is removed with little mechanical help, thus avoiding 
deposition of the dirt back on the surface



______________________________________________________________________________________________________
This project has been funded with support from the European Commission. This publication reflects the views only of the authors, and the Commission cannot be held responsible for any use
which may be made of the information contained therein.

Dry-cleaning

 An inverted type of detergency process is used in dry-
cleaning.

 Usually tetrachloroethylene is used to dissolve grease 
from materials that should not be exposed to water.

 However, because complete cleaning must also 
remove polar materials which are insoluble in C2Cl4, 
surfactants and a small amount of water are added, 
forming inverted micelles.

 Polar materials are then solubilized inside the aqueous 
core of the micelle and the material is not exposed to 
water, even though the process is not entirely dry. 
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Important parameters of detergency

 The properties (e.g. cleaning and stabilizing capabilities) of surfactants depend 
on both solution properties (temperature, time, presence of salts and co-
surfactants) and the characteristics of the surfactants, especially CMC, the 
Krafft point and their chemistry.

 The surfactant chemistry and especially the balance between hydrophobic and 
hydrophilic parts are quantified using tools like the CPP or HLB (critical packing 
parameter, hydrophilic–lipophilic balance).

 Important parameters affecting the performance of detergents are pH, 
presence of additives, nature of contaminants, type of surface, 
time/temperature and the mechanical energy used. 



______________________________________________________________________________________________________
This project has been funded with support from the European Commission. This publication reflects the views only of the authors, and the Commission cannot be held responsible for any use
which may be made of the information contained therein.

Other applications of surfactants

• Besides their use in detergents and in dispersions as stabilizers, 
surfactants find many more applications. One interesting 
application is their solubilization capability inside micelles. 

• For example, the dye xylenol orange (a colourant) dissolves 
sparingly in pure water but gives a deep red solution with SDS at 
concentrations above CMC. This method can be used 
experimentally for determining (measuring) the CMC.

• Hydrocarbons and non-polar compounds solubilize inside the 
micelle, while fatty acids and alcohols solubilize in the area close 
to the heads of the surfactants of the micelle 
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Other applications of surfactants

• Reverse micelles can be used as mini-
reactors for enzyme-catalysed 
reactions.

• These reactions require an aqueous 
environment but often the reactants are 
only sparingly soluble in water. 

• Surfactants play a crucial role in the 
study of many biological systems, e.g. 
biological membranes
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Adsorption in Colloid and Surface Science
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Terms and definitions

• A foreign material in gaseous or liquid form (the adsorptive) 
becomes attached to a solid or liquid surface, the adsorbent, and 
forms the adsorbate.

• In the surface region, the interaction forces responsible for the bulk 
properties change, they become asymmetric, since the outermost 
bonds are unsaturated, resulting in a peculiar chemical reactivity of 
the surface.

• In our context the most important consequence is that the surface 
becomes capable of adsorbing foreign atoms or molecules.
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Universality of adsorption - overview

• High surface areas exist in 
porous materials: activated 
carbon, alumina or silica gel. 
These materials have “huge” 
surface areas (per g).

• Important parameters of the 
solid surface:

• the form,

• specific surface area, 

• porosity, 

• polarity, 

• surface energy and chemical
homogeneity, including the 
number of adsorption sites.
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Adsorption onto porous solids
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Application

• There are numerous applications of adsorption: 

• stabilization, 

• cleaning, 

• heterogeneous catalysis including catalytic 
converters in cars, 

• separations like drying, 

• surface modification and change of properties 
like foaming or rheological ones,

• measurement of the surface area of powders 
and other solid surfaces,

• for selective separations (like removing 
pollutants).
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Adsorption theories

• The quality of the fit to the data is important but cannot
serve alone as a criterion for selecting the best theory.

• This is because the ability of an equation to fit the shape of 
an experimental isotherm does not provide a sensitive test 
for the model on which the equation was based.

• Comparison between direct (calorimetric) experimental data 
of the heat of adsorption and the values obtained by the 
adsorption theory can provide a much more rigorous test for 
checking the theories.
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Adsorption of gases on solids

• The adsorption of gases on 
solids can be either of 
physical or chemical
nature.

• The physical multilayer
adsorption is often faster 
than the chemical 
adsorption but with a low 
heat of adsorption, <10 
kcal mol–1 versus 5–100 
kcal mol–1 for the chemical 
one.
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Langmuir model

• The Langmuir theory is derived based on many simplifying 
assumptions:

• “ideal” (clean, smooth, homogeneous, nonporous) surface;

• existence of active centres on the surface; Each centre (site) 
can be free or occupied by an adsorbed molecule;

• only one molecule per active centre;

• no interactions between adsorbed molecules, i.e. homogeneous 
surface;

• all sites are equivalent (same heat of adsorption);

• no solute–solvent interactions;

• solute and solvent have same size;

• dilute solutions;

• monolayer coverage.



______________________________________________________________________________________________________
This project has been funded with support from the European Commission. This publication reflects the views only of the authors, and the Commission cannot be held responsible for any use
which may be made of the information contained therein.

Langmuir model

• The Langmuir theory has been derived based on the 
assumption that the adsorption rate is proportional to 
the concentration in the solution and the fraction of 
free non-covered area of the adsorbent.

• The desorption rate, on the other hand, is assumed to 
be proportional to the fraction of surface covered by 
adsorbate molecules.

• At equilibrium, the adsorption and desorption rates 
are equal.
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Langmuir model

• All these assumptions do not restrict aplicability of Langmuir 
model in chemical adsorption and physical adsorption at low 
pressures and a high temperatures.

• It can fit a plateau shaped curve, which many monolayers and in 
general many adsorption phenomena follow.

• The mathematical representation of the Langmuir equation is:

Θ is the fraction of occupied active centres. The volume V is 
expressed in, for example, cm3 g–1 (solid). P is the pressure, while Vm

and B are adjustable parameters, respectively, the volume of the 
monolayer and the affinity parameter. The higher the B-parameter is, 
the higher is the affinity of a gas for the solid.
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Langmuir model

• The Langmuir equation can be derived both 
thermodynamically and kinetically;

• The latter derivation is simple and assumes that the rate of 
adsorption is equal to the rate of desorption.

• Adsorption of gases is an exothermic process (with a negative 
entropy of adsorption) as the molecules are confined in two 
dimensions.

• Direct (calorimetric) experimental data of the heat of 
adsorption are very useful for checking adsorption theories
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Typical Langmuir adsorption

• Adsorption isotherms for ammonia on charcoal: (a) as plots of 
the volume of gas (per mass of solid), V, as a function of 
pressure (P) at constant temperature (T) and (b) in linearized 
Langmuir plots. Shaw(1992). Reproduced with permission from 
Elsevier
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Adsorption of gases on solids using
the BET equation

 Stephen Brunauer (1903–1986), Paul Emmett and Edward Teller (1908–2003) 
developed a theoretically based multilayer adsorption theory.

 Like the Langmuir equation, it is also a two-parameter adsorption isotherm.
 The parameter C of BET is a measure of the difference in the heat of 

adsorption of the 2nd, 3rd and so on layer compared to the heat of the 
creation of the first layer.

 The results are not always in excellent agreement with calorimetric 
measurements.
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Comparison of Langmuir and BET adsorption

(a) Comparison of two adsorptions: that of nitrogen on silica is a 
physical BET adsorption at 77 K (curve 1), while oxygen’s adsorption 
on charcoal at 150 K (curve 2) is a chemical Langmuir adsorption.
Notice that the y-axis is the pressure divided by the saturation
pressure. (b) Adsorption isotherm for nitrogen on silica gel in the 
linearized form of the BET equation. From Shaw (1992)
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BET equation

• The two parameters can be obtained from a specific linear plot:

• Vm is simply calculated as 1/(slope + intercept)

• With the exception of the first layer, all other layers are assumed to have the 

same heat of adsorption.

• The model has been used for the characterization of porous materials, i.e. 

getting information about the surface area and the nature of the surface.

Vg  = 22.414 L mol–1

Ao is the area 
occupied by one gas 
molecule (0.162 nm2

for the often used N2

at 77 K)
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The BET theory has also its 
limitations

• Absence of lateral interactions between adsorbed 
molecules;

• Valid up to relative pressures (P/Po) of 0.4;

• Not always good agreement with calorimetric 
measurements;

• Extension to n-layer for porous materials yield 
complex equations that cannot be expressed in 
linear form.
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Improvements of BET theory

• Most improvements destroy the simplicity of 

the BET equation and the ease with which the 

experimental data can be analysed in a linear 

form to give values for the model’s two 

parameters.

• For these reasons, BET is typically used in its 

well-known form.
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Brunauer classification

• Type I is the 
monolayer chemical 
Langmuir-type 
adsorption.

• Type II is the 
multilayer physical 
BET adsorption 
isotherm.

• Type III is for –
rather rarely 
occurring – weak 
adsorptions and

• Types IV and V are 
for capillary 
condensation. 
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Adsorption from solution

• The competition of solute 
and solvent for sites on 
the solid surface are very 
important.

• The Langmuir theory is a 
very useful tool also for 
describing the adsorption 
of various compounds 
from solutions.

• The two parameters of 
the Langmuir equation 
can be obtained in 
practice from 
experimental data using 
its linear form.
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Langmuir equation

•
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Gibbs energy and Langmuir equation

• From the value of the solute–surface affinity parameter K in 
the Langmuir adsorption equation, it is possible to determine 
the Gibbs energy of adsorption:

• The inverse of k (=1/k) is the concentration at which one half 
of the surface is occupied by the solute.
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The adsorption of dodecanol (from solution in 
toluene) onto a sample of carbon black
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Role of solvent

• The adsorption of stearic acid on carbon black 
reaches different limiting values in different 
solvents; ranging from 10 mmol kg–1 when benzene 
is the solvent up to more than 40 mmol kg–1 when
cyclohexane is the solvent.

• The competition of solute and solvent for sites on 
the solid surface.
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Example: fatty acids – non polar 
solution• The adsorption 

sequence is determined 
by the interaction 
between the solvent and 
the alkyl chains.

• The longer the chain of 
acids, the stronger the 
interaction (i.e. higher 
affinity) with the non-
polar solvent, the more 
the acid “wants to stay” 
in the solution and thus 
the lower the 
adsorption.

The adsorption of four fatty acids on a 
polar surface (silica gel) from a non-polar 
solution (carbon tetrachloride)
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Example: Carboxylic acids – aqueous solution

The adsorption of carboxylic acids on a non-polar solid 
surface (coal) from aqueous solutions increases with 
increasing chain length.

Thus, the adsorption of valeric acid is much higher than that 
of butyric acid which in turn is higher than the adsorption of 
acetic acid.

With increasing chain length, the solubility in water 
decreases and interaction with the solid surface increases.

Traube’s rule: for each additional methylene group in chain 
the concentration required to give a certain surface tension 
is reduced by a factor of 3.

The same rule can be used to predict the effect of chain 
length on adsorption.
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Composite adsorption isotherms

This type of isotherm covers the whole concentration interval, 
from 100% one component (“solvent”) to 100% the other 
(“solute”).

Ordinate: mol adsorbed multiplied by the change in the benzene 
concentration per g of solid.

In dilute solutions, we have 

indeed adsorption

of benzene, but in 

concentrated solutions 

ethanol is adsorbed instead, 

while benzene is desorbed 

(negative adsorption).

One maximum and one 

minimum
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Adsorption of surfactants

 The higher the CPP (critical packing parameter) is the higher the adsorption 
(on hydrophobic surfaces).

 All factors that increase CPP (increase of hydrophobic chain or temperature, 
decrease of hydrophilic length, addition of salt, use of surfactants with two 
hydrocarbon chains, addition of surfactants with opposite charge, addition 
of long-chain alcohols or amines, etc.) result in increased adsorption.

Many adsorption isotherms for surfactants,  can be well-represented by the 
Langmuir equation.
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Adsorption of polymers

 Stability of colloidal dispersions 
(paints, food, cosmetics, 
pharmaceuticals, etc.);

 Enhancing instability, e.g. 
water purification, mineral 
processing;

 Surface modification 
(hydrophilization), e.g. food 
processing, bioapplications;

 Surface functionalization, e.g. 
affinity chromatography, bio-
tech applications;

 Change in properties, e.g. 
foaming, rheology.

The adsorption of polymers is very important 
for understanding and controlling the steric 
stabilization of colloids
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Molecular weight and adsorption.
Role of solvent

 The adsorption of polymers typically 
increases with polymer molecular 
weight and is higher and best (e.g. 
thicker, denser adsorbed layers) from 
a solution containing a poor solvent.

 The solvent quality influences the 
adsorption in two ways. 
The first is by changes in the 

polymer configuration.
The second way a solvent 

influences the adsorption
 If the polymer is not “happy” in the 

solution (low stability in solution) it 
will seek any opportunity to escape 
the solvent, e.g. by adsorbing on a 
surface.
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Role of the radius of gyrationA measure of the size 
(extension) of the tails is 
the so-called radius of 
gyration, Rg.

This is a very important 
concept, as two particles 
repel each other and 
thus we have steric 
stabilization only when 
the distance is about 2Rg 
(or lower), but the steric 
force is essentially zero 
at higher distances.
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Lewis acid–Lewis base (LA-LB) concept
and polymer adsorption

• Very acid solvents compete 
(with the acidic surface) for 
the basic polymer and very 
basic solvents compete (with 
the basic polymer) for the 
acidic surface.

• It seems that in many cases, 
solvents of “balanced” 
acidity/basicity (i.e. not very 
acid, not very basic, almost 
neutral) are the best choices 
for accomplishing maximum 
adsorption.

The figure illustrates the importance of the Lewis acid–base concept on polymer adsorption onto 
acidic silica. LB solvents (e.g. benzene, esters, ethers, ketones, etc.) can adsorb on the surface instead 
of PMMA (poly(methyl methacrylate). In contrast, acid solvents can adsorb on PMMA, prohibiting 
its adsorption on the surface. 
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The concept of the Flory–Huggins 
(FH) - (Χ)-parameter

 In this way we may assign “χ-values” for the interaction with 
surface by considering the interaction energies for the 
polymer–solvent, polymer–surface and solvent–surface.

The polymer will not adsorb if the FH parameter (solvent–
polymer) < FH parameter (polymer–surface). 

This is because the polymer wants to stay in the solution with 
a good solvent.

 In the opposite case (poor solvent), the polymer will adsorb.
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EXAMPLE
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