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Definition

• Structure
– In general, a colloid is a system 

consisting of one substance (the 
dispersed phase: a solid, liquid, or 
gas) finely divided and distributed 
evenly (relatively speaking) 
throughout a second substance (the 
dispersion medium or continuous 
phase: a solid, liquid, or gas)



Definition

• Size
– Experience over many years has 

shown that special ‘‘colloidal’’
properties are usually exhibited by 
systems in which the size of the 
dispersed phase falls in the range of 
1 to 1000 nm

• If it looks like a colloid and acts 
like a colloid, it is a colloid





Roots of Colloidal Behavior
• Atoms or molecules at a surface have 

properties distinct from those located in a bulk 
phase or in solution

• As the bulk phase is subdivided into finer and 
finer particles, the relative ratio of surface to 
bulk molecules will increase until the effect of 
specific surface properties will begin to 
become significant, or even dominate the 
characteristics of the system

• Particle size and shape
• Surface properties, both chemical and physical
• Continuous phase chemical and physical 

properties
• Particle–particle interactions
• Particle–continuous phase interactions

Definition

• Coagulum
– An aggregate of colloidal particles 

having a relatively tight and dense
structure formed as a result of the 
inability of the colloidal system to 
maintain its dispersed state

– Such aggregates are normally formed 
irreversibly; that is, they cannot be 
returned to the colloidal state without 
significant input of work

• Coagulation
– The process of forming coagulum



Definition

• Floc
– An aggregate of individual colloidal 

particles related to a coagulum but 
generally having a rather loose, open
structure

– Flocs may sometimes be formed 
reversibly and returned to the dispersed 
state with minimal energy input

• Flocculation
– The process of forming flocs

Formation Mechanisms

• Since colloids represent a range of unit 
sizes intermediate between molecules and 
macroscopic bulk phases, it seems 
reasonable to expect that the problem can 
be attacked from one of two directions
– By breaking down large pieces to the size 

required, known generally as comminution
– By starting with a molecular dispersion 

and build up the size by aggregation, that 
is, by condensation



Comminution

• It is reasonable to assume that the 
work required to reduce a given 
material to colloidal size varies directly 
with the surface energy of the material; 
higher surface-energy materials require 
more work input

• The natural tendency of subdivided 
particles is to reduce the total surface 
area by some aggregation process, 
especially if produced in a vacuum or 
inert atmosphere



Comminution

• The attractive interaction between 
particles can be reduced by the 
introduction of an intervening medium, 
usually a liquid

• The liquid medium will have two positive 
effects on the process:
– It will reduce the surface energy of the 

system by adsorption on the new surface
– It will usually reduce the van der Waals

attraction between the particles by 
averaging its Hamaker constant with that 
of the particulate material

Comminution
• The dispersed particles may begin to 

flocculate or coagulate rapidly once the 
comminution process is halted

• The solution is stabilized by the addition of 
new components (surfactant, polymer, small 
particles, etc.) that adsorb at the solid–liquid 
interface and provide an electrostatic or steric
barrier that retards or prevents sticky
collisions between particles, thereby making 
the dispersion more stable



Condensation

Monodisperse Double Emulsions Generated 
from a Microcapillary Device

Droplet Control for Microfluidics



Miniaturizing Chemistry and Biology in Microdroplets

DLVO Theory

• The study of colloidal stability is based on the 
DLVO theory, in honor of Derjaguin, Landau, 
Verwey, and Overbeek

• The theory describes the force between 
charged surfaces interacting through a liquid 
medium: it combines the effects of the van der
Waals attraction and the electrostatic 
repulsion due to electrical double layers

• We use the DLVO theory to examine the 
dependence of colloid stability on the various 
parameters that determine the shapes and the 
magnitudes of interaction energies between 
particles



Colloidal Stability
• Electrostatic repulsion between EDLs

The interactions between two colloidal particles with electrical double layers can 
be visualized as two blocks connected by a spring. At large distances of 

separation the spring is stretched and applies a net force pulling the blocks 
together (attractive van der Waals interactions). At close approach, the spring is 
compressed producing a net repulsive force pushing the blocks apart (electro-

static repulsion). At some intermediate distance, the forces will be in equilibrium.



Repulsion between EDLs
• The key element in determining the height of 

the energy barrier imposed by the electrical 
double layer is the concentration and valence
of electrolyte in the system

• An increase in the electrolyte concentration 
reduces the repulsive electrostatic interaction, 
reducing the energy barrier and facilitating 
effective particle collisions - the system is less
stable

• A good approximation to the point at which the 
system will begin to undergo rapid coagulation
(indicating a loss of stability) is that at which

Steric Stabilization

• If two colloidal particles have an adsorbed 
layer of a lyophilic polymer, as they 
approach each other, those layers must 
begin to interpenetrate

• Such interpenetration can have two effects
– An osmotic effect due to an increase in 

the local concentration of the adsorbed 
species between the two particles

– An entropic or volume restriction effect 
because the interacting species begin to 
lose certain degrees of freedom due to 
crowding



Steric Stabilization
• In both cases, the local system will 

experience a decrease in entropy, which will, 
of course, be unfavorable, while the osmotic 
effect may be accompanied by an unfavorable 
enthalpic effect due to desolvation of the 
more closely packed units

• In order to regain the lost entropy, the 
particles must move apart allowing them 
more freedom of movement, while solvent 
moves in to resolvate the units

• The result is an energy barrier retarding the 
approach of particles and providing an 
effective mechanism for stabilization (another 
spring so to speak)



Solvent Effects

• The solvent plays a critical roles in determining 
the effectiveness of a given stabilizer–colloid–
solvent system

• In a good solvent, the polymer chains will be
extended in relatively open, random-coil 
configurations, giving optimum protective layer 
thickness

• As the temperature is changed, the quality of 
the solvent may decrease, at some point 
becoming poor, and the polymer chains will 
collapse into a more compact configuration

• The point at which the transition from good to 
poor solvent properties occurs is termed the θ
point



Coagulation Kinetics

• Due to random Brownian motion
• Whether there exists some barrier to 

coagulation between two approaching 
particles

• Fast Coagulation
• Slow Coagulation

Fast Coagulation
Let us now consider coagulation of particles in the absence of any repulsive 
barrier. In addition, we assume that, although there are no inter-particle forces 
that contribute to the transport of particles toward each other, there is sufficient 
attraction between the particles on contact for them to form a permanent bond. 
As early as 1917, Smoluchowski formulated the equations for the collision rate 
for particles transported by diffusion alone, and we develop the same idea here.



According to Fick’s first law, J, the number of particles crossing a unit area toward 
the reference particle per unit of time is given by

Continuity equation:

The diffusion coefficient D1, is given by the Stokes-Einstein relation

Number of particles arriving at r per unit area per unit time
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Slow Coagulation
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Stability Ratio and Critical Coagulation Concentration



Complete Interaction

• Proteins, for example, are excellent protective 
colloids. They are polymeric and tend to adsorb 
on various surfaces, providing good steric
stabilization, and may also be charged 
(depending on the pH), providing electrostatic 
stabilization as well. Such a dual nature can 
have certain practical advantages.


