
Colloid chemistry

Lecture 12: Dispersions;
aerosols; foams



Classical state variables of disperse systems:
• pressure
• temperature
• volume
• concentration

Additional state parameters of colloid and coarse 
disperse systems:
• particle shape (morphology)
• particle size (distribution); degree of dispersion
• spatial distribution of particles



Morphology of colloidal particles
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primary and secondary particles             

incoherent systems: colloidal/coarse disperse systems (primary particles) 6
6 secondary particles 6 agglomerates 6 (loose) coherent systems

Formation of secondary, isometric and anisometric units
from primary particles



Mesomorphic ordering of anisometric particles

nematic smectic tactoid

Ordered spatial distribution of anisometric particles (rods; plates; etc.). Ordering may 
occur spontaneously (rare); under the influence of laminar flow; electric field; 
magnetic field; etc.

Arrangement: mesomorphic phases (e.g. liquid crystals) between 
random structure (statistically unordered) and crystalline (strictly ordered) state



Particle size distribution and mean diameter 
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definitions:
-distribution functions
-equivalent diameter (radius)
-mean diameter (radius)
-polydispersity

methods for particle size analysis:
-microscopy + image analysis
-sieve fractionation
-sedimentation
-centrifugation
-dynamic light scattering
-etc.



Definitions of equivalent radii
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number average mean diameter: 

mass average mean diameter: 

etc…

Equivalent sedimentation rate (dynamic):
the radius of a (hypothetical) spherical particle which would have
the same density and the same rate of settling as the given particle.

Equivalent area of projection (static): 
the radius of a circle which would have the same area
as that of the 2D image of the given particle. 

Equivalent perimeter of projection (static):
the radius of a circle which would have the same perimeter
as that of the 2D image of the given particle.
etc…



Particle size distribution: histograms

particle diameter

fr
eq

ue
nc

y

particle diameter



Spatial distribution of dispersed particles
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for diffuse distribution;
number of particles n at a height hbarometric
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Einstein’s
equation: 

mean displacement in
one direction (x coordinate)

and in space (xyz)

Stokes’
equation: sedimentation rate of particles

having a radius r



Formation of Lyophobic Colloids

phase

condensation

dispersion supersaturated
solution

dispersing

Lyophobic colloidal systems are dispersions that are thermodynamically unstable
and exist only during certain period of time (“kinetic stability”).

Property: excessive surface energy ( 6 aggregation).



aggregation

coalescence:

Property: excessive surface energy (6aggregation)
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reagent concentrations
or degree of supersaturation

sol gel

precipitate or
coarse dispersion

Weimarn’s rule

e.g. Pb(NO3)2 + K2CrO4 = PbCrO49 + 2 KNO3



Changes of states in colloid disperse systems
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beer is stabilized by lipid transfer protein 1
(LTP1), a 10 kDa protein of barley origin

sneeze = 100,000 particles
traveling at 200 mph

aerosols; foams



Aerosols

Aerodisperse systems:

L/G: fog
S/G: dust and smoke

L/S/G
S/L/G

(complex aerosols and fogs)

aeroszolok csoportosítása:

nukleációs (Aitken) tartomány: d<0.3µm

akkumulációs tartomány : 0.3 µm <d<3µm

durva részecskék: d>3 µm

Formation and cessation of aerosols:

homogeneous
disperse
systems

heterogeneous
disperse
systems

condensation

dissolution

dispersing

coagulation
aerosols

degree of dispersion decreases
particle size increases

External changes of state of aerosols        



Atmospheric aerosols





dispersing

nebulization of liquids

pulverization (grinding, milling, cutting, machining, etc.)

dry nebulization of fine powder particles

condensation
fog: vapor condensation

dust aerosols: desublimation (sublimative deposition)

Preparation of aerosols

chemical
reactions

gas-phase reactants (solid or liquid products)

exotherm reactions in the 
liquid or solid pase

(followed by evaporation/sublimation, and 
subsequent condensation/deposition)



Sedimentation. This is where particles fall down due to gravitation. Interception. This is when small
particles follow the streamlines, but if they flow too close to an obstacle, they may collide (e.g. a branch
of a tree). Impaction. This is when small particles interfacing a bigger obstacle are not able to follow the
curved streamlines of the flow due to their inertia, so they hit or impact the big particle. The larger the
masses of the small particles facing the big one, the greater the displacement from the flow streamline. 
Diffusion or Brownian motion. This is the process by which aerosol particles move randomly due to
collisions with gas molecules. Such collisions may lead to further collisions with either obstacles or
surfaces. There is a net flux towards lower concentrations.

diffusioninterception inertial impaction

Principles of particle deposition in aerosols



The rate of deposition, or the deposition velocity, is slowest for particles of an
intermediate size.

Rate of deposition in aerosol streamline



Deposition of particles
in various regions of the respiratory tract

according to particle size



nasopharyngeal
region

tracheobronchial
region

respirable
region

The deposition of particles in different
regions of the lung has implications for
disease and the efficiency of inhalation aerosols

Respiratory system



Generation of pharmaceutical aerosols

Currently available aerosol generation/delivery systems:

Meter Dose Inhaler (MDI)
Meter Dose Inhaler (MDI) with spacer
Powder Dose Inhaler (PDI)
Jet Nebulizer
Ultrasonic Nebulizer



Meter Dose Inhaler (MDI)



Powder Dose Inhaler (PDI)



Jet Nebulizer



The most general definition of foam is a substance that is formed by trapping
many gas bubbles in a liquid or solid. It can be considered a type of colloid.

Foams

Coarse dispersion of gas in a liquid where        
the volume fraction of the gas is larger;
foams are thermodynamically unstable,        
but kinetically stable.



foamed aluminiumsoap foam bubbles foamed plastic

Foams



Liquid foams (L/G interface)        



Solid foams (S/G interface)

honeycomb mushroom sponge corkbakery products

foam solid foam (cellular system)
”freezing”

PVC foam
(open cell)

PUR foam
(closed cell)

PVC foam
(cloased cell)

whipped cream



Foam structure, L/G interface

the thickness of thin liquid film: d = nHdo, where n: integer

soap foam consisting of    
a thin liquid film the structure of a soap foam lamella polyhedral foam

do. 5 nm



spherical bubbles polyhedral cell

Plateau border between three cells in a foam.
Due to the negative curveture of the L/G interface,
the pressure is lower by ∆p at the point of intersection
of the channels (vertex), leading to capillary flow.

A special effect is capillary flow to the vertex pont (Plateau borders). 
The Laplace pressure is low, because of the negative curvature, hence
water will flow to these points, until they become unstable. If you add
e.g. glycerol to a soap solution, the viscosity increases, and the drainage
of the foam is slowed down: it takes a longer time before the foam collapses.

Foam (in)stability

Mechanism of instability:
-drainage (water seeps through the lamellae)
-rupture (when the film becomes too thin,
it is easily ruptured by random distortions



Plateau border vertex
(intersection of channels)

film

3D foam structure



electrostatic stabilization by
ionic surfactants

steric stabilization by 
nonionic surfactants

d d

Static stabilization of foams



The stability of a liquid foam is governed by three main processes:
Drainage: liquid will drain through the Plateau border channels
until an equilibrium state is reached.
Coarsening: gas diffuses between bubbles -some grow while others shrink
and disappear. The net result of this process is that the average bubble size grows in time.
Film rupture: if a foam film gets too thin and weak, it will rupture. Eventually,
the foam will collapse and vanish. Unstable foams are formed from aqueous solutions of
short chain acids or alcohols. Metastable foams are typically formed from solution of 
soaps, synthetic detergents, proteins, saponins, etc.

Foam inhibitors: added before foam forms, displace foaming agents,
or solubilizing the foaming agents (in micelles).
Foam breaking: mechanical, shock waves, compression waves, ultrasonics,
rotating discs, heating, electrical spark.
Antifoams: added to existing foams, in the form of small droplets, 
which spread on the lamellae, thinning and breaking it.

Stabilization and destabilization of liquid foams



Dynamic stabilization of foams

Gibbs-Marangoni effect:
attenuates perturbation (thinning) of local film thickness →
→ moderaites water drainage → increases foam stability

1γ 2γ

1γ2γ 2γ

(liquid flow)

1γ 2γ



The
Gibbs-Marangoni

effect



foam stabilizing agent (e.g. surfactant) is displaced at the L/G interface
by the addition of a more strongly adsorbing antifoaming agent (e.g. silicon; ether)

foaming agent is transformed to antifoaming agent via chemical reaction
(e.g. reaction of soap with multiply-charged metal ions; addition of oil to egg proteins; etc.)

increase of temperature; decrease of viscosity 

Foam Destabilization


