


˺

Dr. Areen Alshweiat

Areen.alshweiat@hu.edu.jo

The Hashemite University
Faculty of Pharmaceutical Science 

Physical Pharmacy II
Disperse systems

1

objectives
At the conclusion of this chapter student should be able to:

• Differentiate between different types of colloidal systems and their 
main characteristics.

• Understand the main optical properties of colloids and applications 
of these properties for the analysis of colloids.

• Evaluate the stability of colloids.
• Understand and know the main types of colloidal drug delivery 

system, Suspensions and emulsions.
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Disperse systems-Classification
• Dispersed systems consist of a dispersed phase distributed

throughout a continuous or dispersion medium.
• Based on the size of the dispersed phase, three types of

dispersed systems are generally considered:
– molecular dispersions
– colloidal dispersions
– coarse dispersions

• Molecular dispersions are homogeneous in character and
form true solutions.

• Colloidal and coarse dispersions are examples of
heterogeneous systems.

Disperse systems-Classification
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Disperse systems-Classification

Disperse systems-Classification
• Colloidal systems are best classified into three groups on 

the basis of the interaction of the dispersed phase with the 
dispersion medium.
– Lyophilic colloids
– Lyophobic colloids
– Amphiphilic colloids
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Disperse systems
Lyophilic (Solvent-loving) colloids

• Systems containing colloidal particles that readily interact
with the dispersion medium

• Due to their affinity for the dispersion medium, such
materials can easily form colloidal dispersions; simply by
dissolving the material in the solvent being used.

• Most lyophilic colloids are organic molecules, for
example, gelatin, acacia, insulin, albumin, rubber, and
polystyrene.

Disperse systems
Lyophilic (Solvent-loving) colloids

• Polysaccharides and other hydrocolloids,
such as gelatin, have the capacity to exist in
the sol and gel state.

• In the sol (solution) state, these
hydrocolloids move freely in their medium
with no chemical or physical bonding
between them.

• The gel state is created when the
hydrocolloids interact in different ways, for
example, by forming a polymeric network
interspersed with the liquid medium.

• This capacity to form a network of
interconnecting macromolecules allows
them to increase a medium’s viscosity and to
form the gel topical dosage form.
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Sol vs. Gel Formation in 
Lyophilic Colloids

Factor Sol State Gel State

Temperature Usually formed at higher 
temperatures

Often forms upon cooling

Concentration Low concentration → 
dispersed molecules

High concentration → 
polymer network formation

Intermolecular Interactions Minimal bonding; 
molecules move freely

Strong interactions 
(entanglement or 
crosslinking)

Mobility of Molecules High (liquid-like behavior) Restricted (semisolid 
structure)

Physical Appearance Fluid, pourable solution Firm, retains shape

✅ Key Insight: Gelation occurs when macromolecular interactions and sufficient concentration enable the 
formation of a 3D network, often triggered by cooling.

Disperse systems
Lyophobic (Solvent-hating) Colloids

• Systems composed of materials that have little attraction,
if any, for the dispersion medium

• It is necessary to use special methods to prepare
lyophobic colloids.

• They are generally composed of inorganic particles
dispersed in water.

• Examples of such materials are gold, silver, sulfur,
arsenous sulfide, and silver iodide.
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Disperse Systems: Lyophobic 
(Solvent-Hating) Colloids

 Lyophobic colloids are systems where the dispersed phase has little or 
no affinity for the dispersion medium.

 They are thermodynamically unstable and tend to aggregate or 
precipitate without stabilizers.

Preparation requires special techniques such as:
 Dispersion methods (e.g., mechanical, Bredig’s arc method)
 Condensation methods (e.g., chemical reactions like hydrolysis or 

reduction)
 Common examples include colloids of gold, silver, sulfur, arsenous

sulfide, and silver iodide.
 Applications include catalysis, medical diagnostics, photographic 

emulsions, and water purification.

Disperse systems
Association (Amphiphilic) Colloids

• Association colloids are those formed by the association of 
dissolved molecules of a substance to create particles of 
colloidal dimensions.

• They include the surfactant micelle, as well as liposomes 
(bilayer spheres formed mainly from phospholipids), and 
microemulsions.

Examples of association colloids: (A) surfactant micelle, (B) 
microemulsion, and (C) liposome
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Disperse systems
Association (Amphiphilic) Colloids

• Systems composed of amphiphiles or surface-active gents,
that are characterized by having two distinct regions of
opposing solution affinities within the same molecule or
ion.

• When present in a liquid medium at low concentrations
(below the CMC), the amphiphiles exist separately and are
of subcolloidal size.

• As the concentration is increased (above the CMC),
micelles are formed which may contain 50 or more
monomers, the diameter of each micelle is of 5 nm
(colloidal size).

• The formation of amphiphilic colloids is spontaneous, if the
concentration of the amphiphile exceeds the CMC.

Properties of colloids
Optical Properties

• When a strong beam of light is passed through a colloidal 
sol, a visible cone, resulting from the scattering of light by 
the colloidal particles, is formed. 

• This is the Faraday-Tyndall effect.
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Faraday-Tyndall effect

Properties of colloids
Optical Properties

• This property is used for determining the molecular weight of
colloids, in addition to the shape and size of these particles.

• Scattering can be described in terms of the turbidity, , which is
the intensity of light scattered Is, divided by the intensity of the
incident light, I.

• At a given concentration of dispersed phase, the turbidity is
proportional to the molecular weight of the colloid, which can be
obtained from the following equation:

• H = optical constant c = concentration of the solute; M = 
molecular weight  = turbidity; B = interaction constant
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Properties of colloids
Optical Properties

Properties of colloids
Kinetic Properties

Brownian motion
• Brownian motion is the erratic motion that results from the

uneven collision of the particles by the invisible molecules
of the dispersion medium. It is observed with particles as
large as about 5 µm.
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Properties of colloids
Kinetic Properties

Diffusion
• Particles diffuse spontaneously from a region of higher 

concentration to one of lower concentration until the 
concentration of the system is uniform.

• Diffusion is a direct result of Brownian movement.

Properties of colloids
Kinetic Properties

Diffusion
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Properties of colloids
Kinetic Properties

Sedimentation
• The velocity of sedimentation (v) of spherical particles 

having a density (p) in a medium of density (Po) and a 
viscosity (o) is given by Stokes's law:

g = acceleration due to gravity
d= diameter of particles
• The equation is used to determine particle size larger than 

0.5 µm

𝝊 =
𝒅𝟐 𝝆 − 𝝆𝟎 𝒈

𝟏𝟖 𝜼𝟎

Properties of colloids
Kinetic Properties

Sedimentation
• Particles lower than 0.5 µm in size don't obey Stokes's equation

because Brownian movement becomes significant and tends to
offset gravity sedimentation.

• Stronger force (ultracentrifugation) must be applied to generate
the sedimentation of colloidal particles in a measurable manner.

• Stokes's equation is modified to:

𝝊 =
𝒅𝟐(𝝆 − 𝝆𝟎)𝝎𝟐𝝌

𝟏𝟖 𝜼𝟎

• Where gravity g is replaced by 2x
 : angular velocity
x : distance of particles from the center of rotation
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Properties of colloids
Kinetic Properties

Viscosity
• Viscosity is the resistance of a system to flow under an 

applied stress. 
• Einstein developed an equation of flow applicable to dilute 

colloidal dispersions of spherical particles:
 = 0(1+2.5)

• 0= viscosity of the dispersion medium
•  = viscosity of the dispersion when the volume fraction of 

colloidal particles present is .

Properties of colloids
Kinetic Properties

Viscosity
• Several viscosity coefficients can be defined with respect to 

this equation. These include relative viscosity (rel ) and 
specific viscosity (sp).
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Properties of colloids
Kinetic Properties

Osmotic pressure
• For a colloidal solution the osmotic pressure πcan be described

by:
π/C = RT/M + BC

where C is the concentration of the solution, M the molecular
weight of the solute and B a constant depending on the degree of
interaction between the solvent and solute molecules.

• A plot of π/C versus C is linear, with the value of the intercept
equals RT/M, enabling the molecular weight of the colloid to be
calculated.

• The molecular weight obtained from osmotic pressure
measurements is a number average value.

Properties of colloids
Electrical Properties

Electric Double Layer
• Most surfaces acquire a surface electric charge when 

brought into contact with an aqueous medium, the principal 
charging mechanisms being as follows:

1. Ionization of groups 
(such as COOH and 
amine) that may be 
situated at the surface of 
the particle. In this case, 
the charge depends on 
pK and pH.
e.g. proteins Ionization of proteins
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Properties of colloids
Electrical Properties

Electric Double Layer
2. Adsorption of a particular ionic species present in solution. 
Positively or negatively charged ions can be adsorbed on the solid 
surface.
🔹 Colloidal particles acquire surface charge in solution, forming an Electric 
Double Layer (EDL):

• Stern Layer: Tightly adsorbed counterions near the surface
• Diffuse Layer: Loosely held counterions further from the surface

🔹 Adsorption of specific ions from solution leads to net surface charge:
• Positive ions are smaller, more hydrated, and remain in bulk solution
• Negative ions are less hydrated, more polarizable, and tend to be adsorbed

🔹 In pure water, hydroxyl ions (OH⁻) are commonly adsorbed, making most 
surfaces negatively charged
🔹 The EDL generates zeta potential, promoting electrostatic repulsion and 
colloidal stability
🔹 Altering ion concentration or pH can compress the EDL and lead to flocculation

Properties of colloids
Electrical Properties

Electric Double Layer
3. Ion dissolution
 Ion dissolution is a mechanism by which colloidal particles acquire surface 

charge.
 It occurs due to unequal dissolution of oppositely charged ions from the ionic 

compound.
 This imbalance in ion release leads to either a net positive or negative charge 

on the particle surface.
 Example: Silver iodide (AgI) colloidal particles:

• In excess iodide ion (I⁻): particles acquire a negative charge.
• In excess silver ion (Ag⁺): particles acquire a positive charge.

 This surface charge contributes to the formation of the electric double layer 
and affects colloidal stability.
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Source of Excess Ions in Ion 
Dissolution

 Excess ions in colloidal systems typically come from the dispersion 
medium (solution).

 Two main sources:
• Dissolution of sparingly soluble salts (e.g., AgI ⇌ Ag⁺ + I⁻)
• Deliberate addition of soluble salts (e.g., KI or AgNO₃) to provide 

excess I⁻ or Ag⁺
 These ions adsorb onto the colloidal surface, influencing its net charge.
 Example: Silver iodide (AgI) colloids:

• Excess I⁻ from KI → negative surface charge (I⁻ adsorbed)
• Excess Ag⁺ from AgNO₃ → positive surface charge (Ag⁺ adsorbed)

 This process plays a key role in defining colloidal stability and behavior.

Properties of colloids
Electrical Properties

Electric Double Layer
• The surface charge influences the

distribution of ions in the aqueous
medium

• Ions of opposite charge to that of
the surface, termed counter-ions,
are attracted towards the surface;
ions of like charge, termed co-
ions, are repelled away from the
surface.

• The result is the formation of an
electrical double layer.

Negatively charged particle
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Properties of colloids
Electrical Properties

Electric Double Layer
• The electric double layer consists of Layer of ions bounded firmly to

the surface called Stern layer, surrounded by oppositely charged ions
that form a loose diffuse layer in the adjacent liquid phase.

• The surface separating the two layers is called (shear or slipping
plane). The region outside the double layer with equal distribution of
anions and cations is called electroneutral region.

Properties of colloids
Electrical Properties

Nernst and Zeta Potentials
• The electrothermodynamic

(Nernst) potential (E) is the
difference in potential between the
actual surface and the
electroneutral region of the
solution.

• The electrokinetic (zeta) potential
(1 ) is the difference in potential
between the surface of the stern
layer and the electroneutral region
of the solution.

• The zeta potential is measured to
monitor and predict the stability of
dispersion systems


