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Interfacial Phenomena

Prof. Nizar Al-Zoubi

Chapter objectives
At the conclusion of this chapter student should be able to:
1. Differentiate among different types of interfaces and describe 

relevant examples in the pharmaceutical sciences.
2. Understand the terms surface tension and interfacial tension and 

their application in pharmaceutical sciences.
3. Appreciate the different methods of surface and interface tension 

measurements and calculations.
4. Define surface free energy.
5. Understand the mechanisms of adsorption on liquid and solid 

interfaces.
6. Classify surface-active agents and appreciate their applications in 

pharmacy.

Rheology: the science that is concerned with the viscosity of materials and 
the ability to flow of liquids and semi solid materials (gels for example).
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Surface and Interfacial Tensions 
• Interface is the boundary between two phases.
• Surface is a term used to describe either a gas-solid or a 

gas-liquid interface.
• Interfacial phase is a term used to describe molecules 

forming the interface between two phases which have 
different properties from molecules in the bulk of each 
phase.

Surface and Interfacial Tensions 

Solid-solid interface, powder particles 
in contact.

ySSSolid - solid

Liquid-solid interface, suspensionyLSLiquid - solid

Liquid-liquid interface, emulsionyLLLiquid - liquid

Solid surface, table topySVGas - solid

Liquid surface, body of water exposed 
to atmosphereуLVGas - liquid

No interface possible-Gas - gas

Types & Examples of InterfaceInterfacial 
Tension

Phase
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Surface and Interfacial Tensions
• Molecules in the bulk liquid are surrounded in all directions

by other molecules for which they have an equal attraction
(only cohesive forces).

• Molecules at the surface can only develop cohesive forces
with other molecules that are below and adjacent to them;
and can develop adhesive forces with molecules of the other
phase.

• This imbalance in the molecular
attraction will lead to an inward
force toward the bulk that pulls the
molecules of the interface together
and contracts the surface, resulting
in a surface tension.

Surface and Interfacial Tensions 
• Surface tension is the work per unit area (force per unit length) that

must be applied parallel to the surface to counterbalance the net
inward pull. It has the units of dynes/cm or N/m.

• The term surface tension is reserved for the tensions:
– Liquid-vapor = LV (written simply as  L).
– Solid-vapor =  SV (written simply as  S).
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Surface and Interfacial Tensions 
• Interfacial tension is the work per unit area (force per unit 

length) existing at the interface between two immiscible 
liquid phases (units are dynes/cm or N/m).

• The term interfacial tension is used for the force between:
– Two liquids =  LL
– Two solids =  SS
– Liquid-solid =  LS

Surface and Interfacial Tensions 
• Interfacial tensions are normally weaker than surface

tensions because the adhesive forces between two liquid
phases forming an interface are greater than that between
liquid and gas phases.

Substance Surface tension (at 20 oC) 
(mN m_1)

Interfacial tension (at 20 oC)  
against water (mN m_1)

Water  72 -

Glycerol  63 -

Oleic acid  33 16
n-Octanol  27 8.5

b1 pull stronger that means it 
will resist the forces more 
making it weaker 
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Surface and Interfacial Tensions 

Surface tension
• It is possible to illustrate surface tension by using a wire frame 

ABCD. 
• The ABCD part of the frame is rigid, and only the EK part can slide 

along the frame sides AB and DC.
• If a soap solution is placed on the frame, it will create a thin film, and 

then the film will try to shrink itself, forcing the movable part of the 
frame (EK) to move closer to the BC side. 

• The new position of the movable part will 
be E′K′. 

• The force F required to move the EK part 
is proportional to the surface tension g 
times 2 (since the film has two surfaces) 
times the length L of the EK bar:

F = g × 2 × L
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Surface free energy
• The surface layer of a liquid possesses additional energy as

compared to the bulk liquid.
• If the surface of the liquid increases (e.g. when water is

broken into a fine spray), the energy of the liquid also
increases.

• Because this energy is proportional to the size of the free
surface, it is called a surface free energy:

W =  A 
W:surface free energy (ergs)
 : surface tension (dynes/cm)
A: increase in area (cm2).

• Therefore, surface tension can also be defined as the surface
free energy per unit area of liquid surface.

Spreading Coefficient
• When a liquid such as oleic acid is placed on the surface of

water, it will spread as a film if the force of adhesion
between oleic acid and water molecules is greater than the
cohesive forces between oleic acid molecules themselves.

Spreading coefficient (S) =  S - ( L +  LS)

•  S: surface tension of the sublayer liquid
•  L: surface tension of the spreading liquid
•  LS: interfacial tension between the sublayer and the

spreading liquid.
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Spreading Coefficient

• When S > (L + LS), (S is positive), Spreading
occurs.

• When S < (L + LS), (S is negative), the substance
forms globules or a floating lens and fails to spread over
the surface (e.g. mineral oil on water).

Spreading Coefficient
Example
Spreading Benzene over Water
• If the surface tension of water γS is 72.8 dynes/cm at 20°C, 

the surface tension of benzene, γL, is 28.9 dynes/cm, and 
the interfacial tension between benzene and water, γLS, is 
35.0 dynes/cm, what is the spreading coefficient?

Answer
S = 72.8- (28.9 + 35.0) = 8.9 dynes/cm


