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• Physical world b/w two distinct and identifiable phases of matter.

• Terminology:  Surface vs. Interface   - interchangable
Surface: b/w condensed phase and gas phase or vacuum
Interface: b/w two condensed phases.  - better choice!

• Interfaces:
Vacuum   vs.  Liquid ,  Solid,
liquid      vs.  Liquid,   Solid,   Gas
Solid       Vs.  Liquid,   Solid,   Gas



–

•



– THE NATURE OF INTERFCAES

• THE NATURE OF INTERFCAES
• Existence of two phases :  intensive properties of the system change 

b/w two.

• INTERFACIAL FREE ENERGY
• To extend or enlarge the interface - Need work!
• If ∆G < 0 : It cannot exist as a stable boundary. 

Spontaneous transformation
•
• Kinetic Vs. Thermodynamic
• Thermodynamically Stable; ultimate goal, but take long time to 

achieve.
• Kinetically Stable, or Metastable: can be sufficient for particular goal.



– Interface  and  Energy 

• Interface  and  Energy

• Minimum total free energy  
• if G is high, it will be reduced to a minimum. 
• The two phases will separate to the greatest extent.

• Composition Change  - Kind of LeCatelier Principle.

• alter the energetic drive
• alter the rate
• or both

- Prolonging the life of the dispersed system. 



– Surface Free Energy 

• Surface Free  Energy
What is it meant by?  

Unique characters of surface stem from atoms and molecules 
at the surface and Interfaces.
Significantly different energies and reactivities.

New surface  - Increase in free energy.
Proportional to the area (A)
proportional to the surface density of units.
Depend on the distance.

When distance is infinite - energy of the system becomes constant



– Surface Free Energy 

.



– Surface Free Energy 

• Surface Free  Energy
∆G = ∆W =2σA

σ : Surface or interfacial tension or energy
W :  the amount of reversible work necessary to overcome the 
attractive force between the units at the new surface or interface. 

• Work of cohesion, Wc
σ

Wc = 2σ
:  heat generation, chemical change, ..

• Work of adhesion

Wa (12)= σ1 + σ2 + σ12



– Surface Free Energy 

Same surface

different surface



– Surface Free Energy 

• Surface Free  Energy
Problems:

One cm3 of water is broken into droplets having a radius of 10-5 cm. If the surface 
tension of water is 72 dynes/cm, calculate the free energy of the fine droplets 
relative to that of the water. 
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– Energetics and New Surface 

• Energetics and  New Surface
Liquid phase dissipate some of the excess energy

- liquid-liquid, solid-liquid interfaces interfacial tension .

Vacuum

Fluid
Dissipate energy



– Surface Free Energy 

• Increase In surface energy   Minimization of Surface E.
• minimize in surface area -( Sphere,..)
• relocation of atom or molecules
• Adsorption

• Forming New Surface
Eg.) Sinking Needle ( )

.
Increasing water surface vapor phase , and interface b/w 

needle and water
Against ( energy )

Force driving needle to sink (Mass X gravity).



– Force Acting b/w Molecules 

• Force Acting b/w Molecules
• In Bulk Phase – equal strength in all side, time averaged equilibrium 

position
• At Interface – Pull into the bulk phase is stronger
Net density at the surface region is decreased. – more space b/w
• Surface Tension (Energy) - The force of the spring pulling along the 

surface

• page



– Force Acting b/w Molecules 

• Force Acting b/w Molecules
• In Bulk Phase 
• - At Interface



– Force Acting b/w Molecules 

• Force Acting b/w Molecules
• In Bulk Phase - At Interface
• Consider a solid composed of spherical molecules in a close-packed 

arrangement. 

ε

ε

ε ε



– Force Acting b/w Molecules 
• Application to Solid-Vacuum or Solid-Liquid Interfaces
Force and stress experienced by atoms and molecules near surface differ!
- Stress is not isotropic.
- Many deformation – Heterogeneous nature. – History Dependent
---TENSION is normally applied to the interface b/w two fluid phases.
--- ENERGY is most often employed w/ at least one solid phase.



– Standard Reference States 

• Standard Reference States

• Zero Separation
•



– Interfacial Region 

• Molecular Nature of the Interfacial Region
• -Free energy of surface arises due to asymmetric force acting on 

atoms or molecules.

• Two Phases
• Solid – Vacuum or inert gas
• Transition Region : one molecular thickness.  Very Sharp Boundary
• Pure Liquid – Pure Vapor
• Transition Region : Several Molecular diameter thickness.
• Mixed Liquid –Vapor
• Transition Region : Depends on the volatility and miscibility

• Temperature Dependence;
• Higher Temp.  ->  thicker interface
• Above Critical Temp.  -> No interface



– Interfacial Region 

• Molecular Nature of the Interfacial Region
• schematics of Liquid – Vapor Interface

•



– Interfacial Region 

• schematics of Positive solute adsorption
• Solution – Fluid                 Solid - Solution

•

solid

extended

Surface
excess



– Gibbs Surface Excess

• The Gibbs Surface Excess
System:  Substance i

In one or two phases α and β.      
α(Ci

α) , unit concentration of i in phase α, .
β(Ci

β)
α( Vα) β( Vβ) i ni .

, Ci interface i interface 
.

i surface excess amount (ni
σ) .

i phase .

)( β
β

α
α VCVCn iii +=

)( β
β

α
ασ VCVCnn iiii +−=



– Gibbs Surface Excess

• Interface ni
σ . α β

i .
• ,  surface excess i .
• , α β .
• Gibb’s interface .
• - ( : α) 0 . – α

.

α

Gibbs Dividing Surface (GDS)
(a)



– Gibbs Surface Excess

• Aσ ,
• α i surface excess conc. Γι

(α) ( )

α

Gibbs Dividing Surface (GDS)
(a)

σσα Anii /)( =Γ



– Adsorption

• Adsorption
- One way to lower the overall energy of a system.

Mostly empirical observation and conceptual insight 
rather than fundamental first priciples.
Computer can help to attack problems - still not practical.
Adsorption .



– Adsorption

• Adsorption
Liquid-Vapor Solid-Vapor . –

Solid , .
Solid
- solid adsorbent
- adsorbate

-
sorption

, .
(1)
(2)



– Gibbs Adsorption Eq.

• Gibbs Adsorption equation
Bulk phase α , Tα, Vα, ni

α

.

, Pα , Helmholtz free energy F .
Fα = -SαTα-PαVα-Σµ i

α ni
α (2.7)

(P )
dFα = -SαdTα-PαdVα-Σµ i

α dni
α (2.8)
, β .

T, P µ .

energy
.



– Gibbs Adsorption Eq.

• Gibbs Adsorption equation
energy

FT = Fα + Fβ + Fσ (2.9)
Fσ interfacial free energy .  Interfacial area bulk

.

dFσ = -SσdT+ σdAσ-Σµ i dni
σ (2.10)

σ interfacial tension between α and β. µ i bulk phase .

σdAσ PdV . .

, tension ,
+ .



– Gibbs Adsorption Eq.

• Gibbs Adsorption equation
bulk 2.8 , Gibbs-Duhem .
Fα = PVα-Σµ i

α ni
α (2.11)

, ,
dFα = -SαdTα-VαdP +Σn i

α dµ i
α =0 (2.12)

interfacial phase ,
-SσdT+ Aσdσ + Σn i

σ dµi =0 (2.13)

, 2.13 .
- dσ = Σn i

σ dµi / Aσ (2.14)
Γι = n i

σ / Aσ ,
-dσ = ΣΓι dµi . (2.15)



– Gibbs Adsorption Eq.

Gibbs Adsorption equation
-dσ = ΣΓι dµi (2.15)

surface excess concentration 0 Gibbs dividing surface
liquid-vapor , 2.15 , liquid phase
surface tension i surface excess concentration, Γι ,

.

surface tension surface 
excess concentration .

Surface Tension ( )
Surface Excess Conc. ( ) + 



– Gibbs Adsorption Eq.

• Gibbs Adsorption equation
Gibbs adsorption equn.

dσ = - ΣΓ2 (1)dµ2 (2.16)
2 bulk phase 1 .

potential , interface
µi bulk phase .

dµ2 = RT dln a2[1] = RT dln X2 γ2 (2.17)

a2[1] bulk phase [1] 2 .
X2 mole fraction, γ2 .

2.16 ,
dσ = - ΣΓ2 (1)dµ2 =  - RT ΣΓ2 (1) dln X2 γ2 (2.18)



– Gibbs Adsorption Eq.

• Gibbs Adsorption equation
, potential . (

.)  µ2 Γ2
σ . 

[2]( ) µ2 Γ2 σ    

surface active material surfactant
.

bulk



– Gibbs Adsorption Eq.

• Gibbs Adsorption equation
• dσ = - ΣΓ2 (1)dµ2 =  - RT ΣΓ2 (1) dln X2 γ2 (2.18)

γ2 1 2.18
c2 .

.

Γ2 (1)  = −1/RΤ [dσ / d ln c2]  (2.19)

Liquid - Liquid interface σ Γ .
Solid - Liquid interface σ , Γ .



– Gibbs Adsorption Eq.

• Gibbs Adsorption equation
.

Colloidal stabilty
wetting phenomena, fluid displacement in capillary
emulsification and demulsification
foam formation and destruction 
adhesion
lubrication

• Pharmaceuticals, cosmetics, food preparation, inks, paints, adhesives, 
lubricants, crude oil recovery techniques, mineral ore separations, 
wastewater treatment , heterogeneous catalysis, lithographic and
xerographic printing techniques , microelectronic fabrication, 
photographic and magnetic recording media.


