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Physical Chemistry
... iremos explorar, refletir, aprender ?..

Area of chemistry concerned with the application of the techniques and theories of physics to the study of chemical systems.

Lecture#18
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The thermodynamic description of  mixtures

Gibbs–Duhem equation

chemical potential is the contribution of  that substance

to the total Gibbs energy of  the mixture

Gibbs–Duhem equation | 
the chemical potential of  one component of  a mixture cannot change independently of  

the chemical potentials of  the other components.

Applies to all partial molar quantities !!!

P.W. Atkins  CHAP. #5



DQB. FCUP  Luís Belchior Santos  | 2024

The thermodynamic mixing

ENTROPY of  mixing

−

Enthalpy of  mixing

perfect gases

Henry Law

dilute solutions Henry’s law is expressed in terms 

of  the molality, b, of  the solute,
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The thermodynamic mixing  |Excess properties Solutions

Ideal Enthalpy of  mixing

Excess functions, XE,

XE = X real  X ideal 

 is a dimensionless parameter that is a 

measure of  the energy of  AB interactions 

relative to that of  the AA and BB interactions.
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The thermodynamic mixing

Coligative Properties

Properties: 

1. lowering of  vapour pressure;

2. elevation of  boiling point;

3. depression of  freezing point;

4. osmotic pressure .

(arising from the presence of  a solute in  a solvent)

The chemical potential of  a solvent

in the presence of  a solute. 
The lowering of  the liquid’s chemical potential has a greater 

effect on the freezing point than on the boiling point 

because of  the angles at which the lines intersect.
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The thermodynamic mixing

Coligative Properties

2. elevation of  boiling point;

(arising from the presence of  a solute in  a solvent)

Normal boiling point from T*

molality, b, in the solution
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The thermodynamic mixing
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The thermodynamic mixing

Coligative Properties
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molality, b, in the solution
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