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è For open systems, we need to include the change of mass (or mole) in 
our fundamental equation of thermodynamics!

For multiple components, 
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The Chemical Potential
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è Gibbs’ definition 
l If to any homogeneous mass in a state of hydrostatic stress we suppose 

an infinitesimal quantity of any substance to be added, the mass 
remaining homogeneous and its entropy and volume remaining 
unchanged, the increase of the energy of the mass divided by the quantity 
of the substance added is the potential for that substance in the mass 
considered.

è Particles tend to move from areas of higher chemical potential to lower 
chemical potential 

l The difference (or gradient) in chemical potential = driving force! 
l Diffusions, Reactions, Phase changes, ...
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The Chemical Potential
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è The chemical potential is associated with intermolecular forces!
As new particle approaches its neighbor,
1. It gains kinetic energy while losing potential energy.
2. Kinetic energy is dissipated through collisions with other particles. 
3. The system gains internal energy in the process!

Then, by energy conservation,
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è For osmosis process, chemical potential drives the water through 
membrane!
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The Chemical Potential – Osmosis (Example)
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(source: wikipedia.org)

Osmotic pressureAt equilibrium (at constant T),
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è Let’s derive Gibbs-Duhem equation!
Using Euler’s theorem for homogeneous functions,

Differentiating by    ,  

Similarly,

Then,  
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è Continue on.

Here, Gibbs function (G) is given by,

Differentiating the internal energy (U),
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è Continue on.
Differentiating the Gibbs function (G),

At constant temperature and pressure,

Then, 

The final equation is quite useful in many interesting processes in nature!
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è Let’s find the equilibrium condition for two subsystems having two 
phases of the same substance. Particles are exchanged through the 
phase boundary.

For an isolated system,
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è Continue on.

Here,

Then,

Before the equilibrium is achieved,

At equilibrium,
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Phase Equilibrium
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è Let’s find the equilibrium condition for chemical reaction.
Consider the following chemical reaction at constant T and P.

which can be expressed in,

Then, the change in the number of moles by the reaction is given by,

At chemical equilibrium at fixed T and P, 

Finally, 
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Chemical Reactions
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è Let’s consider mixing of two ideal gases at constant T and P(=Ptot).
To evaluate the changes in Gibbs function and entropy during mixing, 

Then, the total Gibbs energy in initial state,

For final state,

where,
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Mixing Processes
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è Continue on.
Then, the change in Gibbs energy is given by,

For the change in entropy,

For the case of n1 = n2,

What if you are mixing the same kinds of ideal gases?  à Gibbs paradox!
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