
 Our focus now is using the Gibbs energy to understand equilibrium in a reaction mixture

under constant pressure conditions that correspond to typical laboratory experiments

 For a reaction mixture containing species 1, 2, 3, . . . , 𝐺 is no longer a function of the

variables 𝑇 and 𝑃 only

 𝐺 is written in the form 𝐺 = 𝐺 (𝑇, 𝑃, 𝑛1, 𝑛2, 𝑛3, … )

 The total differential is



 We are going to define the chemical potential, 𝜇𝑖

 Using the notation of chemical potential, the differential form of Gibbs energy can be

written as follows

 For a pure substance we can write 𝐺 = 𝑛𝑖𝐺𝑖,𝑚

 From the definition of 𝜇𝑖 = 𝐺𝑖,𝑚”the chemical potential is simply the molar Gibbs energy of the substance”



 Note that if the concentrations do not change, all of the 𝑑𝑛𝑖 = 0
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 For a binary mixture at constant 𝑃 and 𝑇

 The integrated form of 𝐺 is



 The total differential of the last equation is

 Because 𝐺 is a state function, the previously two equations must be equal, which implies that

at constant temperature and pressure

Gibbs–Duhem equation

This equation states that the

chemical potentials of the

components in a binary

solution are not independent.



 Let the amounts of two perfect gases in the two containers be 𝑛𝐴 and 𝑛𝐵; both are at a

temperature 𝑇 and a pressure 𝑃

 The chemical potentials of the two pure gases are obtained by applying the definition

𝜇 = 𝐺𝑚 𝜇 = 𝜇° + 𝑅𝑇 𝑙𝑛
𝑃

𝑃°

 Recall from Section 3 that the Gibbs energy of a pure ideal gas depends on its pressure as



𝐺𝑖 = 𝐺𝑖,𝐴 + 𝐺𝑖,𝐵 = 𝑛𝐴𝐺𝑚,𝐴 + 𝑛𝐴𝐺𝑚,𝐵 = 𝑛𝐴𝜇𝐴 + 𝑛𝐵𝜇𝐵
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 After mixing, the total Gibbs energy becomes
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∆𝐺𝑚𝑖𝑥𝑖𝑛𝑔= 𝑛𝐴 𝑅𝑇 𝑙𝑛
𝑃𝐴

𝑃
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 The Gibbs energy of mixing, ∆𝐺𝑚𝑖𝑥𝑖𝑛𝑔 ”𝐺𝑓 - 𝐺𝑖”

 Note that because all the 𝑥𝑖 < 1, each term in the above Equation is negative, so that

∆𝐺𝑚𝑖𝑥𝑖𝑛𝑔< 0 , showing that mixing is a spontaneous process.




