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The thermodynamic description of mixture

Partial molar Gibbs energy (remember: G = nJGJ,m; μJ=GJ,m)

From the definition

𝜇𝐽 =
𝜕𝐺

𝜕𝑛𝐽 𝑝,𝑇, ƴ𝑛

(Chemical potential)

𝐺 = 𝑛𝐴𝜇𝐴 + 𝑛𝐵𝜇𝐵

𝑑𝐺 = 𝑉𝑑𝑝 − 𝑆𝑑𝑇 + 𝜇𝐴𝑑𝑛𝐴 + 𝜇𝐵𝑑𝑛𝐵 +⋯

Fundamental equation of chemical thermodynamics

At constant p and T

𝑑𝐺 = 𝜇𝐴𝑑𝑛𝐴 + 𝜇𝐵𝑑𝑛𝐵 +⋯

Under the same conditions

𝑑𝐺 = 𝑑𝑤𝑎𝑑𝑑.𝑚𝑎𝑥 = 𝑑𝜇𝐴𝑑𝑛𝐴 + 𝜇𝐵𝑑𝑛𝐵 +⋯
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The thermodynamic description of mixture

The wider significance of the chemical potential

𝑮 = 𝑼 + 𝒑𝑽 − 𝑻𝑺 → 𝑼 = −𝒑𝑽 + 𝑻𝑺 + 𝑮 → 𝒅𝑼 = −𝒑𝒅𝑽 − 𝑽𝒅𝒑 + 𝑺𝒅𝑻 + 𝑻𝒅𝑺 + 𝒅𝑮

𝒅𝑼 = −𝒑𝒅𝑽 − 𝑽𝒅𝒑 + 𝑺𝒅𝑻 + 𝑻𝒅𝑺 + 𝑽𝒅𝒑 − 𝑺𝒅𝑻 + 𝝁𝑨𝒅𝒏𝑨 + 𝝁𝑩𝒅𝒏𝑩 +⋯

𝒅𝑼 = −𝒑𝒅𝑽 + 𝑻𝒅𝑺 + +𝝁𝑨𝒅𝒏𝑨 + 𝝁𝑩𝒅𝒏𝑩 +⋯

At constant V and S

𝒅𝑼 = 𝝁𝑨𝒅𝒏𝑨 + 𝝁𝑩𝒅𝒏𝑩 +⋯

𝝁𝑱 =
𝝏𝑼

𝝏𝒏𝑱 𝑺,𝑽, ƴ𝒏

IN THE SAME WAY;

𝝁𝑱 =
𝝏𝑯

𝝏𝒏𝑱 𝑺,𝒑, ƴ𝒏

𝝁𝑱 =
𝝏𝑨

𝝏𝒏𝑱 𝑻,𝑽, ƴ𝒏
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The Gibbs-Duhem Equation

𝐺 = 𝑛𝐴𝜇𝐴 + 𝑛𝐵𝜇𝐵 The total Gibbs energy of a binary mixture

𝑑𝐺 = 𝜇𝐴𝑑𝑛𝐴 + 𝜇𝐵𝑑𝑛𝐵 + 𝑛𝐴𝑑𝜇𝐴 + 𝑛𝐵𝑑𝜇𝐵

At constant p and T, the term 𝑛𝐴𝑑𝜇𝐴 + 𝑛𝐵𝑑𝜇𝐵 must be equal to zero.

𝑛𝐴𝑑𝜇𝐴 + 𝑛𝐵𝑑𝜇𝐵 = 0 This equation is a special case of the Gİbbs-Duhem Equation. 

σ𝐽 𝑛𝐽𝑑𝜇𝐽 = 0 Gİbbs-Duhem Equation.

For a binary mixture, if one chemical potential increases, then the other must decrease;

𝑑𝜇𝐵 = −
𝑛𝐴
𝑛𝐵

𝑑𝜇𝐴

For partial molar volume,

σ𝐽 𝑛𝐽𝑑𝑉𝐽 = 0 𝑑𝑉𝐵 = −
𝑛𝐴

𝑛𝐵
𝑑𝑉𝐴
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The thermodynamics of mixture

a) The Gibbs energy of mixing of perfect gases

𝐺𝑚 𝑝 = 𝐺𝑚
𝜃 + 𝑅𝑇𝑙𝑛

𝑝

𝑝𝜃
𝜇 = 𝐺𝑚

𝜇 = 𝜇𝜃 + 𝑅𝑇𝑙𝑛
𝑝

𝑝𝜃
= 𝜇𝜃 + 𝑅𝑇𝑙𝑛𝑝 variation of chemical potential with pressure (perfect gas)

𝜇𝜃 : the standard chemical potential

𝐺𝑖 = 𝑛𝐴𝜇𝐴 + 𝑛𝐵𝜇𝐵 = 𝑛𝐴 𝜇𝐴
𝜃 + 𝑅𝑇𝑙𝑛𝑝 + 𝑛𝐵 𝜇𝐵

𝜃 + 𝑅𝑇𝑙𝑛𝑝 initial. After mixing pA+ pB = p

𝐺𝑓 = 𝑛𝐴 𝜇𝐴
𝜃 + 𝑅𝑇𝑙𝑛𝑝𝐴 + 𝑛𝐵 𝜇𝐵

𝜃 + 𝑅𝑇𝑙𝑛𝑝𝐵

𝐺𝑖 − 𝐺𝑓 = ∆𝑚𝑖𝑥𝐺 = 𝑛𝐴𝑅𝑇𝑙𝑛
𝑝𝐴
𝑝
+ 𝑛𝐵𝑅𝑇𝑙𝑛

𝑝𝐵
𝑝
⇒ ∆𝑚𝑖𝑥𝐺 = 𝑛𝑅𝑇 𝑥𝐴𝑙𝑛𝑥𝐴 + 𝑥𝐵𝑙𝑛𝑥𝐵

Gibbs energy of mixing (perfect gas).

nA,

T, p

nB, T, p



T, pA, pB

with

pA+ pB = p
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The thermodynamics of mixture

Other thermodynamic mixing functions

𝜕𝐺

𝜕𝑇 𝑝
= −𝑆 from this, for a mixture of perfect gases initially at the same pressure;

∆𝑚𝑖𝑥𝑆 = −
𝜕∆𝑚𝑖𝑥𝐺

𝜕𝑇 𝑝
= −𝑛𝑅 𝑥𝐴𝑙𝑛𝑥𝐴 + 𝑥𝐵𝑙𝑛𝑥𝐵 (entropy of mixing, for perfect gas at constant T and 

p)

Note: lnx<0, it follows that ∆𝑚𝑖𝑥𝑆 > 0 for all compositions. 

Enthalpy of mixing;

∆𝐺 = ∆𝐻 − 𝑇∆𝑆

𝑛𝑅𝑇 𝑥𝐴𝑙𝑛𝑥𝐴 + 𝑥𝐵𝑙𝑛𝑥𝐵 = ∆𝑚𝑖𝑥𝐻 − 𝑇 −𝑛𝑅 𝑥𝐴𝑙𝑛𝑥𝐴 + 𝑥𝐵𝑙𝑛𝑥𝐵

∆𝑚𝑖𝑥𝐻 = 0 (enthalpy of mixing, for perfect gas at constant T and p)


