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What was the “equilibrium?”

• Mechanical equilibrium

– F1=F2

– Difference in force  difference in potential energy  movement

• Mechanical equilibrium

– P1=P2

– Difference in pressure  difference in potential energy  flow

• Thermal equilibrium

– T1=T2

– Difference in temperature  difference in thermal energy  heat flow

• Phase equilibrium

– Looks like no change from one phase to another phase (ex: liquid 
vapor)
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Phase Equilibrium for pure substance
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Phase Equilibrium for pure substance

• Let’s imagine an unstable state

• For pure substance, saturation pressure is
– P at which a pure substance boils at a given T.

– P exerted by the vapor that escapes from the liquid at a given T.

– P at which vaporization rate is same as condensation rate.

– P at phase equilibrium 4

P=1 kPa
T=20℃

P increase P=2.34kPa (Phase equilibrium)

𝑃𝐻2𝑂(= 1 𝑘𝑃𝑎) < 𝑃𝐻2𝑂
𝑠𝑎𝑡 (= 2.34 𝑘𝑃𝑎) 𝑃𝐻2𝑂 < 𝑃𝐻2𝑂

𝑠𝑎𝑡 = 2.34 𝑘𝑃𝑎 𝑃𝐻2𝑂 = 2 .34 𝑘𝑃𝑎 = 𝑃𝐻2𝑂
𝑠𝑎𝑡
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Phase Equilibrium for pure substance

• Let’s imagine an unstable state
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P=1 kPa
T=20℃

P increase P=2.34kPa (Phase equilibrium)

𝑃𝐻2𝑂(= 1 𝑘𝑃𝑎) < 𝑃𝐻2𝑂
𝑠𝑎𝑡 (= 2.34 𝑘𝑃𝑎) 𝑃𝐻2𝑂 < 𝑃𝐻2𝑂

𝑠𝑎𝑡 = 2.34 𝑘𝑃𝑎 𝑃𝐻2𝑂 = 2 .34 𝑘𝑃𝑎 = 𝑃𝐻2𝑂
𝑠𝑎𝑡

𝑃𝐻2𝑂

𝑃𝐻2𝑂
𝑠𝑎𝑡

𝑃𝐻2𝑂

𝑃𝐻2𝑂
𝑠𝑎𝑡
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Gibbs Energy
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𝛼

𝛽

𝑛𝛼

𝑛𝛽

𝑑𝑈 = 𝛿𝑄 + 𝛿𝑊 = 𝛿𝑄 − 𝑃𝑑𝑉

𝑑𝐻 = 𝑑 𝑈 + 𝑃𝑉 = 𝑑𝑈 + 𝑃𝑑𝑉 + 𝑉𝑑𝑃 = 𝛿𝑄 + 𝑉𝑑𝑃

With constant P,
𝑑𝐻 = 𝛿𝑄

From 2nd law,

𝑑𝑆 ≥
𝛿𝑄𝑟𝑒𝑣
𝑇

0 ≥ 𝑑𝐻 − 𝑇𝑑𝑆

With constant T,
0 ≥ 𝑑 𝐻 − 𝑇𝑆 = 𝑑𝐺

Gibbs Energy must go to decreasing way, to the minimum point.
 Spontaneous change
 For equilibrium, dG=0
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Gibbs Energy
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𝑑𝐺 = (𝑔𝛼 − 𝑔𝛽)𝑑𝑛𝛼 ≤ 0

𝑑𝐺 = 𝑑(𝑔𝛼𝑛𝛼 + 𝑔𝛽𝑛𝛽) ≤ 0

𝛼

𝛽

𝑛𝛼

𝑛𝛽

= 𝑔𝛼𝑑𝑛𝛼 + 𝑔𝛽𝑑𝑛𝛽 ≤ 0

𝑑𝑛𝛽 = −𝑑𝑛𝛼

If 𝑔𝛼 > 𝑔𝛽, 𝑑𝑛𝛼 ≤ 0

𝑑𝑛𝛼 < 0 only β exists

If 𝑔𝛼 < 𝑔𝛽, 𝑑𝑛𝛼 ≥ 0

Phase equilibrium is possible at 𝑔𝛼 = 𝑔𝛽 only

Chemical potential 𝝁 = 𝒈

𝑑𝑛𝛼 > 0 only α exists
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Gibbs Energy

• Ex) 𝑔𝛼 > 𝑔𝛽

– If 𝑔𝛼 = 2 J/mol, 𝑔𝛽 = 1 J/mol, 𝑛𝛼 = 1mol, 𝑛𝛽 = 1mol

– If (𝑑𝑛𝛼 = 0)G=3

– If (𝑑𝑛𝛼 = 0.1)

𝐺 = 𝑔𝛼𝑛𝛼 + 𝑔𝛽𝑛𝛽 = 2 ⋅ 1.1 + 1 ⋅ 0.9 = 3.1 J

– If (𝑑𝑛𝛼 = −0.1)

𝐺 = 𝑔𝛼𝑛𝛼 + 𝑔𝛽𝑛𝛽 = 2 ⋅ 0.9 + 1 ⋅ 1.1 = 2.9 J

8

𝛼

𝛽

𝑛𝛼 = 1

𝑛𝛽 = 1
𝐺 = 𝑔𝛼𝑛𝛼 + 𝑔𝛽𝑛𝛽 = 2 ⋅ 1 + 1 ⋅ 1 = 3 J

Condensation to when 𝐺 = 2 ⋅ 0 + 1 ⋅ 2 = 2 J (minimum)
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Gibbs Energy
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𝑑𝑔 = 𝑣𝑑𝑃 − 𝑠𝑑𝑇

With constant T,
𝜕𝑔

𝜕𝑃
𝑇

= 𝑣

g

P

liquid

solid

vapor

𝑔𝛼 < 𝑔𝛽 𝑔𝛼 > 𝑔𝛽

g

P

vapor

liquid

solid

𝑔𝛼 = 𝑔𝛽

Vapor
Stable

Liquid
Stable

Solid
Stable
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n-butane
T=400K

P1

P2

Psat

Stable liquid

Unstable liquid

Unstable vapor

Stable vapor

P2

Psat

P1

Stable vapor

Stable liquid

n-butane
T=400K

g=h-Ts


