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ሾTPሿ For steam  liquid, the system is the water ሺliquid and steamሻ, and the 
surroundings is everything else. For steam  liquid, which of the following 
must always be true, independently of temperature?

1. ∆𝑆ୱ୷ୱ ൏ 0 and ∆𝑆ୱ୳୰ ൏ 0
2. ∆𝑆ୱ୷ୱ ൏ 0 and ∆𝑆ୱ୳୰ ൌ 0
3. ∆𝑆ୱ୷ୱ ൏ 0 and ∆𝑆ୱ୳୰  0
4. ∆𝑆୲୭୲ ൏ 0
5. ∆𝑆୲୭୲ ൌ 0
6. ∆𝑆୲୭୲  0
7. None of the above
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• Heat ሺenergyሻ flow  entropy change
• Spontaneity of phase transitions
• Absolute entropy ሺ𝑆°ሻ

Next lecture: Complete: Absolute entropy ሺ𝑆°ሻ; Relative entropy values; 
Entropy change of reaction ሺ∆𝑆°୰୶୬ሻ; Free energy change, Δ𝐺; Effect of 
temperature on spontaneity

Heat (energy) flow  entropy change
Adding energy increases the units of energy in the system.

More units of energy mean more arrangements of energy ሺ𝑊 ሻ

This means that adding energy increases entropy, 𝑆 ൌ 𝑘ln ሺ𝑊 ሻ.

Does the entropy increase depend on how much energy is initially present?
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Heat (energy) flow  entropy change
Does the entropy increase depend on how much energy is added?
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ሾTPሿ Which is larger?
∆𝑆ଵ for adding 10 J to 1 mol at 300 K 
∆𝑆ଷ for adding 20 J to 1 mol at 300 K?

1. ∆𝑆ଵ ൏ ∆𝑆ଷ
2. ∆𝑆ଵ ൌ ∆𝑆ଷ
3. ∆𝑆ଵ  ∆𝑆ଷ
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Heat (energy) flow  entropy change
Δ𝑆 is larger the more energy added

∆𝑆~∆𝐻
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Heat (energy) flow  entropy change
Does the entropy increase depend on how much energy is initially present?
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ሾTPሿ Which is larger?
∆𝑆ଵ for adding 10 J to 1 mol at 300 K
∆𝑆ଶ for adding 10 J to 1 mol at 600 K?

1. ∆𝑆ଵ ൏ ∆𝑆ଶ
2. ∆𝑆ଵ ൌ ∆𝑆ଶ
3. ∆𝑆ଵ  ∆𝑆ଶ
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Heat (energy) flow  entropy change
Δ𝑆 is larger the less energy already present

Δ𝑆 is larger the lower 𝑇 at which the energy is added.

∆𝑆~ ଵ
்
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Heat (energy) flow  entropy change
Δ𝑆 is larger the more energy added

∆𝑆~∆𝐻

Δ𝑆 is larger the lower 𝑇 at which the energy is added.

∆𝑆~ ଵ
்

Amazingly, these results combine into the fundamental relation for entropy 
change due to energy flow,

∆𝑆 ൌ ∆ு
்
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Spontaneity = increase in total entropy
Spontaneity means that what happens is always associated with an increase in 
entropy.

We will see that it is useful to partition entropy change as that due to the 
chemical or physical system ሺwhat we are interested inሻ and the surroundings 
ሺeverything elseሻ.

∆𝑆୲୭୲ ൌ ∆𝑆ୱ୷ୱ  ∆𝑆ୱ୳୰  0
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Spontaneity = increase in total entropy
Spontaneity does not require separately that …

∆𝑆ୱ୷ୱ  0 or ∆𝑆ୱ୳୰  0

A neat illustration of the roles of ∆𝑆ୱ୷ୱ and ∆𝑆ୱ୳୰ is understanding why steam 
condenses and water boils.
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Spontaneity = increase in total entropy
Steam spontaneously ሺ∆𝑆୲୭୲  0ሻ condenses when 𝑇 ൏ 100℃

Water and steam are in equilibrium ሺ∆𝑆୲୭୲ ൌ 0ሻ when 𝑇 ൌ 100℃

Water spontaneously ሺ∆𝑆୲୭୲  0ሻ vaporizes when 𝑇  100℃
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ሾTPሿ For steam  liquid, the system is the water ሺliquid and steamሻ, and the 
surroundings is everything else. For steam  liquid, which of the following 
must always be true, independently of temperature?

1. ∆𝑆ୱ୷ୱ ൏ 0 and ∆𝑆ୱ୳୰ ൏ 0
2. ∆𝑆ୱ୷ୱ ൏ 0 and ∆𝑆ୱ୳୰ ൌ 0
3. ∆𝑆ୱ୷ୱ ൏ 0 and ∆𝑆ୱ୳୰  0
4. ∆𝑆୲୭୲ ൏ 0
5. ∆𝑆୲୭୲ ൌ 0
6. ∆𝑆୲୭୲  0
7. None of the above
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steam  liquid water at 94℃
Super-cooled steam at 94℃ condenses spontaneously to liquid water. 

Spontaneity means ∆𝑆୲୭୲ൌ ∆𝑆ୱ୷ୱ  ∆𝑆ୱ୳୰  0 
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steam  liquid water at 94℃
Super-cooled steam at 94℃ condenses spontaneously to liquid water. 

Spontaneity means ∆𝑆୲୭୲ൌ ∆𝑆ୱ୷ୱ  ∆𝑆ୱ୳୰  0 

Since condensation releases heat ሺ𝑞ୱ୷ୱ ൌ െ∆𝐻୴ୟ୮ሻ to the surroundings, the 
entropy of the surroundings increases,

∆𝑆ୱ୳୰ ൌ
ೞೠೝ
்
 0

But “gas  liquid” means the entropy of the system decreases, ∆𝑆ୱ୷ୱ ൏ 0 

This means it is ∆𝑆ୱ୳୰ that makes ∆𝑆୲୭୲ ൌ ∆𝑆ୱ୷ୱ  ∆𝑆ୱ୳୰ 0 
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steam  liquid water at 94℃
How to get the numerical value of ∆𝑆ୱ୷ୱ?

Always,

∆𝑆ୱ୳୰ ൌ ∆ு౩౫౨
்

ൌ െ∆ு౩౯౩
்

Hence we can always write ∆𝑆୲୭୲ ൌ ∆𝑆ୱ୳୰  ∆𝑆ୱ୷ୱ as

∆𝑆୲୭୲ ൌ െ ∆ு౩౯౩
்

  ∆𝑆ୱ୷ୱ

For condensation of steam to water, ∆𝐻ୱ୷ୱ ൌ െ∆𝐻୴ୟ୮, so …

∆𝑆୲୭୲ ൌ ∆ு౬౦
ଷଷ 

 ∆𝑆ୱ୷ୱ

Lecture 18 CH131 Fall 2020

21

Copyright © 2020 Dan Dill dan@bu.edu

steam  liquid water at 94 oC
At 100 ℃ ൌ 373 K steam and water are in equilibrium, so … 

∆𝑆୲୭୲ ൌ 0 ൌ ∆ு౬౦
ଷଷ 

 ∆𝑆ୱ୷ୱ

From this we find that the entropy change of the system is

∆𝑆ୱ୷ୱ ൌ ∆𝑆୲୭୲ െ ∆ு౬౦
ଷଷ 

  ൌ 0 െ ∆ு౬౦
ଷଷ 

ൌ െ 40.65 ൈ 103 J/mol
373 K ൌ െ108.9 

୫୭୪ 
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steam  liquid water at 94 oC
For other temperatures …

∆𝑆୲୭୲ ൌ െ∆ு౩౯౩
்

 ∆𝑆ୱ୷ୱ

ൌ 40.65 ൈ 103 J/mol
T െ 108.9 

୫୭୪ 
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ሾTPሿ For steam  liquid water, 
∆𝑆୲୭୲ ൌ 40.65 ൈ 103 J/mol

T െ 108.9 
୫୭୪ 

 
At 𝑇 ൌ 100℃, ∆𝑆୲୭୲ evaluates to …

1. ൏ 0
2. ൌ 0
3.  0
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ሾTPሿ For steam  liquid water, 
∆𝑆୲୭୲ ൌ 40.65 ൈ 103 J/mol

T െ 108.9 
୫୭୪ 

 
At 𝑇 ൌ 94℃, ∆𝑆୲୭୲ evaluates to …

1. ൏ 0
2. ൌ 0
3.  0
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ሾTPሿ For steam  liquid water, 
∆𝑆୲୭୲ ൌ 40.65 ൈ 103 J/mol

T െ 108.9 
୫୭୪ 

 
At 𝑇 ൌ 106℃, ∆𝑆୲୭୲ evaluates to …

1. ൏ 0
2. ൌ 0
3.  0
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Spontaneity = increase in total entropy
Spontaneity means that …

∆𝑆୲୭୲ ൌ ∆𝑆ୱ୷ୱ  ∆𝑆ୱ୳୰  0

Spontaneity does not require that …
∆𝑆ୱ୷ୱ  0 or ∆𝑆ୱ୳୰  0

The separate roles of ∆𝑆ୱ୷ୱ and ∆𝑆ୱ୳୰ account for why steam condenses and 
water boils.

The same approach works for melting and for sublimation.
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How to determine ΔSsys for a chemical reaction?
We have seen that we can get ∆𝑆ୱ୷ୱ for a phase transition using ∆𝑆୲୭୲ ൌ 0 at the 
transition temperature, 

∆𝑆ୱ୷ୱ ൌ െ ∆ு౪౨౩౪
்౪౨౩౪

, where  𝑇୲୰ୟ୬ୱ୧୲୧୭୬ൌ 𝑇୫ୣ୪୲,𝑇ୠ୭୧୪, or 𝑇ୱ୳ୠ୪୧୫ୣ,

since at that temperature the two phases are in equilibrium.
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How to determine ΔSsys for a chemical reaction?
Getting ∆𝑆ୱ୷ୱ for a chemical reaction requires a different approach.

In principle we could get ∆𝑆ୱ୷ୱ by analyzing changes in particle and energy 
dispersal as a result of the  chemical transformation.

But, in practice, it is easier to get Δ𝑆sys by measuring heat flow between system 
and surroundings when they are in equilibrium.
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How to determine ΔSo
rxn ?

The essential starting point is that at 0 K, for each substance, 

𝑊 ൌ 1 and so 𝑆 ൌ 0.

This is known as the third law of thermodynamics.
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