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ሾTPሿ A certain chemical reaction is not spontaneous at 300 K. The entropy 
change for the reaction is ൅130 J/K. The reaction must be …

1. endothermic
2. exothermic
3. neither ሺΔ𝐻 ൌ 0ሻ
4. More information needed
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Lecture 20 CH131 Fall 2020
Tuesday, December 1, 2020

• Complete: Effect of temperature on spontaneity

Begin ch14:Chemical equilibrium
• Reaction quotient, spontaneity, and equilibrium

Next lecture: Complete ch14: Revisit: Atomic or molecular oxygen?

Effect of temperature on spontaneity
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Atomic or molecular oxygen?
At SATP, oxygen exists as a diatomic gas.

This means the free energy change for the process O2ሺ𝑔ሻ  2 Oሺ𝑔ሻ must be 
positive and quite large.
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Atomic or molecular oxygen?
Indeed, using

Δ𝐻°fሺO, 𝑔ሻ ൌ 249.2 kJ/mol

𝑆°ሺO, 𝑔ሻ ൌ 161.1 J/ሺK molሻ

𝑆°ሺO2, 𝑔ሻ ൌ 205.0 J/ሺK molሻ

the free energy change for O2ሺ𝑔ሻ  2 Oሺ𝑔ሻ is

Δ𝐺°/ ୩୎
୫୭୪

ൌ 2 ൈ 249.2 െ 298 K ൈ 10െ3ሺ2 ൈ 161.1 െ 205.0ሻ ൌ ൅463
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Atomic or molecular oxygen?
Δ𝐺°/ ୩୎

୫୭୪
ൌ 2 ൈ 249.2 െ 298 K ൈ 10െ3ሺ2 ൈ 161.1 െ 205.0ሻ ൌ ൅463

The reason Δ𝐺° is so large and positive is large entropy decrease in the 
surrounding, necessitated by the 2 ൈ 249.2 kJ/mol of heat needed by the 
system to break the bonds between the pairs of oxygen atoms.

The entropy increase in the system, due to the doubling of gaseous particles, is 
not large enough to offset the large entropy decrease in the surroundings.
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Atomic or molecular oxygen?
Δ𝐺°/ ୩୎

୫୭୪
ൌ 2 ൈ 249.2 െ 298 K ൈ 10െ3ሺ2 ൈ 161.1 െ 205.0ሻ ൌ ൅463

But what about increasing the temperature?

This would enhance the contribution of the system entropy increase, ∆𝑆ୱ୷ୱ.

The reason is, the higher 𝑇 the smaller the impact on energy loss in the 
surroundings on its entropy change, since ∆𝑆ୱ୳୰ ൌ െ∆𝐻ୱ୷ୱ/𝑇.
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Atomic or molecular oxygen?
Above what 𝑇 will the decomposition O2ሺ𝑔ሻ  2 Oሺ𝑔ሻ become spontaneous?

The decomposition will be spontaneous above the temperature at which

∆𝐺/ ୩୎
୫୭୪

ൌ 0 ൌ 2 ൈ 249.2 െ ்
୏

 ൈ 10 െ3ሺ2 ∙ൈ 161.1 െ 205.0ሻ

𝑇 ൌ 2 ൈ 249.2 ൈ 103/ሺ2 ൈ 161.1 െ 205.0ሻ ൌ 4253 K

So, for 𝑇 above 4253 K, O atoms will predominate.
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Atomic or molecular oxygen?
The more 𝑇 exceeds 4253 K, the greater the relative amount of O atoms to Oଶ
molecules.

We’ll soon learn how to quantify the relative amounts for each temperature.
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ሾTPሿ A certain chemical reaction is not spontaneous at 300 K. The entropy 
change for the reaction is ൅130 J/K. The reaction must be …

1. endothermic
2. exothermic
3. neither ሺΔ𝐻 ൌ 0ሻ
4. More information needed
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ሾTPሿ A chemical reaction is endothermic and has ∆Sୱ୷ୱ ൏ 0.
This means the reaction will be spontaneous …

1. only at low temperature
2. only at high temperature
3. always
4. never
5. Further information required
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Begin ch14: Chemical equilibrium

Lecture 20 CH131 Fall 2020

15

Copyright © 2020 Dan Dill dan@bu.edu

12 13

14 15



Lecture 20 CH131 Fall 2020 12/1/2020 12:36 PM

Copyright © 2020 Dan Dill dan@bu.edu 4

Spontaneity of “reactants”  “products”
We have learned how to calculate chemical amounts using ICF ሺInitial, Change, 
Finalሻ tables considering the limiting reagent and the percent yield. 

The yield is not always 100% because the spontaneity depends on the amount 
of reactants and products present.
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Spontaneity of “reactants”  “products”
Chemical reactions proceed until the forward and reverse reactions exactly 
balance one another.

That is, until the reactants and products are in equilibrium.

That is, until ∆𝐺 ൌ 0.
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Spontaneity of “reactants”  “products”
If products ሺright sideሻ increase with time, we say the reaction is 
spontaneous, ∆𝐺 ൏ 0.

If reactants ሺleft sideሻ increase with time, we say the reaction is 
nonspontaneous, ∆𝐺 ൐ 0.

If the amount of reactants and products do not change with time, we say the 
reaction is at equilibrium, ∆𝐺 ൌ 0.
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Reaction quotient Q measures reaction progress
For 𝑎A  𝑏B ൅ 𝑐C, the reaction quotient is a specific measure of the ratio of the 
amount of products present to the amount of reactants present,

𝑄 ൌ ୆ ್ େ ೎

୅ ೌ

The amounts ሾAሿ, etc., are the numerical values of molarity ሺmol/Lሻ for solutes 
and the numerical value of the partial pressure ሺin atmሻ .

Because units are omitted, the reaction quotient is a number without units.
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Reaction quotient Q measures reaction progress
If the system is not at equilibrium, as time passes the value of 𝑄 changes as the 
chemical transformation proceeds.

Once equilibrium is established, 𝑄 will not longer change and its value is called 
the equilibrium constant,

𝑄 at eqilibrium ൌ 𝐾 ൌ ୆ ౛
್ େ ౛

೎

୅ ౛
ೌ
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Practice: Problem 14.5
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Practice: Problem 14.11
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