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ሾTPሿ At 25℃, the equilibrium constant of 2 A 𝑔 ⇌ 3 Bሺ𝑔ሻ 1.5 ൈ 10ଵଵ. Amounts 
4.0 atm A and 2.0 atm B are combined in sealed, rigid container. The amount of 
A at equilibrium will be …

1. ≪ 2 atm
2. ൎ 2 atm
3. ൎ 4 atm
4. ൎ 8 atm
5. ≫ 8 atm
6. Some other amount
7. Not sure
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Lecture 14 CH131 Summer 1 2021
Tuesday, June 22, 2021

• Approximating equilibration
• Equilibrium calculation examples
• Disturbing equilibrium 
• Effect of temperature on equilibrium: ∆𝐺 ൌ 𝑅𝑇 ln 𝑄/𝐾 ൌ ∆𝐻 െ 𝑇∆𝑆

Next: Chapter 16: Solubility equilibria; Begin ch15: Acid-base equilibria

Approximating equilibration
When the equilibrium constant is either very big or very small, the calculation 
of equilibrium amounts is greatly simplified.
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Approximating equilibration
When 𝐾 ≪ 1, the equilibrium amounts will be mostly reactants. This means a 
good starting point is to adjust the initial amounts so that the amount of 
limiting product is 0. 

The reason this is a good starting point is that the small amount of product that 
must form to achieve equilibrium will change the amount of reactants 
negligibly.
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Approximating equilibration
A 𝑔 ⇋ B 𝑔 ൅ Cሺ𝑔ሻ 𝐾 ൌ 1 ൈ 10ି଺ 
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Aሺ𝑔ሻ/atm Bሺ𝑔ሻ/atm Cሺ𝑔ሻ/atm

Initial 3 2 1

Revised Initial

Change

Equilibrium

Approximating equilibration
A 𝑔 ⇋ B 𝑔 ൅ Cሺ𝑔ሻ 𝐾 ൌ 1 ൈ 10ି଺ 
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Approximating equilibration
A 𝑔 ⇋ B 𝑔 ൅ Cሺ𝑔ሻ 𝐾 ൌ 1 ൈ 10ି଺ 
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Approximating equilibration
A 𝑔 ⇋ B 𝑔 ൅ Cሺ𝑔ሻ 𝐾 ൌ 1 ൈ 10ି଺ 
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Aሺ𝑔ሻ/atm Bሺ𝑔ሻ/atm Cሺ𝑔ሻ/atm

Initial 3 2 1

Revised Initial 4 1 0
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Equilibrium 4 െ 𝑥 ൎ 4 1 ൅ 𝑥 ൎ 1 𝑥
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Approximating equilibration
A 𝑔 ⇋ B 𝑔 ൅ Cሺ𝑔ሻ 𝐾 ൌ 1 ൈ 10ି଺ 

𝐾 ൌ ଵ ൈ ௫
ସ 
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Aሺ𝑔ሻ/atm Bሺ𝑔ሻ/atm Cሺ𝑔ሻ/atm

Initial 3 2 1
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Change െ𝑥 ൅𝑥 ൅𝑥
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Approximating equilibration
A 𝑔 ⇋ B 𝑔 ൅ Cሺ𝑔ሻ 𝐾 ൌ 1 ൈ 10ି଺

𝐾 ൌ ଵ ൈ ௫
ସ 

→ 𝑥 ൌ ସൈଵൈଵ଴షల 
ଵ 

ൌ 4 ൈ 10ି଺ 
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Aሺ𝑔ሻ/atm Bሺ𝑔ሻ/atm Cሺ𝑔ሻ/atm

Initial 3 2 1

Revised Initial 4 1 0

Change െ𝑥 ൅𝑥 ൅𝑥

Equilibrium 4 െ 𝑥 ൎ 4 1 ൅ 𝑥 ൎ 1 𝑥

Approximating equilibration
When 𝐾 ≫ 1, the equilibrium amounts will be mostly products. This means a 
good starting point is to adjust the initial amounts so that the amount of 
limiting reactant is 0. 

The reason this is a good starting point is that the small amount of reactant that 
must be present to achieve equilibrium will change the amount of products 
negligibly.
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ሾTPሿ At 25℃, the equilibrium constant of 2 A 𝑔 ⇌ 3 Bሺ𝑔ሻ 1.5 ൈ 10ଵଵ. Amounts 
4.0 atm A and 2.0 atm B are combined in sealed, rigid container. The amount of 
A at equilibrium will be …

1. ≪ 2 atm
2. ൎ 2 atm
3. ൎ 4 atm
4. ൎ 8 atm
5. ≫ 8 atm
6. Some other amount
7. Not sure
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Approximating equilibration
2 A 𝑔 ⇋ 3 B 𝑔  𝐾 ൌ 1.5 ൈ 10ଵଵ
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Aሺ𝑔ሻ/atm Bሺ𝑔ሻ/atm

Initial 4.0 2.0

Revised Initial

Change

Equilibrium

Approximating equilibration
2 A 𝑔 ⇋ 3 B 𝑔  𝐾 ൌ 1.5 ൈ 10ଵଵ
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Aሺ𝑔ሻ/atm Bሺ𝑔ሻ/atm
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Approximating equilibration
2 A 𝑔 ⇋ 3 B 𝑔  𝐾 ൌ 1.5 ൈ 10ଵଵ
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Aሺ𝑔ሻ/atm Bሺ𝑔ሻ/atm

Initial 4.0 2.0

Revised Initial 0 8.0
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Approximating equilibration
2 A 𝑔 ⇋ 3 B 𝑔  𝐾 ൌ 1.5 ൈ 10ଵଵ
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Aሺ𝑔ሻ/atm Bሺ𝑔ሻ/atm

Initial 4.0 2.0

Revised Initial 0 8.0

Change ൅2𝑥 െ3𝑥
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Approximating equilibration
2 A 𝑔 ⇋ 3 B 𝑔  𝐾 ൌ 1.5 ൈ 10ଵଵ

𝐾 ൎ ଼.଴య

ଶ௫ మ → 𝑥 ൌ ଼.଴య

ସൈଵ.ହ ଵ଴భభ
ൌ 0.000029
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Aሺ𝑔ሻ/atm Bሺ𝑔ሻ/atm

Initial 4.0 2.0

Revised Initial 0 8.0

Change ൅2𝑥 െ3𝑥

Equilibrium 2𝑥 8.0 െ 3𝑥 ൎ 8.0

Practice: Problem 14.25
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Practice: Problem 14.33
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Practice: Problem 14.41
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Disturbing equilibrium
Essential idea: A system at equilibrium responds to a disturbance by partially 
offsetting the disturbance.
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Practice: Problem 14.52
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Q versus K is the key to spontaneity
If 𝑄 ൏ 𝐾, product must form to get to equilibrium, 

so spontaneous

If 𝑄 ൐ 𝐾, reactants must form to get to equilibrium, 
so nonspontaneous

This means Δ𝐺 is proportional to lnሺ𝑄/𝐾ሻ.

The constant of proportionality turns out to be 𝑅𝑇:

∆𝐺 ൌ 𝑅𝑇 ln 𝑄/𝐾 ൌ ∆𝐻 െ 𝑇∆𝑆

Copyright © 2021 Dan Dill dan@bu.eduLecture 14 CH131 Summer 1 2021

37

∆𝐺 ൌ 𝑅𝑇 ln 𝑄/𝐾 ൌ ∆𝐻 െ 𝑇∆𝑆

What is the expression for ∆𝐺° in terms of 𝑄 and 𝐾?

∆𝐺° ൌ 𝑅𝑇 ln 1/𝐾 ൌ ∆𝐻° െ 𝑇∆𝑆°

Example: 14.13

Effect of T on K
Lecture 14 CH131 Summer 1 2021
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Effect of T on K
∆𝐺° ൌ 𝑅𝑇 ln 1/𝐾 ൌ ∆𝐻° െ 𝑇∆𝑆°

For values of 𝑇 near 298 K, ∆𝐻° and ∆𝑆° are nearly constant.

This means the graph of lnሺ𝐾ሻ versus 1/𝑇 is nearly a straight line,

with slope 𝑚 ൌ െ∆𝐻°/𝑅

and intercept 𝑏 ൌ ∆𝑆°/𝑅 at 1/𝑇 ൌ 0 ሺ𝑇 ൌ ∞ሻ 
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ሾTPሿ The plot shows how lnሺ𝐾ሻ vs 1/𝑇 for A ⇌ B. The standard enthalpy change 
of reaction, ∆୰𝐻°,  is …

1. ൏ 0
2. ൌ 0
3. ൐ 0
4. More information is required
5. Not sure
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ሾTPሿ The plot shows how lnሺ𝐾ሻ vs 1/𝑇 for A ⇌ B. The standard entropy change 
of reaction, ∆୰𝑆°,  is …

1. ൏ 0
2. ൌ 0
3. ൐ 0
4. More information is required
5. Not sure

Copyright © 2021 Dan Dill dan@bu.eduLecture 14 CH131 Summer 1 2021

42

ሾTPሿ The reaction N2ሺ𝑔ሻ ൅ 2 H2ሺ𝑔ሻ ⇌ 2 N2H4ሺ𝑙ሻ is endothermic. What 
temperature range will result in the greatest amount of products? Hint: Sketch 
lnሺ𝐾ሻ vs 1/𝑇.

1. Very low 𝑇
2. Very high T
3. The amount will be the same at all 𝑇
4. More information needed
5. Not sure

Copyright © 2021 Dan Dill dan@bu.eduLecture 14 CH131 Summer 1 2021

43

39 41

42 43



Lecture 14 CH131 Summer 1 2021 6/22/2021 12:11 PM

Copyright © 2021 Dan Dill dan@bu.edu 8

Practice: Problem 14.61
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