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ሾTPሿ For the reaction 2 A ൅ B  2 C, at a certain time the value of its reaction 
quotient is 𝑄 ൌ 7. This means the value of the equilibrium constant for the 
reaction is …

1. ൏ 7
2. 7
3. ൐ 7
4. Further information needed
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Lecture 21 CH131 Fall 2020
Tuesday, December 18, 2020

• Predicting direction of change
• Calculate equilibration using an ICE table
• Equilibrium calculation examples
• Effect of temperature on equilibrium: ∆𝐺 ൌ 𝑅𝑇 ln 𝑄/𝐾 ൌ ∆𝐻 െ 𝑇∆𝑆

Final lecture: Complete: Effect of temperature on equilibrium; Course 
evaluation; Ch15: Acid-base equilibria

Predicting direction of change
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ሾTPሿ For the reaction 2 A ൅ B  2 C, at a certain time the value of its reaction 
quotient is 𝑄 ൌ 7. This means the value of the equilibrium constant for the 
reaction is …

1. ൏ 7
2. 7
3. ൐ 7
4. Further information needed
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ሾTPሿ The value of the equilibrium constant for the gas-phase reaction 
2 A ൅ B  C is 𝐾 ൌ 10. 

At a certain time, the partial pressures are A, B and C are, respectively, 1 bar, 1 
bar and 2 bar. The value of the reaction quotient is 𝑄 ൌ …

1. 2
2. 10
3. Further information needed
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ሾTPሿ The value of the equilibrium constant for the gas-phase reaction 
2 A ൅ B  C is 𝐾 ൌ 10. 

At a certain time, the partial pressures are A, B and C are, respectively, 0.2 bar, 
1 bar and 4 bar. The value of the reaction quotient is 𝑄 ൌ …

1. 0.04
2. 4
3. 10
4. 100
5. None of the these
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ሾTPሿ The value of the equilibrium constant for the gas-phase reaction 
2 A ൅ B  C is 𝐾 ൌ 10. 

At a certain time, the partial pressures are A, B and C are such that the  value of 
the reaction quotient is 𝑄 ൌ 100. As time passes, the value of  𝑄 will …

1. increase
2. stay the same
3. decrease
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ሾTPሿ The value of the equilibrium constant for the gas-phase reaction 
2 A ൅ B  C is 𝐾 ൌ 10. 

At a certain time, the partial pressures are A, B and C are such that the  value of 
the reaction quotient is 𝑄 ൌ 6. As time passes, the value of Q will …

1. increase
2. stay the same
3. decrease
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Calculate equilibration using an ICE table
When the equilibrium constant is neither very big or very small, the calculation 
of equilibrium amounts must be done exactly.

Lecture 21 CH131 Fall 2020

15

Copyright © 2020 Dan Dill dan@bu.edu

Calculate equilibration using an ICE table
A 𝑔 ⇋ B 𝑔 ൅ Cሺ𝑔ሻ 𝐾 ൌ 5. 0
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Aሺ𝑔ሻ/M Bሺ𝑔ሻ/M Cሺ𝑔ሻ/M

Initial 3.0 2.0 1.0

Change

Equilibrium

Calculate equilibration using an ICE table
A 𝑔 ⇋ B 𝑔 ൅ Cሺ𝑔ሻ 𝐾 ൌ 5.0, 𝑄 ൌ 0.67, too little product
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Aሺ𝑔ሻ/M Bሺ𝑔ሻ/M Cሺ𝑔ሻ/M

Initial 3.0 2.0 1.0

Change െ𝑥 ൅𝑥 ൅𝑥

Equilibrium

Calculate equilibration using an ICE table
A 𝑔 ⇋ B 𝑔 ൅ Cሺ𝑔ሻ 𝐾 ൌ 5. 0 M, 𝑄 ൌ 𝐾, equilibrium

𝐾 ൌ ୆ େ
୅

ൌ ሺଶ.଴ା௫ሻሺଵ.଴ା௫ሻ 
ሺଷ.଴ି௫ሻ
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Aሺ𝑔ሻ/M Bሺ𝑔ሻ/M Cሺ𝑔ሻ/M

Initial 3.0 2.0 1.0

Change െ𝑥 ൅𝑥 ൅𝑥

Equilibrium 3.0 െ 𝑥 2.0 ൅ 𝑥 1.0 ൅ 𝑥

15 16

17 18



Lecture 21 CH131 Fall 2020 12/8/2020 9:32 AM

Copyright © 2020 Dan Dill dan@bu.edu 4

Calculate equilibration using an ICE table
A 𝑔 ⇋ B 𝑔 ൅ Cሺ𝑔ሻ 𝐾 ൌ 5. 0, 𝑄 ൌ 𝐾, equilibrium

𝐾 ൌ ୆ େ
୅

ൌ ሺଶ.଴ା௫ሻሺଵ.଴ା௫ሻ 
ሺଷ.଴ି௫ሻ

→ 𝑥 ൌ 1.4
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Aሺ𝑔ሻ/M Bሺ𝑔ሻ/M Cሺ𝑔ሻ/M

Initial 3.0 2.0 1.0

Change െ𝑥 ൅𝑥 ൅𝑥

Equilibrium 1.6 3.4 2.4

Practice: Problem 14.25
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Practice: Problem 14.33
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Practice: Problem 14.41
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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
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∆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
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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 free energy 
change of reaction, ∆୰𝐺, at room temperature is …

1. ൏ 0
2. ൌ 0
3. ൐ 0
4. More information is required
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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
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