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ሾTPሿ The expression for the equilibrium constant for the solubility equilibrium 
M2Xሺ𝑠ሻ ⇌ 2 M൅ሺ𝑎𝑞ሻ ൅ X2െሺ𝑎𝑞ሻ is …

1. 𝐾ୱ୮ ൌ ሾ2 M൅ሿ ሾX2െሿ / ሾM2Xሿ
2. 𝐾ୱ୮ ൌ ሾ2 M൅ሿ2 ሾX2െሿ / ሾM2Xሿ
3. 𝐾ୱ୮ ൌ ሾ2 M൅ሿ2 ሾX2െሿ
4. 𝐾ୱ୮ ൌ ሾM൅ሿ2 ሾX2െሿ
5. Not sure
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Lecture 15 CH131 Summer 1 2021
Wednesday, June 23, 2021

Chapter 16: Solubility equilibria
• Solubility equilibria
• Practice with solubility equilibria 
Begin chapter 15: Acid-base equilibria
• The pH of water

Next lecture: Complete ch15; Begin ch17: Electrochemistry.

Solubility equilibria
MX2ሺ𝑠ሻ ⇌ M2൅ሺ𝑎𝑞ሻ ൅ 2 Xെሺ𝑎𝑞ሻ, 𝐾 ൌ 𝐾ୱ୮

What is 𝐾ୱ୮?
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Solubility equilibria
MX2ሺ𝑠ሻ ⇌ M2൅ሺ𝑎𝑞ሻ ൅ 2 Xെሺ𝑎𝑞ሻ, 𝐾 ൌ 𝐾sp

Five kinds of problems
1. From 𝐾ୱ୮  get solubility

2. From solubility  get 𝐾ୱ୮

3. Solubility in presence of common ion

4. Will precipitation occur?

5. What remains after precipitation?
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1. From Ksp  get solubility
What is the molar solubility of CaF2? 𝐾ୱ୮ ൌ 3.9 ൈ 10‒11

CaF2ሺ𝑠ሻ ⇌ Ca2൅ሺ𝑎𝑞ሻ ൅ 2 Fെሺ𝑎𝑞ሻ
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1. From Ksp  get solubility
What is the molar solubility of CaF2? 𝐾ୱ୮/Mଷ ൌ 3.9 ൈ 10‒11

CaF2ሺ𝑠ሻ ⇌ Ca2൅ሺ𝑎𝑞ሻ ൅ 2 Fെሺ𝑎𝑞ሻ
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial excess 0 0
Change

Equilibrium

1. From Ksp  get solubility
What is the molar solubility of CaF2? 𝐾ୱ୮ ൌ 3.9 ൈ 10‒11

CaF2ሺ𝑠ሻ ⇌ Ca2൅ሺ𝑎𝑞ሻ ൅ 2 Fെሺ𝑎𝑞ሻ

Lecture 15 CH131 Summer 1 2021

13

Copyright © 2021 Dan Dill dan@bu.edu

ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial excess 0 0
Change െ𝑥 ൅𝑥 ൅2𝑥

Equilibrium excess 𝑥 2 𝑥

1. From Ksp  get solubility
What is the molar solubility of CaF2? 𝐾ୱ୮ ൌ 3.9 ൈ 10‒11

CaF2ሺ𝑠ሻ ⇌ Ca2൅ሺ𝑎𝑞ሻ ൅ 2 Fെሺ𝑎𝑞ሻ

𝐾ୱ୮ ൌ ሾA2൅ሿሾXെሿ2 ൌ ሺ𝑥ሻሺ2𝑥ሻ2 ൌ 4 𝑥3
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial excess 0 0
Change െ𝑥 ൅𝑥 ൅2𝑥

Equilibrium excess 𝑥 2 𝑥
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1. From Ksp  get solubility
What is the molar solubility of CaF2? 𝐾ୱ୮ ൌ 3.9 ൈ 10‒11

CaF2ሺ𝑠ሻ ⇌ Ca2൅ሺ𝑎𝑞ሻ ൅ 2 Fെሺ𝑎𝑞ሻ

𝐾ୱ୮ ൌ ሾA2൅ሿሾXെሿ2 ൌ ሺ𝑥ሻሺ2𝑥ሻ2 ൌ 4 𝑥3

Answer: 0.00021 mol/L
Check: 0.00021 ൈ ሺ2 ൈ 0.00021ሻ2 ൌ 3.9 ൈ 10ିଵଵ ൌ 𝐾ୱ୮
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial excess 0 0
Change െ𝑥 ൅𝑥 ൅2𝑥

Equilibrium excess 𝑥 2 𝑥

2. From solubility  get Ksp
The solubility of magnesium phosphate is 0.000259 g/100 g of water at 20 ℃. 
Calculate its 𝐾ୱ୮ at this temperature.

Mg3ሺPO4ሻ2ሺ𝑠ሻ ⇌ 3 Mg2൅ሺ𝑎𝑞ሻ ൅ 2 POସ
ଷିሺaqሻ
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2. From solubility  get Ksp
The solubility of magnesium phosphate is 0.000259 g/100 g of water at 20 ℃. 
Calculate its 𝐾ୱ୮ at this temperature.

Mg3ሺPO4ሻ2 ሺ𝑠ሻ ⇌ 3 Mg2൅ሺ𝑎𝑞ሻ ൅ 2 PO4
3െሺ𝑎𝑞ሻ
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ሾAଷXଶሿ ሾA2൅ሿ ሾXଷିሿ

Initial excess 0 0
Change

Equilibrium

2. From solubility  get Ksp
The solubility of magnesium phosphate is 0.000259 g/100 g of water at 20 ℃. 
Calculate its 𝐾ୱ୮ at this temperature.

Mg3ሺPO4ሻ2 ሺ𝑠ሻ ⇌ 3 Mg2൅ሺ𝑎𝑞ሻ ൅ 2 PO4
3െሺ𝑎𝑞ሻ

0.000259 g/100 g  mol/L ൌ 𝑥
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ሾAଷXଶሿ ሾA2൅ሿ ሾXଷିሿ

Initial excess 0 0
Change െ𝑥 ൅3𝑥 ൅2𝑥

Equilibrium excess 3 𝑥 2 𝑥

15 16

17 18
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2. From solubility  get Ksp
The solubility of magnesium phosphate is 0.000259 g/100 g of water at 20 ℃. 
Calculate its 𝐾ୱ୮ at this temperature.

Mg3ሺPO4ሻ2 ሺ𝑠ሻ ⇌ 3 Mg2൅ሺ𝑎𝑞ሻ ൅ 2 PO4
3െሺ𝑎𝑞ሻ

𝐾ୱ୮ ൌ ሾA2൅ሿ3ሾX3െሿ2 ൌ ሺ3 𝑥ሻ3ሺ2 𝑥ሻ2 ൌ 108 𝑥5

Answer: 1.00 ൈ 10‒23
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ሾAଷXଶሿ ሾA2൅ሿ ሾXଷିሿ

Initial excess 0 0
Change െ𝑥 ൅3𝑥 ൅2𝑥

Equilibrium excess 3 𝑥 2 𝑥

3. Solubility in presence of common ion
The molar solubility of CaF2, 𝐾ୱ୮ ൌ 3.9 ൈ 10‒11, is 0.00021 mol/L.
Calculate the molar solubility in a solution of 0.015 M NaF.

CaF2ሺ𝑠ሻ ⇌ Ca2൅ሺ𝑎𝑞ሻ ൅ 2 Fെሺ𝑎𝑞ሻ
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3. Solubility in presence of common ion
The molar solubility of CaF2, 𝐾ୱ୮ ൌ 3.9 ൈ 10‒11, is 0.00021 mol/L.
Calculate the molar solubility in a solution of 0.015 M NaF.

CaF2ሺ𝑠ሻ ⇌ Ca2൅ሺ𝑎𝑞ሻ ൅ 2 Fെሺ𝑎𝑞ሻ
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial
Change

Equilibrium

3. Solubility in presence of common ion
The molar solubility of CaF2, 𝐾ୱ୮ ൌ 3.9 ൈ 10‒11, is 0.00021 mol/L.
Calculate the molar solubility in a solution of 0.015 M NaF.

CaF2ሺ𝑠ሻ ⇌ Ca2൅ሺ𝑎𝑞ሻ ൅ 2 Fെሺ𝑎𝑞ሻ
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial excess 0 0.015 
Change

Equilibrium

19 20

21 22
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3. Solubility in presence of common ion
The molar solubility of CaF2, 𝐾ୱ୮ ൌ 3.9 ൈ 10‒11, is 0.00021 mol/L.
Calculate the molar solubility in a solution of 0.015 M NaF.

CaF2ሺ𝑠ሻ ⇌ Ca2൅ሺ𝑎𝑞ሻ ൅ 2 Fെሺ𝑎𝑞ሻ

𝐾ୱ୮ ൌ ሾA2൅ሿሾXെሿ2 ൌ ሺ𝑥ሻሺ0.015ሻ2 ൌ 𝑥 0.015 ଶ

Presence of common ion makes 𝑥 smaller
Answer: 1.7 ൈ 10‒7, 0.08 % of the value in pure water!
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial excess 0 0.015
Change െ𝑥 ൅𝑥 ൅2𝑥

Equilibrium excess 𝑥 0.015൅ 2 𝑥 ൎ 0.015

4. Will precipitation occur?
0.20 mmol of NaF and 10.0 mmol of CaሺNO3ሻ2 are combined in a total volume of 
1.00 L of water.  Will a precipitate form? 𝐾ୱ୮ ൌ 3.9 ൈ 10‒11.

CaF2ሺ𝑠ሻ ⇌ Ca2൅ሺ𝑎𝑞ሻ ൅ 2 Fെሺ𝑎𝑞ሻ
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial

4. Will precipitation occur?
0.20 mmol of NaF and 10.0 mmol of CaሺNO3ሻ2 are combined in a total volume of 
1.00 L of water.  Will a precipitate form? 𝐾ୱ୮ ൌ 3.9 ൈ 10‒11.

CaF2ሺ𝑠ሻ ⇌ Ca2൅ሺ𝑎𝑞ሻ ൅ 2 Fെሺ𝑎𝑞ሻ

Is ሾA2൅ሿሾXെሿ2 ൌ ሺ0.0100ሻሺ0.00020ሻ2ൌ 𝑄sp ൐ 𝐾sp?

If no, then no precipitation.
If yes, then a precipitate will form.

Answer: 𝑄sp ൌ 4 ൈ 10‒10 ൐ 𝐾sp , so CaF2ሺ𝑠ሻ will precipitate
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial 0 0.0100 0.00020

26

5. What remains after precipitation
When 0.20 mmol of NaF and 10.0 mmol of CaሺNO3ሻ2 are combined in 1.00 L of 
water, CaF2ሺ𝑠ሻ precipitates. How much Ca2൅ and Fെ remain in solution? 
𝐾ୱ୮ൌ 3.9 ൈ 10‒11.
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5. What remains after precipitation
When 0.20 mmol of NaF and 10.0 mmol of CaሺNO3ሻ2 are combined in 1.00 L of 
water, CaF2ሺ𝑠ሻ precipitates. How much Ca2൅ and Fെ remain in solution?
𝐾ୱ୮ ൌ 3.9 ൈ 10‒11.
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial mol
Revised M

Change
Equilibrium

28

5. What remains after precipitation
When 0.2 mmol of NaF and 10.0 mmol of CaሺNO3ሻ2 are combined in 1 L of water, 
CaF2ሺ𝑠ሻ precipitates. How much Ca2൅ and Fെ remain in solution? 
𝐾ୱ୮ൌ 3.9 ൈ 10‒11.
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial mol 0 0.0100 mol 0.00020 mol
Revised ሾ…ሿ

Change
Equilibrium

29

5. What remains after precipitation
When 0.20 mmol of NaF and 10.0 mmol of CaሺNO3ሻ2 are combined in 1.00 L of 
water, CaF2ሺ𝑠ሻ precipitates. How much Ca2൅ and Fെ remain in solution? 
𝐾ୱ୮ ൌ 3.9 ൈ 10‒11.
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial mol 0 0.0100 mol 0.00020 mol
Revised ሾ…ሿ 0.0001 mol 0.0099 mol/V 0

Change
Equilibrium

30

5. What remains after precipitation
When 0.20 mmol of NaF and 10.0 mmol of CaሺNO3ሻ2 are combined in 1.00 L of 
water, CaF2ሺ𝑠ሻ precipitates. How much Ca2൅ and Fെ remain in solution? 
𝐾ୱ୮ ൌ 3.9 ൈ 10‒11.
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial mol 0 0.0100 mol 0.00020 mol
Revised ሾ…ሿ 0.0001 mol 0.0099 mol/V 0/V

Change െ𝑦 ൅𝑦 ൅2𝑦
Equilibrium

27 28

29 30
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5. What remains after precipitation
When 0.20 mmol of NaF and 10.0 mmol of CaሺNO3ሻ2 are combined in 1.00 L of 
water, CaF2ሺ𝑠ሻ precipitates. How much Ca2൅ and Fെ remain in solution? 
𝐾ୱ୮ൌ 3.9 ൈ 10‒11.
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial mol 0 0.0100 mol 0.0002 mol
Revised ሾ…ሿ 0.0001 mol 0.0099 mol/V 0/V

Change െ𝑦 ൅𝑦 ൅2𝑦
Equilibrium ൎ 0.0001 mol ൎ 0.0099 mol/V 2𝑦

32

5. What remains after precipitation
When 0.20 mmol of NaF and 10.0 mmol of CaሺNO3ሻ2 are combined in 1.00 L of 
water, CaF2ሺ𝑠ሻ precipitates. How much Ca2൅ and Fെ remain in solution? 
𝐾ୱ୮ ൌ 3.9 ൈ 10‒11.
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ሾAX2ሿ ሾA2൅ሿ ሾXെሿ

Initial mol 0 0.0100 mol 0.0002 mol
Revised ሾ…ሿ 0.0001 mol 0.0099 mol/V 0/V

Change െ𝑦 ൅𝑦 ൅2𝑦
Equilibrium ൎ 0.0001 mol ൎ 0.0099 mol/V 2𝑦

𝐾ୱ୮ ൌ ሾA2൅ሿሾXെሿ2 ൎ ሺ0.0099ሻ ሺ2𝑦ሻ2

Answer:  ሾCa2൅ሿ ൌ 0.0099 M, ሾFെሿ ൌ 2𝑦 ൌ 0.000063 M
Check: Qsp ൌ ሺ0.0099ሻሺ0.000063ሻ2 ൌ 3.9 ൈ 10‒11ൌ Ksp

Practice with solubility equilibria 
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ሾTPሿ The expression for the equilibrium constant for the solubility equilibrium 
M2Xሺ𝑠ሻ ⇌ 2 M൅ሺ𝑎𝑞ሻ ൅ X2െሺ𝑎𝑞ሻ is …

1. 𝐾ୱ୮ ൌ ሾ2 M൅ሿ ሾX2െሿ / ሾM2Xሿ
2. 𝐾ୱ୮ ൌ ሾ2 M൅ሿ2 ሾX2െሿ / ሾM2Xሿ
3. 𝐾ୱ୮ ൌ ሾ2 M൅ሿ2 ሾX2െሿ
4. 𝐾ୱ୮ ൌ ሾM൅ሿ2 ሾX2െሿ
5. Not sure
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ሾTPሿ 𝐾ୱ୮ for M2Xሺ𝑠ሻ ⇌ 2 M൅ሺ𝑎𝑞ሻ ൅ X2െሺ𝑎𝑞ሻ is 8 ൈ 10െ11 Mଷ. Assume a 
maximum of 𝑦 moles of M2Xሺ𝑠ሻ can dissolve in one liter. What is true in terms 
of 𝑦?

1. 𝐾ୱ୮ൌ ሺ2 𝑦ሻ ሺ𝑦ሻ
2. 𝐾ୱ୮ ൌ ሺ2 𝑦ሻ2 ሺ𝑦ሻ
3. 𝐾ୱ୮ ൌ ሺ𝑦ሻ2 ሺ𝑦ሻ
4. None of the above
5. Not sure
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ሾTPሿ 𝐾sp for M2Xሺ𝑠ሻ ⇌ 2 M൅ሺ𝑎𝑞ሻ ൅ X2െሺ𝑎𝑞ሻ 8 ൈ 10െ11 Mଷ. Assume a maximum 
of y moles of M2Xሺ𝑠ሻ can dissolve in one liter. What is true in terms of 𝑦 if 
M൅ሺ𝑎𝑞ሻ is initially 0.1 M ሺthat is, M൅ is a common ionሻ?

1. 𝐾ୱ୮ൎ ሺ2 ൈ 0.1 Mሻ ሺ𝑦ሻ
2. 𝐾ୱ୮ൎ ሺ2 ൈ 0.1 Mሻ2 ሺ𝑦ሻ
3. 𝐾ୱ୮ൎ ሺ0.1 Mሻ2 ሺ𝑦ሻ
4. 𝐾ୱ୮ൎ ሺ0.1 Mሻ ሺ𝑦ሻ
5. None of the above
6. Not sure
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Chapter 15: Acid-base equilibria in aqueous solutions
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The pH of water
pH is defined as െlogሺ ሾHଷOାሿሻ.

The chemical equilibrium that accounts for the presence of HଷOା in water is

H2Oሺ𝑙ሻ ൅ H2Oሺ𝑙ሻ ⇌ H3O൅ሺ𝑎𝑞ሻ ൅ OHെሺ𝑎𝑞ሻ
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The pH of water
Pure water at 50℃ is measured to have a pH of 6.63.

This means that the value of the reaction quotient of the water autoionization 
at equilibrium at 50℃ is

𝑄e ൌ 𝐾w ൌ ሾH3O൅ሿ ሾOHെሿ ൌ ሺ10െ6.63 ሻ2 ൌ 5.48 ൈ 10െ14
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The pH of water
Pure water at 25℃ is measured to have a pH of 7.00.

This means that the value of the reaction quotient of the water autoionization 
at equilibrium at 25℃ is

𝑄e ൌ 𝐾w ൌ ሾH3O൅ሿ ሾOHെሿ ൌ ሺ10െ7.00 ሻ2 ൌ 1.00 ൈ 10െ14
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ሾTPሿ The pH of pure water is different at different temperatures. This means 
that as temperature changes …

1. the relative amounts of HଷOାሺ𝑎𝑞ሻ and OHିሺ𝑎𝑞ሻ in pure water 
change

2. the acidity of pure water changes
3. the value of the equilibrium constant changes
4. All the above
5. None of the above
6. Not sure
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