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CHEMISTRY 17 
Lecture Problem Set 2 

 
 
A. Acid-Base Equilibria 
 

1. According to the Bronsted-Lowry theory, label each of the following as an acid or base: 
a. Mg(OH)2   c. HNO3    e. H2CO3 
b. CH4    d. HAsO2   f. NH4

+ 

 
2. For each of the following reactions, identify the Bronsted-Lowry acids and bases and the 

conjugate acid-base pairs: 
a. HSO4

–  +  OH–    H2O  +  SO4
2– 

b. CO3
2–  +  H2O    HCO3

–  +  OH– 
c. NH4

+  +  NH2
–    2NH3 

d. HN3  +  H2O    H3O
+  +  N3

– 

 

3. Write the chemical reaction for the ionization of the following acids/bases and the ionization 
constant expression for each. 
a. HBrO    c. NH2NH2   e. C6H5NH2 

b. HF    d. HCOOH 
 

4. Give the conjugate base of each of the following acids and rank the conjugate bases in order 
of increasing basicity. 

Acids Ka 

  
CH3COOH 1.8 x 10–5 

H2CO3 4.5 x 10–7 
HClO 3.0 x 10–8 
HF 6.8 x 10–4 

HC7H6O2 6.5 x 10–5 
 

5. Calculate the concentrations of [H3O
+] and [OH−] in each of the following: 

a. 1.25 M HCl   c. 0.25 M NaOH 

b. 0.035 M Ca(OH)2  d. 0.50 M HNO3 
 

6. Acetylsalicylic acid, better known as aspirin, is a weak monoprotic acid. A chemist mixes 

0.1000 mole of aspirin in 1.00 L of water. When the solution reaches equilibrium, the 
concentration of H3O

+ is found to be 0.0057 M. Calculate the Ka for aspirin. 
 

7. At 37 oC, which is the normal body temperature, Kw = 2.4 x 10–14. Calculate the [H3O
+] and 

[OH–] in a neutral solution at this temperature. 
 

8. After some acid is added to a neutral solution, [H3O
+] increases by a factor of 1000. What is 

the pH of the new solution? 
 
9. A 0.513 M solution of a weak base has a pH of 11.4. What is the Kb of the base? 

 
10. Pure water is added to 25.0 mL of a 1.00 M HCl solution. The new solution has a volume of 

2.00 L. What is the pH of the new solution? 

 
11. Calculate the pH, concentration of all species present, and percent dissociation in a 0.050 M 

HCN solution (Ka = 4.9 x 10–10). 
 

12. Calculate the pH, concentration of all species present, and percent dissociation in a 0.020 M 
H2CO3 (Ka1 = 4.3 x 10–7; Ka2 = 5.6 x 10–11). 
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13. Codeine (C18H21NO3), a drug used in painkillers and cough medicines, is a naturally occurring 
amine that has a Kb = 1.6 x 10–6. Calculate the pH and concentration of all species present in 

a 0.0012 M solution of codeine. 
 
14. Strychnine (C21H22N2O2), is a deadly poison used for killing rodents, is a weak base having a 

Kb  = 1.8 x 10–6. Calculate the pH of a saturated solution of strychnine (16 mg/100 mL). 

 
15. A 1.00 x 10–3 M solution of quinine, a drug used in treating malaria, has a pH of 9.75. What is 

the value of Kb for quinine. 

 
B. Acid-Base Properties of Salts 

 

1. Predict whether the following solutions will be acidic, basic, or nearly neutral: 
a. NH4I  c. NaNO2  e. FeCl3   g. NH4F 
b. KF  d. CaCl2  f. MgSO4  h. RbI 

 

2. Write a balanced net ionic equation for the reaction of each of the following ions in water. In 
each case, identify the Bronsted-Lowry acids and bases and the conjugate acid-base pairs. 
a. CH3NH3

+  b. Cr(H2O)6
3+  c. CH3CO2

–  d. PO4
3– 

 
3. Determine the (a) Kb value for NO2

−; (b) the Ka value for C5H5NH+ (pyridinium ion). 
 

4. In a certain experiment, a student finds that the pHs of 0.10 M solutions of three potassium 
salts KX, KY, and KZ are 7.0, 9.0, and 11.0, respectively. Arrange the acids HX, HY, and HZ in 
order of increasing acid strength. 
 

5. Calculate the pH of a 0.025 M aqueous solution of sodium propionate, NaC3H5O2. What is the 
concentration of propionic acid in the solution? (Ka of propionic acid = 1.3 x 10−5) 

 

6. Calculate the pH of a 0.10 M solution of AlCl3. The Ka for Al(H2O)6
3+ is 1.4 x 10–5. 

 
7. Calculate the pH, percent dissociation, and concentration of all species present in 0.10 M 

solutions of the following substances: 
a. Ethylammonium nitrate, (C2H5NH3)NO3 
b. Sodium acetate, NaCH3COO 
c. Sodium nitrate, NaNO3 

 
C. Buffers 
 

1. Which of the following solutions can be classified as buffer systems? 
a. NaClO4/HClO4 b. C5H5N/C5H5NHCl c. KH2PO4/H3PO4 d. KCl/HCl 

 

2. Calculate the pH of the buffer system made up of 0.15 M NH3/0.35 M NH4Cl. What is the pH of 
the buffer after the addition of 10.00 mL of 0.10 M HCl to 65.0 mL of the buffer. 

 
3. Calculate the pH of a buffer prepared by adding 30.0 mL of 0.15 M HC2H3O2 to 70.0 mL of 

0.20 M NaC2H3O2. 
 

4. The pH of bicarbonate-carbonic acid buffer is 8.00. Calculate the ratio of the concentration of 

carbonic acid (H2CO3) to that of the bicarbonate ion (HCO3
–). 

 
5. A buffer is prepared by mixing 525 mL of 0.25 M formic acid, HCOOH, and 475 mL of 0.50 M 

sodium formate, NaHCOO. Determine the pH of the buffer. What would be the pH of 85 mL of 
the buffer to which 8.5 mL of 0.15 M hydrochloric acid has been added. 
 

6. Calculate the pH of 1.00 L of the buffer 1.00 M CH3COONa/1.00 M CH3COOH before and after 

the addition of (a) 0.080 mol NaOH, (b) 0.12 mol HCl. (Assume that there is no change in 

volume) 
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7. How many moles of sodium acetate must be added to 2.0 L of 0.10 M acetic acid to give a 
solution that has a pH equal to 5.00? Ignore the volume change due to the addition of sodium 

acetate. 
 

D. Solubility Equilibria 
 

1. Write the solubility product constant expression of the following salts: 
a. AgCl   f. Ca3(PO4)2 
b. BaSO4  g. ZnC2O4  

c. Ag2CO3  h. Ag2CrO4 
d. PbF2   i. Mn3(PO4)2 
e. Al(OH)3  j. Hg2Cl2 

 
2. Arrange the following salts in order of increasing solubility: 

 
Salt Ksp 

CaF2 4.0 x 10–11 
Fe(OH)2 1.6 x 10–14 
Ag2S 6.0 x 10–51 

BaCO3 8.1 x 10–9 
CuI 5.1 x 10–12 
AgI 8.3 x 10–17 

SnS 1.0 x 10–26 
 

3. Calculate the Ksp value for bismuth sulfide (Bi2S3) which has a solubility of 1.0 x 10–15 mol/L at 
25 oC. 

 
4. The solubility of silver bromate, AgBrO3, in water is 0.0072 g/L. Calculate the Ksp. 

 

5. The Ksp value for copper (II) iodate is 1.4 x 10–7 at 25 oC. Calculate the solubility at 25 oC. 
 
6. The molar solubility of MnCO3 is 4.2 x 10–6 M. What is the Ksp for this compound? 

 
7. A solution saturated in calcium hydroxide (limewater) has a pH of 12.35. What is the Ksp for 

calcium hydroxide? 
 

8. The Ksp for lead iodide (PbI2) is 1.4 x 10–8. Calculate the solubility of lead iodide in each of the 
following: 
a. water 

b. 0.10 M Pb(NO3)2 
c. 0.010 M NaI 

 

9. Calculate the molar solubility of BaSO4 in 
a. water. 
b. a solution containing 1.0 M SO4

2– ions. 
 

10. A 50.00 mL sample of 0.00200 M AgNO3 is added to 50.0 mL of 0.0100 M NaIO3. What is the 
equilibrium concentration of Ag+ in solution? Ksp for AgIO3 is 3.0 x 10–8. 

 

11. A solution contains 1.0 x 10–4 M Cu+ and 2.0 x 10–2 M Pb2+. If a source of I– is added to this 
solution gradually, will PbI2 (Ksp = 1.4 x 10–8) or CuI (Ksp = 5.3 x 10–12) precipitate first? 
Specify the concentration of I– necessary to begin precipitation of each salt. 

 
12. Solid NaI is slowly added to a solution that is 0.010 M in Cu+ and 0.010 M Ag+. 

a. Which compound will begin to precipitate first? 
b. Calculate the Ag+ concentration when CuI first begins to precipitate. 

c. What percent of Ag+ remains in solution at this point? 
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13. Write the net ionic equation in which the slightly soluble salt magnesium oxalate, MgC2O4, 
dissolves in dilute hydrochloric acid. 

 
14. Which salt would you expect to dissolve readily in acidic solution, calcium phosphate, 

Ca3(PO4)2, or calcium sulfate, CaSO4? 
 

15. Describe how you would separate the following mixture of metal ions: Cd2+, Pb2+, and Sr2+. 
 

16. Describe how you could separate the following mixture of metal ions: Na+, Hg2+, and Ca2+. 


