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Practice problems for Exam 2, Chem 1B  
 
Titrations 
1. Analyze the following curve for the titration of a formic acid with sodium hydroxide. Notice the highlighted 
regions (a-d). Label the regions on the graph. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Consider the titration of 25.0mL of 0.100M formic acid with 0.100 M NaOH (Ka = 1.8 x 10-4).  
 Part I. What is the pH before adding any base? 
a) 2.37  b) 3.44  c) 5.84  d) 11.58 
 Part II. What is the pH after adding 5.00mL of NaOH? 
a) 3.14  b) 4.44  c) 6.80  d) 12.33 
 Part III. What is the pH after adding 12.5mL of NaOH? 
a) 4.00  b) 3.74  c) 4.22  d) 6.54 
 Part IV. What is the pH after adding 25.0mL of NaOH? 
a)5.60  b) 8.23  c) 9.80  d)13.00 
 Part V. What is the pH after adding 40.0mL of NaOH? 
a) 12.36 b) 13.67 c) 14.00 d) 4.44 
 
3. Be able to do the calculations above for a weak base + strong acid problem. For example, what is the pH at 
the equivalence point for the titration of a 25.0mL sample of 0.175M CH3NH2 with 0.150M HBr  
(Kb = 4.4 x 10-4)? 
 
a) 5.63   b)8.23   c) 4.55   d) 7.66  e)5.87 
4. A 30.00 mL unknown weak monoprotic acid was titrated with 0.1234 M Ba(OH)2 solution. Calculate the 
molarity of the unknown acid. Use the graph below to answer the following question. 

 
a) 0.1028M   b) 0.05141M   
c) 0.1481M   d) 0.07404M  
e) 0.2057M 
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5. What is the pH of 75 mL of an 0.50 M CH3CO2H solution? (Ka of CH3CO2H = 1.8 ´ 

10-5) 
a) 2.52 b) 3.22 c) 8.90 d) 2.11 e) 10.12 

 
6. What is the pH of a solution that results when 75 mL of 0.50 M CH3CO2H is titrated with 25 mL of 0.50 M 

NaOH? (Ka of CH3CO2H = 1.8 ´ 10-5). Hint this forms a buffer!!! 
a) 4.44 b) 4.74 c) 5.05 d) 9.26 e) 13.10 
 

7. What is the pH of the solution that results when 150 mL of 0.50 M CH3CO2H(aq) is titrated with 150 mL of 
0.50 M NaOH(aq) at 25 ºC? (Ka of CH3CO2H = 1.8 ´ 10-5) 
a) 2.67 b) 4.74 c) 4.93 d) 8.26 e) 9.07 

 
8. A 25.0 mL solution containing 0.10 M CN- (pKb = 4.75) is titrated with a 0.10M HCl solution. Calculate the 

pH of the solution after adding 5.0mL of HCl. 
a) 3.23 b) 5.35 c) 10.00 d) 9.85 e) 7.59 

 
9. A 50.00 mL sample of vinegar is titrated with 0.584 M NaOH(aq). If the titration requires 32.80 mL of 

NaOH(aq), what is the concentration of acetic acid in the vinegar? 
a) 0.0100 M b) 0.0192 M c) 0.0292 M d) 0.383 M e) 0.890 M 

 
10. An impure sample of sodium carbonate, Na2CO3, is titrated with 0.123 M HCl according to the reaction 

below. 
2 HCl(aq)  +  Na2CO3(aq)  !  CO2(g)  +  H2O(l)  +  2 NaCl(aq) 

What is the percent of Na2CO3 in a 0.557 g sample if the titration requires 25.30 mL of HCl?  The molar 
mass of Na2CO3 is 106.0 g/mol. 
a) 0.559% b) 29.6% c) 55.9% d) 59.2% e) 118% 
 

Solubility and Precipitation 
 
11. Which of the following equations is the solubility product for lead(II) iodate? 

a) 
( )3 2

sp 2+ - 2
3

[Pb IO ]
 = 

[Pb ][IO ]
K  

b) 
( )

2+ - 2
3

sp
3 2

[Pb ][IO ] = 
[Pb IO ]

K  

c) 2+ -
sp 3 = [Pb ][IO ]K  

d) 2+ 2 -
sp 3 = [Pb ] [IO ]K  

e) 2+ - 2
sp 3 = [Pb ][IO ]K  

12. In which aqueous solution should AgBr have the highest solubility? 
a) 0.1M LiBr 
b) Pure water  
c) 0.2M AgNO3 
d) 0.3M KBr 
 

13. Salts containing basic anions have a greater solubility in water than predicted from calculations using Ksp 
values (ie CaCO3, PbF2, Ca3(PO4)2). Why? 

 
a) Basic anions react with water to form their conjugate acids 
b) These reactions increase the concentration of the basic anion.  

mL of base 
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c) Basic anions do not react at all 
d) None of the above 

 
14. The Ksp of PbCl2 is 1.7 ´ 10-5 at 25 °C. What is the concentration of Cl-(aq) in a saturated solution of 

PbCl2(aq)? 
a) 4.1 × 10-3 M b) 1.6 × 10-2 M c) 2.6 × 10-2 M d) 3.2 × 10-2 M e) 5.1 × 10-2 M 

 
15. What is the molar solubility of CaF2 in 0.010 M NaF(aq) at 25 °C? The value of Ksp for CaF2 is 5.3 × 10-11 at 

25 °C. 
a) 5.3 × 10-9 mol/L 
b) 5.3 × 10-7 mol/L 
c) 7.3 × 10-6 mol/L 
d) 7.2 × 10-4 mol/L 
e) 0.010 mol/L 

 
16. Cr(OH)3 is dissolved in pure water. What is the pH at equilibrium (The Ksp is 6.0 x10-24)? 

a) 5.31  b) 8.31         c) 9.01  d) 6.16         e) 2.11 
 
17. What is the molar solubility of Cr(OH)3 in a pH = 4.00 buffer. Assume the acid concentration does not 

change upon dissolution of the Cr(OH)3 (Ksp for Cr(OH)3 in pure water is 6.0x10-24)? 
 
a) 1.00 x 10-10  b) 6.0 x10-14         c) 6.0x 10-24 d) 2.0x 103        e) 6.0 x 106 

 
18. A flask contains the following chemical system at equilibrium. 

Ca(OH)2(s)  ↔    Ca2+(aq)  +  2 OH-(aq) 
Addition of which of the following substances will decrease the solubility of Ca(OH)2(s) in water? 

1. aqueous hydrochloric acid 
2. aqueous sodium hydroxide 
3. solid calcium hydroxide 

 
a) 1 only b) 2 only c) 3 only d) 1 and 3 e) 1, 2, and 3 

 
19. The concentration of Mg2+ in an aqueous solution is 1.5 ´ 10-3 M. What concentration of CO3

2- is required to 
begin precipitating MgCO3? The Ksp of MgCO3 is 6.8 ´ 10-6.  
a) 6.8 × 10-6 M b) 1.3 × 10-3 M c) 1.5 × 10-3 M d) 2.6 × 10-3 M e) 4.5 × 10-3 M 

 
20. A solution contains 0.020 M Ag+ and Pb2+. A solution containing CrO4

2- is added. Which precipitates first, 
Ag2CrO4 (s) or PbCrO4 (s)? (Ksp (Ag2CrO4) = 9.0x10-12 and Ksp (PbCrO4) = 1.8x10-14). Calculate the 
concentration of CrO4

2- to precipitate both solids.  
a) Ag2CrO4 (s) : CrO4

2- = 2.3x10-8M ; PbCrO4 (s) : CrO4
2- = 9.0x-13M 

b) Ag2CrO4 (s) : CrO4
2- = 1.3x10-7M ; PbCrO4 (s) : CrO4

2- = 2.0x-10M 
c) Ag2CrO4 (s) : CrO4

2- = 1.1x10-9M ; PbCrO4 (s) : CrO4
2- = 3.5x-11M 

d) Ag2CrO4 (s) : CrO4
2- = 4.7x10-2M ; PbCrO4 (s) : CrO4

2- = 8.8x-3M 
e) Ag2CrO4 (s) : CrO4

2- = 1.9x10-7M ; PbCrO4 (s) : CrO4
2- = 7.0x-10M 

 
21. Consider the reaction 

Zn2+(aq)  +  4 OH-(aq)  ↔ Zn(OH)4
2-(aq)  Kf = 2.9 ´ 1015 

If Ksp for Zn(OH)2 is 3.0 ´ 10-17, what is the value of the equilibrium constant, K, for the reaction below? 
Zn(OH)2(s)  +  2 OH-(aq)  ↔ Zn(OH)4

2-(aq) 
a) 1.0 × 10-32 b) 1.6 × 10-9 c) 8.7 ´ 10-2 d) 11 e) 9.7 × 1031 

 
Lewis Acids and Bases 
 
22.Identify from the following list of molecules and ions which two behave as Lewis bases: H2O, F-, BH3, Fe3+. 
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a) H2O an F- b) F- and BH3 c) BH3 and Fe3+ d) H2O and Fe3+ e) F- and Fe3+  
 

23. All of the following compounds are acids containing chlorine. Which compound is the weakest acid? 
a) HCl b) HClO c) HClO2 d) HClO3 e) HClO4 
 

24. Which binary compound is the strongest acid? 
a) HCl b) HI c) HBr d) HF e) H2O 

 
25. The chemical equations below show the reaction of Al(OH)3 as a Lewis acid and as a Lewis base, 

respectively. 
Al(OH)3(s)  +  OH-(aq)  ↔ Al(OH)4

-(aq) 
Al(OH)3(s)  +  3 H3O+(aq)  ↔ Al3+(aq)  +  3 H2O(l) 

 Substances that can behave as either Lewis acids or bases are called : 
a) amphoteric  
b) Bronsted Lowry acid-base pairs 
c) Conjugate acid-base pairs 
d) Adducts 
 

26. When a Lewis acid and a Lewis base combine, the product may be referred to as : 
a) anode b) Bronsted Acid c) Bronsted Base d) Adduct e) None of the above 

 
Thermodynamics 
∆Go =∆Ho-T∆So  ∆Go = -RTlnK   
R = 8.314 J/K·mol 
 
27. Which substance is likely to have the largest standard molar entropy at T = 25oC. 
a) CH4 (g) b) C2H6 (g)  c) C3H8 (g)  d) C4H10 (g) 
 
28. Which one of the following processes involves a decrease in entropy? 

a) the decomposition of NH3(g) to H2(g) and N2(g) 
b) the condensation of steam to liquid water 
c) the sublimation of CO2 from a solid to a gas 
d) the evaporation of ethanol 
e) the dissolution of NH4NO3(s) in water 

 
29. Calculate the standard entropy change for the combustion of propane at 25 °C. 

C3H8(g)  +  5 O2(g)  →  3 CO2(g)  +  4 H2O(g) 
Species S° (J/K·mol) 
C3H8(g) 270.3 
O2(g) 205.1 
CO2(g) 213.7 
H2O(g) 188.8 

 
a) -72.9 J/K b) +72.9 J/K c) +100.5 J/K d) +877.9 J/K e) +2692 J/K 

 
30. For the following reaction at 298.2 K, 

2 CO(g)  +  O2(g)  →  2 CO2(g) 
calculate ΔS°(universe) given ΔS°(system)  = -173.1 J/K and ΔH°(system) = -566.0 kJ. 
a) -2071.3 J/K b) -739.0 J/K c) -175.0 J/K d) -171.3 J/K e) +1725.0 J/K 

 
31. Diluting concentrated sulfuric acid with water can be dangerous. The temperature of the solution can 

increase rapidly. What are the signs of ΔrH, ΔrS, and ΔrG for this process? 
a) ΔrH < 0, ΔrS > 0, ΔrG < 0 
b) ΔrH < 0, ΔrS < 0, ΔrG < 0 
c) ΔrH < 0, ΔrS > 0, ΔrG > 0 
d) ΔrH > 0, ΔrS > 0, ΔrG < 0 
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e) ΔrH > 0, ΔrS < 0, ΔrG > 0 
 
32. At what temperatures will a reaction be spontaneous if ΔrH° = +45 kJ and ΔrS° = +312 J/K? 

a) All temperatures below 144 K. 
b) All temperatures above 144 K. 
c) Temperatures between 45 K and 312 K. 
d) The reaction will be spontaneous at any temperature. 
e) The reaction will never be spontaneous. 

 
33. Calculate ΔrG° for the reaction below at 25.0 °C. 

Fe3O4(s)  →  3 Fe(s)  +  2 O2(g) 
 

Species ΔfH° (kJ/mol-rxn) S° (J/K·mol-rxn) 
Fe3O4(s) -1118.4 146.4 
Fe(s) 0 27.8 
O2(g) 0 205.1 

 
a) -1221.9 kJ b) -1014.9 kJ c) -771.2 kJ d) +771.2 kJ e) +1014.9 kJ 

34.   For a chemical reaction, if ΔG° < 0, then ________. 
a) K =1 b) K = 0 c) K = -1 d) K < 0 e) K > 1 
 

35.  What is the equilibrium constant for reaction below at 25 °C? (R = 8.314 J/K·mol) 
MgCO3(s)  à  MgO(s)  +  CO2(g)  

given ΔfG° [MgCO3(s)] = -1028.2 kJ/mol, ΔfG° [MgO(s)] = -568.8 kJ/mol, and ΔfG° [CO2(g)] = -394.4 
kJ/mol. 
a) 4.0 × 10-12 b) 0.97 c) 1.0 d) 1.0 × 104 e) 2.5 × 1011 

 
36.  Use Hess's law to calculate ΔG°rxn using the following information. 
 ClO(g) + O3(g) → Cl(g) + 2 O2(g) ΔG°rxn = ? 
 
 2 O3(g)→  3 O2(g) ΔG°rxn = +489.6 kJ/mol 
 Cl(g) + O3(g) → ClO(g) + O2(g) ΔG°rxn = -34.5 kJ/mol 
 
A) -472.4 kJ/mol  B) -210.3 kJ/mol  C) +455.1 kJ/mol  D) +262.1 kJ/mol     E) +524.1 kJ/mol 
 
37. Which of the following reactions will have the largest equilibrium constant (K) at 298 K? 
A) CaCO3(s)   → CaO(s) + CO2(g)   ΔG° =+131.1 kJ 
B) 2 Hg(g) + O2(g) →  2 HgO(s)    ΔG° = -180.8 kJ 
C) 3 O2(g)  → 2 O3(g)   ΔG° = +326 kJ 
D) Fe2O3(s) + 3 CO(g) →  2 Fe(s) + 3 CO2(g)  ΔG° = -28.0 kJ 
E) I don’t know. 
 
38. Determine the equilibrium constant for the following reaction at 298 K. 
 
 SO3(g) + H2O(g) → H2SO4(l) ΔG° = -90.5 kJ 
 
A) 1.37 × 10-16 
B) 4.78 × 1011 
C) 9.11 × 10-8 
D) 7.31 × 1015 
E) 0.964 
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