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Practice Problems for Chem 1B Exam 1 
Chapter 14: Chemical Equilibrium 
1. Which of the following statements is/are CORRECT? 

1. For a chemical system, if the reaction quotient (Q) is greater than K, products must be converted to 
reactants to reach equilibrium. 

2. For a chemical system at equilibrium, the forward and reverse rates of reaction are equal. 
3. For a chemical system at equilibrium, the concentrations of products divided by the concentrations 

of reactants equals one. 
a) 1 only  b) 2 only c) 3 only  d) 1 and 2 e) 1, 2, and 3 
 

2. Write a balanced chemical equation which corresponds to the following equilibrium constant expression.  

2 2

3

1/2 3/ 2
N H

p
NH

 = 
P P

K
P

 

a) 1/2  N2(g)  +  3/2 H2(g)  ↔  NH3(g) 
b) N2(g)  +  3 H2(g)  ↔  2 NH3(g) 
c) 2 NH3(g)  ↔  N2(g)  +  3 H2(g) 
d) NH3(g)  ↔  1/2  N2(g)  +  3/2 H2(g) 
e) 2  N2(g)  +  6 H2(g)  ↔  4 NH3(g) 
 

3. A 5.0 L flask is filled with 0.25 mol SO3, 0.50 mol SO2, and 1.0 mol O2, and allowed to reach equilibrium (K = 
0.12). Predict the what will happen to the concentration of SO3 as equilibrium is achieved by using Q, the 
reaction quotient.  

2 SO3(g)  ↔  2 SO2(g)  +  O2(g) 
a) [SO3] will decrease because Q > K. 
b) [SO3] will decrease because Q < K. 
c) [SO3] will increase because Q < K. 
d) [SO3] will increase because Q > K. 
e) [SO3] will remain the same because Q = K. 

 
4. Excess PbBr2(s) is placed in water at 25°C. At equilibrium, the solution contains 0.012 M Pb2+(aq). What is 

the equilibrium constant for the reaction below? 
PbBr2(s)  ↔  Pb2+(aq)  +  2 Br-(aq) 

a) 4.3 × 10-7 b) 1.7 × 10-6 c) 6.9 × 10-6 d) 1.4 × 10-4 e) 2.9 × 10-4 
 

 
5. The equilibrium constant at 25 °C for the dissolution of silver iodide is 8.5 × 10-17. 

AgI(s)  ↔  Ag+(aq)  +  I-(aq) 
If an excess quantity of AgI(s) is added to water and allowed to equilibrate, what is the equilibrium 
concentration of I-? 
a) 7.2 × 10-33 M b) 4.3 × 10-17 M c) 8.5 × 10-17 M d) 6.5 × 10-9 M e) 9.2 × 10-9 M 

 
6. Carbonyl bromide decomposes to carbon monoxide and bromine. 

COBr2(g)  ↔  CO(g)  +  Br2(g) 
Kc is 0.19 at 73 °C. If an initial concentration of 0.63 M COBr2 is allowed to equilibrate, what is the 
equilibrium concentration of COBr2? 
a) 0.26 M b) 0.28 M c) 0.35 M d) 0.37 M e) 0.40 M 
 

7. For the following reaction, 
SO2(g)  +  1/2 O2(g)  ↔ SO3(g) 

the equilibrium constant, Kp, is 0.870 at 627 °C. What is the equilibrium constant, at 627 °C, for the reaction 
below? 

2 SO3(g)  ↔  2 SO2(g)  +  O2(g) 
a) -1.74 b) -.757 c) 1.32 d) 2.30 e) 5.28 
 

 
 
8. Assume that the following chemical reaction is at equilibrium.  
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2 ICl(g)  ↔  I2(g)  +  Cl2(g)  ΔH°  = +26.9 kJ 
At 25 °C, Kp = 2.0 × 105. If the temperature is decreased to 5 °C, which statement applies? 
a) Kp will decrease and the reaction will proceed in the backward direction. 
b) Kp will decrease and the reaction will proceed in the forward direction. 
c) Kp will remain unchanged and the reaction will proceed in the forward direction. 
d) Kp will remain unchanged and the reaction will proceed in the backward direction. 
e) Kp will increase and the reaction will proceed in the forward direction. 

 
9. In which of the following equilibrium systems will an increase in the pressure have no effect on the 

concentrations of products and reactants? 
a) H2(g)  +  F2(g)  ↔  2 HF(g) 
b) N2(g)  +  3 H2(g)  ↔NH3(g) 
c) CaCO3(s)  ↔ CaO(s)  +  CO2(g) 
d) 2 NOBr(g)  ↔ 2 NO(g)  +  Br2(g) 
e) 2 H2O(g)  +  O2(g)  ↔ 2 H2O2(g) 

 
10. If a stress is applied to an equilibrium system, the system will respond is such a way as to relieve that stress. 

This is a statement : 
 

a) Le Chatelier’s principle 
b) Law of conservation of Mass 
c) 2nd Law of Thermodynamics 
d) None of the above 

 
 
11. Consider the reaction below 
 
 2NOCl (g) ↔ 2NO (g) + Cl2 (g)     ∆rHo = + 77.1 kJ/mol-rxn 
 
 If the reaction at equilibrium experiences a decrease in temperature, how does [NOCl] change? 

a) No change 
b) NOCl decreases 
c) NOCl increases  
d) None of the above 

 
12. Isobutane and butane are initally at equilibrium in which [Isobutane]=0.20 M and [butane] = 0.50 M. The 

reaction is disturbed by the addition of 2.00 M isobutane. Calculate the equilibrium concentrations after 
equilibrium has been re-established. 

 
    Butane ↔ Isobutane 

a) [isobutane] = 0.57 M and [butane] = 1.98 M 
b) [isobutane] = 0.77 M and [butane] = 1.93 M 
c) [isobutane] = 1.07 M and [butane] = 2.93 M 
d) [isobutane] = 3.77 M and [butane] = 5.93 M 
 

 
 

13. An equilibrium mixture contains N2O4 (P = 0.28 atm) and NO2 (P = 1.1 atm) at 350K. The volume of the 
container is doubled at constant temperature. Calculate the equilibrium pressures of the two gases when the 
system reaches equilibrium. 

     N2O4  (g) ↔ 2NO2  (g) 
 a) PN2O4 = 0.095 atm ; PNO2 = 0.64 atm 
 b) PN2O4 = 0.195 atm ; PNO2 = 0.064 atm 

c) PN2O4 = 0.300 atm ; PNO2 = 0.98 atm 
d) PN2O4 = 0.050 atm ; PNO2 = 0.030 atm 

 
 
Chapter 15: Acid-Base Chemistry 
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14. Which of the following substances is never a Brønsted-Lowry acid in an aqueous solution? 
a) hydrogen fluoride, HF(g) 
b) sodium phosphate, Na3PO4(s) 
c) ammonium chloride, NH4Cl(s) 
d) hydrogen bromide, HBr(g) 
e) sodium bicarbonate, NaHCO3(s) 

 
15. Which equation depicts dihydrogen phosphate ion behaving as a Brønsted-Lowry base in water? 

a) H2PO4
-(aq)  +  H2O(l)  ↔  H3PO4(aq)  +  OH-(aq)  

b) H2PO4
-(aq)  +  OH-(aq)  ↔  HPO4

2-(aq)  +  H2O(l) 
c) H2PO4

-(aq)  +  H2O(l)  ↔  HPO4
2-(aq)  +  H3O+(aq) 

d) H2PO4
-(aq)  +  O2-(aq)  ↔  PO4

3-(aq)  +  H2O(l)   
e) H2PO4

-(aq)  +  H2O(l)  ↔  2 H2O(l)  +  PO3(s) 
 

16. What is the conjugate base of [Fe(H2O)6]3+(aq)? 
a) H3O+ 
b) [Fe(H2O)6]2+ 
c) [Fe(H2O)5H3O]4+ 
d) [Fe(H2O)5OH]2+ 
e) [Fe(H2O)5]3+ 
 

17. What is the OH- concentration of an aqueous solution with a pH of 4.45? (Kw = 1.0 × 10-14) 
a) 2.8 × 10-10 M b) 3.5 × 10-5 M c) 7.1 × 10-5 M d) 9.55 M e) 2.8 × 104 M 
 
 

18. At 20 °C, the water ionization constant, Kw, is 6.8 × 10-15. What is the H3O+ concentration in neutral water at 
this temperature? 
a) 4.6 × 10-29 M b) 3.4 × 10-15 M c) 6.8 × 10-15 M d) 8.2 × 10-8 M e) 1.0 × 10-7 M 
 

19. An unknown monoprotic weak acid is prepared by dissolving 0.055 mol in enough water to prepare a 1.0L 
solution. The pH of the solution was measured to be 2.72. Determine the Ka. 

 a) 1.9 x 10-3  b) 3.8 x 10-3       c) 6.8 x 10-5  d) 8.9 x 10-10       e) 1.2 x 10-13 

  
 

20. What is the OH- concentration in 0.48 M F-(aq) (Kb of F- = 1.4 × 10-11 at T = 25oC)? 
a) 6.7 × 10-12 M b) 1.4 × 10-11 M c) 3.9 × 10-9 M d) 1.7 × 10-6 M e) 2.6 × 10-6 M 
 

21. What is the pH of a 0.015 M NaClO soluton (Ka (HClO) = 3.5 x 10-8 at T = 25oC)? 
a) 9.82  b) 10.90 c) 11.89 d) 4.00  e) 2.20 
 

 
22. When 0.50 mole CH3CO2H is dissolved in water to a volume of 1.00 L, 0.60% of the CH3CO2H dissociates 

to form CH3CO2
-(aq). What is the equilibrium constant for the reaction? 

a) 1.8 × 10-5 b) 3.6 × 10-5 c) 3.0 × 10-3 d) 6.0 × 10-3 e) 0.45 
 

23. Given the following equilibrium constants, 
Ka (HSO4

-) = 1.2 × 10-2 
Kb (CH3CO2

-) = 5.6 × 10-10 
Kw = 1.00 × 10-14 

determine the equilibrium constant for the reaction below at 25 ºC. 
HSO4

-(aq)  +  CH3CO2
-(aq)  ↔  SO4

2-(aq)  +  CH3CO2H(aq) 
a) 6.7 × 10-12 b) 2.1 × 10-7 c) 1.5 × 10-3 d) 6.7 × 102 e) 2.1 × 107 
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24. Which of the following chemical equations corresponds to the acid ionization constant, Ka, for ammonium 
ion (NH4

+)? 
a) NH3(aq)  +  H3O+(aq)  ↔  NH4

+(aq)  +  H2O(l) 
b) NH4

+(aq)  +  H2O(l)  ↔  NH3(aq)  +  H3O+(aq) 
c) NH4

+(aq)  +  OH-(aq)  ↔  NH3(aq)  +  H2O(l)   
d) NH4

+(aq)  +  H3O+(aq)  ↔  NH5
+(aq)  +  H2O(l) 

e) NH3(aq)  +  H2O(l)  ↔  NH4
+(aq)  +  OH-(aq) 

 
25. Which of the following weak acids has the strongest conjugate base in an aqueous solution? 

a) acetic acid, Ka = 1.8 × 10-5 
b) hydrocyanic acid, Ka = 4.0 × 10-10 
c) hydrogen sulfite ion, Ka = 6.2 × 10-8 
d) nitrous acid, Ka = 4.5 × 10-4 
e) phosphoric acid, Ka = 7.5 × 10-3 

 
26. At 25 °C, all of the following ionic compounds produce a basic aqueous solution, except ________. 

a) KClO4 b) Na2CO3 c) NaNO2 d) KCN e) NaCH3CO2 
 

27. What is the net ionic equation for the reaction of calcium acetate and sodium carbonate? 
a) Ca2+(aq)  +  2 CH3CO2

-(aq)  →  Ca(CH3CO2)2(s) 
b) Na+(aq)  +  CH3CO2

-(aq)  →  NaCH3CO2(aq) 
c) Na+(aq)  +  CH3CO2

-(aq)  →  NaCH3CO2(s) 
d) Ca2+(aq)  +  CO3

2-(aq)  →  CaCO3(s) 
e) Ca2+(aq)  +  2 Na+(aq)  →  CaNa2(s) 
 

28. What is the net ionic equation for the reaction of lead(II)carbonate and nitric acid? 
a) Pb2+(aq)    +  NO3

-(aq)  →  Pb(NO3)2 (s) 
b) Pb2+(aq)    +  CO3

2-(aq)  →  PbCO3 (s) 
c) PbCO3 (aq)  +  2 H+(aq)  →  Pb2+ (aq)  + H2CO3 (aq) 
d) PbCO3 (s)  +  2 H+(aq)  →  Pb2+ (aq)  + H2O (l) +CO2  
e) Pb2+ (aq)   + CO3

2- (aq)  +  2 H+(aq)  →  Pb2+ (aq)  + H2O (l) +CO2 (g) 
 

29. What is the net ionic equation for the reaction of sodium hydroxide and iron(II) chloride? 
a) Na+(aq)  +  OH-(aq)  →  NaOH(s) 
b) Na+(aq)  +  Cl-(aq)  →  NaCl(s) 
c) Fe2+(aq)  +  2 OH-(aq)  →  Fe(OH)2(s) 
d) Fe2+(aq)  +  OH-(aq)  →  FeOH+(s) 
e) Fe2+(aq)  +  2 Cl-(aq)  →  FeCl2(s) 

 
30.  What is the pH of 1.0 M Na2SO3(aq) at 25 ºC? (Ka1 = 1.2 × 10-2, Ka2 = 6.2 × 10-8) 

a) 3.40 b) 6.03 c) 7.96 d) 10.40 e) 10.60 
 

 
 
31.An acid-base equilibrium system is created by dissolving 0.10 mol HF in water to a volume of 1.0 L. What is 

the effect of adding 0.050 mol F-(aq) to this solution? 
a) The pH of the solution will decrease. 
b) Some F-(aq) will react with H3O+, increasing the concentration of HF(aq) and reestablishing the solution 

equilibrium. 
c) The addition of F-(aq) will have no effect on the pH or the concentration of HF(aq). 
d) Some HF(aq) will ionize, increasing the concentration of F-(aq) and decreasing the pH. 
e) Some HF(aq) will ionize, increasing the concentration of F-(aq) and increasing the pH. 
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Chapter 16.1-16.3: Buffers 
 
32. Which of the following combinations would be best to buffer an aqueous solution at a pH of 4.5? 

a) H3PO4 and H2PO4
-, Ka1 = 7.5 × 10-3 

b) HNO2 and NO2
-, Ka = 4.5 × 10-4 

c) CH3CO2H and CH3COO-, Ka = 1.8 × 10-5 
d) H2PO4

- and HPO4
2-, Ka2 = 6.2 × 10-8 

e) NH4
+ and NH3, Ka = 5.7 × 10-10 

 
33. What is the pH of a buffer solution that results from diluting 0.50 mol formic acid (HCO2H) and 0.10 mol 

sodium formate (NaHCO2) with water to a volume of 1.0 L? (Ka of HCO2H = 1.8 × 10-4) 
a) 2.22 b) 3.05 c) 3.74 d) 3.98 e) 4.44 

 
34. What is the pH of the buffer that results when 10.0 g of NaH2PO4 and 15.0 g of Na2HPO4 are diluted with 

water to a volume of 0.50 L? (Ka of H2PO4
- = 6.2 × 10-8, the molar masses of NaH2PO4 and Na2HPO4 are 

120.0 g/mol and 142.0 mol, respectively) 
a) 7.31 b) 7.21 c) 7.13 d) 8.05 e) 8.39 

 
35.   The Ka of HClO3 is 4.8 × 10-11. What [ClO3

-]/[HClO3] ratio is necessary to make a buffer with a pH of  10.00? 
a) 0.48 b) 0.52 c) 1.0 d) 1.9 e) 2.1 
 
 

36.  1.2 g of NaOH is dissolved in 500.0mL of a buffer solution containing 0.040M NaCH3CO2 and 0.08M  
CH3CO2H. Assume no change in volume. Calculate the pH of the resulting solution. Ka = 1.8 × 10-5 

a) 4.45 b) 5.45 c) 7.00 d) 8.45 e) 9.20 
 


