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AP Chem Test Review: Focus on Equilibrium and Acids and Bases
Acid Base/ Acid Base Equilibrium Multiple Choice:

1. The pH of 0.1-molar ammonia is approximately 
(A) 1
(B) 4
(C) 7
(D) 11
(E) 14 

2. Metallic copper is heated strongly with concentrated sulfuric acid. The products of this reaction are

(A) CuSO4(s) and H2(g) only
(B) Cu2+, SO2(g), and H2O
(C) Cu2+, H2(g), and H2O
(D) CuSO4(s), H2(g), and SO2(g)
(E) Cu2+, SO3(g), and H2O 

3. Which of the following ions is the strongest Lewis acid?
(A) Na+
(B) Cl¯
(C) CH3COO¯
(D) Mg2+
(E) Al3+ 

4. Each of the following can act as both a Brönsted acid and a Brönsted base EXCEPT
(A) HCO3¯
(B) H2PO4¯
(C) NH4+
(D) H2O
(E) HS¯ 

5. 3 Ag(s) + 4 HNO3 <===> 3 AgNO3 + NO(g) + 2 H2O
The reaction of silver metal and dilute nitric acid proceeds according to the equation above. If 0.10 mole of powdered silver is added to 10. milliliters of 6.0-molar nitric acid, the number of moles of NO gas that can be formed is (Calculator Allowed)

(A) 0.015 mole
(B) 0.020 mole
(C) 0.030 mole
(D) 0.045 mole
(E) 0.090 mole 

6. Which, if any, of the following species is in the greatest concentration in a 0.100-molar solution of H2SO4 in water?

(A) H2SO4 molecules
(B) H3O+ ions
(C) HSO4¯ ions
(D) SO42¯ ions
(E) All species are in equilibrium and therefore have the same concentrations. 

7. When 70. milliliter of 3.0-molar Na2CO3 is added to 30. milliliters of 1.0-molar NaHCO3 the resulting concentration of Na+ is 

(A) 2.0 M
(B) 2.4 M
(C) 4.0 M
(D) 4.5 M 
(E) 7.0 M 

8. A student pipetted five 25.00-milliliter samples of hydrochloric acid and transferred each sample to an Erlenmeyer flask, diluted it with distilled water, and added a few drops of phenolphthalein to each. Each sample was then titrated with a sodium hydroxide solution to the appearance of the first permanent faint pink color. The following results were obtained.

Volumes of NaOH Solution

First Sample..................35.22 mL
Second Sample..............36.14 mL
Third Sample.................36.13 mL
Fourth Sample..............36.15 mL
Fifth Sample..................36.12 mL 

Which of the following is the most probable explanation for the variation in the student's results?

(A) The burette was not rinsed with NaOH solution.
(B) The student misread a 5 for a 6 on the burette when the first sample was titrated.
(C) A different amount of water was added to the first sample.
(D) The pipette was not rinsed with the HCI solution.
(E) The student added too little indicator to the first sample. 

9.

	Acid 
	Acid Dissociation
Constant, Ka 

	H3PO4 
	7 x 10¯3 

	H2PO4¯ 
	8 x 10¯8 

	HPO42¯ 
	5 x 10¯13 


On the basis of the information above, a buffer with a pH = 9 can best be made by using 

(A) pure NaH2PO4
(B) H3PO4 + H2PO4¯
(C) H2PO4¯ + PO43¯
(D) H2PO4¯ + HPO42¯
(E) HPO42¯ + PO43¯ 

10. The net ionic equation for the reaction that occurs during the titration of nitrous acid with sodium hydroxide is 

(A) HNO2 + Na+ + OH¯ ---> NaNO2 + H2O
(B) HNO2 + NaOH ---> Na+ + NO2¯ + H2O
(C) H+ + OH¯ --->H2O
(D) HNO2 + H2O ---> NO2¯ + H3O+
(E) HNO2 + OH¯ ---> NO2¯ + H2O 

11. Which of the following reactions does NOT proceed significantly to the right in aqueous solutions?

(A) H3O+ + OH¯ ---> 2 H2O
(B) HCN + OH¯ ---> H2O + CN¯
(C) Cu(H2O)42+ + 4 NH3 ---> Cu(NH3)42+ + 4H2O
(D) H2SO4 + H2O ---> H3O+ + HSO4¯
(E) H2O + HSO4¯ ---> H2SO4 + OH¯ 

12. If the acid dissociation constant, Ka, for an acid HA is 8 x 10¯4 at 25 °C, what percent of the acid is dissociated in a 0.50-molar solution of HA at 25 °C? (Calculator allowed)

(A) 0.08%
(B) 0.2%
(C) 1%
(D) 2%
(E) 4% 

13. 5 Fe2+ + MnO4¯ + 8 H+ <===> 5 Fe3+ + Mn2+ + 4 H2O

In a titration experiment based on the equation above, 25.0 milliliters of an acidified Fe2+ solution requires 14.0 milliliters of standard 0.050-molar MnO4¯ solution to reach the equivalence point. The concentration of Fe2+ in the original soluiton is

(A) 0.0010 M
(B) 0.0056 M
(C) 0.028 M
(D) 0.090 M
(E) 0.14 M 

14. What is the net ionic equation for the reaction that occurs when aqueous copper(II) sulfate is added to excess 6-molar ammonia?

(A) Cu2+ + SO42¯ + 2 NH4+ + 2 OH¯ ---> (NH4)2SO4 + Cu(OH)2
(B) Cu2+ + 4 NH3 + 4 H2O --> Cu(OH)42¯ + 4 NH4+
(C) Cu2+ + 2 NH3 + 2 H2O --> Cu(OH)2 + 2 NH4+
(D) Cu2+ + 4 NH3 --> Cu(NH3)42+
(E) Cu2+ + 2 NH3 + H2O --> CuO + 2 NH4+ 

Use these answers for questions 15 - 17.

(A) a solution with a pH less than 7 that is not a buffer solution
(B) a buffer solution with a pH between 4 and 7
(C) a buffer solution with a pH between 7 and 10
(D) a solution with a pH greater than 7 that is not a buffer solution
(E) a solution with a pH of 7 

Ionization Constants
CH3COOH = 1.8 x 10¯5
NH3 = 1.8 x 10¯5
H2CO3; K1 = 4 x 10¯7
H2CO3; K2 = 4 x 10¯11 
15. A solution prepared to be initially 1 M in NaCl and 1 M in HCl. 
16. A solution prepared to be initially 1 M in Na2CO3 and 1 M in CH3COONa

17. A solution prepared to be initially 0.5 M in CH3COOH and 1 M in CH3COONa 

18. In the titration of a weak acid of unknown concentration with a standard solution of a strong base, a pH meter was used to follow the progress of the titration. Which of the following is true for this experiment?

(A) The pH is 7 at the equivalence point.
(B) The pH at the equivalence point depends on the indicator used.
(C) The graph of pH versus volume of base added rises gradually at first and then much more rapidly.
(D) The graph of pH versus volume of base added shows no sharp rise.
(E) The [H+] at the equivalence point equals the ionization constant of the acid. 

19. How many milliliters of 11.6-molar HCl must be diluted to obtain 1.0 liter of 3.0-molar HCl? (Calculator Allowed)

(A) 3.9 mL
(B) 35 mL
(C) 260 mL
(D) 1,000 mL
(E) 3,900 mL 

20. All of the following species can function as Brönsted-Lowry bases in solution EXCEPT

(A) H2O
(B) NH3
(C) S2¯
(D) NH4+
(E) HCO3¯ 

21. When phenolphthalein is used as the indicator in a titration of an HCl solution with a solution of NaOH, the indicator undergoes a color change from clear to red at the end point of the titration. This color change occurs abruptly because

(A) phenolphthalein is a very strong acid that is capable of rapid dissociation
(B) the solution being titrated undergoes a large pH change near the end point of the titration
(C) phenolphthalein undergoes an irreversible reaction in basic solution
(D) OH¯ acts as a catalyst for the decomposition of phenolphthalein
(E) phenolphehalein is involved in the rate-determining step of the reaction between H3O+ and OH¯ 

22. As the number of oxygen atoms increases in any series of oxygen acids, such as HXO, HXO2, HXO3, ...., which of the following is generally true?
(A) The acid strength varies unpredictably.
(B) The acid strength decreases only if X is a nonmetal.
(C) The acid strength decreases only if X is a metal.
(D) The acid strength decreases whether X is a nonmetal or a metal.
(E) The acid strength increases. 
23. Which of the following is the correct equilibrium expression for the hydrolysis of CO32¯ ?
(A) K = [HCO3¯ ] / ( [CO32¯ ] [H3O+] )
(B) K = ( [HCO3¯] [OH¯] ) / [CO32¯]
(C) K = ( [CO32¯ ] [OH¯] ) / [HCO3¯]
(D) K = [CO32¯ ] / ( [CO2] [OH¯]2 )
(E) K = ( [CO32¯ ] [H3O+] ) / [HCO3¯] 

24.


H2PO4¯ + HBO32¯ <===> HPO42¯ + H2BO3¯

The equilibrium constant for the reaction represented by the equation above is greater than 1.0. Which of the following gives the correct relative strengths of the acids and bases in the reaction?

	  
	Acids 
	  
	Bases 

	(A) 
	H2PO4¯ > H2BO3¯ 
	and 
	HBO32¯ > HPO42¯ 

	(B) 
	H2BO3¯ > H2PO4¯ 
	and 
	HBO32¯ > HPO42¯ 

	(C) 
	H2PO4¯ > H2BO3¯ 
	and 
	HPO42¯ > HBO32¯ 

	(D) 
	H2BO3¯ > H2PO4¯ 
	and 
	HPO42¯ > HBO32¯ 

	(E) 
	H2PO4¯ = H2BO3¯ 
	and 
	HPO42¯ = HBO32¯ 


25. A 0.20-molar solution of a weak monoprotic acid, HA, has a pH of 3.00. The ionization constant of this acid is

(A) 5.0 x 10¯7
(B) 2.0 x 10¯7
(C) 5.0 x 10¯6
(D) 5.0 x 10¯3
(E) 2.0 x 10¯3 


26 Equal volumes of 0.10-molar H3PO4 and 0.20-molar KOH are mixed. After equilibrium is established, the type of ion an solution in largest concentration, other than the K+ ion, is

(A) H2PO4¯
(B) HPO42¯
(C) PO43¯
(D) OH¯
(E) H3O+ 

Equilibrium Multiple Choice:

27. CuO(s) + H2(g) <===> Cu(s) + H2O(g); H = - 2.0 kilojoules

When the substances in the equation above are at equilibrium at pressure P and temperature T, the equilibrium can be shifted to favor the products by

(A) increasing the pressure by means of a moving piston at constant T
(B) increasing the pressure by adding an inert gas such as nitrogen
(C) decreasing the temperature
(D) allowing some gases to escape at constant P and T
(E) adding a catalyst 

28. HgO(s) + 4 I¯ + H2O <===> HgI42¯ + 2 OH¯; H < 0

Consider the equilibrium above. Which of the following changes will increase the concentration of HgI42¯?

(A) Increasing the concentration of OH¯
(B) Adding 6 M HNO3
(C) Increasing the mass of HgO present
(D) Increasing the temperature
(E) Adding a catalyst 

29. A 20.0-milliliter sample of 0.200-molar K2CO3 solution is added to 30.0 milliliters of 0.400-molar Ba(NO3)2 solution. Barium carbonate precipitates. The concentration of barium ion, Ba2+, in solution after reaction is

(A) 0.150 M
(B) 0.160 M
(C) 0.200 M
(D) 0.240 M
(E) 0.267 M 

30. How many moles of NaF must be dissolved in 1.00 liter of a saturated solution of PbF2 at 25 °C to reduce the [Pb2+] to 1 x 10¯6 molar? (Ksp of PbF2 at 25 °C = 4.0 x 10¯8)

(A) 0.020 mole
(B) 0.040 mole
(C) 0.10 mole
(D) 0.20 mole
(E) 0.40 mole 

31. In which of the following systems would the number of moles of the substances present at equilibrium NOT be shifted by a change in the volume of the system at constant temperature?

(A) CO(g) + NO(g) <===> CO2(g) + 1/2 N2(g)
(B) N2(g) + 3 H2(g) <===> 2 NH3(g)
(C) N2(g) + 2 O2(g) <===> 2 NO2(g)
(D) N2O4(g) <===> 2 NO2(g)
(E) NO(g) + O3(g) <===> NO2(g) + O2(g) 

32. Which of the following is the correct equilibrium expression for the hydrolysis of CO32¯ ?

(A) K = [HCO3¯ ] / ( [CO32¯ ] [H3O+] )
(B) K = ( [HCO3¯] [OH¯] ) / [CO32¯]
(C) K = ( [CO32¯ ] [OH¯] ) / [HCO3¯]
(D) K = [CO32¯ ] / ( [CO2] [OH¯]2 )
(E) K = ( [CO32¯ ] [H3O+] ) / [HCO3¯] 

33. The solubility of CuI is 2 x 10¯6 molar. What is the solubility product constant, Ksp, for CuI?

(A) 1.4 x 10¯3
(B) 2 x 10¯6
(C) 4 x 10¯12
(D) 2 x 10¯12
(E) 8 x 10¯18 

34. MnS(s) + 2 H+ <===> Mn2+ + H2S(g)

At 25 °C the solubility product constant, Ksp, for MnS in 5 x 10¯15 and the acid dissociation constants K1 and K2 for H2S are 1 x 10¯7 and 1 x 10¯13, respectively. What is the equilibrium constant for the reaction represented by the equation above at 25 °C?

(A) 1 x 10¯13 / 5 x 10¯15
(B) 5 x 10¯15 / 1 x 10¯7
(C) 1 x 10¯7 / 5 x 10¯20
(D) 5 x 10¯15 / 1 x 10¯20
(E) 1 x 10¯20 / 5 x 10¯15 

35. Barium sulfate is LEAST soluble in a 0.01-molar solution of which of the following?

(A) Al2(SO4)3
(B) (NH4)2SO4
(C) Na2SO4
(D) NH3
(E) BaCl2 

36. PCl3(g) + Cl2(g) <===> PCl5(g) + energy

Some PCl3 and Cl2 are mixed in a container at 200 °C and the system reaches equilibrium according to the equation above. Which of the following causes an increase in the number of moles of PCl5 present at equilibrium?

I. Decreasing the volume of the container
II. Raising the temperature
III. Adding a mole of He gas at constant volume

(A) I only
(B) II only
(C) I and III only
(D) II and III only
(E) I, II, and III 

37. 4 HCl(g) + O2(g) <===> 2 Cl2(g) + 2 H2O(g)

Equal numbers of moles of HCl and O2 in a closed system are allowed to reach equilibrium as repre sented by the equation above. Which of the following must be true at equilibrium?

I. [HCl] must be less than [Cl2].
II. [O2] must be greater than [HCl].
III. [Cl2] must equal [H2O].

(A) I only
(B) II only
(C) I and III only
(D) II and III only
(E) I, II, and III 

38. 2 SO2(g) + O2(g) <===> 2 SO3(g)

When 0.40 mole of SO2 and 0.60 mole of O2 are placed in an evacuated 1.00-liter flask, the reaction represented above occurs. After the reactants and the product reach equilibrium and the initial temperature is restored, the flask is found to contain 0.30 mole of SO3. Based on these results, the equilibrium constant, Kc for the reaction is

(A) 20.
(B) 10.
(C) 6.7
(D) 2.0
(E) 1.2 
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