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8.1 MC Questions 
1. 	 In pure water, some of the molecules 
	 ionize according to the equation  			   H2O  ⇌  H+  +  OH−

	 The extent of the ionization increases with temperature. A student heats pure water and 		
	 records the measured pH at 50°C as 6.6. 

	 Based on this information, which of the following mathematical relationships gives the  		
	 pOH of pure water at 50°C ?

	 A   pOH = pH	 B   pOH = 1/pH	    C   pOH = 14−pH	 D   pOH = (1×10−14)/pH

2.	 In pure water, some of the molecules 
	 ionize according to the equation  

	 H2O  ⇌  H+  +  OH−

	 The extent of the ionization increases 
	 with temperature. 

	 The graph opposite shows the  pH of 
	 pure water at different temperatures. 

	 Which of the following represents the variations in the pOH of pure water under the same 	
	 conditions?

	 A							       B

                	      

	 C							       D

	      	      

O
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3. 			   H2O(l)    +    H2O(l)     ⇋    H3O
+

(aq)   +   OH—
(aq)

	
	  At  5.0°C , the value of Kw  or the equilibrium shown above is 1.9 × 10−15 and the value of  		
	 pKw  is 14.73. 

	 Based on this information, which of the following is correct for pure water at this 
	 temperature?

	 A	
		

	 B	 	

	 C	 	

	 D	 	

4. 	 Which of the following accounts for the observation that the pH of pure water at 37°C is 		
	 6.8?

	 A	 At 37 ° C water is naturally acidic.

	 B	 At 37 ° C the autoionization constant for water, Kw, is larger than it is at 25 ° C.

	 C	 At 37 ° C water has a lower density than it does at 25 ° C; therefore, [H+] is greater.

	 D	 At 37 ° C water ionizes to a lesser extent than it does at 25 ° C

5. 				     			   2 H2O(l)   ⇋    H3O
+

(aq)   +   OH—
(aq)

						      The autoionization of water is represented by the equation 	
						      above. Values of pKw at various temperatures are listed in 		
						      the table below.

						      Based on the information above, which of the following 		
						      statements is true?

	 A	 The dissociation of water is an exothermic process.

	 B	 The pH of pure water is 7.00 at any temperature.

	 C	 As the temperature increases, the pH of pure water increases.

	 D	 As the temperature increases, the pH of pure water decreases.
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6. 		  5 H2O2(aq)  +  2 MnO4
—

(aq)  +  6 H+
(aq)   →   2 Mn2+

(aq) + 8 H2O(l) + 5 O2(g)

	 In a titration experiment, H2O2(aq) reacts with aqueous MnO4
—

(aq) as represented by the 		
	 equation above. The dark purple KMnO4 solution is added from a buret to a 
	 colorless, acidified solution of H2O2(aq) in an Erlenmeyer flask. (Note: At the end point of 		
	 the titration, the solution is a pale pink color.)

	 Which of the following best describes what happens to the pH of the H2O2 solution as the 		
	 titration proceeds?

	 A	 The +2 charge on the manganese ions maintains the acidity of the solution.

	 B	 The production of water dilutes the solution, making it basic.

	 C	 As H+ ions are consumed, the solution becomes less acidic and the pH increases.

	 D	 As H+ ions are consumed, the solution becomes less acidic and the pH decreases.

7.	 At 25°C, aqueous solutions with a pH of 8 have a hydroxide ion concentration, [OH—], of

	 A   1 x 10-14 M	 B   1 x 10-8 M	 C   1 x 10-6 M	 D   1 M	 E   8 M

8.1 FRQ 
1.	 A student is given a solution of phenol red of unknown concentration. Solutions of phenol 	
	 red are bright pink under basic conditions.

	 The student uses a pH probe and determines that the pH of the solution is 11.20. 
	 Calculate the hydrogen ion concentration, [H+], in the solution of phenol red.

	 The response gives a calculation equivalent to the following.

		  [H+]  = 10 -pH	  = 10 -11.20	 = 6.3 x 10-12 M

O
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8.2 MC Questions
1. 	 Which of the following is the correct mathematical expression to use to calculate the  pH  		
	 of a 0.10 M aqueous Ba(OH)2 solution at  25°C ?

	 A	 pH = −log (0.10)

	 B	 pH = −log (0.20)

	 C	 pH = 14.00 − log (0.10) 

	 D	 pH = 14.00 + log (0.20) 

2. 	 Which of the following statements about the pH of  0.010 M HClO4  is correct?

	 A	 pH = 2.00 , 	 because  [H+] = 1.0 × 10−2 M .

	 B	 pH = 2.00 , 	 because  [H+] = 2.0 × 10−2 M .

	 C	 pH > 2.00 , 	 because HClO4 is a strong acid.

	 D	 pH < 2.00 , 	 because  HClO4  is a weak acid.

3. 	 Which of the following pairs of mathematical expressions can be used to correctly calculate 	
	 the pH and pOH of a  0.0015 M KOH(aq) solution at  25°C ?

	 A	

	 B	

	 C	

	 D	

4. 	 How can 100. mL of sodium hydroxide solution with a pH of 13.00 be converted to a 
	 sodium hydroxide solution with a pH of 12.00 ?

	 A	 By diluting the solution with distilled water to a total volume of 108 mL

	 B	 By diluting the solution with distilled water to a total volume of 200 mL

	 C	 By diluting the solution with distilled water to a total volume of 1.00 L

	 D	 By adding 100. mL of 0.10 M HCl

	 E	 By adding 100. mL of 0.10 M NaOH

O
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5. 	 Which of the following is a strong electrolyte in aqueous solution

	 A     NH3(g)		  B     BH3(g)		  C     H2(g)		  D     H2S(g)		  E     HBr(g)

6.	 Refer to the following.

	 The pH of solutions of four acids prepared at various concentrations were measured and 		
	 recorded in the table above.

	 The four acids are, in no particular order, chlorous, hydrochloric, lactic, and propanoic.

	 Which of the four acids listed in the table is hydrochloric acid?

	 A     Acid 1		  B     Acid 2		  C     Acid 3		  D     Acid 4	

7. 	 The pH of a solution prepared by the addition of 10. mL of 0.002 M KOH(aq) to 
	 10. mL of distilled water is closest to

	 A     12		  B     11		  C     10		  D     4			  E     3
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8.3 MC Questions
1.
	
	 The equilibrium reaction shown above represents the partial ionization of the weak acid  		
	 HCN(aq). A  0.200 M HCN(aq) solution has a  pH≈4.95. If  0.05g (0.010mol) of NaCN(s)
  	 is added to 100mL of  0.200 M HCN(aq), which of the following explains how and why the  		
	 pH of the solution changes?

	 A	 The  pH will be higher than 4.95 because adding CN− will disrupt the equilibrium, 		
		  resulting in an increased production of  HCN that decreases the concentration of  		
		  H3O

+.

	 B	 The  pH will be lower than 4.95 because adding CN− will disrupt the equilibrium, 
		  resulting in an increased production of HCN that decreases the concentration of  		
		  H3O

+.

	 C	 The pH will be higher than 4.95 because CN− is a strong base that can neutralize  		
		  HCN.

	 D	 The  pH will remain close to 4.95 because the Ka is so small that hardly any products 	
		  form.

2.	 (CH3)2NH(aq)   +   H2O(l)   ⇋  (CH3)2NH2
+

(aq)   +   OH−
(aq)	 Kb=5.4 × 10−4 at 25°C

	 The equilibrium for the reaction between 
	 (CH3)2NH, a weak base, and water is 
	 represented by the equationabove. 

	 The table shows the pH of three 
	 solutions of (CH3)2NH(aq) at  25°C.

	 Based on the information given, which of the following is true?

	 A	 Solutions with a higher concentration of  (CH3)2NH have a higher pOH because to 		
		  reach equilibrium a smaller amount of the conjugate acid (CH3)2NH2

+ is produced.

	 B	 Solutions with a higher concentration of  (CH3)2NH have a higher pOH because to 		
		  reach equilibrium more OH− is produced.

	 C	 Solutions with a higher concentration of  (CH3)2NH have a higher pH because to 		
		  reach equilibrium a smaller amount of the conjugate acid (CH3)2NH2

+ is produced.

	 D	 Solutions with a higher concentration of  (CH3)2NH have a higher pH because to 		
		  reach equilibrium more OH− is produced.

O
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3.

	 NH3  is a weak base that reacts with water according to the chemical equilibrium 
	 represented above. The table provides some information for two NH3(aq)  solutions of 
	 different concentration at 25°C . Which of the following is true about the more 
	 concentrated  0.30 M NH3(aq), and why?

	 A	 [OH−] = 3.2 ×10−3 M  and pOH < 2.78 , because a higher [OH−] corresponds to a 		
		  lower  pOH  for 0.30 M NH3(aq) compared to  0.15 M NH3(aq).

	 B	 [OH−] = 3.2 ×10−3 M  and pOH < 2.78 , because a higher [OH−] corresponds to a 		
		  higher  pOH  for 0.30 M NH3(aq) compared to  0.15 M NH3(aq).

	 C	 [OH−] = 2.3 ×10−3 M  and pOH < 2.78 , because a higher [OH−] corresponds to a 		
		  lower  pOH  for 0.30 M NH3(aq) compared to  0.15 M NH3(aq).

	 D	 [OH−] = 2.3 ×10−3 M  and pOH < 2.78 , because a higher [OH−] corresponds to a 		
		  higher  pOH  for 0.30 M NH3(aq) compared to  0.15 M NH3(aq).

4.	 Caffeine (C8H10N4O2) is a weak base with a Kb value of 4 x 10-4. The pH of a 0.01 M solution 	
	 of caffeine is in the range of

	 A     2 - 3		  B     5 - 6		  C     7 - 8		  D     11 - 12	

5. 	 A 0.10 M solution of a weak monoprotic acid has a pH equal to 4.0. The ionization 
	 constant, Ka , of the acid is

	 A     1 x 10-3		  B     1 x 10-4		  C     1 x 10-7		  D     1 x 10-8		  E     1 x 10-9

6. 	 The pH of a 0.01 M HNO2(aq) solution is in which of the following ranges? (For HNO2(aq), 		
	 Ka = 4.0 x 10-4)

		  A     Between 1 and 2			   B     Between 2 and 3		

		  C     Between 4 and 5			   D     Between 6 and 7

7. 	 The pH of 0.1 M ammonia solution is approximately

	 A     1			  B     4			   C     7			   D     11		  E     14

O

O

O

O

O



Acids & Bases QuestionsISPS Chemistry Apr 07 2023 page 11

AP Classroom Questions - only for use by fellow teachers with accredited access to AP Classroom. Please respect.

	 The pH of solutions of four acids prepared at various concentrations were measured and 		
	 recorded in the table below.

	

	 The four acids are, in no particular order, chlorous, hydrochloric, lactic, and propanoic.

8.	 Of the following species, which has the greatest concentration in a 1.0 M solution of 
	 acid 1 at equilibrium?

	 A     OH—		  B     H3O
+		  C     Acid 1		  D     Conjugate base of Acid 1

9.	 For which acid is the value of the acid-dissociation constant, Ka , the smallest?

	 A     Acid 1		  B     Acid 2		  C     Acid 3		  D     Acid 4

10. 	 What is the pH of a 1.0 x 10–2-molar solution of HCN? (For HCN, Ka = 4.0 x 10–10.)

	 A     10		  B     7 - 10		  C     7			   D     4 - 7		  E     4

11. 	 A 0.10 M solution of a weak monoprotic acid has a pH equal to 4.0. The ionization 
	 constant, Ka , of the acid is

	 A     1 x 10-3		  B     1 x 10-4		  C     1 x 10-7		  D     1 x 10-8		  E     1 x 10-9

12.	 The ionization constant for acetic acid is 1.8 x 10-5; that for hydrocyanic acid is 4 x 10-10. 
	 In 0.1 M solutions of sodium acetate and sodium cyanide, it is true that

	 A     [H+] equals [OH—] in each solution	

	 B     [H+] excedes [OH—] in each solution

	 C     [H+] of the sodium acetate solution is less than that of the sodium cyanide solution

	 D     [OH—] of the sodium acetate solution is less than that of the sodium cyanide solution

	 E     [OH—] for the two solutions is the same

O
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13.	
	 Which of the following correctly ranks 
	 the three monoprotic acids listed in the 
	 table opposite from the weakest to the 
	 strongest?

	 A     X < Y < Z	 B     X < Z < Y	 C     Y < Z < X	 D     Z < Y < X

8.3 FRQ
1.	 The following chemical equation represents the reaction that occurs when methylamine 		
	 dissolves in water to form a basic solution.

			   CH3NH2(aq)   +   H2O(l)     ⇋   CH3NH3
+

(aq)    +   OH−
(aq)

	 The  pH of  2.65 M CH3NH2(aq) is 12.54.  Determine the value of  Kb for methylamine.

	 The response meets all of the following three criteria:

		  1 point - The correct calculation of [OH—]:

			   pH = 12.54		  pOH = 14 - 12.54 = 1.46

			   [OH—] = 10-1.46  =  3.47 x 10-2 M

		  1 point - The use of the correct expression for Kb :

			   Kb = [CH3NH3
+] [OH—] /  [CH3NH2]

		  1 point - The correct substitution of the numbers and calculation of the value:

			    [OH—]  = 3.47 x 10-2 M  
			   [CH3NH3

+] = [OH—] = 3.47 x 10-2 M
			   [CH3NH2] = 2.65 	 (it will decrease by 3.47 x 10-2 but this can be considered 		
						        negligible) 

			   Kb = [CH3NH3
+] [OH—] /  [CH3NH2] = (3.47 x 10-2)2 / 2.65 = 4.54 x 10-4

O
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8.4 MC Questions
1. 					   

	 Nitrous acid reacts with ammonia according to the balanced chemical equation shown 		
	 above. If  50.mL  of  0.20 M HNO2(aq) and  50.mL  of  0.20 M NH3(aq)  are mixed and 
	 allowed to reach equilibrium at  25°C , what is the approximate  [NH3]  at equilibrium?

	 A	 0.00010 M 		  B	 0.0010 M 		  C	 0.010 M		  D	 0.10 M

2. 	 A student mixes  40.mL of  0.10 M HBr(aq) with  60.mL of  0.10 M KOH(aq) at  25°C. What is 	
	 the [OH−] of the resulting solution?

	 A	 [OH−] = 0.060 M				    B	 [OH−] = 0.033 M		

	 C	 [OH−] = 0.020 M				    D	 [OH−] = 0.00000010 M

3. 					   

	 The equilibrium for the acid ionization of HC2HO3 is represented by the equation above. 
	 If 10.0mL of  0.20 M HC2HO3 react with 5.0mL of  0.10 M NaOH, which of the following 		
	 could be used to calculate the correct pH of the resulting solution?

	 A	 		

	 B	 		

	 C	 		

	 D	

4. 	 A solution containing HCl and the weak acid HClO2 has a pH of 2.4. Enough KOH(aq) is 		
	 added to the solution to increase the pH to 10.5. The amount of which of the 
	 following species increases as the KOH(aq) is added?

	 A	 Cl—
(aq)		 B	 H+

(aq)		  C	 ClO2
—

(aq)		  D	 HClO2(aq)

O
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5. 	 Acid-dissociation constants of two acids are 
	 listed in the table above. A 20. mL sample of 
	 a 0.10 M solution of each acid is titrated to 
	 the equivalence point with 20. mL of 
	 0.10 M NaOH. 

	 Which of the following is a true statement about the pH of the solutions at the equivalence 	
	 point?

	 A	 Solution 1 has a higher pH at the equivalence point because CH3CO2H is the 
		  stronger acid.		

	 B	 Solution 1 has a higher pH at the equivalence point because CH3CO2H has the 		
		  stronger conjugate base.
		

	 C	 Solution 1 has a lower pH at the equivalence point because CH3CO2H is the 
		  stronger acid.		

	 D	 Solution 1 has a lower pH at the equivalence point because CH3CO2H has the 		
		  stronger conjugate base.

6.	 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

7.	 Addition of sulfurous acid (a weak acid) to barium hydroxide (a strong base) results in the 	
	 formation of a precipitate. The net ionic equation for this reaction is

	 A	 2 H+
(aq) + 2 OH-

(aq)    ⇄    2 H2O(l)		

	 B	 H2SO3(aq) + Ba2+
(aq) + 2 OH-

(aq)    ⇄    BaSO3(s) + 2 H2O(l)
	 	

	 C	 2 H+
(aq) + SO3

2-
(aq) + Ba2+

(aq) + 2 OH-
(aq)    ⇄    BaSO3(s) + 2 H2O(l)		

	 D	 H2SO3(aq) + Ba2+
(aq) + 2 OH-

(aq)    ⇄    Ba2+
(aq) + SO3

2-
(aq) + 2 H2O(l)

	 E	 H2SO3(aq) + Ba(OH)2(aq)    ⇄    BaSO3(s) + 2 H2O(l)

O

O
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8. 	 A solution prepared by mixing 10 mL of 1 M HCl and 10 mL of 1.2 M NaOH has a pH of

	 A	 0		  B	 1		  C	 7		  D	 13		  D	 14

9. 	 When 200. mL of 2.0 M NaOH(aq) is added to 500. mL of 1.0 M HCl(aq), the pH of the 
	 resulting mixture is closest to

	 A	 1.0		  				    B	 3.0		

	 C	 7.0						      D	 13.0 

8.4 MC Questions
1.	

	 A student prepares three solutions, X, Y, and Z, as 
	 described in the table above. The values of Ka for 
	 the acidic species in the solutions are given in the 
	 table opposite.
	
	 a)	 Using the information above, write the letters of the solutions in the boxes below to 		
		  rank the solutions in order of increasing pH. Explain your reasoning for the ranking.

			 

	 1 point is earned for the correct ordering.  		  1 point is earned for a valid explanation 
		  Solution Y is a strong acid solution with a very low pH.
		  Solution Z is a buffer solution with pKa = 4.74 = pH.
		  Solution X is a neutral solution created from equimolar amounts of a strong acid 		
		  and a strong base that react in a 1:1 ratio.

	 b)	 Does the pH of solution Y increase, decrease, or remain the same when 100 mL of 		
		  water is added? Justify your answer.

		  1 point is earned for the correct choice and a valid justification.

			   The pH of the solution increases. 

			   The addition of water will decrease [H+]; 
			   therefore, the pH will increase.

O

O

Y			   Z			   X
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Q1 cont. 
	 c)	 The student adds 0.0010 mol of NaOH(s) to solution Y, and adds 0.0010 mol of 		
		  NaOH(s) to solution Z. Assume that the volume of each solution does not change 		
		  when the NaOH(s) is added. The pH of solution Y changes much more than the 
		  pH of solution Z changes. Explain this observation.

		  1 point is earned for a valid explanation.

			   Solution Z is a buffer system (composed of a weak acid and its conjugate 		
			   base), whereas solution Y is not a buffer.

2. 		  C6H5COOH(s)     ⇋     C6H5COO–
(aq)     +     H+

(aq) 		  Ka = 6.46 x 10–5	

	 Benzoic acid, C6H5COOH, dissociates in water as shown in the equation above. 

	 A 25.0 mL sample of an aqueous solution of pure benzoic acid is titrated using 
	 standardised 0.150 M NaOH. 

	 a)	 After addition of 15.0 mL of the 0.150 M NaOH, the pH of the resulting solution is 		
		  4.37. Calculate each of the following.

		    i)	 [H+] in the solution

			   1 point is earned for the correct answer.

				    [H+] = 10−pH	 	 [H+] = 10−4.37 M = 4.3 x 10−5 M

		   ii)	 [OH—] in the solution

			   1 point is earned for the correct answer.

				    [OH-] = Kw / [H+]	 = 10-14 / 4.3 x 10−5  =  2.3 x 10-10 M

		  iii)	 The number of moles of NaOH added

			   1 point is earned for the correct answer.

				    mol OH− = 0.0150 L x 0.150 mol L−1 = 2.25 x 10−3 mol

		   iv)	 The number of moles of C6H5COO–
(aq) in the solution

			   1 point is earned for the correct answer.

					     mol OH− added = mol C6H5COO−
(aq) generated, 

			   thus		  mol C6H5COO−
(aq) in solution = 2.25 x 10−3 mol
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Q2 contd.		  C6H5COOH(s)     ⇋     C6H5COO–
(aq)     +     H+

(aq) 	        Ka = 6.46 x 10–5	

	 a)	 v)	 The number of moles of C6H5COOH in the solution

			   1 point is earned for the correct molarity.

	 Ka = [C6H5COO-] [H+] / [C6H5COOH]	 so  [C6H5COOH] = [C6H5COO-] [H+] / Ka	  

			   [C6H5COOH] 	 = [2.25 x 10-3 mol / 0.040 L] [4.3 x 10-5 M] / 6.46 x 10-5

						      =  3.7  x 10-2 M

			   1 point is earned for the correct answer.

	 n = M x L	 thus, mol C6H5COOH = ( 3.7 x 10−2 M)(0.040 L) = 1.5 x 10−3 mol

	 b)	 State whether the solution at the equivalence point of the titration is acidic, basic, or 	
		  neutral. Explain your reasoning.

			   1 point is earned for the prediction and the explanation.

			   At the equivalence point the solution is basic due to the presence of 			 
			   C6H5COO− (the conjugate base of the weak acid) that hydrolyzes to produce a 	
			   basic solution as represented below.

				    C6H5COO− + H2O    ⇄    C6H5COOH + OH−

	 c)	 In a different titration, a 0.7529 g sample of a mixture of solid C6H5COOH and 
		  solid NaCl is dissolved in water and titrated with 0.150 M NaOH. 

		  The equivalence point is reached when 24.78 mL of the base solution is added.
		  Calculate each of the following

		    i)	 The mass, in grams, of benzoic acid in the solid sample

				    1 point is earned for the correct moles		  n = M x L

		  thus, mol OH- added = ( 0.150 M)(0.02478 L) = 3.72 x 10−3 mol = mol C6H5COOH

				    1 point is earned for the correct mass		  m = n x M

		  thus, mass C6H5COOH = ( 3.72 x 10-3)(122 g) = 0.453 g 

		   ii)	 The mass percentage of benzoic acid in the solid sample

			   1 point is earned for the correct answer		

		  % C6H5COOH = ( 0.453 g)/(0.7529 g) x 100 = 60.2 % 
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3. 		  CH3CH2COOH(aq)    +    H2O(l)    ⇋     CH3CH2COO-
(aq)    +    H3O

+
(aq)

	 Propanoic acid, CH3CH2COOH, is a carboxylic acid that reacts with water according to the 
	 equation above. At 25°C the pH of a 50.0 mL sample of 0.20 M CH3CH2COOH is 2.79. 

	 a)	 Identify a Brønsted-Lowry conjugate acid-base pair in the reaction. Clearly label 		
		  which is the acid and which is the base.

		  1 point is earned for writing (or naming) either of the Brønsted-Lowry conjugate 		
		  acid-base pairs with a clear indication of which is the acid and which is the base.

					     CH3CH2COOH 	 and 		  CH3CH2COO-

						      acid 					     base
				    OR
						      H3O

+ 		 and 			   H2O
						      acid 					     base

	 b)	 Determine the value of Ka for propanoic acid at 25°C.

			   1 point is earned for correctly solving for [H3O
+].

				    [H3O
+] = 10-pH = 10-2.79 = 1.6 x 10-3 M

			   1 point is earned for the Ka expression for propanoic acid

				    Ka = [CH3CH2COO-][H3O
+]/ [CH3CH2COOH]

			   1 point is earned for the Ka expression for propanoic acid

				    Ka = (1.6 x 10-3)2 / [0.20] = 1.3 x 10-5

	 c)	 For each of the following statements, determine whether the statement is true or 		
		  false. In each case, explain the reasoning that supports your answer.

		   i)	 The pH of a solution prepared by mixing the 50.0 mL sample of 0.20 M 		
			   CH3CH2COOH with a sample 50.0 mL 0.20 M NaOH is 7.00.

			   1 point is earned for noting that the statement is false AND providing a 
			   supporting explanation.

			   False. 	The conjugate base of a weak acid undergoes hydrolysis at equivalence 		
				    to form a solution with a pH > 7.

		  ii)	 If the pH of a hydrochloric acid solution is the same as the pH of a propanoic 
			   acid solution, then the molar concentration of the hydrochloric acid solution 
			   must be less than the molar concentration of the propanoic acid solution.

1 point is earned for noting that the statement is true AND providing a supporting explanation.

		  True. 		 HCl is a strong acid that ionizes completely. Fewer moles of HCl are 		
				    needed to produce the same [H3O

+] as the propanoic acid solution, 
				    which only partially ionizes. 
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Q3 contd 		  CH3CH2COOH(aq)    +    H2O(l)    ⇋     CH3CH2COO-
(aq)    +    H3O

+
(aq)

	 A student is given the task of determining the concentration of a propanoic acid solution 		
	 of unknown concentration. 

	 A 0.173 M NaOH solution is available to use as the titrant. The student uses a 25.00 mL 		
	 volumetric pipet to deliver the propanoic acid solution to a clean, dry flask. After adding 		
	 an appropriate indicator to the flask, the student titrates the solution with the 0.173M 
	 NaOH, reaching the end point after 20.52 mL of the base solution has been added. 

	 d)	 Calculate the molarity of the propanoic acid solution.

		  1 point is earned for correctly calculating the number of moles of acid that reacted at 	
		  the equivalence point.

n = M x L	 thus, mol OH- = ( 0.173 M)(0.02052 L) =  3.55 x 10-3 mol   = mol propanoic acid

		  1 point is earned for the correct molarity of acid.

M = n / L	 thus, molarity CH3CH2COOH- = (3.55 x 10-3 mol) / (0.02500 L)   = 0.142 M

	 e)	 The student is asked to redesign the experiment to determine the concentration of a 	
		  butanoic acid solution instead of a propanoic acid solution. 

		  For butanoic acid the value of pKa is 4.83. The student claims that a different 
		  indicator will be required to determine the equivalence point of the titration 
		  accurately. 

		  Based on your response to part b), do you agree with the student’s claim? 	
		  Justify your answer.

		  1 point is earned for disagreeing with the student's claim and making a valid 
		  justification using pKa, Ka, pH arguments.

		  1 point is earned for numerically comparing either: the two pKa values, 
		  the two Ka values, or the two pH values at the equivalence point.

			   Disagree with the student's claim

			   From part b) above, pKa for propanoic acid is log(1.3 x 10-5) = 4.89. 

			   Because 4.83 is so close to 4.89, the pH at the equivalence point in the 
			   titration of butanoic acid should be close enough to the pH in the titration 
			   of propanoic acid to make the original indicator appropriate for the titration 		
			   of butanoic acid.
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8.5 MC Questions
1.	 B(aq)   +   HCl(aq)    ⇋    HB+

(aq)   +   Cl—
(aq) 

	 The graph opposite shows the titration 
	 curve for an aqueous solution of a weak 
	 base,  B , with HCl  as the titrant. Based 
	 on the graph, which of the following best 
	 estimates the  pKa of  HB+ ?

	 A     12.0		  B     10.8		

	 C     6.0		  D     1.8

2.	 B(aq)   +   HCl(aq)    ⇋    HB+
(aq)   +   Cl—

(aq) 

	 The reaction of a weak base,  B , with  HCl is represented by the equation above. The graph 	
	 above (Q1) shows the titration curve for  25.0mL of an aqueous solution of  B titrated with  	
	 0.100MHCl. 

	 Based on the graph, which of the following best estimates the initial concentration of the 		
	 solution of the weak base?

	 A     0.20 M		  B     0.10 M		  C     0.067M		  D     0.048 M

3.	 A  40.0mLsample of the weak base 
	 C5H11N was titrated with 1.00 M HCl 
	 at  25°C. 

	 Based on the resulting titration curve 
	 shown opposite, which of the following 
	 pairs provide the best estimates for the 
	 pKb and Kb of  C5H11N ?

	 A     pKb≈ 3.0 and  Kb≈ 1× 10−3				    B     pKb≈5.8 and  Kb ≈ 2 × 10−6 		

	 C     pKb≈ 11.0 and  Kb≈ 1× 10−11				   D     pKb≈ 12.5 and  Kb≈ 3× 10−2	

O

O

O
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	 A solution of a weak monoprotic acid 
	 is titrated with a solution of a strong base, 
	 KOH. 

	 For Q 4-6 that follow, choose from the 
	 points labeled (A) through (E) on the 
	 titration curve. 

4. 	 The point at which the concentrations of the weak 
	 acid and its conjugate base are approximately equal
	
	 A     A			  B     B			  C     C			

	 D     D		  E     E	

5. 	 The point at which the moles of the added strong base are equal to the moles of the weak 		
	 acid initially present
	
	 A     A			  B     B			  C     C			  D     D		  E     E		

6. 	 The point at which the pH is closest to that of the strong base being added
	
	 A     A			  B     B			  C     C			  D     D		  E     E	

7. 	 Data collected during the titration of a 
	 20.0 mL sample of a 0.10 M  solution of 
	 a monoprotic acid with a solution of
	 NaOH of unknown concentration are 
	 plotted in the graph opposite. 

	 Based on the data, which of the following 
	 are the approximate pKa of the acid and the 
	 molar concentration of the NaOH?

	 A     pKa= 4.7 and  [NaOH] = 0.050 M			   B     pKa= 4.7 and  [NaOH] = 0.10 M	

	 C     pKa= 9.3 and  [NaOH] = 0.050 M			   D     pKa= 9.3 and  [NaOH] = 0.10 M	
	

O

O

O

O
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	 A 50.0 mL sample of an acid, HA, 
	 of unknown molarity is titrated, 
	 and the pH of the resulting solution 
	 is measured with a meter and graphed 
	 as a function of the volume of 0.100 M 
	 NaOH added.

	 For some of the questions that follow, 
	 choose from the points labeled (Q) 
	 through (U) on the titration curve. 

8. 	 At point R in the titration, which of the following species has the highest concentration?
	
	 A     HA		  B     A—		  C     H3O

+		  D     OH—

9. 	 A student carries out the same titration, but uses an indicator instead of a pH meter. If the 		
	 indicator changes color slightly past the equivalence point, what will the student obtain 
	 for the calculated concentration of the acid?
	
	 A     	 Slightly less than 0.0800 M			   B     	 Slightly more than 0.0800 M	 	
	

	 C     	 Slightly less than 0.125 M				   D     	 Slightly more than 0.125 M

10. 	 Which of the following is the best particulate representation of the species (other than 		
	 H2O) that are present in significant concentrations in the solution at point U in the 			
	 titration?
	

	 A			        B				    C			        D

	     	          	       	  

11. 	 At which point on the titration curve is [A-] closest to twice that of [HA]?
	
	 A     R			  B     S			   C     T			  D     U

O

O

O

O
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12. 	 An unknown acid is dissolved in 25 mL of water and titrated with 0.100 M NaOH. 

	 The results are shown in the titration curve below.

	 Which of the following could be 
	 the unknown acid?

	 A	 Fluoroacetic acid, pKa = 2.6					   

	 B	 Glycolic acid, pKa = 3.8		

	 C	 Propanoic acid, pKa = 4.9				 

	 D	 Hypochlorous acid, pKa = 7.5		

	 E	 Boric acid, pKa = 9.3

13.	 A 0.35 g sample of Li(s) is placed in 
	 an Erlenmeyer flask containing 
	 100 mL of water at 	25°C. 

	 A balloon is placed over the mouth 
	 of the flask to collect the hydrogen 
	 gas that is generated.

	 After all of the Li(s) has reacted with 
	 H2O(l), the solution in the flask is 
	 added to a clean, dry buret and used 
	 to titrate an aqueous solution of a 
	 monoprotic acid. 

	 The pH curve for this titration is shown in the diagram above. On the basis of the pH 		
	 curve, the pKa value of the acid is closest to
	
	 A     4			  B     5			   C     8			   D     12

 

O

O
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14. 	 To determine the concentration of a NaOH(aq) 
	 solution, a student titrated a 50. mL sample with 
	 0.10 M HCl(aq). 

	 HCl(aq)   +   NaOH(aq)     →	 NaCl(aq)   +   H2O(l)

	 The reaction is represented by the equation above. 

	 The titration is monitored using a pH meter, and 
	 the experimental results are plotted in the graph 
	 opposite.

	 At the point labeled R on the pH curve, which of 
	 the following ions are present in the reaction mixture 
	 at a concentration greater than 0.01 M ?

	 A	 Na+  and Cl− only					     B	 Na+ , Cl− and H+ only		

	 C	 Na+ , Cl−  and OH−  only				    D	 Na+ , Cl− , H+ and OH− 

15.	 The graph opposite shows the titration 
	 curve that resulted when a sample of 
	 0.1 M monoprotic acid was titrated with 
	 a solution of NaOH. 

	 Based on the graph, the pKa of the acid 
	 is closest to

	 A     3.0		  B     4.0		  C     6.0			 

	 D     8.0		  E     12.0

16.	 When a strong acid is titrated with a strong base using phenolphthalein as an indicator, 		
	 the color changes abruptly at the endpoint of the titration and can be switched back and 		
	 forth by the addition of only one drop of acid or base. 

	 The reason for the abruptness of this color change is that

	 A	 a large change in pH occurs near the endpoint of the titration
			 

	 B	 a buffer solution exists at the endpoint of the titration		

	 C	 phenolphthalein is a strong proton donor				  

	 D	 the pH of water is very resistant to change

	 E	 phenolphthalein is much more sensitive to the pH of a solution than most other 		
		  indicators

O

O

O
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17.	 A student performs an acid-base 
	 titration and plots the experimental 
	 results in the graph opposite. 

	 Which of the following statements 
	 best explains the experimental
	 findings?

	 A	 A strong acid was titrated with 
		  a strong base, as evidenced by the 
		  equivalence point at pH = 7.
			 

	 B	 A strong acid was titrated with a 
		  strong base, as evidenced by the equivalence point at pH > 7.		

	 C	 A weak acid was titrated with a strong base, as evidenced by the equivalence point 
		  at pH > 7.				  

	 D	 A weak acid was titrated with a weak base, as evidenced by the equivalence point at 		
		  pH approximately 7.

18.	 Refer to the following.

	

	 The pH of solutions of four acids prepared at various concentrations were measured and 		
	 recorded in the table above.

	 The four acids are, in no particular order, chlorous, hydrochloric, lactic, and propanoic.

	 If equal volumes of the four acids at a concentration of 0.50 M are each titrated with a 		
	 strong base, which will require the greatest volume of base to reach the equivalence point?

	 A	 Acid 1		  B	 Acid 2		  C	 Acid 3				  

	 D	 All the acids will require the same volume of base to reach the equivalence point.

O

O
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8.5 FRQ
1. 	 Methylamine is a weak base with the formula CH3NH2.

	 a) 	 In the following box, complete the Lewis 
		  electron-dot diagram for a molecule of 
		  methylamine. 

		  Show all bonding and nonbonding valence electrons.

		  The student’s drawing includes exactly 14 electrons; 
		  one pair of electrons between every two adjacent atoms 
		  plus one lone pair of electrons on the nitrogen atom. 

		  Electron pairs can be represented either by dots, or line segments.

	 The following chemical equation represents the reaction that occurs when methylamine 		
	 dissolves in water to form a basic solution.

			   CH3NH2(aq)  +  H2O(l)   →   CH3NH3
+

(aq)   +   OH−
(aq)

	 b)	 The  pH of  2.65 M CH3NH2(aq) is 12.54. Determine the value of  Kb for methylamine.

		  The response meets all of the following three criteria:

		  The correct calculation of [OH—]:

	 pH = 12.54		  pOH = 14 - 12.54 = 1.46		  [OH—]= 10-1.46 = 3.47 x 10-2 M

		  The use of the correct expression for Kb :

			   Since [CH3NH3
+] = [OH—] and  [CH3NH2] ≈ 2.65 M since % ionisation is low

			   Kb = [CH3NH3
+][OH—] / [CH3NH2] = [OH—]2 / 2.65

		  The correct substitution of the numbers and calculation of the value:

			   Kb =  (3.47 x 10-2)2 / 2.65 = 4.54 x 10-4

       H    H
        |      |
H—C—N—H
        |
       H

..
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Q1 contd. 	 A  25.00 mL sample of a  CH3NH2(aq) 
		  solution of unknown concentration 
		  is titrated with  1.84 M HCl(aq). 

		  Opposite is a graph that shows  
		  pH versus the volume of 1.84 M HCl(aq)
  		  added during the titration.

	 c) 	 If  28.25 mL of  1.84 M HCl(aq) was 
		  required to reach the equivalence point, 
		  calculate the concentration of the 
		  CH3NH2(aq) solution of unknown concentration.

		  The response includes both of the following criteria:

			   The correct calculation of moles of HCl(aq) added:

			   n = C x L		  n = 1.84 x 0.02825 = 0.05198 mol HCl(aq)

			   The correct calculation of the concentration of the CH3NH2(aq) solution:

			   0.05198 mol HCl(aq)  ⇒ 0.05198 mol CH3NH2(aq)

			   C = n / L		  C = 0.05198 / 0.02500 = 2.08 M

	 d)	 Using the symbols in the legend opposite, 
		  draw particles in the following beaker to 
		  represent the relative amounts of the two 
		  species,  CH3NH2 and  CH3NH3

+ , in the 
		  solution after the first 5.00 mL of titrant 
		  had been added to the CH3NH2(aq) solution.

			   The response shows more CH3NH2  particles 
			   than CH3NH3

+ particles

	 e)	 Explain why the titration curve shows only a small 
		  change in  pH per volume of acid added when the 
		  total amount of acid added is about 14.0 mL. 

		  Include a balanced chemical equation as part of your answer.

		  The response includes both of the following criteria:

	 An explanation that, near the half equivalence point, the concentrations of the base and of 	
	 its conjugate acid are approximately equal (the buffer zone). The effect on of adding more 		
	 acid to this system is partially counteracted because the added acid reacts with the base in 		
	 the solution.

	 The balanced equation:		  H3O
+  +  CH3NH2   ⇋   CH3NH3

+   +   H2O
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2. 		  HC2H3O2(aq)   +   H2O(l)    ⇋    H3O
+

(aq)    +     C2H3O2
−

(aq)

	 The dissociation of ethanoic acid, HC2H3O2(aq), is represented above. A student is given the 	
	 task of determining the value of Ka for HC2H3O2(aq) using two different experimental 
	 procedures. 

	 a)	 The student is first asked to prepare 100.0 mL of 0.115 M HC2H3O2 (aq) using a 
		  2.000 M standard solution.

		   i)	 Calculate the volume, in mL, of 2.000 M HC2H3O2(aq) the student needs to 		
			   prepare 100.0 mL of 0.115 M HC2H3O2(aq).

			   1 point is earned for the correct volume.

				    Mi Vi = Mf Vf	 Vi = (0.115 M)(100.0 mL)/ 2.000 M = 5.75 mL

		  ii)	 Describe the procedure the student should use to prepare 100.mL of 0.115 M 		
			   HC2H3O2(aq) using appropriate equipment selected from the list below. 

			   Assume that the student uses appropriate safety equipment.

			   100 mL beaker	 100 mL graduated cylinder	 100 mL volumetric flask

			   Eye dropper		  500 mL wash bottle filled with distilled water

			   2.000 M HC2H3O2(aq) in a 50 mL burette

			   1 point is earned for dispensing from the burette.

				    Use the burette to deliver 5.75 mL of 2.000 M HC2H3O2 
				    to the 100 mL volumetric flask.

			   1 point is earned for diluting the solution to the calibration mark of the 
			   volumetric flask.

				    Then add distilled water from the wash bottle to the flask 
				    (adding the last few drops with an eyedropper) until the 
				    volume of liquid in the flask is at the calibration mark
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Q2 contd 	 b)	 Using a pH probe, the student determines that the pH of 0.115 M HC2H3O2(aq) 	
			   is 2.92.

		   i)	 Using the pH value, calculate the value of Ka for HC2H3O2(aq).

			   1 point is earned for correct conversion of pH to [H3O
+].

				    pH = 2.92 	 ⇒ 	 [H3O
+] = 10-2.92 = 0.0012 M

			   1 point is earned for a value of Ka consistent with the student’s value of 		
			   [H3O

+].

				    Ka = [ H3O
+][C2H3O2

-]/ [HC2H3O2]

				    Since [H3O
+] = [C2H3O2

-], then

				    Ka = (0.0012)(0.0012)/(0.115−0.0012) = (0.0012)2/(0.114) =1.3 × 10−5

		  ii)	 Calculate the percent dissociation of ethanoic acid in 0.115 M HC2H3O2(aq).

			   1 point is earned for the correct percent dissociation.

				    Percent dissociation 	 = [C2H3O2
−]/[HC2H3O2] x 100 

								        = (0.0012 / 0.115) ×100	 = 1.0%
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Q2 contd 	

In a separate experimental procedure, 
the student titrates 10.0 mL of the 
2.000 M HC2H3O2(aq)with an NaOH(aq) 
solution of unknown concentration. 

The student monitors the pH during the 
titration. The titration curve opposite was 
created using the experimental data 
presented in the table.

	 c)	 Write the balanced net ionic equation for the reaction that occurs when HC2H3O2(aq) 	
		  and NaOH(aq) are combined.

		  1 point is earned for the correct equation.

			   HC2H3O2(aq)    +    OH-
(aq)    →    C2H3O2

-
(aq)    +   H2O(l)

	 d)	 Calculate the molar concentration of the NaOH(aq) solution.

		  1 point is earned for determining the moles of acid.

			   From the pH curve, the equivalence point occurs at 14.0 mL.

			   10 mL× 2.000 mol HC2H3O2/1000 mL =0.0200 mol HC2H3O2(aq)

		  1 point is earned for determining the molar concentration of the base.

			   0.0200 mol HC2H3O2(aq) × 1 mol NaOH/1 mol HC2H3O2 =0.0200 mol NaOH

			   0.0200 mol NaOH/ 0.0140 L solution =1.43 M NaOH(aq)

	 e)	 Explain how the student can estimate the value of Ka for HC2H3O2(aq) using the 
		  titration curve.

		  1 point is earned for a correct explanation (numerical explanation not required).

			   At the half-equivalence point (~7.0 mL) the pH of the solution is equal 
			   to the pKa of the acid. The antilog of the negative pH is equal to the value of 		
			   Ka.
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8.6 MC Questions
1. 				  

Acid
HIO
HBrO
HClO

	 Each particle diagram shown is a representation of an aqueous solution of one of the acids 	
	 listed in the table. The molarity of the acids in the solutions is the same. Based on the 
	 information, which particle diagram best corresponds to the indicated acid?

	 A     Diagram 1 corresponds to HClO		  B     Diagram 2 corresponds to HClO	                 

	 C     Diagram 2 corresponds to HIO.	               	 D     Diagram 3 corresponds to HBrO	

2.	 Which of the following dissolves in water to form an acidic solution

	 A	 CH3CH2CH2CH3		  B	 CH3CH2CH2CH2OH
 		

	 C	 CH3COCH3			  D	 CH3COOH			   E	 CH3CH2CH2NH2

3.
Base CH3NH2 NH2NH2 HONH2 ClNH2

Conjugate Acid

 
	 The table above includes the Lewis diagrams of the conjugate acids of some weak 
	 nitrogenous bases. Based on the relative stability of the conjugate acids, which of the 
	 following bases has the largest value for Kb ?

	 A	 CH3NH2	 B	 NH2NH2	 C	 HONH2	 D	 ClNH2 		

O

O

O



Acids & Bases QuestionsISPS Chemistry Apr 07 2023 page 32

AP Classroom Questions - only for use by fellow teachers with accredited access to AP Classroom. Please respect.

4. 

Structure

Kb 5.7 × 10−10 1.5 × 10−11 7.9 × 10−12

	 The table above provides the chemical structures for weak bases and their ionization 
	 constants,  Kb. Based on the data, which of the following provides the best reason for the 		
	 trend in base strengths?

	 A     The number of hydrogen atoms		  B     The number of resonance structures	                 

	 C     The different electronegativities of 	 D     The different molar masses
	         H, I, and Br
 	               	 	    

5.	 The Lewis electron-dot diagrams of the HClO3 
	 molecule and the HClO2 molecule are 	shown 
	 opposite at the left and right, respectively. 

	 Which of the following statements identifies the stronger acid and correctly identifies a 
	 factor that contributes to its being the stronger acid?

	 A   	 HClO3(aq) is the stronger acid because its molecules experience stronger London 
		  dispersion forces.	

	 B   	 HClO3(aq) is the stronger acid because the additional electronegative oxygen atom 
		  on the chlorine atom stabilizes the conjugate base.		

	 C   	 HClO2(aq) is the stronger acid because its molecules experience weaker London 
		  dispersion forces.		

	 D   	 HClO2(aq) is the stronger acid because the lone pairs of electrons on the chlorine 		
		  atom stabilize the conjugate base.

6.	 Which of the following is a weak acid in aqueous solution?

	 A	 HCl		  B	 HClO4	 C	 HNO3		 D	 H2S	      E	    H2SO4

O

O
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8.6 FRQ
1. 	 Answer the following questions that relate to the chemistry of halogen oxoacids.
	

	 a)	 Use the information in the table below to answer part i).

				  

		    i)	 Which of the two acids is stronger, HOCl or HOBr ? 

			   Justify your answer in terms of Ka .

			   HOCl is the stronger acid because its Ka value is greater than 
			   the Ka value of HOBr.

		   ii)	 Draw a complete Lewis electron-dot diagram for the acid that you identified 		
			   in part a) i).

			   1 point is earned for a correct diagram.

		  iii)	 Hypoiodous acid has the formula HOI. Predict whether HOI is a stronger 		
			   acid or a weaker acid than the acid that you identified in part a) i).
 

			   Justify your prediction in terms of chemical bonding.

	 1 point is earned for predicting that HOI is a weaker acid than HOCl and stating that 
	 iodine has a lower electronegativity than chlorine and EITHER

	 stating that this results in a stronger O–H bond in HOI OR stating that this decreases the 		
	 stability of the OI– ion in solution OR The conjugate base OCl— is more stable than 			 
	 OI— because Cl, being more electronegative, is better able to accommodate the 
	 negative charge.

	 b)	 Write the equation for the reaction that occurs between hypochlorous acid and 
		  water.

		  HOCl + H2O ⇄ OCl− + H3O
+		  OR		  HOCl ⇄ OCl− + H+

H  O  Cl.. .. ... .
. .

. .
. .
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8.7 MC Questions
1. 	 A student pours a 10.0mL sample of a solution containing HC2H3O2 (pKa = 4.8) and 
	 NaC2H3O2 into a test tube. The student adds a few drops of bromocresol green to the test 		
	 tube and observes a yellow color, which indicates that the pH of the solution is less 			 
	 than 3.8. 

	 Based on this result, which of the following is true about the relative concentrations of  		
	 HC2H3O2 and  NaC2H3O2 in the original solution?

	 A     	 [HC2H3O2] > [NaC2H3O2 ]	

	 B     	 [HC2H3O2] = [NaC2H3O2 ]	                 

	 C     	 [HC2H3O2] <[NaC2H3O2 ]	               

	 D     	 The relative concentrations cannot be determined without knowing the value of  		
		  pKb for  C2H3O2

−.

2.	 Benzoic acid, HC7H5O2 , has a pKa 
	 of 4.20 and a molar solubility of 
	 0.0278M. 

	 Sodium benzoate, NaC7H5O2 , has 
	 a molar solubility of 4.16M. 

	 Several 50.0mL samples of 2.00 M 			 
	 NaC7H5O2(aq) are treated with 3.00M
	 HCl, the pH is recorded, and any 
	 solid crystals are filtered, dried, and 
	 weighed. The data from the experiment are given in the table above. Which of the 
	 following best explains the experimental results?

	 A	 When  pH < pKa ,  	[HC7H5O2] > [NaC7H5O2] and HC7H5O2(s) precipitates from 
					     the solution.		

	 B	 When  pH < pKa ,  	[NaC7H5O2] > [HC7H5O2] and NaC7H5O2(s) precipitates from 
					     the solution.
 		

	 C	 When  pH > pKa ,  	[HC7H5O2] > [NaC7H5O2] and HC7H5O2(s) precipitates from 
					     the solution.				 

	 D	 When  pH > pKa ,  	[NaC7H5O2] > [HC7H5O2] and NaC7H5O2(s) precipitates from 
					     the solution.

O

O
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3. 	 H3N
+CH2COOH(aq)     +     H2O(l)     ⇋     H3N

+CH2COO—
(aq)      +    H3O

+
(aq) 

	 H3N
+CH2COO—

(aq)     +     H2O(l)     ⇋     H2NCH2COO—
(aq)      +    H3O

+
(aq)	

	 The stepwise dissociation of the amino acid glycine is represented by the chemical 
	 equations above. A student titrates a sample of glycine dissolved in dilute acid with  			
	 0.100 M NaOH(aq) . The data are plotted on the following graph.

	

	 Based on the data, which of the following species has the highest concentration in an 
	 aqueous solution of glycine with a pH of 7?

		  A     	 H3N
+CH2COOH(aq)			   B     	 H3N

+CH2COO—
(aq)	                 

		  C     	 H2NCH2COO—
(aq)				    D     	 H2NCH2COOH(aq)	       

O
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4.	 The graph below shows the titration curve that results when 100. mL of 0.0250 M acetic 		
	 acid is titrated with  0.100 M NaOH.

					   

	 Which of the following indicators is the best choice for this titration?

		        Indicator					    pH Range of Color Change

	 A	 Methyl orange					     3.2 - 4.4		

	 B	 Methyl red						      3.2 - 4.4
 		

	 C	 Bromothymol					     6.1 - 7.6			 

	 D	 Phenolphthalein					     8.2 - 10.0

	 E	 Alizarin						      11.0 - 12.4
O



Acids & Bases QuestionsISPS Chemistry Apr 07 2023 page 37

AP Classroom Questions - only for use by fellow teachers with accredited access to AP Classroom. Please respect.

8.7 FRQ
1. 	 The indicator HIn is a weak acid with a pKa value of 5.0. It reacts with water as represented 	
	 in the equation below. 

						    
	 Consider the two beakers opposite. Each beaker has 
	 a layer of colorless oil (a nonpolar solvent) on top of 
	 a layer of aqueous buffer solution. 

	 In beaker X the pH of the buffer solution is 3, and in 
	 beaker Y the pH of the buffer solution 	is 7. 

	 A small amount of HIn is placed in both beakers. The mixtures are stirred well, and 			
	 the oil and water layers are allowed to separate.

	 a)	 What is the predominant form of HIn in the aqueous buffer in beaker Y, the acid 		
		  form or the conjugate base form? Explain your reasoning.

		  1 point is earned for correctly identifying In–
(aq) as the predominant form in the 		

		  aqueous layer of beaker Y because the solution is not acidic (may be implicit).

		  1 point is earned for stating that pH > pKa and that this causes the equilibrium to 		
		  favor products.

		  The conjugate base form, In–
(aq), is the predominant form of the indicator in the 		

		  aqueous pH 7 buffer in beaker Y. This is because the pH is greater than the pKa of 		
		  HIn, causing the equilibrium to form a significant amount of products, In–

(aq) 			 
		  and H3O

+
(aq).

	 b)	 In beaker X the oil layer is yellow, whereas in beaker Y the oil layer is colorless. 
		  Explain these observations in terms of both acid-base equilibria and interparticle 		
		  forces.

	 1 point is earned for explaining the yellow color in the oil layer of beaker X in terms of 		
	 acid-base equilibrium and interparticle forces between HIn molecules and oil molecules.

	 At pH 3 the acid form, HIn(aq), predominates in the aqueous layer of beaker X because pH 		
	 < pKa. Since HIn(aq) is a neutral molecule, some of it can dissolve in the oil layer of beaker 		
	 X because of Londondispersion interactions with the oil, causing the oil layer to be yellow.

	 1 point is earned for explaining the colorless oil layer of beaker Y in terms of interparticle 		
	 forces between In– ions and water molecules.

	 Since In–
(aq) is charged, it will preferentially dissolve in the aqueous layer of beaker Y 

	 because of ion dipole interactions with the water, leaving the oil layer colorless.
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8.8 MC Questions
1.	
				  

	 A buffer solution is made up of acetic acid (CH3COOH) and sodium acetate 
	 (NaCH3COO). The major equilibria in the buffer system are represented above. 

	 Which of the following equilibria could be used to support the claim that the addition of a 	
	 small amount of  NaOH to the buffer will result in only a very small change in pH ?

	 A	 CH3COOH(aq)   +   CH3COO−
(aq)	     ⇄	 CH3COO−

(aq)     +     CH3COOH(aq)		

	 B	 CH3COOH(aq)    +    OH−
(aq)     ⇄	 CH3COO−

(aq)    +    H2O(l)
 		

	 C	 H3O
+

(aq)   +   OH−
(aq)     ⇄     2H2O(l)		

	 D	 CH3COOH(aq)     +    H2O(l)	      ⇄	 H3O
+

(aq)     +    CH3COO−
(aq)

2.
		  HF(aq)   +    H2O(l)	 ⇄	 H3O

+
(aq)    +    F−

(aq)    Ka = 6.3 ×10−4 at 25°C			 

	 The acid ionization equilibrium for  HF  is represented by the chemical equation above. 
	

	 A student claims that the pH of a solution that contains 0.100 M HF(aq) and 0.100 MNaF(aq)  	
	 will change only slightly when small amounts of acids or bases are added. 

	 Which of the following pairs of equations can the student use to justify the claim?

	 A	 HF(aq)  +  OH−
(aq)    →   H2O(l)     +   F−

(aq)  	      and  	 OH−
(aq)  +  H3O

+
(aq)   →   2 H2O(l) 	

	 B	 H3O
+

(aq)  +   OH−
(aq)   →   2 H2O(l)  		       and  	 F−

(aq)  +  H3O
+

(aq)  →  HF(aq)+H2O(l) 
 		

	 C	 HF(aq)  +  OH−
(aq)   →   H2O(l)   +   F−

(aq)  	      and  	 F−
(aq) + H2O(l)   →  HF(aq) + OH−

(aq) 

	 D	 HF(aq)  +  OH−
(aq)  →  H2O(l)   +   F−

(aq)  	      and	 F−
(aq)  +  H3O

+
(aq)  →  HF(aq)+ H2O(l) 

O

O
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3.	 The equilibrium for the reaction between (CH3)2NH, a weak base, and water is represented 	
	 by the equation below. The table shows the  pH  of three solutions of (CH3)2NH(aq) at 25°C .

		  (CH3)2NH(aq)   +   H2O(l)    ⇄    (CH3)2NH2
+

(aq)   +   OH−
(aq)	 Kb  =  5.4 × 10−4  at  25°C 

	

	 A student mixes 100.mL of 0.200 M (CH3)2NH(aq) with 100.mL of  0.200 M (CH3)2NH2Cl(aq)  	
	 and claims that if a small amount of strong base is added to the mixture, then the resulting 	
	 change in  pH of the mixture will be smaller than the change in pH that would result 		
	 from adding the same amount of strong base to 200.mL of 0.200 M (CH3)2NH(aq) . 	

	 Which of the following best explains whether or not the student’s claim is correct?

	 A   	 The claim is correct because the mixture contains only half of the (CH3)2NH(aq) that 		
		  the  0.200 M (CH3)2NH(aq) contains. The lesser amount of base in the mixture makes 
		  the pH  of the mixture lower than the pH of the 0.200 M (CH3)2NH(aq) ; therefore, 		
		  when a small amount of strong base is added, the change in the pH of the mixture 		
		  will be smaller than the change in the pH of the 0.200 M (CH3)2NH(aq).	  

	 B   	 The claim is correct because the mixture contains a significant amount of the 			
		  acid  (CH3)2NH2

+
(aq), which can react with and partially neutralize the added strong 		

		  base, thereby reducing the change in pH . In  0.200 M (CH3)2NH(aq), the 
		  concentration of the acid (CH3)2NH2

+
(aq)  is very small; therefore, the added strong 		

		  base is not neutralized and the change in  pH will be larger. 	       

	 C   	 The claim is incorrect because the mixture contains only half of the (CH3)2NH(aq)  		
		  that the 0.200 M (CH3)2NH(aq) contains. The lesser amount of base in the mixture 		
		  makes the pHof the mixture lower than the pH of the  0.200 M (CH3)2NH(aq); 
		  therefore, when a small amount of strong base is added, the change in the pH of the 
		  mixture will be larger than the change in the  pH  of the 0.200 M (CH3)2NH(aq).	

	 D   	 The claim is incorrect because the change in pH resulting from the addition of a 		
		  small amount of strong base to the mixture and to the 0.200 M (CH3)2NH(aq)			 

		  will be the same given that the same amount of strong base is being added to 
		  the same volume of solution.

O
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4.	 	
		

	 The pH of solutions of four acids prepared at various concentrations were measured and 		
	 recorded in the table above.

	 The four acids are, in no particular order, chlorous, hydrochloric, lactic, and propanoic.

	 A 25 mL sample of a 1.0 M solution of acid 1 is mixed with 25 mL of 0.50 M NaOH. Which 	
	 of the following best explains what happens to the pH of the mixture when a few drops of 		
	 1.0 M HNO3 are added?

	 A	 The pH of the mixture increases sharply, because HNO3 is a strong acid.		

	 B	 The pH of the mixture decreases sharply, because H3O
+ ions were added.

 		

	 C	 The pH of the mixture stays about the same, because the conjugate base of acid 1 		
		  reacts with the added H3O

+ ions.			 

	 D	 The pH of the mixture stays about the same, because the OH− ions in the solution 		
		  react with the added H3O

+ ions.

5.	 A solution is prepared by adding 100 mL of 1.0 M HC2H3O2(aq) to 100 mL of 1.0 M 			 
	 NaC2H3O2(aq). The solution is stirred and its pH is measured to be 4.73. 

	 After 3 drops of 1.0 M HCl are added to the solution, the pH of the solution is measured 		
	 and is still 4.73. Which of the following equations represents the chemical reaction 			 
	 that accounts for the fact that acid was added but there was no detectable change in pH?

	 A	 H3O
+

(aq)      +    OH—
(aq) 	 → 	 2 H2O(l)		

	 B	 H3O
+

(aq)      +       Cl—
(aq) 	 → 	 HCl(g)    +    H2O(l)

 		

	 C	 H3O
+

(aq)   + 	 C2H3O2
—

(aq) 	 → 	 HC2H3O2(aq)   +   H2O(l)			 

	 D	 H3O
+

(aq)   +    HC2H3O2(aq) → 	 H2C2H3O2
+

(aq)   +   H2O(l)

O

O
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6.	 Mixtures that would be considered buffers include which of the following?

	 I. 	 0.10 M HCl  +   0.10 M NaCl			   II. 	 0.10 M HF   +   0.10 M NaF

					     III. 	 0.10 M HBr   +   0.10 M NaBr

	 A   I only	   B   II only 	       C   III only	 D   I & II only	 E   II & III only	

7.	 The graph below shows the titration curve that results when 100. mL of 0.0250 M acetic 		
	 acid is titrated with 0.100 M NaOH.

				  

	 What part of the curve corresponds to the optimum buffer action for the 
	 acetic acid/acetate ion pair?

	 A   point V	   

	 B   point X 	       

	 C   point Z	

	 D   along all of section WY

	 E   along all of section YZ

O

O
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8.8 FRQ
1. 	 Methylamine is a weak base with the formula 
	 CH3NH2 .

	 a)	 In the box opposite, complete the Lewis 
		  electron-dot diagram for a molecule 
		  of methylamine. 

		  Show all bonding and nonbonding 
		  valence electrons.

	 The following chemical equation represents the reaction that occurs when methylamine 		
	 dissolves in water to form a basic solution.

		  CH3NH2(aq)   +   H2O(l)   →   CH3NH3
+

(aq)    +    OH−
(aq)

	 b)	 The pH of 2.65 M CH3NH2(aq) is 12.54. Determine the value of Kb for methylamine.

1 point:    correct calculation of [OH—],   pH = 12.54 so pH = 1.46, [OH—] = 10-1.46 = 3.47 x 10-2 M

1 point:    use of the correct expression for Kb		 Kb = [CH3NH3
+][OH—] / [CH3NH2]

1 point:    correct substitution and calculation	 Kb = [OH—]2 / 2.65 	= [3.47 x 10-2]2 / 2.65
											           = 4.54 x 10-4

	 A 25.00mL sample of a CH3NH2(aq) solution of unknown concentration is titrated with  		
	 1.84 M HCl(aq) . Following is a graph that shows pH versus the volume of  1.84 M HCl(aq)
  	 added during the titration.

			 

|

| |
— — —..
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Q1 contd. 	

	 c)	 If  28.25mL of 1.84 M HCl(aq) was required to reach the equivalence point, calculate 		
		  the concentration of the CH3NH2(aq) solution of unknown concentration.

	 1 point:	 The correct calculation of moles of added:	 n = C x L 	 = 1.84 x 0.0285 
												            =  0.05198 moles

	 1 point:	 The correct calculation of concentration :	 equivalence, so 0.05198 mol HCl
										          = 0.01598 mol CH3NH2

			   C = n / L	 = 0.01598 / 0.025 = 0.6392 M

	 d)	

			 

		  Using the symbols in the legend above, draw 
		  particles in the beaker opposite to represent 
		  the relative amounts of the two species, CH3NH2 
		  and CH3NH+

3, in the solution after the first 
		  5.00mL of titrant had been added to the CH3NH2(aq)  
		  solution.

	 e)	 Explain why the titration curve shows only a small change in pH per volume of acid 	
		  added when the total amount of acid added is about 14.0mL. Include a balanced 		
		  chemical equation as part of your answer.

		  The response includes both of the following criteria:

		  An explanation that, near the half equivalence point, the concentrations of the base 		
		  and of its conjugate acid are approximately equal (the buffer zone). The effect 			
		  on of adding more acid to this system is partially counteracted because 
		  the added acid reacts with the base in the solution.

		  The balanced equation		  H3O
+   +   CH3NH2  →   H2O   +   CH3NH3

+

The response shows 
more CH3NH2 
particles than 

CH3NH3
+ particles.
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8.9 MC Questions
1. 			   HC4H7O2(aq)      +     H2O(l)     ⇄     H3O

+
(aq)     +     C4H7O

2−
(aq) 

	 The chemical equation above represents the acid ionization equilibrium for HC4H7O2 for 		
	 which  pKa = 4.8 . Which of the following is the best estimate for the  pH  of a buffer 		
	 prepared by mixing 100.mL of  0.20 M HC4H7O2  with 100.mL of  0.10 M NaC4H7O2   ?

	 A	 1.0			   B	 4.5		  C	 4.8			   D	 7.0

2. 	 A student prepares a lactic acid-sodium lactate buffer solution by mixing 40.mL of  0.50 M 	
	 HC3H5O3(aq)  with 200.mL  of 1.0 M NaC3H5O3(aq) . The pKa of HC3H5O3 is 3.08. What is the  	
	 pH of the resulting solution?

	 A	 2.08			   B	 3.08		  C	 3.38			   D	 4.08

3. 	 The equilibrium for the reaction between (CH3)2NH , a weak base, and water is 
	 represented 	by the equation below. The table shows the pH of three solutions of  			 
	 (CH3)2NH(aq) at 25°C .

		  (CH3)2NH(aq)     +     H2O(l)       ⇄     (CH3)2NH2
+

(aq)   +   OH−
(aq)	            Kb = 5.4 × 10−4 at 25°C

[(CH3)2NH] pH at25°C 

0.050 11.69

0.10 11.85

0.20 12.01

	 Which of the following equations can be used to correctly calculate the pH of a solution at  	
	 25°C  that is  0.100 M (CH3)2NH(aq)  and  0.100 M (CH3)2NH2Cl(aq) ? 

	 A	

	 B	

	 C	   

	 D	

O

O

O Data Booklet: 	Kw = Ka x Kb = 1.0 x 10-14

		  Ka = 1.0 x 10-14 / Kb
		  pKa = -log(1.0 x 10-14 / Kb)

And, [acid] = [base] so pH = pKa

	 So	 pH = -log(1.0 x 10-14 / Kb)
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4. 

		

	 The table above shows the values of Ka for four weak acids. Which of the following pairs of 	
	 chemical species, when combined in equimolar amounts, results in a buffer with a pH 
	 closest to 7.5 ?

	 A	 HNO2 and OH−	

	 B	 HC3H5O2 and C3H5O
2−

 	 	

	 C	 HClO and ClO−		

	 D	 C6H5OH and C6H5O
−	       

5. 	

	

	 The acid-dissociation constants of HC3H5O3(aq) and CH3NH3
+

(aq) are given in the table 		
	 above. Which of the following mixtures is a buffer with a pH of approximately 3?

	 A	 A mixture of 100. mL of 0.1 M CH3NH3Cl and 50. mL of 0.1 M NaOH	

	 B	 A mixture of 100. mL of 0.1 M HC3H5O3 and 50. mL of 0.1 M NaOH
 	 	

	 C	 A mixture of 100. mL of 0.1 M NaC3H5O3 and 100. mL of 0.1 M NaOH		

	 D	 A mixture of 100. mL of 0.1 M CH3NH3Cl and 100. mL of 0.1 M CH3NH2		

O

O
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6. 	
Acid Dissociation Constant, Ka 

H3PO4 7 x 10–3

H2PO4
– 8 x 10–8

HPO4
2– 5 x 10–13

	 On the basis of the information above, a buffer with a pH = 6.5 can best be made by using

	 A	 pure NaH2PO4		  B	 H3PO4 + H2PO4
–		

			   C	 H2PO4
– + HPO4

2–		  D	 HPO4
2– + PO4

3–

7.	 A 50.0 mL sample of an acid, HA, of unknown 
	 molarity is titrated, and the pH of the resulting 
	 solution is measured with a meter and graphed 
	 as a function of the volume of 0.100 M NaOH 
	 added.

	 At which point on the titration curve is [A-] 
	 closest to twice that of [HA]?

		  A	 R		  B	 S		

		  C	 T		  D	 U

8.	 An acetate buffer solution is prepared by combining 50. mL of 0.20 M acetic acid, 			 
	 HC2H3O2(aq), and 50. mL of 0.20 M sodium acetate, NaC2H3O2(aq). A 5.0 mL sample of 
	 0.10 M NaOH(aq) is added to the buffer solution. 

	 Which of the following is a correct pairing of the acetate species present in greater 
	 concentration and of the pH of the solution after the NaOH(aq) is added? 
	 (The pKa of acetic acid is 4.7.)

					     Acetate			   species pH

		  A			   HC2H3O2			   pH < 4.7		

		  B			   HC2H3O2			   pH > 4.7		

		  C			   C2H3O2
—			   pH < 4.7		

		  D	 		  C2H3O2
—			   pH > 4.7

O

O

O
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8.9 FRQ
Parts a) and b) were done during 8.6. They are shown just to provide context for remaining sections.

1. 	 Answer the following questions that relate to the chemistry of halogen oxoacids.
	

	 a)	 Use the information in the table below to answer part i).

				  

		    i)	 Which of the two acids is stronger, HOCl or HOBr ? Justify your answer in terms of Ka .

		   ii)	 Draw a complete Lewis electron-dot diagram for the acid that you identified in part a) i).

		  iii)	 Hypoiodous acid has the formula HOI. Predict whether HOI is a stronger acid or a weaker 	
			   acid than the acid that you identified in part a) i). 
			   Justify your prediction in terms of chemical bonding.

	 b)	 Write the equation for the reaction that occurs between hypochlorous acid and 
		  water.

	 c)	 A 1.2 M NaOCl solution is prepared by dissolving solid NaOCl in distilled water at 		
		  298 K. The hydrolysis reaction      OCl−

(aq) + H2O(l)   ⇄   HOCl(aq) + OH−
(aq)    occurs.

		    i)	 Write the equilibrium-constant expression for the hydrolysis reaction that 
			   occurs between OCl-

(aq) and H2O(l) .

									         Kb = [HOCl] [OH—] / [OCl—]

		   ii)	 Calculate the value of the equilibrium constant at 298 K for the hydrolysis 		
			   reaction.

			   Kw = Ka x Kb	 	 Kb  =  Kw / Ka = 1.0 x 10-14 / 2.9 x 10-8 = 3.4 x 10-7

		  iii)	 Calculate the value of [OH-] in the 1.2 M NaOCl solution at 298 K .

			   College board do this by ICE, but then let you assume [OCl—] = 1.2 so 
			   becomes
					     Kb = 3.4 x 10-7 = [OH—][HOCl] / [OCl—] = [OH-]2 / 1.2

			   [OH-] = √(1.2 x 3.4 x 10-7) = 6.4 x 10-4 M
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Q1 contd. 	 Answer the following questions that relate to the chemistry of halogen oxoacids.
	

	 d)	 A buffer solution is prepared by dissolving some solid NaOCl in a solution of HOCl 	
		  at 298 K. The pH of the buffer solution is determined to be 6.48.

		    i)	 Calculate the value of [H3O
+] in the buffer solution.

			   [H+] = 10-pH  =  10-6.48  =  3.3 x 10-7 M

		   ii)	 Indicate which of HOCl(aq) or OCl−
(aq) is present at the higher concentration in 	

			   the buffer solution. 

			   Support your answer with a calculation.

			   College board method:		  Ka = [H+][OCl—] / [HOCl]

							       2.9 x 10-8 = (3.3 x 10-7) [OCl—] / [HOCl]

							       [OCl—] / [HOCl] = 2.9 x 10-8 / 3.3 x 10-7  = 0.88

										          Therefore, [OCl—] < [HOCl]
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8.10 MC Questions
1. 		  HF(aq)     +     H2O(l)     ⇄     H3O

+
(aq)     +     F−

(aq)		  pKa = 3.20 at 25°C
 

	 The acid ionization equilibrium for the weak acid HF is represented by the equation above. 
	

	 To prepare a buffer with a pH = 3.50 , a student needs to mix 250.mL of 0.100 M HF and  		
	 250.mL of 0.100 M KF. If the student mistakenly mixes  250.mL of  0.0500 M HF and 
	 250.mL of  0.0500 M KF , which of the following is the result of this error?

	 A	 The buffer will have a lower capacity because of the smaller number of moles of HF
  		  and  F− available to react if an acid or base is added.	

	 B	 The buffer will have a lower capacity because the smaller amount of HF and F− will 		
		  lower the  pH of the buffer, and buffers of lower  pH have a lower buffer capacity.
 	 	

	 C	 The buffer will have a higher capacity because a larger proportion of HF and F−

  		  will ionize at lower concentrations, resulting in the neutralization of any added acid 	
		  or base.		

	 D	 The buffer will have the same capacity because the large volume of the buffer 
		  solution dilutes any added acid or base.	       

2.		  HF(aq)     +     H2O(l)     ⇄     H3O
+

(aq)     +     F−
(aq)

 	 The equation above represents the acid ionization equilibrium for HF. To prepare a buffer 		
	 with  pH≈3.50,  4.20g of NaF(s) should be added to 500.0mL of  0.100MHF(aq). 

	 The buffer is accidentally prepared using 90% pure NaF(s) instead of 99% pure NaF(s). 

	 Assume that the impurities in the NaF(s) samples are inert. Which of the following explains 	
	 how the error affects the pH and capacity of the buffer?

	 A	 The  pH is slightly higher than 3.50 and it has a lower capacity for the addition of 		
		  acids because less than 4.20g of NaF(s) was added.		

	 B	 The  pH is slightly higher than 3.50 and it has a higher capacity for the addition of 		
		  acids because more than 4.20g of NaF(s) was added. 

	 C	 The  pH is slightly lower than 3.50 and it has a lower capacity for the addition of 		
		  acids because less than  4.20g of NaF(s) was added.			 

	 D	 The  pH is slightly lower than3.50 and it has a higher capacity for the addition of 		
		  acids because more than  4.20g of NaF(s) was added.

O

O
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3. 		  HC2H3O2(aq)   +   H2O(l)     ⇄     H3O
+

(aq)   +   C2H3O2
−

(aq)      pKa = 4.76 

	 The equilibrium for the acid ionization of HC2H3O2 is represented by the equation above. 

	 A student wants to prepare a buffer with a pH of 4.76 by combining 25.00mL of  0.30 M 		
	 HC2H3O2 with 75.00mL  of  0.10 M NaC2H3O2 . 

	 While preparing the buffer, the student incorrectly measures the volume of NaC2H3O2  
	 so that the actual volume used is 76.00mL instead of 75.00mL. 

	 Based on the error, which of the following is true about the buffer prepared by the student?

	 A	 The  pH  of the buffer will be slightly lower than 4.76 because the total volume of 
		  the buffer is 101.00mL instead of 100.00mL , and the HC2H3O2 was diluted.

	 B	 The  pH  of the buffer will be slightly lower than 4.76 because the amount of  			
		  C2H3O2

−  added was higher than the amount of HC2H3O2 added.
	
	 C	 The buffer solution will have a slightly higher capacity for the addition of bases than 	
		  for the addition of acids because the total volume of the buffer is 101.00 mL instead 		
		  of 100.00mL , and the HC2H3O2 was diluted. 					    	

	 D	 The buffer solution will have a slightly higher capacity for the addition of acids than 	
		  for the addition of bases because the amount of C2H3O2

− added was higher than the 		
		  amount of HC2H3O2 added.	       

O


