Dr. Amy Rogers



Acid Base Homework


Chem 112

1. The conjugate acid of hydrazine N2H4 is 

A)  N2H4
B)  H2O 
C)  N2H3–
D)  N2H5+
E)  H3O+
2.  At 37°C, Kw for water is 5.00 X 10–14. What is the pH of a neutral aqueous solution at this temperature? 


A)  6.00 
B)  6.65 
C)  7.35 
D)  7.50 
E)  7.00 

3.  Calculate the concentration of H3O+ for an aqueous solution with a pH of 8.20.


4.  A.  What is the pH of a 0.0050 M aqueous solution of calcium hydroxide?

     B.  What is the pH of a 0.050 M aqueous solution of calcium hydroxide?

     C.  Explain the difference in pH of the two solutions.

5.  For a solution labeled "0.20 M barium hydroxide," what is the pH?

6.  When 500.0 mL of 0.120 M KOH(aq) is mixed with 500.0 mL of 0.0480 M Ba(OH)2(aq), What is the pH of the resulting solution?

7.  Which of the following is the strongest acid? 


A)  HF (pKa = 3.45) 

B)  CH3CO2H (pKa = 4.75) 

C)  HClO2 (pKa = 2.00) 


D)  HCN (pKa = 9.31) 
E)  HNO2 (pKa = 3.37)

8.  What would happen if a small amount of HCl(aq) were added to 0.10 M NH3(aq)?

9.  The pKa for HF is 3.45. What is the reaction that this expression refers to? 

10.  Which of the following is the strongest base? 


A)  urea (pKb = 13.90) 
B)  methylamine (pKb = 3.44) 
C)  ammonia (pKb = 4.75) 


D)  morphine (pKb = 5.79) 
E)  pyridine (pKb = 8.75) 

11.  Which of the following produces the strongest conjugate acid? 


A)  methylamine (pKb = 3.44) 
B)  aniline (pKb = 9.37) 
C)  ammonia (pKb  =4.74) 


D)  nicotine (pKb = 5.98) 
E)  pyridine (pKb = 8.75) 

12.  A. The pH of 1.0 M HCOOH(aq) is 1.87. What is the percent ionization of HCOOH?
 

       B.  What is the acid ionization constant (Ka) of HCOOH?

13.  What is the pH of 0.240 M HClO(aq) (pKa = 7.52)?

14.  What is the pH of 0.30 M C6H5COOH(aq) (pKa = 4.19)?

15.  A weak acid with Ka = 2.2 x 10–4 is 1.5% ionized in a 1.0 M solution. What would be the percent ionization in a 0.010 M solution of the same weak acid?

16.  Consider the follwing acids:
HClO2, pKa = 2.00
HCN, pKa = 9.31 HF, pKa = 3.45


HIO, pKa = 10.64
HClO, pKa = 7.53

       Which acid will have the greatest percentage of solute ionized in a 0.10 M aqueous solution? 

17.  When 0.648 g of an organic base of molar mass 162 g/mol is dissolved in 50.0 mL of water, the pH is found to be 10.45. Calculate the pKb of the base and the pKa of its conjugate acid.

18.  The pH of 0.0945 M NH3(aq) is 11.12. Calculate the percent of NH3 protonated.

19.  The pH of 0.15 M NH2OH(aq) is 9.60. What is the percent of NH2OH protonated?

20.  The pH of 0.50 M aniline(aq) is 9.17. What is the value of Kb for aniline?

21.  What is the pH of 0.010 M NH2NH2(aq) (pKb = 5.77)?

22.  Calculate the [H2SO3], [HSO3-] [SO32-] and [H+] for a solution labeled "0.0500 M H2SO3(aq)" (pKa1 = 1.81, pKa2 = 6.91).

23.  Calculate the pH and the concentrations of oxalic acid, hydrogen oxalate and oxalate in a solution labeled "0.100 M (COOH)2(aq), oxalic acid" (pKa1 = 1.23, pKa2 = 4.19).

24.  If pKa1 and pKa2 for H2CO3 are 6.37 and 10.25, respectively, calculate the equilibrium constant for the following reaction: H2CO3(aq) + 2H2O(l) 
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  2H3O+(aq) + CO32–(aq)
25.  The predominant acid responsible for the acidity of "acid rain" is H2SO3 (pKa1 = 1.81 and pKa2 = 6.91). If a sample of water from a lake has a pH of 3.20, calculate the concentration of H2SO3 in the lake.

26.  Which one of the following salts gives an acidic aqueous solution? 


A)  CaCl2
B)  Cr(ClO4)3

C)  LiF 
D)  CsNO3
E)  NaCH3CO2
27.  Which one of the following salts gives an acidic aqueous solution? 


A)  NaCH3CO2

B)  (CH3)3NH(ClO4) 
C)  Mg(ClO4)2

D)  NaF 
E)  KCN

28.  Which one of the following salts gives an acidic aqueous solution?


A)
NH4F 

B)  NH4CN 
C)  (NH4)2CO3

D)  (NH4)3PO4

E)  (NH4)2S

29.  Which one of the following salts gives a basic aqueous solution? 


A)  NaCH3CO2

B)  KI 

C)  NH4Cl 
D)  Fe(ClO4)2

E)  RbNO3
30.  Which one of the following gives a neutral aqueous solution? 


A)  Mg(ClO4)2

B)  NaNO2
C)  Cu(ClO4)2

D)  KF 

E)  C5H5NH(ClO4)

31.  Calculate the pH of a 0.136 M solution of aqueous sodium fluoride. (Ka for HF is 3.5 X 10–4)

32.  Calculate the pH of a 0.100 M solution of aqueous pyridinium chloride. Kb for pyridine is 1.8 x 10–9
33.  Calculate the pH of a 0.0300 M Na2S(aq) For H2S, Ka1 = 1.3  x 10–7 and Ka2 = 7.1  x 10–15.

34.  The pH of 0.18 M aqueous sodium hypochlorite is 10.38. Calculate the value of Ka for HClO?

35.  A buffer is prepared by mixing 0.25 moles of NaNO2 and 0.75 moles of HNO2 in 1.0 L of water. Calculate the pH of the solution after the addition of 0.20 moles of KOH. The Ka of HNO2 is 4.3 x 10–4.

36.  What is the concentration of HCOO- at the equivalence point in the titration of 0.130 M HCOOH(aq) with 0.130 M KOH(aq)?

37.  What is the concentration of CH3CNH2 and CH3NH3+ at the stoichiometric point in the titration of 0.260 M CH3NH2(aq) with 0.260 M HCl(aq)?

38.  What is the pH at the stoichiometric point for the titration of 0.100 M CH3CO2H(aq) with 0.100 M KOH(aq)? The value of Ka for acetic acid is 1.8 X 10–5.

39.  What is the pH at the stoichiometric point for the titration of 0.26 M CH3NH2(aq) with 0.26 M HClO4(aq)? For CH3NH2, Kb = 3.6 x 10–4.
40. For the given titration curve A volume of 10.0 mL of 0.10 M H3PO4 was titrated with 0.10 M NaOH. The pH response to addition of various amounts of NaOH is shown. Answer the following questions: 
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A)  At point A the ratio of [H3PO4]/[H2PO4–] is

B) At point C the principal phosphate species present are



C)  The end–point for the reaction H3PO4 + NaOH 
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 NaH2PO4 + H2O is the point labeled

41.  What is the pH at the half-stoichiometric point for the titration of 0.22 M HNO2(aq) with 0.10 M KOH(aq)? For HNO2, Ka = 4.3 x 10–4.

42.  What is the pH at the half-stoichiometric point for the titration of 0.010 M morphine(aq) with 0.010 M HCl(aq)? For morphine, Kb = 1.6 x 10–6.

43.  For the titration of 50.0 mL of 0.020 M aqueous salicylic acid with 0.020 M KOH(aq), calculate the pH after the addition of 30.0 mL of KOH(aq). For salycylic acid, pKa = 2.97.

44.  Which of the following indicators would be most suitable for the titration of 0.10 M HBr(aq) with 0.10 M KOH(aq)? 

A)  alizarin yellow (pKIn = 11.2)       B)  methyl orange (pKIn = 3.4)      C)  bromophenol blue (pKIn = 3.9) 

D)  thymol blue (pKIn = 1.7)             E)  bromothymol blue (pKIn = 7.1)

45.  Which of the following indicators should be used for the titration of 50.0 mL of 0.020 M C6H5COOH(aq) with 0.100 M NaOH(aq)?

A)  thymol blue (pKIn = 1.7)      B)  alizarin (pKIn = 11.7) 
C)  bromocresol green (pKIn = 4.7) 

D)  phenol red (pKIn = 7.9)       E)  methyl red (pKIn = 5.0)

46.  Which indicator should be used for the  titration of 25.0 mL of 0.100 M C5H5N(aq), pyridine, with 0.100 M HCl(aq)?

A)  thymol blue (pKIn = 1.7) 

B)  methyl red (pKIn = 5.0) 

C)  phenolphthalein (pKIn = 9.4) 

D)  methyl orange (pKIn = 3.4) 
E)  bromothymol blue (pKIn = 7.1)

47.  Estimate the pH for the results obtained when the following solutions are mixed. The concentrations of both solutions is 1.00 M

A. 10.0 mL of NH3 and 10.0 mL HCl

B. 10.0 mL of NH3 and 20.0 mL HCl

48.  Calculate the pH for the titration of 100 mL of 0.100 M HI with 0.200 M NaOH


A) Before any base is added

B) After 25.0 mL of base is added


C) After 50.0 mL of base is added
D) After 75.0 mL of base is added

49.  Calculate the PH for the titration of 100 mL of 0.250 M C6H5CO2H with 0.500 M RbOH


A) Before any base is added

B) After 25.0 mL of base is added


C) After 50.0 mL of base is added
D) After 75.0 mL of base is added

50.  If a small amount of a strong base is added to buffer made up of a weak acid, HA, and the sodium salt of its conjugate base, NaA, the pH of the buffer solution does not change appreciably because 


A)  no reaction occurs. 
B)  the strong base reacts with HA to give A–.     C)  the Ka of HA is changed.       

D)  the strong base reacts with HA to give AOH and H+.          E)  the strong base reacts with A– to give HA.

51.  What is the pH of an aqueous solution that is 0.011 M HF (Ka = 3.5 x 10–4) and 0.015 M NaF?

52.  What is the pH of an aqueous solution that is 0.12 M C6H5NH2 (Kb = 4.3 x 10–10) and 0.018 M C6H5NH3Cl?

53.  Calculate the pH of a solution made by adding 6.7g of sodium benzoate (144.1 g/mol) to 4.12 g of benzoic acid (122 g/mol; Ka =6.3 x 10-5) and dissolving in water to make 1.00 L of solution

54.  Calculate the pH of a solution made by adding 29.0 g of sodium formate to 300 mL of 0.690 M formic acid.

55.  Calculate the pH that results when the following solutions are mixed: 6.8 mL of 0.500 M sodium acetate and 15.2 mL of 0.350 M acetic acid

56.  How many grams of ammonium chloride must be added to 404.0 mL of 0.137 M ammonia to prepare a buffer with a pH = 9.8?

57.  The following aqueous solutions are available in the first year chemistry laboratory:


0.10 M HCl(aq)




0.10 M aniline(aq), pKb = 9.37


0.10 M HCN(aq), pKa = 9.31


0.10 M NaOH(aq)

0.10 M methylamine(aq), pKb = 3.44

0.10 M HClO(aq), pKa = 7.53



(a) Describe how to prepare a buffer with a pH in the range 4–5.



(b) Describe how to prepare a buffer with a pH in the range 7–8.

Answers: 

1. D





2. B




3. 6.31 x10-9 M

4. A. 12
B 13

C.  The more concentrated a solution the greater the effect on the pH

5. 13.6





6. 13.0




7.  C

8.  The equilibrium concentration of NH4+ would increase. (LeChatelier’s principle)

9.  
HF(aq) + H2O(l) 
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 F–(aq) + H3O+(aq)      10. B




11. B

12. A.  1.3 %
B.  1.8 x 10-4


13. 4.07



14. 2.4 

15. 15%




16.  HClO2



17.  pKb = 6.0; pKa = 8.0

18.  1.4%




19.  0.027%



20.  4.4 x 10-10
21. 10.1




22.  [H2SO3] = 0.0289M; [HSO3-] = [H+] = 0.0211 M; [SO32-] = 1.23 x 10-7 M

23.  pH = 1.28; [HO2C-CO2H] = 0.0467 M; [-O2C-CO2H] = 0.0533 M; [-O2C-CO2-] = 6.46 x10-5 M

24.  2.40 x10-17; when combining equilibrium equations you multiply the equilibrium constants

25.  2.65 x10-5 M



26.  B




27.  B

28.  A





29.  A




30.  A

31.  8.29




32.  3.13



33.  12.6

34.  3.00 x 10-8



35.  3.28



36.  [HCO2-] = 0.0650 M

37.  [CH3NH2] = 0.00 M; [CH3NH3+] = 0.130 M




38.  8.72

39.  5.72




40.  A) 1
B)  HPO42– and H2PO4–  
C) B
41. 3.37




42.  8.2



43. 3.15

44.  E





45.  D




46.  D

47.  A) 4
B) 1



48.  A) 1
B)  1.4

C)  7

D) 12.46

49.  A)  2.4
B) 4.2

C)  8.71
D) 12.85



50.  B


51. 3.59




52.  5.46



53.  4.33

54. 4.05




55. 4.55



56. 0.843 g

57.  a)  2:1 ratio of aniline to anilinium


i.e., 20 ml of aniline and 10 ml of anilinium

      (b)  2:1 ratio of HClO to ClO-




            i.e., 20 ml of HClO and ClO- ml of anilinium
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