Acid, Base, Equilibrium (Chapter 16) Worksheet
Level 1 Problems PS from textbook: Set #4, 8, 16, 20, 22, 34, 42, 56, 64, 70; Recommended #13, 43, 47, 59, 81

Calculating Ka or Kb given Concentrations
1. Given that the Ka value for acetic acid is 1.8 x 10-5 and the Ka value for hypochlorous acid is 3.5 x 10-8, which is the stronger base, OCl- or C2H3O2-? (level 1)
OCl-
2.  Identify the Lewis acid and the Lewis base in each of the following reactions. (level 1)

a. B(OH)3(aq) + H2O(l) (( B(OH)4-(aq) + H+(aq)

    b. Ag+(aq) + 2NH3(aq) (( Ag(NH3)2+(aq)
    c. BF3(g) + F-(aq) (( BF4-(aq)
a. B(OH)3, acid; H20, base;

b. Ag+, acid; NH3, base;

c. BF3, acid; F-, base

3. Would you expect Fe3+ or Fe2+ to be the stronger Lewis acid? Explain.


Fe3+; because it is smaller with a greater positive charge, Fe3+ will be more strongly attracted to a lone pair of electrons from a Lewis base

4. A 10.0-mL sample of an HCl solution has a pH of 2.000. What volume of water must be added to change the pH to 4.000? (level 2)
990 mL H2O

5. Lactic acid (HC3H503), which is present in sour milk, also gives sauerkraut its tartness. It is a monoprotic acid. In a 0.100 M solution of lactic acid, the pH is 2.44 at 25 C. Calculate the Ka and pKa for lactic acid at this temperature.  (level 1)

Ka = 1.4 x 10^-4, pka = 3.85

6.  Methylamine, CH3NH2 is a weak base and one of several substances that give herring brine its pungent odor. In 0.100 M CH3NH2, only 6.4% of the base has undergone ionization. What are Kb and pKb of methylamine? (level 1)

Kb = 4.4 x 10^-4, pKb = 3.36

7. Sodium benzoate, NaC6H5COO, is the salt of the weak acid benzoic acid, C6H5COOH.  A 0.10-molar solution of sodium benzoate has a pH of 8.60 at equilibrium. (level 3)

a. Calculate the [OH-] in the sodium benzoate solution described above.

b. Calculate the value for the equilibrium constant for the following reaction: 

C6H5COO1- (aq) + H2O (l) ↔ C6H5COOH (aq) + OH1- (aq)

c. Calculate the experimental value of Ka, the acid dissociation constant, for this sample of benzoic acid. 

(a)
pH =8.6, pOH =5.4


[OH–] =10–pOH = 3.98(10–6M

(b)
[C6H5COOH] = [OH–]


Kb  = 1.58(10–10
(c)
Ka = Kw/Kb= 6.33(10-5
Diprotic/Polyportic Acid Dissociation

8. The overall dissociation of oxalic acid, H2C2O4, is represented below. The overall dissociation constant is also indicated:

H2C2O4 (aq) ↔ 2 H+ (aq) + C2O42- (aq)

Keq = 3.78 x 10-6
a. Give the net ionic equations representing the first and second dissociations of oxalic acid. Calculate the value of the first dissociation constant, Ka1, for oxalic acid if the value of the second dissociation constant of oxalic acid, Ka2, is 6.40 x 10-5.

b. First acid dissociation equation

Second acid dissociation equation:

Calculation of Ka1:

c. To a 0.015-molar solution of oxalic acid, a strong acid is added until the pH is 0.5 (at equilibrium). Calculate the [C2O42-] in the resulting solution. Assume the change in volume when the strong acid is added is negligible.

d. Calculate the value of the equilibrium constant, Kb, for the reaction that occurs after solid Na2C2O4 has dissolved in water.  Assume only one hydrolysis reaction occurs.
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(b)
H2C2O4 ↔ H+ + HC2O4–
HC2O4– ↔ H+ + C2O42–

K = K1 ( K2
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   = 5.91×10–2
(c)
X = amt. ionized


[H2C2O4] = 0.015 – X

[H+] = 10–pH = 10–0.5 = 0.316 M

[C2O42–] = X

Ka  (  X = 5.67×10–7 M 

(d)
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   = 1.56×10–10 
9. Arsenic acid (H3AsO4) is a triprotic acid with Ka1= 5 x 10-3, Ka2= 8 x 10-8, and Ka3= 6 x 10-10. Calculate [H+], [OH-], [H3AsO4], [H2AsO4-], [HAsO42-], and [AsO43-] in a 0.20M arsenic acid solution.
[H+] = 0.029M, [OH-] = 3.45 x 10-13M, [H3AsO4] = 0.171M, [H2AsO4-] = 0.029  M, [HAsO42-] = 8 X 10-8 M, [AsO43-] = 1.65 x 10-15M

10. A typical vitamin C tablet (containing pure ascorbic acid, H2C6H6O6) weighs 500. mg. One vitamin C tablet is dissolved in enough water to make 200.0 mL of solution. Calculate the pH of this solution. Ascorbic acid is a diprotic acid. 

3.00

Calculating pH/concentration given Ka or Kb

11. A student planned an experiment that would use 0.10 M propionic acid, HC3H5O2. Calculate the values of [H+] and pH for this solution. For propionic acid, Ka = 1.4 x 10^-5 (level 2)

Ans: [H+] = 1.2 x 10^-3 M, pH = 2.92

12. Calculate the pH of a 2.0M H2SO4 solution.

–0.30

13. A solution of hydrazine, N2H4, has a concentration of 0.25 M. What is the pH of the solution and what is the percentage ionization of the hydrazine? Hydrazine has Kb = 1.7 x 10^-6 (level 2)
 pH = 10.81, percent ionization = 0.26 %

14. Chloroacetic acid, HC2H2O2Cl, is used as an herbicide and in the manufacture of dyes and other organic chemicals. It is a weak acid with Ka = 1.4x10^-3. What is the pH of a 0.010 M solution of HC2H2O2Cl (level 2)

pH = 2.51

H3PO4 : Ka1=7.5 x 10-3, Ka2 = 6.2 x 10-8, Ka3=4.8 x 10-13 

    H2CO3: Ka1= 4.3 x 10-7, Ka2=5.6 x 10-11
For the first dissociation step, calculate the pH of 0.10M solutions of each of the following polyprotic acids. a) H3PO4  b) H2CO3 (level 2)

a. 1.62; b. 3.68

15. A solution is prepared from 0.0250 mole of HCl, 0.10 mole propionic acid, C2H5COOH, and enough water to make 0.365 liter of solution. Determine the concentrations of H3O+, C2H5COOH, C2H5COO-, and OH- in this solution. Ka for propionic acid = 1.3x10-5 (level3)

C2H5COOH + H2O ↔ C2H5COO– + H3O+
[C2H5COO–] = X

[C2H5COOH] = (0.10mol/0.365L) – X

[H3O+] = (0.0250mol/0.365L) + X

Ka = 1.3(10-5 ; X = 5.2(10-5
[C2H5COO–] = 5.2(10–5M; [C2H5COOH] = 0.274M
[H3O+] = 0.0685M; 

[OH-] = 1.46(10-13 M
Salt Hydrolysis and Ka/Kb
16. Sodium hypochlorite, NaOCl, is an ingredient in many common bleaching and disinfecting agents. Will a NaOCl solution be acidic, basic, or neutral? (level 1)

Basic

17. Will an aqueous solution that is 0.20 M NH4F be acidic, basic, or neutral? (level 1)

Acidic

18. Al(NO3)3
K2CO3

NaHSO4

NH4Cl

(a)
Predict whether a 0.10 molar solution of each of the salts above is acidic, neutral or basic. (level 1)

(b) For each of the solutions that is not neutral, write a balanced chemical equation for a reaction occurring with water that supports your prediction. (level 2)

(a)
Al(NO3)3 – acidic
K2CO3 – basic


NaHSO4 – acidic
NH4Cl – acidic

(b)
Al3+ + H2O → Al(OH)2+ + H+
Al(H2O)63+ + H2O → [Al(H2O)5OH]2+ + H3O+
Al3+ + 3 H2O → Al(OH)3 + 3 H+
CO32– + H2O → HCO3– + OH–
HSO4– + H2O → SO42– + H3O+
NH4+ + H2O → NH3 + H3O+
19. What is the pH of a 0.10 M solution of NaOCl? For HOCl, Ka = 3.0x10^-8 (level 2)

pH = 10.26

20. What is the pH of a 0.20 M solution of hydrazinium chloride, N2H5Cl? Hydrazine, N2H4 is a weak base with Kb = 1.7x10^-6 (level 2)

pH = 4.47

21. Calculate the pH of a 0.050M Al(NO3)3 solution. The Ka value for Al(H2O)63+ is 1.4 x 10-5. (level 3)
3.08







