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Chapter 17 Problems-Aqueous Equilibria
Multiple Choice:

1) To prepare a buffer solution with a pH of 2, which acid would be the most appropriate to use?

a. sulfuric acid

Ka2 = 1.2 x 10-2
b. hydrazoic acid 
Ka = 1.9 x 10-5
c. hypobromus acid
Ka = 2.5 x 10-9

d. carbonic acid
Ka1= 4.3 x 10-7 , Ka2 = 5.6 x 10-11

e. hydrofluoric acid
Ka = 6.8 x 10-4
2) If nitric acid is added to a buffer of acetic acid and sodium acetate, which of the following will occur?
a. The pH decreases

b. HC2H3O2 forms

c. C2H3O2- decreases

d. OH- decreases

e. All of the above occur
3) 20 M hydrofluoric acid is titrated with .10 M barium hydroxide solution. Which indicator would be the most appropriate to use for this titration?

a. bromthymol blue
pH = 6-7

b. alizarin yellow 
pH = 11-12

c. thymol blue 

pH = 1.5-2.5

d. phenolphthalein
pH = 8-10

e. bromphenyl blue
pH = 3-4.5
4) Lead chloride is added to distilled water at 25 degrees C. When equilibrium is achieved, the chloride concentration in solution is 2.57 x 10-2. What is the Ksp of lead chloride, assuming that the compound dissociates completely and there is no other source of lead or chloride ions?
a. 9.5 x 10-5
b. 6.3 x 10-2
c. 1.7 x 10-5
d. 2.4 x 10-11
e. 1.3 x 10-7
5) The solubility of Li2CO3 in water is increased by:

i. adding NaOH


ii. adding HCl


iii. increasing the pH


iv. decreasing the pH

a. i

b. ii

c. iii

d. i and iii

e. ii and iv
Open Response:
a. (i) Explain how a buffer solution is made.

    (ii) 2.0 grams of sodium acetate are added to 50 mL of .30 M acetic acid. Assuming no volume change, what is the pH of the buffer? (Ka of acetic acid = 1.8 x 10-5)
b. 2.0 grams of sodium acetate are added to 50.0 mL of .30 M acetic acid. Assuming no volume change, what is the pH of the buffer? (Ka of acetic acid = 1.8 x 10-5)

c. .050 mol NaOH is added to the buffer. Calculate the new pH.

d. (i) In solution, how do Lewis bases react with metal ions?

(ii) How does this affect the solubility of the metal?

e. Solid AgCl is added to.10 M NaCl solution. What happens to the solubility of AgCl? Explain.
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Chapter 17 Solutions-Aqueous Equilibria
Multiple Choice Solutions:

1) To prepare a buffer solution with a pH of 2, which acid would be the most appropriate to use?

a. sulfuric acid

Ka2 = 1.2 x 10-2

b. hydrazoic acid 
Ka = 1.9 x 10-5

c. hypobromus acid
Ka = 2.5 x 10-9

d. carbonic acid
Ka1= 4.3 x 10-7 , Ka2 = 5.6 x 10-11

e. hydrofluoric acid
Ka = 6.8 x 10-4

According to the equation pH = pKa + log [base], to determine the pH of a buffer, one





         [acid]
uses the pKa, or the –log[Ka]. The –log [1.2 x 10-2 ] is closest to the pH of 2, so the answer is a, sulfuric acid.

2) If nitric acid is added to a buffer of acetic acid and sodium acetate, which of the following will occur?

a. The pH decreases

b. HC2H3O2 forms

c. C2H3O2- decreases

d. OH- decreases

e. All of the above occur
When H+ is added to a buffer solution, it will shift the equilibrium to minimize the affect of the added H+ by making H C2H3O2. In doing this, the pH decreases, C2H3O2- decreases, and OH- decreases. The equilibrium reaction for this is: C2H3O2 + H+ ( HC2H3O2. 
3) .20 M hydrofluoric acid is titrated with .10 M barium hydroxide solution. Which indicator would be the most appropriate to use for this titration?

a. bromthymol blue
pH = 6-7

b. alizarin yellow 
pH = 11-12

c. thymol blue 

pH = 1.5-2.5

d. phenolphthalein
pH = 8-10

e. bromphenyl blue
pH = 3-4.5

Since it is a titration of a weak acid with a strong base, the final pH would be above 7. However, it would not be extremely high, which rules out alizarin yellow. Therefore, phenolphthalein is the most appropriate indicator.

4) Lead chloride is added to distilled water at 25 degrees C. When equilibrium is achieved, the chloride concentration in solution is 2.57 x 10-2. What is the Ksp of lead chloride, assuming that the compound dissociates completely and there is no other source of lead or chloride ions?

a. 9.5 x 10-5
b. 6.3 x 10-2
c. 1.7 x 10-5
d. 2.4 x 10-11
e. 1.3 x 10-7
5) The solubility of Li2CO3 in water is increased by:


i. adding NaOH


ii. adding HCl


iii. increasing the pH


iv. decreasing the pH

a. i

b. ii

c. iii

d. i and iii

e. ii and iv
Adding acid causes the reaction H+ + CO32- ( HCO3- to occur. Therefore, the equilibrium shifts right in the reaction Li2CO3 ( 2 Li+ + CO32- to make up for the used CO32-, and the compound dissociates. 
Open Response:

a. Explain how a buffer solution is made.


A buffer solution is made by combining a weak acid or base, with a pKa near the desired pH, and adding a salt of its ion, which is the conjugate base or acid. 

b. 2.0 grams of sodium acetate are added to 50.0 mL of .300 M acetic acid. Assuming no volume change, what is the pH of the buffer? (Ka of acetic acid = 1.8 x 10-5)

x mol acetate = 2.0 grams NaC2H3O2  1 mol NaC2H3O2 =  .021 mol C2H3O2-





      94. 043g

.021 mol C2H3O2-  = .43 M C2H3O2-
.0500 L
pH = pKa + log [base], 



   [acid]

pH = -log[1.8 x 10-5] + log [.43]/[.300] = 4.9
c. .0100 mol NaOH is added to the buffer. Calculate the new pH.
.300 M = x mol = .0150 mol HC2H3O2

.0500L

	
	HC2H3O2
	C2H3O2-
	OH-

	Initial
	.0150 mol
	.021 mol C2H3O2-  
	.010 mol

	Change
	-.0100 mol
	+ .010 mol
	-.010 mol

	Equilibrium
	.0050 mol
	.031 mol
	0 mol


M HC2H3O2 = .0050 mol/ .0500 L = .10 M
M C2H3O2-= .031 mol/ .0500 L = .62 M

pH = pKa + log [base], 



   [acid]

pH = -log[1.8 x 10-5] + log [.62]/[.10] = 5.5
d. (i) In solution, how do Lewis bases react with metal ions?


They react to form complex ions

(ii) How does this affect the solubility of the metal?


This increases the metallic salt’s solubility.

e. Solid AgCl is added to.10 M NaCl solution. What happens to the solubility of AgCl? Explain.


The solubility of AgCl decreases. This is due to the common ion effect. Cl- is the common ion, since it comes from two separate sources. The common ion effect occurs because of LeChatelier’s principle. The reaction for the dissociation of AgCl is: AgCl ( Ag + + Cl-. Therefore, when more Cl- is added to the solution, the equilibrium will shift to the left to minimize it. This means that the solid AgCl is favored, and its solubility decreases. 

