AP Chemistry

Unit 11 – Acid & Base Equilibrium

This unit focuses on acids, bases, and acid-base equilibrium. It addresses elements of Topic III (Reactions) in the College Board's AP Chemistry Topic Outline. In particular it focuses on acid-base reactions and equilibrium.

Lesson 1 – The Nature of Acids and Bases
This lesson examines acids and bases in details. We'll begin by reviewing two models of acids and bases, then explore a new model: Lewis acids and bases. We'll also study the pH scale. This is a tool for expressing very small hydrogen ion concentrations in terms of positive numbers between 0 and 14. This lesson will also consider weak acids and bases. These are substances that don't ionize completely in water. As we'll see, their equilibrium pH provides clues about the extent to which they ionize.

Objectives

Identify an Arrhenius acid or base. 

Identify a Brønsted-Lowry acid or base. 

Identify a Lewis acid or base. 

Define the term "pH." 

Explain why the pH scale was derived. 

Recognize common solutions as acids or bases. 

Calculate the pH of a solution, given its [H+]. 

Calculate the [H+] of a solution, given its pH. 

Define the terms "strong acid" and "strong base." 

Calculate the pH of a strong acid solution. 

Define the terms "weak acid" and "weak base." 

Explain why the pH of a weak acid solution is much higher than the pH of a strong acid solution of the same concentration.

Lesson 2 – Acid-Base Equilibrium

Weak acids and bases dissociate only partially in solution. In fact, most acid or base molecules remain undissociated when the reaction reaches equilibrium. The equilibrium concentration of hydronium ions or hydroxide ions cannot be determined from the concentration and formula of the undissociated acid or base. Instead, it's calculated from the equilibrium constant for the dissociation reaction. This lesson introduces equilibrium reactions involving the dissociation of a weak acid or base. We'll start by exploring the acid-base properties of water, since water is the major component in any weak acid or base solution. Next, we'll define a special term for the equilbrium constant of an acid or base dissociation reaction, and use it to compare the relative strengths of different acids and bases.

Objectives

Define the term "autoionization." 

Write an expression for the ion-product constant, Kw. 

Derive the equation pH + pOH = 14, starting from the Kw expression. 

Write the Ka expression for a weak acid. 

Write the Kb expression for a weak base. 

Identify the conjugate base of an acid. 

Identify the conjugate acid of a base. 

Identify conjugate acid-base pairs in an acid-base reaction. 

Calculate Kb for the conjugate base of a weak acid whose Ka is known. 

Calculate Ka for the conjugate acid of a weak base whose Kb is known. 

Rank a group of weak acids according to their extent of ionization, given their Ka values. 

Explain the relationship between the strength of an acid and the strength of its conjugate base.

Lesson 3 – Acid-Base Equilibrium Calculations

In this lesson, we'll apply concepts of the acid dissociation constant, Ka, and the base dissociation constant, Kb to solve problems involving Ka or Kb.

Objectives

Calculate Ka for a weak acid, given the initial concentration of the acid and the pH of the solution at equilibrium. 

Calculate Kb for a weak base, given the initial concentration of the base and the pH of the solution at equilibrium. 

Calculate the equilibrium concentrations of an undissociated acid, its conjugate base, and H+ from the initial acid concentration and Ka 

Calculate the equilibrium concentrations of an undissociated base, its conjugate acid, and OH- from the initial base concentration and Kb. 

Predict whether a salt solution will be acidic, neutral, or basic. 

Calculate the pH of a solution of a salt of a weak acid. 

Calculate the pH of a solution of a salt of a weak base. 

Apply the common ion effect to solve weak acid or base equilibrium problems. 

Explain the purpose of the standardization of a titrant solution. 

Describe the titration process. 

Calculate the pH at various points in the titration process, and use them to construct a titration curve. 

Interpret the shape of a strong acid-strong base titration curve. 

Identify the equivalence point on a titration curve. 

Explain how acid-base indicators work. 

Identify the appropriate indicator for a particular acid-base titration. 

Calculate the pH at significant points in a weak acid-strong base titration: initial pH, pH at half-equivalence, pH at equivalence, and final pH. 

Sketch a titration curve using the pH of the solution at significant points in the process. 

Describe how a weak base-strong acid titration curve differs from a weak acid-strong base titration curve. 

Understand the reaction equation and equilibrium expression for the dissociation of a weak acid and their relationship to pKa and Ka.

Lesson 4 – Advanced Topics in Acid-Base Equilibrium

This lesson looks at two advanced topics: polyprotic acids and buffers. 

A polyprotic acid is one with more than one ionizable hydrogen ion. Each hydrogen ion has its own unique Ka value. When we perform calculations like the ones we've done earlier in this unit, we need to take both Ka values into account. The first activity in this lesson will show you how to do that. 

We'll also learn about solutions called buffers. These are solutions that resist changes in pH when acid or base is added. Buffers are composed of a mixture of a weak acid and its conjugate base, or a weak base and its conjugate acid. The acid in a buffer can be either monoprotic or polyprotic. Ka and Kb can be used to calculate the pH of a buffer solution, regardless of the type of acid it contains.

Objectives

Define the term "polyprotic acid." 

Write an expression for the successive ionizations of the hydrogen ions of a polyprotic acid. 

Write the Ka expression for each of the successive ionizations of the hydrogen ions of a polyprotic acid. 

Determine which ionization(s) of a polyprotic acid are signficant at a given pH. 

Calculate the pH at significant points in the titration of a polyprotic acid with a strong base: initial pH, pH at the equivalence points, and final pH. 

Sketch the titration curve for a polyprotic acid. 

Explain how a buffer works. 

Identify the buffer region on a titration curve. 

Calculate the pH of a buffer solution before and after the addition of acid or base. 

Explain how the Henderson-Hasselbalch equation is derived from the Ka expression and the definition of pH. 

Apply the Henderson-Hasselbalch equation to calculate the pH of a buffer. 

Use the Henderson-Hasselbalch equation as a tool for sketching titration curves. 
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Unit 13, Lesson 1, Activity 2: Introduction to Acids and Bases

	

	Question 1

A Lewis acid is _____, and a Lewis base is _____.

	
	
Question 2
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In the above acid-base reaction:

A.
BF3 is the H+ donor, and NH3 is the H+ acceptor.

B.
BF3 is the electron pair acceptor, and NH3 is the electron pair donor.

C.
BF3 is the Brønsted-Lowry acid, and NH3 is the Brønsted-Lowry base.

D.
BF3 is the electron pair donor, and NH3 is the electron pair acceptor.

E.
BF3 is the H+ donor, and NH3 is the OH- acceptor.
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	A.
	a hydrogen ion producer; a hydroxide ion producer
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	B.
	an electron pair acceptor; an electron pair donor
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	C.
	a H+ producer; an OH- producer
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	D.
	a hydrogen ion donor; a hydrogen ion acceptor
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	E.
	an electron acceptor; an electron donor
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	Question 3

Which of the following statements about the pH scale is not true?

	
	Question 7

Based on the fact that HF is a strong acid, what would you expect the final concentration of H+ to be in the following table? 
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A.
0

B.
1.2 M

C.
0.2 M

D.
0.6 M

E.
0.3 M
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	A.
	The pH scale is based on a scale involving powers of ten.
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	B.
	pH is a scale that indicates the acidity of a solution.
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	C.
	A pH 4 solution has twice the [H+] of a pH 2 solution.
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	D.
	In the pH expression the hydronium ions, H3O+, can be abbreviated simply as H+.
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	E.
	A pH change of 1 means a 10-fold change in [H+].
	
	

	

	Question 4

Which of the following solutions is basic?

	
	Question 8

Given that HF is a strong acid, what is the pH when the dissociation reaction comes to completion?
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	A.
	a solution with pH = 7
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	B.
	a solution with pH = 1
	
	

	[image: image19]
	C.
	a solution with [H+] = 2.0 x 10-10 M
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	D.
	lemon juice
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	E.
	vinegar
	
	

	

	Question 5

What is the pH of a solution whose [H+] = 5 x 10-8 M?

	
	A.
3.0

B.
7.0

C.
12.5

D.
0.22

E.
10.0
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	A.
	7.3
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	B.
	8.0
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	C.
	-7.3
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	D.
	5.0
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	E.
	2
	
	

	

	Question 6

The pH of your swimming pool is found to be 6.89. What is the concentration of H+ ions in the pool?

	
	
Question 9

Which of the following acids is a weak acid?

A.
Acetic (CH3COOH)

B.
Hydrochloric (HCl)

C.
Sulfuric (H2SO4)

D.
Nitric (HNO3)

E.
Hydrobromic (HBr)
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	A.
	1.29 x 10-7 M
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	B.
	0.84 M
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	C.
	This cannot be determined without knowing whether the acid in the pool is strong or weak.
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	D.
	7.76 x 106 M
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	E.
	1.29 x 107 M
	
	

	

	Question 10

The pH of a 0.050 molar acetic acid solution is 3.40. What is the concentration of H+ ions in the solution?

	
	Question 3

     ______ acids are a subset of the _______ acids, which are a subset of the______ acids.
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  A.
Brønsted-Lowry; Arrhenius; Lewis
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  B.
Lewis; Arrhenius; Brønsted-Lowry
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  C.
Lewis; Brønsted-Lowry; Arrhenius
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  D.
Arrhenius; Brønsted-Lowry; Lewis
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  E.
Arrhenius; Lewis; Brønsted-Lowry
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	A.
	.050 M
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	B.
	2500 M
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	C.
	-.53 M
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	D.
	1.3 M
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	E.
	4.00 x 10-4 M
	
	

	Online Exercise: 13.1.3 Measuring Acidity and Basicity

	Question 1

     Which of the following statements is (are) true? 

I. Arrhenius bases are hydroxide ion producers. 

II. Brønsted-Lowry acids are hydrogen ion producers. 

III. Lewis bases are electron pair acceptors. 

IV. Lewis acids have an empty atomic orbital.
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  A.
I only
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  B.
I and IV only
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  C.
I and II only
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  D.
II and IV only
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  E.
II, III, and IV only

	 Question 4

     Which of the following statements are true? 

I. pH = log[H3O+] 

II. An increase in the pH of a solution means the hydrogen ion concentration increased. 

III. A neutral solution has pH = 7. 

IV. A pH change of 1 means a 10-fold change in [H+].
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  A.
I and III only
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  B.
II and III only
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  C.
III and IV only
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  D.
I, II, and III only
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  E.
I, III, and IV only


	Question 2

     Which of these statements is true for the reaction between boron trifluoride and ammonia? 

BF3 (aq) + NH3 (aq) [image: image52.png]


BF3NH3 (aq)
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  A.
Boron trifluoride accepts a pair of electrons from ammonia.
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  B.
Boron trifluoride is an Arrhenius base.
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  C.
Ammonia is an Arrhenius acid.
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  D.
Boron trifluoride is a Lewis base.
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  E.
Ammonia is a Brønsted-Lowry base.

	 Question 5

     If the hydrogen ion concentration of a solution is 4.3 × 10-4 M, what is the pH?
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  A.
4.30
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  B.
3.37
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  C.
7.75
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  D.
4.63
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  E.
1.46


	Question 6

     An acidic solution has a pH ________ 7, a basic solution has a pH _______ 7, and a neutral solution has a pH _______ 7.
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  A.
greater than; less than; equal to
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  B.
equal to; greater than; less than
  [image: image65.png]



  C.
less than; equal to; greater than
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  D.
equal to; less than; greater than
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  E.
less than; greater than; equal to

	 Question 9

     When 0.30 mol of acetic acid are dissolved in enough water to make 500.0 mL of solution, the pH will be greater than 0.22.
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  A.
True.
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  B.
False.


	 

	Question 7

     What is the concentration of hydrogen ions in solution when 0.30 mol of nitric acid are dissolved in enough water to make 500.0 mL of solution?
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  A.
0.30 M
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  B.
0.15 M
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  C.
1.2 M
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  D.
0.60 M
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  E.
1.7 M

	 Question 10

     Only 4.17% of acetic acid will dissociate in solution. What is the pH of the solution when 0.30 mol of acetic acid are dissolved in enough water to make 500.0 mL of solution?
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  A.
0.22
  [image: image76.png]



  B.
0.097
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  C.
4.38
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  D.
1.60
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  E.
3.20


	 

	Question 8

     What is the pH of the solution when 0.30 mol of nitric acid are dissolved in enough water to make 500.0 mL of solution?
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  A.
0.22
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  B.
0.51
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  C.
0.52
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  D.
2.70
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  E.
1.20

	 

	 

	
	 


	Unit 13, Lesson 2, Activity 2: Acid and Base

Dissociation

	Question 1

     The complete balanced chemical equation for the autoionization of water is:
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A.
H2O (l) + 2 H+ (l) [image: image86.png]


H4O+ (aq)
[image: image87.png]



B.
H2O (l) [image: image88.png]


H3O+(aq)
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C.
H2O (l) + H+ (l) [image: image90.png]


H3O+ (aq)
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D.
H2O (l) + OH- (l) [image: image92.png]


OH- (aq) + H2O (l)
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E.
H2O (l) + H2O (l) [image: image94.png]


H3O+ (aq) + OH- (aq)

	 Question 4

     A solution at 25°C has a hydroxide ion concentration equal to 1.0 × 10-10 M. What is the [H+] of this solution?
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A.
1.0 × 10-14 M
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B.
1.0 × 101.4 M
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C.
1.0 × 10-24 M
[image: image98.png]



D.
1.0 × 104 M
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E.
1.0 × 10-4 M


	Question 2

     The equilibrium constant expression for water, Kw, is:
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A.
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B.
Kw = [H+]2[OH-].
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C.
Kw = [H+][OH-].
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D.
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E.
Kw = [H2O]2.

	 Question 5

     A conjugate acid is the species that is formed when:
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A.
an acid loses a proton.
[image: image108.png]



B.
an acid loses an electron.
[image: image109.png]



C.
an electron is added to a base.
[image: image110.png]



D.
a proton is added to a base.
[image: image111.png]



E.
a proton is added to an electron.


	Question 3

     As the hydronium ion concentration of a solution decreases, the hydroxide ion concentration increases, so that the product of the two ion concentrations always equals _____ at 25°C.
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A.
1.0 × 10-14 M
[image: image113.png]



B.
1.0 × 1014 M
[image: image114.png]



C.
1.0 × 10-7 M
[image: image115.png]



D.
1.0 × 107 M
[image: image116.png]



E.
7.0 M

	 Question 6

     List all of the conjugate acid-base pair(s) in the following reaction: 
HOBr (aq) + H2O (l) [image: image117.png]


H3O+ (aq) + BrO- (aq).
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A.
conjugate acid: H2O; conjugate base: H3O+
[image: image119.png]



B.
conjugate acid: H3O+; conjugate base: H2O
[image: image120.png]



C.
conjugate acid 1: H3O+; conjugate base 1: BrO-; 
conjugate acid 2: HOBr; conjugate base 2: H2O
[image: image121.png]



D.
conjugate acid: HOBr; conjugate base: BrO-
[image: image122.png]



E.
conjugate acid 1: H3O+; conjugate base 1: H2O 
conjugate acid 2: HOBr; conjugate base 2: BrO-


	Question 7

     The general expression for a base dissociation constant is:
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	 Question 9

     Which of the following acids will have the highest concentration of H3O+ ions at equilibrium? 

Acid:
Ka:
propanoic
1.3 × 10-5
chlorous
1.2 × 10-2
phenol
1.6 × 10-10
acetic
1.8 × 10-5
hydrofluoric
7.2 × 10-4
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A.
propanoic acid
[image: image134.png]



B.
hydrofluoric acid
[image: image135.png]



C.
chlorous acid
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D.
phenol
[image: image137.png]



E.
acetic acid


	Question 8

     H2SO4 + 2 H2O [image: image138.png]


2 H3O + (aq) + SO42- (aq)

The acid dissociation constant expression for the above acid-base reaction is:
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	 Question 10

     The _____ the acid, the weaker the conjugate _____. 
The _____ the base, the weaker the conjugate _____.
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A.
stronger, acid; stronger, base.
[image: image150.png]



B.
stronger, base; stronger, acid.
[image: image151.png]



C.
weaker, base; weaker, acid.
[image: image152.png]



D.
weaker, acid; weaker, base.
[image: image153.png]



E.
stronger, base; weaker, acid.



	Unit 13, Lesson 3, Activity 4: Acid-Base Titrations

	Question 1

     The titration of HCl with NaOH is an example of:
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A.
a weak acid-weak base titration.
[image: image155.png]



B.
a strong acid-weak base titration.
[image: image156.png]



C.
a dilute acid-dilute base titration.
[image: image157.png]



D.
a weak acid-strong base titration.
[image: image158.png]



E.
a strong acid-strong base titration.

	 

	Question 2

     In a 0.6 M solution of HCl, the [H+] is:
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A.
0.3 M.
[image: image160.png]



B.
0.06 M.
[image: image161.png]



C.
0.6 M.
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D.
1.2 M.
[image: image163.png]



E.
0.12 M.

	 

	Question 3

     In the titration of a strong acid with a strong base, the point where the number of moles of OH– ions added equals the number of moles of H+ions is called:
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A.
the Ka.
[image: image165.png]



B.
the point of no return.
[image: image166.png]



C.
the pKa.
[image: image167.png]



D.
the equivalence point.
[image: image168.png]



E.
the halfway point.

	 

	Question 4

     In the titration of a strong acid with a strong base, the pH _____ with added base except around the equivalence point, where it _____.

[image: image169.png]



A.
increases very gradually; increases sharply.
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B.
decreases very gradually; decreases sharply.
[image: image171.png]



C.
increases sharply; stays constant.
[image: image172.png]



D.
increases sharply; decreases gradually.
[image: image173.png]



E.
remains constant; increases sharply.

	 

	Question 5

     Which of the following statements about acid-base indicators is true?
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A.
Acid-base indicators change color as a function of pH.
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B.
Acid-base indicators are themselves either weak acids or weak bases.
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C.
Acid-base indicators have protonated and unprotonated forms with different colors.
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D.
All of the above statements are correct.
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E.
None of the above statements are correct.

	 

	Question 6

     pH indicators change color at their _____. The pH at which the color change happens for a particular indicator molecule depends on its:
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A.
equivalence point; Ka or Kb.
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B.
equivalence point; concentration.
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C.
pKa; Ka or Kb.
[image: image182.png]



D.
pKa; concentration.
[image: image183.png]



E.
highest pH value in the titration curve; Ka or Kb.

	 

	Question 7

     Write the acid equilibrium constant expression for boric acid. The equation for the ionization of boric acid is as follows:
B(OH)3 (aq) + H2O (l) [image: image184.png]


B(OH)4– (aq) + H+ (aq)
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A.
Ka = [B(OH)3][H+][B(OH)4–]
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B.
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	Question 8

     In the titration of a weak acid with a strong base, the point where half of the acid has reacted with the base is noteworthy because the pH equals:
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A.
[H+].
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B.
[OH–].
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C.
the Ka.
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D.
the pKa.
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E.
the pOH.

	 

	Question 9

     Two titration curves are shown below. Which of the following statements regarding these curves is true? 

A
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B
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A.
A is the titration curve for a weak acid-strong base titration, and B is the titration curve for a strong acid-strong base titration.
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B.
A is the titration curve for a strong acid-strong base titration, and B is the titration curve for a weak acid-strong base titration.
[image: image203.png]



C.
A is the titration curve for a strong acid-strong base titration, and B is the titration curve for a weak acid-weak base titration.
[image: image204.png]



D.
A is the titration curve for a pH indicator, and B is the titration curve for a weak acid-strong base titration.
[image: image205.png]



E.
A is the titration curve for a strong acid-weak base titration, and B is the titration curve for a weak acid-weak base titration.

	 

	Question 10

     Two titration curves are shown below. Which of the following statements is false? 

A
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B
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A.
Points 2 and 5 mark the point in each titration where stoichiometrically equal amounts of acid and base have been mixed.
[image: image209.png]



B.
Point 5 always occurs at a higher pH than point 2.
[image: image210.png]



C.
In regions 1 and 4 of the titration curves, the pH changes only gradually with added base.
[image: image211.png]



D.
In regions 3 and 6 of the titration curves, the pH changes only gradually with added base.
[image: image212.png]



E.
The pKa's of the acids in each titration are denoted by points 3 and 6.

	 


	Online Exercise: 13.3.5 Understanding Titration Curves

	Question 1

     Which of the following statements explain why the exact molarity of a sodium hydroxide solution must be determined using standardization? 

I. Solid sodium hydroxide absorbs water directly from humid air. 

II. Sodium hydroxide solutions take up carbon dioxide from the air, thereby changing the composition of the solutions. 

III. Solid sodium hydroxide is difficult to dissolve in water. 

IV. The exact molarity of all basic solutions must be determined by standardization.
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  A.
I and II only
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  B.
I and III only
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  C.
I, II, and III only
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  D.
II, III, and IV only
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  E.
I, II, and IV only

	 

	Question 2

     A solution of potassium hydrogen phthalate, KHP, is used to determine the molarity of a sodium hydroxide solution. If it takes 32.6 mL of the NaOH solution to reach the endpoint in a titration of 100.0 mL of 0.078 M KHP, what is the molarity of the NaOH solution?
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  A.
2.5 × 10-4 M NaOH
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  B.
0.48 M NaOH
  [image: image220.png]



  C.
0.24 M NaOH
  [image: image221.png]



  D.
0.12 M NaOH
  [image: image222.png]



  E.
0.78 M NaOH

	 

	Question 3

     The standard deviation in the data from a sodium hydroxide standardization experiment is 0.0001 M. The average concentration of NaOH is 0.34676 M. What NaOH concentration should be used in subsequent calculations?
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  A.
0.346 M
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  B.
0.347 M
  [image: image225.png]



  C.
0.3467 M
  [image: image226.png]



  D.
0.3468 M
  [image: image227.png]



  E.
0.34676 M

	 

	Question 4

     What is the initial pH of 45.0 mL of 0.24 M HCl?
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  A.
0.73
  [image: image229.png]



  B.
0.62
  [image: image230.png]



  C.
0.32
  [image: image231.png]



  D.
0.92
  [image: image232.png]



  E.
1.97

	 

	Question 5

     How many moles of H+ are present in the solution after 15.4 mL of 0.3468 M NaOH is added to 45.0 mL of 0.24 M HCl?
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  A.
1.1 × 10-2 mol of H+
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  B.
5.5 × 10-3 mol of H+
  [image: image235.png]



  C.
5.3 × 10-3 mol of H+
  [image: image236.png]



  D.
1.6 × 10-2 mol of H+
  [image: image237.png]



  E.
1.8 × 10-3 mol of H+

	 

	Question 6

     What is the pH of the solution after 15.4 mL of 0.3468 M NaOH is added to 45.0 mL of 0.24 M HCl?
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  A.
2.26
  [image: image239.png]



  B.
0.91
  [image: image240.png]



  C.
0.42
  [image: image241.png]



  D.
0.75
  [image: image242.png]



  E.
1.04

	 

	Question 7

     What volume of 0.3468 M NaOH must be added to 45.0 mL of 0.24 M HCl to reach the equivalence point?
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  A.
31.1 mL
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  B.
45.0 mL
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  C.
15.4 mL
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  D.
15.6 mL
  [image: image247.png]



  E.
The volume cannot be determined with this information.

	 

	Question 8

     Acid-base indicators change color at _________. They are complex molecules that are either __________ or _______.
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  A.
the stoichiometric point; strong acids; strong bases
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  B.
neutral pH; strong acids; weak bases
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  C.
low pH; weak acids; strong bases
  [image: image251.png]



  D.
the equivalence point; weak acids; weak bases
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  E.
pH 7; weak acids; weak bases

	 

	Question 9

     Which of the following would be the best acid-base indicator for a titration with an endpoint at pH 5.3?
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  A.
Crystal violet
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  B.
Bromphenol blue
  [image: image255.png]



  C.
Methyl red
  [image: image256.png]



  D.
Phenolphthalein
  [image: image257.png]



  E.
Any of the above

	 

	Question 10

     In the titration of a weak acid with a strong base, at the point where half of the acid has reacted with the base, the pH is equal to the pKa.
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  A.
True.
  [image: image259.png]



  B.
False.

	 


	Unit 13, Lesson 4, Activity 4: Buffers

	Question 1

     Which of the following statements about acid-base buffer systems is (are) true? 

I. They are solutions whose pH changes in upon the addition of an acid or a base. 

II. Each acid-base buffer solution is effective at any pH. 

III. They contain conjugate acid-base pairs. 

IV. Water is an example of a buffered solution.
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A.
III only
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B.
II and III only
[image: image262.png]



C.
I, II, and III only
[image: image263.png]



D.
I, II, and IV only
[image: image264.png]



E.
II, III, and IV only

	 

	Question 2

     Carbonic acid dissociates to produce a bicarbonate ion and a hydrogen ion: 

H2CO3 (aq) [image: image265.png]


HCO3- (aq) + H+ (aq)

Le Chatelier's principle predicts that an increase in the concentration of carbonic acid will:

[image: image266.png]



A.
cause the equilibrium to shift to the left.
[image: image267.png]



B.
cause the equilibrium to shift to the right.
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C.
cause the equilibrium constant to increase.
[image: image269.png]



D.
cause the equilibrium constant to decrease.
[image: image270.png]



E.
not affect the equilibrium.

	 

	Question 3

     One common acid-base buffer system is prepared by mixing the weak acid, acetic acid, with its conjugate base, the acetate ion. The Ka of acetic acid is 1.8 × 10-5. What is the effective pH range for this buffer solution?
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A.
4.7
[image: image272.png]



B.
3.7-5.7
[image: image273.png]



C.
9.9-11.9
[image: image274.png]



D.
2.7-6.7
[image: image275.png]



E.
9.9-10.9

	 

	Question 4

     The Ka of acetic acid is 1.8 × 10-5. What is the pH of a solution that has an acetic acid concentration of 1.0 × 10-3 M, and an acetate ion concentration of 8.7 × 10-4 M?
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A.
5.45
[image: image277.png]



B.
4.13
[image: image278.png]



C.
10.79
[image: image279.png]



D.
4.68
[image: image280.png]



E.
4.81

	 

	Question 5

     The Ka of acetic acid is 1.8 × 10-5. A buffer solution has an acetic acid concentration of 1.0 × 10-3 M, and an acetate ion concentration of 8.7 × 10-4 M. What is the acetic acid concentration at the instant that 10.0 mL of 0.010 M hydrochloric acid are added to 500.0 mL of the solution? Assume that equilibrium has not yet been reestablished.
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A.
1.0 × 10-3 M CH3COOH
[image: image282.png]



B.
7.8 × 10-4 M CH3COOH
[image: image283.png]



C.
1.2 × 10-3 M CH3COOH
[image: image284.png]



D.
6.0 × 10-4 M CH3COOH
[image: image285.png]



E.
4.0 × 10-4 M CH3COOH

	 

	Question 6

     The Ka of acetic acid is 1.8 × 10-5. A buffer solution has an acetic acid concentration of 1.0 × 10-3 M, and an acetate ion concentration of 8.7 × 10-4 M. What is the acetate ion concentration at the instant 10.0 mL of 0.010 M hydrochloric acid are added to 500.0 mL of the solution? Assume that equilibrium has not yet been reestablished.
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A.
6.6 × 10-4 M CH3COO-
[image: image287.png]



B.
1.0 × 10-3 M CH3COO-
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C.
3.4 × 10-4 M CH3COO-
[image: image289.png]



D.
5.4 × 10-4 M CH3COO-
[image: image290.png]



E.
8.7 × 10-4 M CH3COO-

	 

	Question 7

     The Ka of acetic acid is 1.8 × 10-5. A buffer solution has an acetic acid concentration of 1.0 × 10-3 M, and an acetate ion concentration of 8.7 × 10-4 M. What is the equilibrium pH of the solution after 10.0 mL of 0.010 M hydrochloric acid are added to 500.0 mL of the solution?
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A.
0.26
[image: image292.png]



B.
5.00
[image: image293.png]



C.
10.33
[image: image294.png]



D.
4.74
[image: image295.png]



E.
4.49

	 

	Question 8

     The pH equals the pKa at equilibrium.
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A.
True.
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B.
False.

	 

	Question 9

     Which of the following statements are true? 

I. The Henderson-Hasselbalch equation can be used to find the pH directly from concentrations of the conjugate acid-base pair. 

II. The negative log of the Ka is called the pKa. 

III. The buffer zone is the pKa ± 2. 

IV. The buffer zone is where the concentration of the acid and the base are approximately equal. 
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A.
I and II only
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B.
II and IV only
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C.
I, II, and IV only
[image: image301.png]



D.
II, III, and IV only
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E.
I, II, III, and IV

	 

	Question 10

     The concentration of carbonic acid in the blood is approximately equal to the concentration of the hydrogen carbonate ion.
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A.
True.
[image: image304.png]



B.
False.

	 








