AP Chemistry
Chapter 15 A:  Acid-Base Equilibria

15.1 Solutions of Acids or Bases Containing a Common Ion

Want to prepare a solution containing two components:


1.  a weak acid or base


2.  addition of a second soluble compound which contains either the positive ion of the base or



the negative ion of the acid

Examples would be:


1.  acetic acid and sodium acetate


2.  nitrous acid and sodium nitrite


3.  ammonium hydroxide and ammonium chloride

Result of the common ion affect:


1.  use of LeChatelier's principle


2.  will cause a shift in the equilibrium to the unionized compound (a shift to the left)


3.  this shift will affect the pH of the solution


4.  calculation involves the Ka value for the weak acid or base and some assumptions which can



simplify the math

Because the dissociation of the weak acid is depressed, we can assume that the equilibrium concentration of the weak acid equals the initial concentration of the acid.  The same is true of the anion of the weak acid.
Sample Problem:

1.  Nitrous acid, HNO​2¸has an ionization value  Ka = 4.0 x 10-4.  Determine the pH of a 0.0250 M solution of the acid, then determine the pH after the addition of 0.025 moles of sodium nitrite.  Include in your answer the ionization equation for the nitrous acid and the sodium nitrite.

2.  Calculate the pH and the percent dissociation of the acid in each of the following solutions:

(a) 0.200 M HC2H3O2   (Ka = 1.8 x 10-5)

(b)  0.200 M HC2H3O2 after the addition of 0.500 M NaC2H3O2.

15.2  Buffered Solutions

Definition:  A solution which resists a change in its pH when small amounts of acid or based are added to the solution.


1.  Very important example of a buffered solution our blood, which must be maintained with a 



very narrow pH range.


2.  A buffer solution is actually an equilibrium solution where when small quantities of acid or



base are added, is able to shift its equilibrium so that the overall change in the pH is very



small.


3.  For all buffer solutions, there is a limit, which if exceeded, will cause drastic changes in the



pH of the solution (sometimes called the buffer capacity)

Buffers usually consist of either:


1.  a weak acid and its soluble salt,   or


2.  a weak base and its soluble salt

How a buffer solution works!


Suppose a buffer solution consists of a weak acid and its conjugate base.  When hydroxide ions are added to the solution, the weak acid reacts with the hydroxide ions rather than letting the hydroxide ions accumulate in the solution.  When hydronium ions are added the conjugate base reacts with the hydronium ions to produce unionized acid, again not letting the hydronium ion concentration accumulate in the solution.
Sample Problem:

3.  A buffer solution is prepared using equal volumes of 0.175 M HF, Ka = 7.2 x 10-4, and 0.250 M NaF.

(a) Determine the pH of this buffer solution.

(b)  Determine the pH after the addition of 2.00 mL of 0.150 M HCl to 300. mL of the buffer


____________________________________________________


____________________________________________________

(c)  Determine the pH after the addition of 3.50 mL of 0.200 M KOH to 300. mL of the buffer.


____________________________________________________


____________________________________________________

4.  What mass of ammonium chloride should be added to 250. mL of a 0.250 M solution of ammonium hydroxide to have a buffer solution with a pH of 9.80.  (NH4Cl = 53.45 g/mole)

5.  A buffer solution is prepared using equal volumes of 0.150 M ammonium hydroxide (Kb = 1.8.x 10-5) and 0.300 M ammonium chloride.  Determine:

(a) the pH of the buffer

(b)  the pH after the addition of 3.00 mL of 0.250 M HCl to 400. mL of the buffer


______________________________________________________


______________________________________________________

(c)  the pH after the addition of 4.50 mL of 0.300 M NaOH to 400. mL of the buffer


_____________________________________________________


_____________________________________________________

6.  It is desired to prepare an acid buffer solution of pH 3.80 using nitrous acid (Ka = 4.0 x 10-4) and solid sodium nitrite, NaNO2.  What mass of sodium nitrite (molar mass 69.0 g/mol) should be added to 

750. mL of a 0.100 M solution of nitrous acid?

7.  Which of the following are buffer solutions:

________
(a) 0.100 M HCl and 0.100 M NH4Cl

________
(b)  0.100 M HCl and 0.100 M NH3 (NH4OH)

________
(c)  0.200 M HCl and 0.100 M NH4OH

________
(d)  0.100 M HCl and 0.200 M NH4OH

________
(e)  0.100 M KNO3 and 0.100 M HNO3
________
(f)  0.100 M NaNO2 and 0.15 M HNO2
8.  A solution is prepared by adding 31.56 g of NaCN with 22.30 g of HCN to 600.0 mL of water.  

(a)  Write the ionization equations for each substance.

(b)  What is the pH of this solution?

(c)  What is the pH after the addition of 50.0 mL of 3.00 M HCl?

(d)  What is the pH after a further addition of 80.0 mL of 4.00 M NaOH?

Buffer Solutions - A Second Solution Method

When calculations of previous buffer problems are examined, you will note that the pH of the solution is determined by the Ka of either the acid or the base, and the ratio of the unionized acid (or base) to the common ion.  Because of this relationship, the problems may be shortened using the Henderson - Hasselbalch equation.
The form of this equation is:
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In order to use this equation, need to also remember Ka . Kb = Kw = 1 x 10-14.  This is useful, since the equation uses Ka, and for weak bases are given Kb.

Use of this equation will give you the same answer as with earlier problems, but may be a little shorter and quicker.

Sample Problems:

9.  A buffer solution contains 0.100 M HC2H3O2 (Ka = 1.8 x 10-5) and 0.100 M NaC2H3O2.

(a) What is the pH of the solution?

(b)  What is the pH after the addition of 0.0100 moles of HCl to 1 liter of this buffer?

10.  Suppose a buffer solution is to be prepared using equal volumes of 0.150 M HC2H3O2 and 

0.275 M NaC2H3O2. 

(a)  What is the pH of the solution?

(b)  What is the pH after the addition of 0.120 moles of NaOH to 1 liter of the solution?

11.  A buffered solution contains 0.350 M NH4OH (Kb = 1.8 x 10-5) and 0.420 M NH4Cl.

(a) What is the pH of this solution?

(b)  What is the pH after the addition of 0.0800 moles of HCl to 1 liter of the buffer?

15.3  Buffer Capacity

Definition - The amount of acid or base which can be added to a buffer solution before the pH of the solution has a significant change.


-can be maximized when the ratio of moles of acid to moles of the common ion base are close to



1:1, or the ratio of moles of base to moles of common ion acid is 1:1


-need to pick an acid (or base) whose pKa is close to the pH of the buffer desired


-is determined by the magnitude of the acid and conjugate base species.  The more you have, the



more strong acid or base that can be neutralized

Sample Problem:

12.  (a)  Calculate the pH of a 0.500 L solution that contains 0.500 M HCOOH (Ka = 1.8 x 10-4) and 0.20 M HCOONa.  

(b)  Calculate the pH after the addition of 10.0 mL of 12.0 M NaOH.

When we exceed the buffer capacity of the solution the pH changes drastically.  If we would have doubled the amounts of formic acid and sodium formate, we would not have exceeded the buffer capacity of the solution.

13.  We wish to buffer a solution at pH = 10.07.  Which one of the following bases (and conjugate acid salts) would be most useful?

(a)  NH3

(Kb = 1.8 x 10-5)

(b)  C6H5NH2

(Kb = 4.2 x 10-9)

(c)  N2H4

(Kb = 9.6 x 10-7)

15.4  Titration and pH Curves


titration experiment - an experiment where the concentration of either an acid or a base is 



determined


experiment can be monitored by plotting a curve of pH vs amount of acid or base added


may use the equation Na.Va = Nb.Vb
Have various possible titration situations involving weak acids and weak bases.  These possibilities are:

(1) Strong Acid - Strong Base titration


-since both strong acid and strong base, both ionize completely


-assume complete neutralization of hydronium and hydroxide ions


-pH at any point along titration curve determined by the excess hydronium or hydroxide ion in



the solution


-at the equivalence point no excess of hydroxide of hydronium ion - a pH of 7 at equivalence point

Sample Problem:

14.  a 15.0 mL sample of 0.150 M HCl is titrated using 0.250 M NaOH solution.  Determine the pH after the addition of:

(a) 5.00 mL of base solution

(b)  9.00 mL of base solution

(c) 11.5 mL of base solution

(2)  Weak Acid - Strong Base Titration

Need to:
(a)  determine the stoichiometry of the reaction



(b)  look at the equilibrium of the reaction

Sample Problem:

15.  A 25.0 mL sample of 0.100 M lactic acid, HC3H5O2 (Ka = 1.38 x 10-4) is titrated with 0.100 M NaOH.  Calculate:

(a) the initial pH of the solution

(b)  the pH after the addition of 4.00 mL of base

(c)  the pH after the addition of 12.5 mL of base

(d)  the pH after the addition of 20.0 mL of base

(e)  the pH after the addition of 25.0 mL of base

A summary of possible titration possibilities and pH at equivalence point:

strong acid

strong base


pH = 7


weak acid

strong base


pH > 7


strong acid

weak base


pH < 7


weak acid

weak base


pH varies with Ka and Kb

acetic acid

ammonium hydroxide

pH very close to 7 (Ka and Kb values equal)

In most cases, when either a weak acid or a weak base is used in a titration, the pH at the equivalence point will not be 7.  A pH at the equivalence point equal to 7 generally only occurs when using both a strong acid and a strong base.

Sample Problems:

16.  You have solutions of 0.100 M acetic acid and 0.100 M sodium acetate to use to make 1.00 L of a buffer solution with a pH of 4.50.  What volumes of each solution should be used?

17.  What is the pH of a buffer solution prepared using 135 mL of 0.100 M NH4OH and 100. mL of 

0.150 M NH4Cl?

18.  A buffer solution contains equal volumes of 0.150 M HNO2 and 0.150 M NaNO2.  Determine:

(a)  the initial pH of the solution

(b)  the pH after the addition of 5.00 mL of 0.200 M NaOH to 100. mL of the buffer

19.  A 25.0 mL volume of 0.150 M nitrous acid is placed in a flask.  The acid is titrated using 0.250 M sodium hydroxide.  Determine:

(a) the initial pH of the solution

(b)  the pH after the addition of 6.00 mL of base solution 

20.  A volume of 17.8 mL of 0.344 M H2SO4 is required to completely neutralize 20.0 mL of KOH solution.  Calculate the concentration (in molarity) of the KOH solution.

21.  A sample of 50.0 mL of a commercial vinegar solution (which contains acetic acid) is titrated with 1.00 M NaOH solution.  What is the concentration of acetic acid in vinegar is 5.75 mL of the base was required for the titration?
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