Applications of Aqueous Equilibria

Buffered Solutions

The most important application of acid-base solutions containing a common ion is for buffering.  A buffered solution is one that resists a change in its pH when either hydroxide ions or hydrogen ions are added.  

A buffered solution may contain a weak acid and its salt or a weak base and its salt.  By choosing the appropriate components, a solution can be buffered to almost any pH.

Example:  

(A) A buffered solution contains 0.50 M acetic acid (HC2H3O2, Ka = 1.8 x10-5) and 0.50 M sodium acetate (NaC2H3O2).  Calculate the pH of the solution.

(B) Calculate the change in pH that occurs when 0.010 mole solid NaOH is added to 1.0 L of the buffered solution described in (A).  Compare this pH change with that which occurs when 0.010 mole solid NaOH is added to 1.0 L of water.

How Does Buffering Work?

· Creation of a buffer solution involves the use of a weak acid or base and its conjugate from the addition of a salt.
· Suppose a buffer system contains relatively large quantities of a weak acid, HA, and its conjugate base, A-.  The A- was supplied by a salt.  When hydroxide ions are added to the solution, they combine with the weak acid, HA, because it is the best source of protons:    
 OH-  +   HA  (   A-   +   H2O    
The net result is that OH- ions are not allowed to accumulate but are replaced by A- ions. 

Buffers work by replacing a strong base/acid with a weak base/acid - so not so much pH change.
Ka     =    [H+][A-]   


        [H+]   =   Ka   x   [HA]
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[H+]  and pH are determined by the ratio of  [HA]






       [A-]
If the original amounts of HA and A- are very large compared to the amount of OH- added, the change in the  [HA]/[A-] will be small. This means the change in pH will be small
· The form of the acid dissociation equilibrium expression
                                        [H+]    =    Ka   x   [HA]
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          can be useful for calculating [H+] in a buffered solution, since [HA]

HH

          and [A-] are known.

· The log form of the above expression is called the Henderson-Hasselbalch equation. (On the equation sheet!)
Example 1:

Calculate the pH of a solution containing 0.75 M lactic acid (Ka = 1.4 x 10-4) and 0.25 M sodium lactate.  Lactic acid (HC3H5O3) is a common constituent of biologic systems.  For example, it is found in milk and is present in human muscle tissue during exertion.
Write the equations. 

Major species and their concentrations are:
The pH will be controlled by the lactic acid dissociation equilibrium. 
Since [HC3H5O3]o and [C3H5O3-]o are relatively large,
Using the rearranged Ka expression, the pH can be found:

Alternatively, the Henderson-Hasselbalch equation can be used:

Example 2:

A buffered solution contains 0.25 M NH3 (Kb = 1.8  x  10-5)  and 0.40 M NH4Cl.  Calculate the pH of this solution.
Equations:

Major species and their concentrations:

The equilibrium expression: 
Solve for [OH-] and pH:

Alternative solution using Henderson-Hasselbalch:

Example 3:
Calculate the pH of the solution that results when 0.10 mole of gaseous HCl is added to 1.0 L of the buffered solution from the previous example.

Before any reaction occurs, the major species and their concentrations are:

What reaction can occur?

After the reaction goes to completion, what are the major species and their concentrations?

Use the Henderson-Hasselbalch equation to calculate the pH of the solution.

