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Buffer Solution: A buffer solution contains a weak acid and its conjugate base(CH3COOH / CH3COO-) or a weak base and its conjugate acid (NH3 / NH4+). This solution resists a change in its PH when OH- or H+ are added. Best example of a buffer solution is our blood (PH=7.4)

The PH of a Buffered solution 
1. Acidic Buffer:      CH3COOH   0.1M / CH3COO- 0.1M
What is the PH of a solution contain 0.1 M acetic acid (CH3COOH) and 0.1 M sodium acetate (NaCH3COO-)?

                  CH3COOH                                               CH3COO- + H+         Ka= 1.8 × 10-5

Ini.con           0.1 M                                                       0.1M        0

Equi.con       o.1-X                                                       0.1+X       X
                  [HA]                                                        

[H+]= Ka .                                                                 (0.1-X)

                    [A-]               [H+] = X = 1.8 × 10-5
                                                                                    (0.1+X)

[H+] =1.8 × 10-5      PH = 4.74

Change of PH:

a. Adding Base to an acidic buffer:

Let’s consider what happens when we add 0.01 mol of solid NaOH to this solution:
                                 CH3COOH  +   OH-
             CH3COO-  + H2O 
Before reaction con. 0.1 M                0.01M                                    0.1M
After reaction con. 0.1-0.01=0.09M     0.0                                 0.1 + 0.01=0.11M

[H+] = 1.8 × 10-5   0.09
                               0.11

[H+] = 1.5 × 10-5    PH= 4.82

b. Adding Acid to an acidic buffer:

Now let’s consider what happens if we add 0.01 mol HCl to the original solution:

                                               CH3COO-  +  H+                                   CH3COOH
Before reaction con.                  0.1M         0.01M                                0.1M
After reaction con.        0.1-0.01=0.09M     0.0                                   0.1+ 0.01=0.11M

 [H+] = 1.8 × 10-5   0.11
                               0.09

[H+] = 2.2  × 10-5 M          PH = 4.66

2. Basic Buffer   NH3   0.25M / NH4+ 0.4 M
A buffer solution contain a weak base and its conjugate acid:
What is the PH of a buffer solution contains 0.25 M NH3 and 0.4M NH4Cl?

Kb= 1.8 × 10-5        ka= 5.56 × 10-10
                          NH3  + H2O                                      NH4+  + OH-

Ini.[]                0.25M                                              0.4M     0

Equi.[]         0.25-X                                             0.4+X       X

[H+] = 5.56 × 10-10      0.4  +X   
                                    0.25-X

[H+]= 1.1 × 10-5      PH= 9.05
Change of PH in a basic buffer:
a.Adding base to a basic buffer:

Let’s consider what happens for PH if we add 0.1mol NaOH to this solution:

                                  NH4+         +   OH-                                                        NH3
Before reaction []     0.4M            0.1M                                 0.25M

After reaction[]    0.4-0.1= 0.3M   0.0                              0.25+ 0.1=0.35M

 [H+] = 5.56 × 10-10   0.3                      [H+] = 4.76 × 10-10     PH= 9.32
                                 0.35

b. Adding acid to a basic buffer:
Let’s consider adding 0.1 mol HCl to this buffer:

                                  NH3         +   H+                                                        NH4+
Before reaction []     0.25M          0.1M                                 0.4M

After reaction[] 0.25-0.1= 0.15M   0.0                              0.4+ 0.1=0.5M

 [H+] = 5.56 × 10-10   0.5                      [H+] = 1.85 × 10-9     PH= 8.73
                                 0.15

Buffer Capacity: Buffer capacity is a measure of the amount of acid or base that the solution can absorb without a significant change in PH.
The Henderson-Hassebalch equation:

                  [HA]                                                        

[H+]= Ka .                                              

                    [A-]    
This equation can be rewritten in logarithmic form:

                                    [A-]
PH  = PKa  +  log                                               

                                  [HA]    

Preparing a buffer solution with a specific PH:
We are able to make a buffer solution with a specific PH.

Example: Making a buffer with a PH 4.30 from acetic acid and sodium acetate:

PH = 4.30       [H+] = 10-4.30  = 5 × 10-5 M

                                       [A-]                            [A-] = CH3COO-     [HA] = CH3COOH

5 × 10-5 = 1.8 × 10-5                     

                                      [HA]  

[HA]        1.8  × 10-5       1      
          =                   =   
[A-]          5 × 10-5         2.8
The ratio of concentration of acid to acetate has to be 1 to 2.8. If acid and acetate have same concentration the volume of acid has to be 2.8 times of acetate.

