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pH and Buffers

pH is the negative log of the hydrogen ion concentration      
pH =  - log [H+]
if  [H+] is known we can calculate the pH.

Example

A solution containing 0.001M HCl has an [H+] of 10-3 M 

(assumes complete dissociation)

It follows that:

pH =  - log [H+]      =   -log 10-3     =  3

Equally if pH is known the  [H+]  can be calculated from:



[H+] =  10 (-pH)
Example

What is the hydrogen ion concentration in a solution at pH 5:


[H+]  =  10(-pH)
 =   10-5 M

Ion Product of Water (KW )

This constant is defined as:



KW    = [H+] [OH-]  = 10-14  

Therefore if either of   [H+]  or  [OH-] is known the other can be calculated.

Example

At pH 5 the [H+] of a solution will be 10-5 M,  what is the [OH-]?

Rearrange the equation  KW    = [H+] [OH-]  = 10-14   to give:

 

[OH-]  = 10-14 / [H+]

[OH-]  =  10-14 /10-5  = 10-9 M

BUFFERS

pKa is defined as the negative log of the acid dissociation constant Ka where;

Ka is derived from  the dissociation of acid HA to the H+ and A- ions.


Ka = [H+][A-] / [HA]


pKa = -log [H+] - log ([A-] / [HA])

this can be rearranged to a convenient form because -log [H+]   is also  pH
Therefore,


pKa = pH - log ([A-] / [HA])

or


pH = pKa + log ([A-] / [HA])

This last form can be used to calculate pH if pKa and the concentrations of [A-] and [HA] are known. 

When [A-] and [HA] are equal ie. the buffer is half dissociated, the pH will be equal to pKa (because log 1/1 = 0 in the above equation).

When pH = pKa the buffer happens to be at its optimum buffering pH. 

Significant Facts

1. pH is a logarithmic scale.

2. Small changes in pH give rise to large changes in  [H+].

3. The common range of pH is from 1 to 14.  However, high concentrations of strong acid can result in a pH value less than zero.
eg. 3M HCl has approximately 3M [H+]

this gives pH = - log (3)   or  pH = -0.47

4. ‘Weak acids plus their conjugate base’ and ‘weak bases plus their conjugate acid’ are examples of good buffer systems. They buffer optimally around pH values that are equal to the pKa value of the weak acid (or weak base). 
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