Chem2001  Fall99
Chemical Equilibrium 

2
4
Created on 6/10/2007  3:12 PM

Buffers


A buffer consists of a mixture of an acid and its conjugate base.  A buffered solution resists changes in pH when acids or bases are added or when dilution occurs.

Mixing a Weak Acid and Its Conjugate Base

If you mix A moles of a weak acid with B moles of its conjugate base, the moles of acid remain close to A and the moles of base remain close to B.

Henderson-Hasselbach Equation

The central equation for dealing with buffers:



Starting from Ka =  EQ \f([H+][A–],[HA])  , we can derive the following

pH = pKa + log EQ \B(\f([A–],[HA])) 
for weak acids

pH = pKa + log EQ \B(\f([B],[BH+])) 
for weak bases

Example  (

What is the pH of a solution that is 0.400 M in formic acid and 1.00 M in sodium formate?
Ka formic acid = 1.77 x 10–4 



pH = pKa + log  EQ \B(\f([A–],[HA])) 


pH = –log (1.77 x 10–4) + log  EQ \B(\f(1.00,0.400)) 


pH = 3.75 + 0.40



pH = 4.15

Example (

Calculate the pH of a solution that is 0.280 M in NH4Cl and 0.0700 M in NH3.


Ka for NH4+ = 5.70 x 10–10


pH = pKa + log EQ \B(\f([B],[BH+])) 


pH = –log (5.70 x 10–10) + log  EQ \B(\f(0.0700,0.280)) 


pH = 9.24 + (–0.60)



pH = 8.64

MORE ON BUFFERS FOR YOUR INFORMATION:
Example

Calculate the pH change that takes place when 100 mL of (a) 0.0500 M NaOH and (b) 0.0500 M HCl are added to 400 mL of a buffer solution that is 0.200 M in NH3 and 0.300 M in NH4Cl.

First we need to determine the initial pH



pH = pKa + log EQ \B(\f([B],[BH+])) 


pH = –log (5.70 x 10–10) + log  EQ \B(\f(0.200,0.300)) 


pH = 9.24 + (–0.18)



pH = 9.06


(a)
Addition of 0.0500 M NaOH converts part of the NH4+ in the buffer to NH3


To determine what the new concentrations of NH3 and NH4 are, we need to 
figure out how much OH– (from NaOH) is reacting.


Amount of NH4+ initially:
0.300 mmol/mL  x  400 mL = 120 mmol



Amount of NH3 initially:
0.200 mmol/mL  x  400 mL = 80 mmol



Amount of OH– added:




 EQ \f(0.0500 mmol NaOH,mL)   x   EQ \f(1 mmol OH–,1 mmol NaOH)   x  100 mL = 5 mmol


Notice that since the volume of base and conjugate acid are the same, we can work in mmoles rather than molarity


Now, we can use the stoichiometry of the reaction to determine the change in 
amounts of NH3 and NH4+ when the OH– is added.

	
	NH4+
	+
	OH–
	(
	NH3
	H2O

	initial
	120 mmol
	
	5 mmol
	
	80 mmol
	–

	final
	115 mmol
	
	–
	
	85 mmol
	–




pH = –log (5.70 x 10–10) + log  EQ \B(\f(85,115)) 


pH = 9.24 + (–0.13)



pH = 9.11



pH = 9.11 – 9.06 = + 0.05


(b)
Addition of 0.0500 M HCl converts part of the NH3 in the buffer to NH4+


Determine initial mmols of each reactant and product as before.
	
	H+
	+
	NH3
	(
	NH4+
	H2O

	initial
	5 mmol
	
	80 mmol
	
	120 mmol
	–

	final
	–
	
	75 mmol
	
	125 mmol
	–




pH = –log (5.70 x 10–10) + log  EQ \B(\f(75,125)) 


pH = 9.24 + (–0.22)



pH = 9.02



pH = 9.02 – 9.06 = – 0.04


