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Buffer solution 

Buffer solutions defined as a solution that resists changes in pH as a result of either dilution or small additions of strong  acids or bases. 

If a solution of acetic acid is mixed with a solution of sodium acetate, a buffer solution of certain pH value is formed. When dilute HCl is added then its H+ ions will react with acetate ion and acetic acid is formed which is sparingly ionized and hence will not change pH value. The same applies for NaOH solution, then OH- ions will react with H+ ions of acetic acid to form water and again pH will not increase only little. 

Capacity of buffer solution  
Each buffer solution certain capacity to withstand amounts of strong acid or strong base that is without changing (or cause little change) pH value of the solution. This ability is called capacity of the buffer solution. 

Buffer solution also may be formed during titration of week acid like acetic acid with strong base like NaOH. The solution will contain a mixture of acetic acid not titrated and sodium acetate that formed by the addition of NaOH and therefore the pH value is slightly changed. If all the acid is neutralized and the solution contain CH3COONa then pH value will rise suddenly at the end point of the reaction (equivalent point). 
 
Buffer solution capacity depend on two factors:  :
1.acid to salt ratio of molecular concentration degree 
   The capacity will be at maximum when the concentration of the salt equal to the concentration of the acid. This occur at the middle of titration (pH=pKa). If 50 ml of NaOH solution is added to 100ml of CH3COOH solution (both at the same normality) then the mixture will contain equal concentrations of acetic acid and sodium acetate. 
 
2.The second factor is the concentrations of acid and salt: 
      Capacity of the buffer solution is increasing with the increase in the acid and salt concentrations.   
 

Types of buffer solutions 
:Solution of a weak acid and one of its salts 1. 
This buffer, then, is usually a mixture of an acid and one of its salts so In order to understand buffer action, consider first the equilibrium between a weak acid and its salt.  
                   H2O 
	     A-(aq) 
     A-(aq) 


HA(aq)        H+(aq)   +
MA(S)                          M+(aq)  + 
 

The value of the dissociation constant Ka: 
  
           ,          

   In a mixture of a weak acid and its salt, the dissociation of the acid is repressed by the common ion effect, and [H+] may be taken as negligibly small by comparison with [HA] and [MA]. 

         ,       by taking – logarithm of this equation 

  - log [H+] = - log Ka + ( - log  )
 
 pH =pKa – log 

pH =pKa – log  


Ex: What is the pH of a buffer solution (0.1N HF and 0.1N NaF) if pKa= 3.167, and what is the pH and change in pH (∆pH) after 
addition of 0.01M of HCl to the buffer solution? 
pH =pKa + log  

   pH = 3.167 + log   = 3.167 
 
After addition the strong acid [H+] concentration is increased and the reaction directed to the left. 
 
New concentration of acid = original con. of acid + con. strong acid (added) 
                                                = 0.1 + 0.01 = 0.11 M
 New concentration of salt = original con. of salt - con. acid (added)     
= 0.1 – 0.01 = 0.09 M 
pH =pKa + log     
pH =pKa + log     → pH = 3.167 + log 0.818 
                                             

pH  = 3.167- 0.087 = 3.08

  
pH = pH2 – pH1  = 3.08 – 3.167 = - 0.087  ∆

 pH =pKa + log    #

pH =pKa + log 
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Q: Calculate the pH of above solution after addition of 0.01M of NaOH to the buffer solution. 
 
2.Buffer solutions of a weak base and one of its salts.  .
   This buffer, is usually a mixture of base and its salts. In order to understanded buffer action. Consider first the equilibrium between a weak base and its salt. 

	BH+(aq)
  BH+(aq)


B(aq)  +  H2O                          +  OH-(aq) 
BHA (S)      →                            +  A-(aq) 
 	
The value of the dissociation constant Kb: 

       ,    

In a mixture of a weak base and its salt, the dissociation of the base is repressed by the common ion effect, and [OH-] may be taken as negligibly small by comparison with [B] and [BHM].
 
 ,   by taking – logarithm of this equation 

 - log [] = - log  + ( - log  )

pOH = pKb – log      ,    pOH = pKb + log      ,     
   
Addition of strong acid or base:
 
    pOH = pKb + log

    pOH = pKb + log

By addition of strong base  then [OH-] coming from this strong base will increase the [OH-] from weak base which means the reaction will be directed to the left. 
pOH = pKb + log 

    pOH = pKb + log


Ex: A buffered solution contains (0.5M) ammonium hydroxide (Kb = 
1.8 × 10-5) and (0.5 M) ammonium chloride, calculate: 
a. The pH of this solution? 
b. The change in pH, that occurs when adding of (0.1M) NaOH of the buffered solution? 
c. The change in pH, that occurs when adding of (0.2M) HCl of the buffered solution? 

Solved problems about buffer solution 
 
Q1: How many grams of potassium acetate CH3COOK must be added to 1 L of 0.2M acetic acid solution  to give buffer solution of pH=4.6  (pKa CH3COOH = 4.745)
Sol) pOH = pKb + log
 
4.6 = 4.745 + log  
4.6 = 4.745 – log 0.2 + log [salt]  
4.6 = 4.745 + 0.699 + log [salt] 
4.6= 5.444 + log [salt] 
    Log [salt] = 4.6 – 5.444 = - 0.844  ,   ↔      [Salt] = 0.143 

	[salt ] =         ,      0.143 =     , 
          wt(gm) = 14.014 g
[bookmark: _GoBack]Q2: What is the pH of a  solution that contain 0.5 M benzoic acid and 	10g/L 	of 	sodium 	benzoate 	C6H5COONa,                  
Ka (C6H5COOH)=6.28x10-5 
Sol)
M[salt ] =           
 M[salt ] =      = 0.069 mole / L    
pH =pKa + log       → pH = - log Ka + log     
pH = 4.202 + log         
pH = 4.202 + log 0.138 
= 4.202 – 0.86  = 3.342 



Q3: Calculate the pH of a solution prepared by adding 10 ml of 0.1M CH3COOH solution to 20ml of 0.1M CH3COONa. If Ka of CH3COOH = 1.8 * 10-5  
Sol) For CH3COOH 

M1V1 = M2V2   , 0.1 × 10 = M2 × 30   ,       M2 = 0.033

 For CH3COONa
 
M1V1 = M2V2   , 0.1 × 20 = M2× 30    ,      M2 = 0.067 
  
pH =pKa + log 
    log  +  pH = - log 1.8 ×10 -5  →       pH = - log Ka + log 


Q4: Calculate the pH of a solution that: 
a) 0.1 M CH3COOH + 0.01M CH3COONa, pKa CH3COOH =4.745? 
b) 0.1M NH4OH + 0.2M NH4Cl ,  pKb NH4OH = 4.745? 
 SOL) 
         pH =pKa + log 

= 4.745 + log   = 4.745 – 1 = 3.745

pOH = pKb + log 

pOH = 4.745 + log  = 4.745 + 0.301 = 5.046

         
         pKw – pOH = 14 – 5.046 = 8.954 


Q5: Calculate of the pH of a solution that is 0.5M NH4OH solution + 0.3M NH4Cl solution pKb= 4.745.
 
Sol) 
pOH = pKb + log  
 
pOH = 4.74 + log  = 4.745 – 0.222 = 4.52 

pH = pKw – pOH 

pH = 14 – 4.523 = 9.477 

 


Q6: What is the pH value of a solution that is 0.04F in formic acid and 0.1F sodium formate (HCOONa). Ka HCOOH = 1.810-4. 
 
         pH =pKa + log 
             = 3.745 + log  
 
pH = 3.745 + 0.398 = 3.347 


 
Q7: Calculate the percentage of CH3COONa/ CH3COOH which give a solution of pH =5, Ka CH3COOH =1.8  10-5. 
 Sol)

         pH =pKa + log 
          if the ratio is =  (x)     ,
      
        5 = 4.745 + log X 
      log X = 5 – 4.745           ,      log x =  0.255 
           X = 1.799 ~ 1.8 
                                  
or):        Ka =          
  pH =5   → [H+]=10-5 
    1.80 ×10 -5 =             
         =  
Q8: A 50 mL Buffered solution contain 0.15 M Formic acid 
(HCOOH) Ka= 1.8x10-4 and 0.1 M sodium formate (HCOONa) Calculate: 
1- The pH of the solution 
2- The pH after addition of 10 mL of 0.2 M HCl Solution 
3- The change in pH after addition of  5 mL of 0.3M NaOH solution 
 
1-          pH =pKa + log 
pH = -log 1.8x10-4 + log    
pH = 3.745 – 0.176 
 
      = 3.569 
2-  
 
For [HCOOH] ,     M1 V1=M2V2  , 0.15 x 50 = M2 x 60  ,   M2= 0.125M
For [HCOONa]  ,     M1 V1=M2V2  ,     0.1 x 50 = M2 x 60  ,    M2= 0.083M
For [HCl]         ,        M1 V1=M2V2  ,     0.1 x 10 = M2 x 60    ,   M2= 0.333M 
       
 
  pH =pKa + log 
 
pH = -log 1.8x10-4 + log     
 
pH = 3.745 + log 
 
pH = 3.745 + log 0.316        
 
pH = 3.745  - 0.5 
 
      = 3.245    
     

 1
 
 8
 
 9
 
