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SALTS AND SALTS HYDROLYSIS 
   Neutralization reactions are the reactions between acid and base to give salt and water. The basic reaction is the combination between the positive part of the base with the negative part of the acid.
    
KOH + HCl              KCl + H2O 
                              Base    Acid              Salt    water 
Salt hydrolysis is defined as the reaction between the salt ions with water ions to give week acid or week base.  

H2O                              H+  +  OH- 
CH3COONa →  CH3COO-  +  Na+ 
CH2COO-  + H2O                     CHCOOH + OH-
 Salts are classified in to four main types: 
1- Solutions of salts derived from strong acids and strong bases: 

NaOH   +  HCl           >    NaCl + H2O 
Strong base    strong acid           salt        water 
NaCl          >   Na+  +  Cl- 
H2O                       H+  +  OH- 
    NaCl completely dissociated in water, while the ionization of water is partially giving equal numbers of H+ and OH- ions, therefore the solutions of these salts are neutrals. 
 [H+] = [OH-] = 1.0 × 10-7 
pH = -log [H+]= -log 1.0×10-7 =7 
   As an example for strong acids HCl, HI, H2SO4, HNO3 and examples for strong bases are KOH and NaOH. The solution of neutral salts can be acidic (CuSO4) or neutral (NaCl) or basic (Na2CO3). Salts that do not hydrolysis in water like NaCl, BaClO3, the positive ions do not react with OH- ion and the negative ions do not react H+ ion that means and hence the solution remain neutral dissolution involves only the separation of negative and positive parts of the salts. Therefore the hydrolysis constant for these salts not calculated. 

 -Solutions of salts derived from weak acid and strong base: 2
 
CH3COOH + NaOH                             	CH3COONa + H2O
	CH3COONa →  Na+(aq)	+ CH3COO-(aq) 
             H2O(L)                        OH-(aq)   +       H+(aq)

                                                            CH3COOH 
    Sodium acetate salt is completely dissociated   in water to acetate and sodium ion. Acetate ion reacts with H+ ion to give acetic acid, which is lead decreasing H+ ions and become [OH-] > [H+] i.e. basic solution. 
 
Hydrolysis constant of this salt: 
At equilibrium the hydrolysis of this type of salt can be presented as follows:  :
CH3COO- + H2O                       CH3COOH  +  OH- 

 
Salt hydrolysis constant = base ionization constant 
    At first a very small concentration of hydrogen and hydroxide ions from the small but finite partial ionization of water will initially present. As explained above, CH3COO- ion combination with H+ ion which can be only obtained from dissociation of water, the dissociation simultaneously an equivalent quantity of hydroxide ion, and when expression water concentration is constant, (H2O negligible) the law becomes: 


[OH-] presents bases concentration and [CH3COO-] present un hydrolyzed salt concentration, therefore 


This means hydrolysis constant of the salt is the multiplication yield of base concentration into acid concentration at hydrolysis divided by the concentration of un hydrolyzed salt. This law is general for all salts derived from week acid and strong base.  
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Degree of hydrolysis                                         
 
Water hydrolysis of the salt can be defined as the amount that hydrolyzed of one mole (gram molecular weight) of the solution at equilibrium.  
CH3COO- + H2O                             CH3COOH  + OH- 
1 – X                                                     X                X 
		
[CH3COOH] = [OH-] =  ; [CH3COO-] = 		 
	

X = degree of hydrolysis is increasing with the increase in dilution. 

 
The relation between hydrolysis constant, ionization constant and ion product of water.  
H2O                       H+  +  OH- 
CH3COOH                               H+  +  CH3COO- 
CH3COO- + H2O                       CH3COOH  +  OH-
   
Kw = [OH-][H+]



 
Since that Kh =Kb

By taking the -logarithm of this equation. - log – ( – log ) = - log  



 
 ##Calculate the pH of this salt

[CH3COOH] = [OH]
CS = the original salt concentration
 
 

 

 ,       
 [H+] = 
	 
By taking the -logarithm of this equation 

-log [H+] = -log [      ]1/2
- log [H+]= -  logKw - log Ka + log Cs
 PH =   log Kw +  log Ka + log Cs
(or)   pH =  (pKw + pKa + logCs) 

A special law is derived to calculate pH of solution of salts derived from weak acid and strong base.  
 
Ex. Calculate  the  pH  and  Kh  of  0.01M  KCN  solution  ,  if   Ka 
(hydrocyanic acid) = 6.2 ×10-10 at room temperature
    
pH =    log Kw +  log Ka + log Cs 
        =  14 × +- ) log6.2 ×10-10 ) +  (log 0.01)  
 	 
 	= 7  + 4.604 – 1 = 10.604 
 
 
 
Ex. Calculate pH value of 0.02M of C6H5COONa solution if pKa of 

 202.4 = Benzoic acid 
3- Solution of salts derived from strong acid and weak base. 
 
These salts are for example Pb(NO3)2, MgBr2, FeCl3, CuSO4, FeSO4, NH4Cl is formed by the reaction: 
 
   HCl      +    NH4OH                          NH4Cl + H2O 
Strong acid         weak base                                    Salt            water  
When this salt is dissolved in water it ionized. 
NH4Cl(S)     →   NH4+(aq) +  Cl- 
H2O                      OH        +  H+(aq) 
      (1)                               	       

NH3 + H2O 
 (NH4OH) 
Ammonium ion reacts with hydroxide ion to from ammonium hydroxide (weak base), which is lead to decreasing OH- concentration and increasing H+ concentration, [H+]>[OH] i.e., acid solution. 

Calculation of hydrolysis constant of this salt. 
 
NH4+  +  H2O                       NH4OH  +  H+ 
    
By applying the law of mass action along the lines of case 1, the following equations are obtained: 
[NH4OH][H+]
Constant =  
[image: ]
 and when expression water concentration is constant, (H2O negligible) the law becomes: 

= hydrolysis constant for the salt  
Since [H+] = acid concentration 
 	[NH4OH] = base concentration 
 	[NH4+] = concentration of unhydrolyzed salt 
Then
 
=   ( Kh= degree of hydrolysis)

Calculation the pH of salt solution 
pH value can be calculated for the acid NH4+ as follows:
 Kh = Ka (from tables) and using the relations 
 
		
   Since [NH3] = [H +] 
 [NH4+] = Cs 


[H+]2 = Ka . [NH4+] = Ka . Cs 

   Cs is ammonium ion concentration which present the un hydrolyzed salt concentration and equal approximately to the original salt concentration.  
 [H+] = (Ka. Cs)[image: ] 
		
[H+] = (. Cs)1/2     ,     [H+] = 	 
By taking the –logarithm 
-log[H+] = - logKw + logKb -  logCs 
pH =  pKw -   pKb -   logCs 

pH =   (pKw- pKb- logCs)
 
This equation is a general equation to calculate pH values for solution derived from weak base an strong acid.  

 
Ex: Calculate pH and Kh of 0.1N NH4Cl solution if Kb of NH4OH  
1.8×10-5 at 25oC?
Sol) 
NH4Cl is formed by weak base NH4OH and strong acid HCl.
pH =  pKw -   pKb -   logCs

         = 
 
	 


Ex: Calculate the pH of 0.1M AgNO3 solution in water if pKb of AgOH =3.96?
 
AgOH + HNO3 → AgNO3 + H2O
 pH     = (pKw – pKb – logCs) 
 	=  (14-3.96 – log 0.1) = 5.52 
      
(or)  [H+] = 
     =
=     = 10-5.52	 ,     pH = 5.52 
 

4- Solutions of salts derived of weak acid and weak base  
Acidity:
 
a. If the dissociation or ionization constants of the weak acid and base forming the salt are different the solution will be characterized by the stronger one. 
NH4OH  +  H2CO3 → (NH4)2CO3 + H2O
Weak base      weak acid             salt                water

 Since NH4OH is stronger than H2CO3 the solution is alkaline
 
Pb(OH)2   +  CH3COOH  →   (CH3COO) Pb   +  H2O
Weak base             weak acid                          salt                       water

 Since CH3COOH is stronger than the solution is acidic.
 
b. If the dissociation or ionization constants of the weak acid and base forming the salt are the same, than the situation depend on which ion will be in more H+ or OH-.  
If Ka > Kb then the solution is acidic. 
If Kb > Ka then the solution is alkaline. 
If Ka > Kb then the solution is neutral. 
 
Hydrolysis constant of the salt: 

CH3COO-  + NH4+  +  H2O                       CH3COOH + NH4OH
 
                --------------(1)

CH3COOH                             CH3COO- + H+
   
                                  -----------(2)
       NH4OH                           NH4+ + OH-
        -------------(3)

         H2O                           H+ + OH- 

Kw = [ H+  ][ OH- ]             ----------(4)

 



Calculation  of pH value 
 
pH value here do not depend on the concentration of salt, for ammonium acetate salt.  

CH3COOH                         CH3COO- + H+ 
	               ,                 
  Acid concentration =       ,    The concentration of un hydrolyzed salt = 
[         ,          [
  From pervious law 
          ,  Since        therefore
         , Since     Kh =  
Therefore :-         

By taking the -logarithm 
- log[H+] = -logKa -  logKw +  logKa +  logKb 

- log[H+] = - logKa -   logKw +  logKb

 pH =   pKw +  pKa -  pKb 




Ex: Calculate pH and Kh of 0.05N solution of ammonium format (HCOONH4) at 25oC, if Ka of formic acid is 1.8 ×10-4 and Kb of ammonium hydroxide is 1.8×10-5  ? 
 Sol)  Ammonium format is salt derived from weak acid and weak base 
 pH =   (pKw + pKa – pKb) 
 	=   (14 + 3.745 – 4.745) = 6.5
 	 
Kh =  = 	 
Ex: Calculate pH and Kh values for 0.1M ammonium acetate solution, if Ka=1.8×10-5 and Kb = 1.8×10-5  ? 
Sol)Since the salt is derived from weak acid and base and Ka=Kb then the     solution is neutral.                                                                                           
[bookmark: _GoBack]pH =   (pKw + pKa – pKb) 
 	 =     (14 + 4.745 – 4.745) = 7 
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