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Theory of neutralization titrations in complex system  
 
 Poly equivalent acids-poly basic poly protonic acids 
    Acids that react with aqueous solvent giving more than one hydrogen ion or hydronium ion for one molecule are called the poly basic or poly protonic acids. Except sulfuric acid all of these acids are weak acids including phosphoric acid. 
H2SO4  + 2H2O   →  2H3O+  +  SO4-2 
Or:  
 2-H2SO4  → 2H+  +  SO                  
Ex. Calculate pH of 0.01M H2SO4 solution
H2SO4 →  2H+  +  SO4-2
0.01           0           0
                       0        2x 0.01       0.01
[H+ ] = 0.02 mole/L pH = -log[H+]  = -log 0.02 = 1.699 
  H2SO4   →  H+ + HSO4-     Ka1 infinity (complete ionization) 
   HSO4-     H+ + SO4-2      Ka2 partial ionization 
The ionization in the first reaction is complete just like the case for the strong HCl acid while the second reaction is non complete since the acid HSO4 is weak acid compared with HSO4. Therefore the second reaction will be in equilibrium and having equilibrium constant Ka2. 
   HSO4-                 H+ + SO4-2                                       
	
Polybasic weak acids
 
Ex:- H2CO3 , H3PO4 , H2S , H2CO3 
    In spite that poly basic weak acids reacts by steps just like H2SO4 but it differ in that reaction steps are not complete in all the steps.  
H2CO3 + H2O                     H3O+  + HCO3-
 HCO3- + H2O                     H3O+  + CO3-2 
        H2CO3                     H+  + HCO3-     ----------(1)
          HCO3-                     H+  + CO3-2      ----------(2)



Ka1 and Ka2 are called successive equilibrium constants  

 Calculation of pH of the poly basic or poly protonic acids 
If Ka1 value is hundred times bigger than Ka2 value for a weak poly basic acid, then pH value will depend only on the concentration of the solution of the acid and Ka1 value. We can neglect the second and third ionization reactions; hence the calculation will be the same as it is for the weak mono basic acid. 
Ex:- Calculate th pH of  0.03 M H2CO3  (Ka1 = 4.5×10-7 ,Ka2 = 4.7× 10-11) 
      H2CO3     ↔   H+    +  H CO3- 
                  

	  
                                 H2CO3   	H+  + HCO3- Before ionization         0.03                         0         0
 After ionization          0.03-x                      x        x 



pH = -log[H+] = - log 1.162× 10-4 = 3.935             Ka1 > >  Ka2 : بما 

   
    Ka1 = 7.1x10-3                           tri basic acid
 Ka2 = 6.3 x 10-8 
 Ka3= 4.5 x 10-13 
As it can be seen Ka1 is 100 times bigger than that of Ka2, therefore the second and third ionization reactions are not complete and contribute with small amounts of H+ ions and hence can be neglected. 
Ex:- Calculate the pH of  0+	.1 M H3PO4 

                             H3PO4       	H + H2PO4 
    K   
                               H3PO4    	H+ + H2PO4- 
Before ionization       0.1                            0         0 
After ionization         0.1-x                          x        x 
	
pH = -log[H+] = -log 0.027= 1.569          Ka1 > >  Ka2  > > Ka3  : بما ان
 
Titration of poly basic acids with bases  
1   - Di basic acids H2A              

H2CO3                   H+  + HCO3-   Ka1 = 4.5 × 10-7 
HCO3-                   H+ + CO3-2      Ka2 = 4.7 × 10-11 
1. First equivalent point: 
There is an equivalent point for each of the two reactions called the first equivalent point and the second equivalent point. pH value at the first equivalent point can be determined if we know the values of Ka1 and Ka2.  
=
   [H+]  = 4.599 ×10-9 mole/L
 pH = -log [H+]  →     pH = - log 4.599  10-9 = 8.337    
2. Second equivalent point.  
  
CO3-2 + H2O                  HCO3- + OH- 
  ,          if            
        ,   But   [HCO3- ] = [OH-]  
        

The general  equation for hydroxide ion to solution salt of two equivalent acid :-

Kw  = water hydrolysis constant = 1.0 × 10-14 
Ka2 = second dissociation constant of acid 
Cs  =  is formal concentration 
 
Ex:- Calculate the pH of the solution result from titration of  50 mL of 0.1M carbonic acid (H2CO3) with 0.1M NaOH at: 
                                    (Ka1 = 4.5 × 10-7 , Ka2 = 4.7 × 10-11) 
1- Initial point (befor addition of  NaOH) 
2- At first Equivalent Point 
3- At second Equivalent Point. if you know that the concentration of  Na2CO3= 0.05M. 
 Initial point (befor addition of  NaOH) -1 
                                  H2CO3     	H+  + HCO3- 



Before ionization     0.1                            0         0 After ionization       0.1-x                          x        x

  





pH = -log [H+] = - log 1.162× 10-4  = 3.673
              
2- At first Equivalent Point 
=
   [H+]  = 4.599 ×10-9 mole/L
 pH = -log [H+]  →     pH = - log 4.599 × 10-9 = 8.337 
 
3- At second Equivalent Point
 

0.05 = 3.262 ×10-3 mole/L 
pOH = - log [OH] = - log 3.262 ×10-3  = 2.487 
pH = 14 – 2.487 = 11.513 
, [image: ]
Ex: Calculate pH value of 0.2M solution of NaHCO3
                                  (Ka1 = 4.5 × 10-7 , Ka2 = 4.7 × 10-11) 

=
   [H+]  = 4.599 ×10-9 mole/L
 pH = -log [H+]  →     pH = - log 4.599 × 10-9 = 8.337 

Ex: Calculate pH value of 1.5x10-3M solution of Na2CO3                                                        (Ka1 = 4.5 × 10-7 , Ka2 = 4.7 × 10-11) 

1.5 = 5.65 ×10-4 mole/L 
pOH = - log [OH] = - log 5.65 ×10-4  = 3.248 
pH = 14 – 3.248 = 10.752 
Indicator selection 
      Thymole blue is the suitable indicator for the first end point while Phenolphthalein is the suitable indicator for the second end point. 

[image: ] 
 2 -Tri basic acids H3A
        H3PO4 is the only inorganic tri basic acid that chemist use. The            method that has been used for dibasic acids can be employed to  calculate pH values at different equivalent points.                                      

 H3PO4   ↔ H+  + H2PO4----------(1),   
H2PO4- ↔ H+  + HPO4-2 --------(2) ,   =6.3      
HPO4-2 ↔ H+  + PO4-3 ---------(3),   
1- First equivalent point:
=                
[H+]   = 2.115 × 10-5 mole/L      
 pH = -log[H+] pH = - log 2.115 × 10-5 = 4.675 
2- Second equivalent point: 
                      
When H3PO4 is titrated against NaOH, the end point can be reached at the same pH value by dissolving Na2HPO4 in water and the calculation of hydrogen ion coarried in the same way by ignoring the effect of the first and the second ionization effects.

 =
[H+] =  1.684 × 10-10 moe/L
 pH = -log[H+] = - log 1.684 × 10-10 = 9.774 

3- Third Equivalent Point:                             








Ex:- Calculate the pH of the solution result from titration of 0.1M phosphoric acid (H3PO4) with 0.1M NaOH at:  
                    (Ka1 = 7.1× 10-3 , Ka2 = 6.3× 10-8 , Ka3 = 4.5x10-13)
1- Zero addition of NaOH 
2- First Equivalent Point 
3- At second Equivalent Point 
4- At third Equivalent Point (Na3PO4  = 0.001M) 
5- Draw the approximate titration curve.

-At zero addition of NaOH  1
  H3PO4   ↔ H+  + H2PO4----------(1)

  
	           
                                   H3PO4         	H+ + H2PO4- 
Before ionization        0.1                            0         0 
After ionization          0.1-x                          x        x 
       
X = [H+] = 0.027mole/L pH = - log 0.027= 1.569 
	 
2- First Equivalent Point 
=                
[H+]   = 2.115 × 10-5 mole/L      
 pH = -log[H+] pH = - log 2.115 × 10-5 = 4.675 
3- At second Equivalent Point 
 =
[H+] =  1.684 × 10-10 moe/L
 pH = -log[H+] = - log 1.684 × 10-10 = 9.774 

4- At third Equivalent Point 

4.69 ×10-3 mole/L 
pOH = - log [OH] = - log 4.69×10-3  = 2.329 
pH = 14 – 2.329 = 11.671

5- Draw the approximate titration curve.  
 
[image: ] 
Buffer solutions containing poly basic acids and their derived salts. 
It is possible to prepare buffer solutions from poly basic acids and their derived salts. 
Calculation of pH values     
 
Ex:- Calculate pH value of a buffer solution containing 0.06N H3PO4 and 0.04N  H2PO4-. 
 (13-Ka1 = 7.1× 10-3 , Ka2 = 6.3× 10-8 , Ka3 = 4.5x10)                              
	             H3PO4   	H+  +  H2PO4- 
 
 
	 	  
[H+] = 1.065x10-2 mole/L→ pH = -log [H+]   
pH = -log 1.065x10-2  →  pH = 1.973

Ex:- Calculate pH value of buffer solution containing 0.3M [H2PO4-] and 0.1M [HPO4-2]. 
 (13-Ka1 = 7.1× 10-3 , Ka2 = 6.3× 10-8 , Ka3 = 4.5x10)                              
[bookmark: _GoBack]  H2PO4-   	H + HPO4-2 
    K   
	
  pH = -log [H+] = - log 

Ex: Calculate pH value of buffer solution containing 0.2M succinic acid H2C4H4O4 and 0.15M  NaHC4H4O4  
                                                      (Ka1 = 6.21 10-5  , Ka2 = 2.31x10-6)
 
                 H2 C4H4O4 ↔ H C4H4O4- + H+ 



pH = -log [H+] →pH = -log 8.28× 10-5 = 4.082 

Ex: Calculate pH value of buffer solution containing 0.3M [H2CO3] and 0.2M [KHCO3-].                    (Ka1 = 4.5 × 10-7 , Ka2 = 4.7 × 10-11) 
 
                              H2CO3↔ H+ + HCO3- 
     

pH = -log [H+]→ pH = -log 6.75× 10-7  = 6.171 

 
Ex:- Calculate pH value of buffer solution containing 2M [H3PO4-] and 1.5 M [NaH2PO4-2]. 
 (13-Ka1 = 7.1× 10-3 , Ka2 = 6.3× 10-8 , Ka3 = 4.5x10 
	
	H3PO4   	H+  +  H2PO4- 
 
 
	 	  
[H+] = 9.467x10-3 mole/L→ pH = -log [H+]   
pH = -log 9.467x10-3  →  pH = 2.024

 
 1
 
 12
 
 13
 
image2.jpg
1 2
mole equivalents of OH- added





image3.jpg
Eq. point3

Eq. point2

46
16

Eq. point1

Volume of NaoH




image1.jpg
mL NaOH




