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EXAMPLES AND APPLICATIONS OF SOLUBILITY PRODUCT  
 	 
    The type of questions about Ksp values are limited and all of them related to the sparingly soluble salts saturated solutions that are in contact with an excess of non dissolved salts. The typical problems are of three types: 
 
1. Calculation of Ksp value from the solubility of the salts. 
2. Calculation of the solubility of the salt from Ksp. 
3. Calculation of one ion concentration of the salt ions in saturated solution if the value of Ksp and the concentration of the other ion are known.
    
a. Calculation of Ksp value from the solubility of the salts.
 
Ex.1. If the solubility of AgBr= 2×10-5 g/100ml at 20oC, calculate Ksp value? (M.Wt=187.8 g/mole) .

 Sol )   The solubility should be calculated in unit of mole/liter 
	Concentration 	volume 
	2 × 10-5 	 	100 ml 
	?	 	 	1000 ml   
?[image: ]= 2×10 -4    g/L 
Concentration mole/L= (solute weight (g)/L) / F. Wt 
Or: Concentration mole/L= (solute weight (g)/L) / M.Wt 
        = 2×10 -4 / 187.8 = 1.065× 106- mole / L
or)   M =  ×      = 2× 10-4 ×1000 / 187.8 ×100 = 1.065× 10-6 mole / L 
This means that 1.065 × 10-6 mole of AgBr is dissolved in one liter of solution (available as ions). Therefore each liter of the solution contains: 

 [Ag+] = 1.065 × 10-6 mole/L 
          [Br-] = 1.065 × 10-6 mole/L   2x10-5 


 
Ksp can be calculated as follows: 
 
     AgBr                              Ag+  +  Br - 
Ksp = [Ag+][Br-] = 1.065 × 10-6 mole/L × 1.065 × 10-6 mole/L 
= 1.134 × 10-12 
 
Ex. 2. If the solubility of BaF2 at 20oC is 0.161g/100ml in water calculate Ksp value.( M. Wt =175.36 g/mole) .
Sol)
Concentration   volume 
	0.161 	 	100 ml 
                                                      
      ? 	 	                     1000ml
 
        X = =1.61g / L 
Concentration (mole/L =      = 0.00919mole/L

 
BaF2    <                      >   Ba2+ + 2F-                                                          X      2X
 [Ba2+] = 0.00919 mole/L   
 [F-] =2( 0.00919)  = 0.01838 mole/L 
Ksp = [Ba2+][F-]2 = ( 0.00919 ) =(0.01838)2 = 3.09 × 10-6 
Since Ksp < [Ba2+][F-] then precipitation occur 
 
b. Calculation of solubility of the salts from the Ksp value:
              
Ex. 1: If Ksp value of Agl is 8.3 × 10-17 at 20oC, calculate the solubility of Agl in mole/L and in gm/100 ml. 
Sol)
Agl (S)                        Ag+  +  I- 
	 X 	 	 	 	X         X
Ksp = [Ag+] [I-] 
As indicated by the equation 
[Agl] = X = [Ag+] = [I-] 
Ksp = [Ag+] [I-] = X.X=X2 
8.3 × 10-17 = X2 
X = 9.11 × 10-9 mole/L 
9.11 × 10-9 × 234.8 (formula weight) = 2.14 × 10-6 g/L 
2.14×100× 10-6g / L×100 /1000 = 2.14×10-7 gm/100ml 
 
Ex.2: What is the solubility of Pb(OH)2 if Ksp value at 20oC is 
  2.5×10-6 
Sol)
Pb(OH)2          	Pb2+  + 2OH-                                                       X          2 X
[Pb2+][OH-]2  KSP =  
2.5 ×10-16 = X . (2X)2 = 4X3 
		2.5×10-16	 
	X3 = 	4	= 0.625 × 10-16
3
	X  = 	0.625×10-16 
X = 3.969 × 10-5 mole/L 

 
3. Calculation of one ion concentration of the salt ions in saturated solution on the bases of the concentration of the other ion: 


Ex. 1: Calculate the concentration of Ag+ ion in saturated solution of Ag2CrO4 (Ksp=3.4 × 10-12) if you know that the concentration of CrO42- ion is 2×10-2mole/L? 
  Ag2CrO4                           2Ag+ + CrO42- 
 Ksp =  [Ag+]2 [ CrO42-]     
3.4 × 10-12 = [Ag+]2 × 2 × 10-2 
[Ag+]2 = 3.4×10-12 = 1.7 × 10-10 

[Ag+] =       1.7×10-10 
 [Ag+] = 1.194 × 10-5 mole/L 



COMMON ION EFFECT
 
The common ion is the ion which is present in the solution and is obtained from two compounds or more. This leads to decreasing the concentration of the other ion at equilibrium provided the temperature and pressure are constant. Therefore precipitates are more soluble in water than in solutions containing one of the ions of the precipitates.

  
	NH4+ 
NH4+ 


	NH4OH                                  	  +    OH- 
	NH4Cl                                   	  +     Cl- 
                
                        Common ion 
    
	  Ag+
  Ag+


AgNO3                                                       +   NO3 - 
     AgCl                                                     + Cl-  

                       Common ion

  
   When the concentrations of silver and chloride ions in the solution is 1.0×10-5 mole/L in water, then the addition of silver nitrate will increase silver ion concentration and in turn concentration of chloride ion decreases since the reaction is directed to the left. By addition of a sufficient amount of silver nitrate AgNO3 the concentrations of silver ion and chloride ions will be 1.0×10-4 and 1.0×10-6 respectively and this will lead to the formation of AgCl according to Lechatlee principle. The common ion leads always to less solubility of the salt. 
 

Ex: Calculate the solubility of CaF2 Ksp = 4.0×10-11 in  
1. Distilled water. 
2. Solution of 0.01 M CaCl2. 
3. Solution of 0.01 M NaF.
SOL.)

1. Distilled water

              CaF2                            Ca2+  + 2F- 

                                               X         2X  
Ksp = [Ca2+] [F-]2  = X . (2X)2 = 4X3 
X3  =  = 1.0 ×  10 -11  

X = ∛1.0 ×  10 -11  

X = 2.154 × 10-4 mole/L

 

2.  Solution of 0.01 M CaCl2. 
      CaF2      ↔ Ca2+	  + 2F- 
        CaCl2    → Ca2+    +2Cl- (CaCl2 is completely ionized) 
  
                       Common ion  
   
 [Ca2+] =  X  + 0.01 
 [F-] = 2X 
Ksp = [Ca2+][F-]2 = (X + 0.01)(2X)2       x ≤ 0.01 Neglected
4.0 × 10-11 = 0.01 × 4 X2= 0.04X2 
X = 4.0× 10-11  / 0.04= 0.1 × 10-10 
X = 3.16 × 10-5 mole/L


[bookmark: _GoBack]
3. Solution of 0.01 M NaF 
CaF2 ↔  Ca2+  + 2F 	-
NaF   →  Na+  +  F-     (NaF is completely ionized)

                              Common ion
[Ca2+] =  X   
[F-] = 2X + 0.01 
Ksp = [Ca2+][F-]2  
4.0 × 10-11 = (X) . (2X + 0.01)2   
4.0 × 10-11 = (X) (0.01)2                     x ≤ 0.01 Neglected 
4.0 × 10-11 = 1.0 × 10-4X 
X = =4.0 × 10-7 mol/L 
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