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Principle involved in Semi micro analysis

1. Solubility Product
Take a saturated solution of a sparingly soluble binary electrolyte, AgCl. The following equilibrium exists. 

AgCl(s)  (     AgCl(d)  ( Ag+ + Cl -
On applying law of mass action – 

K1 = [AgCl(d)]/ [AgCl (s)] 
and K2    = [Ag+] [Cl-] / [AgCl(d)] 
K1 * k2 = [AgCl(d)]     [Ag+] [Cl-] 
              ----------------------------

               [AgCl(s) ] [AgCl(d)] 
        = [Ag+] [Cl] 

           -----------   

          [AgCl(s)] 

Concentration of [AgCl(s)] is constant, 

 So, [Ag+] [Cl-] = Ksp , a new contant
Ksp is solubility product of AgCl. It is defined as the product of the concentration of the ions of the electrolyte, where each concentration is raised to the number of times the ion occurs in the dissociation equation. 

   a) Ksp>ionic product ; solution is unsaturated

   b) Ionic product = Ksp; solution is saturated

   c) Ionic product > Ksp; precipitation occurs. 

2. Common ion effect- 

Dissociation of a weak electrolyte is suppressed in presence of strong electrolyte if they have an ion in common. Eg Dissociation of NH4OH is suppressed in presence of NH4 Cl which is a strong electrolyte and both give NH4+  ion on ionization.
 NH4Cl      (     NH4+   +  Cl-     Highly ionized 

 NH4OH  (       NH4+   +  OH-  weakly ionized   

Due to common ion effect the equilibrium of equation no 2 is shifted to left and a smaller amount of OH-  ion is available for precipitation. This principle is used in separation of cations into groups by providing the required amount of precipitating ions.
3. Application of solubility product and common ion effect
Separation of Cations into groups- 

Group I- 

Pb2+  , Hg2+  and Ag2+ ions are precipitated as their insoluble chlorides by adding 
dil. HCl as the solubility product of these chlorides is very low, other cations do not get precipitated as their  chlorides have high Ksp .

Group II- 

K sp  of group II sulphides is low. Due to common ion effect, the dissociation of H2S is suppressed in presence of HCl and small amount of sulphide ions available is sufficient to ppt IInd group cations. 
               HCL   (   H+        +  Cl-    

                H2S  (    H+            + S2-  
Due to common ion effect, the reaction goes in backward direction.
Function of HCl in group II  - The increase in conc. Of H+ ions (by adding HCl) shifts the equilibrium towards left and hence S2- ion concentration decreases. This value is sufficient to exceed the solubility products of the sulphides of group II cations (Ksp being very low). But Ksp values of group IV sulphides are not exceeded.  Hence, sulphides of only group II cations are precipitated.  Other cations (group IV) if present, will remain as such in solution.  Thus, HCl is added to avoid the precipitation of cations of other groups as their sulphides along with the sulphides of cations of group II. 

 Group III – 
Group III reagents are ammonium hydroxide in presence of excess of ammonium chloride.  Due to common ion effect, suppression of dissociation of ammonium hydroxide (weak electrolyte) in presence of ammonium ions takes place and small amount of OH-  are sufficient only to ppt hydroxides of Al3+, Fe3+, Cr3+ 

NH4Cl    (   NH4+   +  Cl-     Highly ionized 

  
NH4OH  (   NH4+   +  OH-  weakly ionized   

[ If excess of amm. hydroxide is added, cations of following  groups will get precipitated] 
Group IV- 

IVth   group cations are precipitated by passing H2S gas in basic medium.  The hydroxide ions released combine with H+ to give de ionised water. To maintain the equilibrium more H2S gets dissociated and sufficiently large amount of S2- is available to precipitate group IV cations as their sulphides which have high Ksp. 
NH4OH                 (      NH4+   +  OH-

 H2S                       (         2H+ + S2-  

H+   +   OH-            (           H2O 
Group V  

Group V cations get precipitated as their insoluble carbonates by adding ammonium carbonate in presence of NH4Cl and NH4OH. Due to common ion effect NH4Cl suppresses the dissociation of (NH4)2CO3. The low concentration ion is just sufficient to precipitate calcium, barium and strontium whereas magnesium remains in the solution. 

NH4Cl                     (                NH4+   +  Cl-     Highly ionized 

 (NH4)2CO3              ( 
             NH4+  + CO3 -2   weakly ionized 

 Group VI
There is no specific group reagent and each cation has its own test.
