                 Chapter 15   Additional Aqueous Equilibria    Part 3 


Solubility Equilibria and Solubility Product

Solubility is the maximum amount of solute which is dissolved in certain volume of a solvent in a certain temperature. We consider an equilibrium in a saturated solution:

CaF2 (s)                           Ca2+ (aq)  +  2F- (aq)     Ksp = [Ca2+][F-]2

Ksp = (s)(2s)2      s = solubility

Ksp is the equilibrium constant and it is called solubility  product. It has only one value for a given solid at a certain temperature.

Using the solubility we can calculate Ksp, also using Ksp we can calculate solubility.
Example: Calculating Ksp from solubility :

Solubility of CaF2 is 3.3  × 10-4 M in a 250C. Calculate the Ksp?

CaF2 (s)                                 Ca2+ (aq)  +   2F- (aq)     Ksp = [Ca2+][F-]2

  s                                          s                         2s

3.3  × 10-4  M                     3.3  × 10-4   M                  2   × 3.3  × 10-4M

Ksp=[s][2s]2        Ksp = (3.3  × 10-4  )( 2 ×3.3  × 10-4  )2 = 1.5  × 10-10
To predict relative solubilities of a group of salts using Ksp, we have to calculate solubility (s), larger amount of s means more solubility.
Solubility and common ion effect:

The solubility of a solid decreased if the solution already containes ion common to the solid. (Lechatlier Principle)

Example: What is the solubility of Ag2CrO4  ( Ksp = 9.0  × 10-12)

1. In pure water:
Ag2CrO4                                    2Ag+     +       CrO4 2-
S                                                2s                    s

Ksp= (2s)2 (s)  = 4s3         9 ×10-12 = 4s3         s = 1.3 × 10-4 mol/L

2. In a 0.1 M solution of AgNO3    (Ag+ = 0.1 M)
Ag2CrO4                                    2Ag+     +       CrO4 2-
S                                             0.1 + 2s                 s

Ksp= (0.1 + 2s)2 (s)  = 9 ×10-12       We can ignore 2s :    0.01s =  9 ×10-12 =          s = 9 × 10-10 mol/L

PH and solubility:

The PH of a solution can change solubility of a salt, using Lechatlier principle we can predict the solubility of a salt increases or decreases with change  of   PH.

Example: CaCO3 (s)                             Ca 2+  +   CO3 2-
Adding [H+]: CO32-   +  H+                                    HCO3-
With decreasing CO3-, equilibrium will shift to the right (more solubility).

Precipitation and Qualitative Analysis:

How we can predict whether a precipitate will form when  two solution are mixed?
The answer depends on the ion product (Q) .

If ion product > Ksp, precipitation will occur.

If ion product < Ksp, precipitation will not occur.

If ion product = Ksp, equilibrium exists already.

Example: Will PbCl2 (Ksp= 1.2 × 10-5) precipitate, when 1.5 L of 0.1 M Pb(NO3)2 and 0.1 L of 0.2 M NaCl are mixed?

PbCl2                              Pb2+    +   2Cl-   Q = Ion product= [Pb2+ ][Cl-]2
nPb2+= 0.15  mol       Mpb2+ =  0.0937         n Cl- = 0.02 mol    M cl- = 0.0125
Pb2+ = 0.0937  M          Cl- = 0.0125 M
Q= (0.0937  )( 0.0125)2=  1.46 × 10-5        Q > K       therefore   PbCl2 will precipitate.
A convenient method for separating a mixture of ions is to add a solution that will precipitate some of the ions but not others, this procedure is called qualitative analysis.
