Solubility Equilibrium

Consider the following equilibrium

PbI2(s)
↔
Pb2+(aq)
+
2I-(aq)
An equilibrium constant can be derived for saturated solutions of ionic compounds when excess solid is present. 

Solubility equilibrium expressions are given a special name:

The SOLUBILITY PRODUCT or Ksp
Solubility equilibrium constants are only determined for ionic compounds that are insoluble or slightly soluble. Low values of Ksp means that the concentration of the products (ions in solution) are low at equilibrium, which means that the solid is relatively insoluble.

Ksp values are calculated for saturated solutions at constant temperatures.

Problem Type 1 - given the Ksp, determine the ion concentrations.

The value of Ksp for PbI2 is 7.9 x 10-9. What is the concentration (molar solubility) of PbI2 in pure water?

STEP 1:
- determine the equation and the solubility product constant.

STEP 2:
- organize an ice table to show changes in concentration(s)

	Concentrations (M)
	PbI2(s)
	↔
	Pb2+(aq)
	+
	2I-(aq)

	Initial
	
	
	
	
	

	Change
	
	
	
	
	

	Equilibrium
	
	
	
	
	


STEP 3 – substitute the table values into the equation

Ksp 


=

The concentration of Pb2+(aq) is 
The concentration of I-(aq) is 

Problem Type 2 – given ion concentration, determine the Ksp

One liter of water is able to dissolve 6.7 x 10-5 mol of Ag2CrO4. What is the Ksp of this salt? 

STEP 1:
- determine the equation and the solubility product constant

STEP 2:
- organize an ice table to show changes in concentration(s)

	Concentrations (M)
	Ag2CrO4(s)

	↔
	2Ag+(aq)
	+
	CrO42-(aq)

	Initial
	
	
	
	
	

	Change
	
	
	
	
	

	Equilibrium
	
	
	
	
	


STEP 3 – substitute the table values into the equation

Ksp 
= 

Therefore the Ksp for Ag2CrO4(s) is 
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Will a Precipitate Form?

The solubility product can be used to determine whether precipitation will occur.

To make the prediction, we compare the ION PRODUCT (Q) to the value of Ksp.

Q is essentially like finding Kinitial, using the initial concentrations and not the equilibrium concentrations.

Thus, for the dissociation of PbCl2
PbCl2(s)
↔
Pb2+(aq)
+
2Cl-(aq)
QPbCl2
=
[Pb2+(aq)][ 2Cl-(aq)]2
If Q < Ksp, the solution is unsaturated and NO precipitate forms.

If Q = Ksp, the solution is just saturated and NO precipitate forms.

If Q > Ksp, the solution is temporarily supersatured. Excess solid will precipitate until the ion product becomes equal to Ksp, giving a saturated solution.

Practice
Page 489 #5 (read the example on page 488)


The Common Ion Effect

PbCl2 is only slightly soluble in water.

PbCl2(s) 
↔
Pb2+(aq)
+
2Cl-(aq)
If the PbCl2(s) was placed into a solution that already contained Cl-(aq) ions (a common ion), the equilibrium would be shifted to the left (le Chatelier’s principle). The Ksp value for PbCl2(s) can be used to determine the concentration of the remaining Pb2+(aq) ions.

The reduction in the solubility of a salt caused by the presence of another salt having a common ion is called the Common Ion Effect.
Practice 
Page 492 #7,9,11,12 (read example on page 491)

000b_Solubility Equilibrium Student Notes

1 of 3 

