
Solubility Product Constant and Common-Ion Effect

Name;___________________________________________ Period:_______

Prelab

1. Write the Ksp expression for equilibria of these slightly soluble compounds in aqueous solution:

a.  Ag2CrO4 (s)  (  2Ag+1 (aq) + CrO4-2 (aq)
Ksp = 

b.  CaCO3 (s)  (  Ca+2 (aq) + CO3-2 (aq)

Ksp = 

c.  Mg3(PO4)2 (s)  (  3 Mg+2 (aq) + 2 PO4-3 (aq)
Ksp =

2. a. Calculate the molar solubility of PbCrO4.   
Ksp = 1.8 x 10- 14
     b. Calculate the molar solubility of PbCrO4 in the presence of 0.020 M Na2CrO4.

3.  The pH of a saturated Mg(OH)2 solution is 10.46.

a. Calculate the [OH-1] in the solution.

b. Calculate the [Mg+2] in the solution.

c. Calculate the Ksp of Mg(OH)2.

4.  Explain how the OH-1 molar concentration is determined in this experiment.

5. Explain how the Ca+2 molar concentration is determined in Part I of this experiment.

Solubility Product Constant and Common-Ion Effect

Objectives:

a. To determine the molar solubility and Ksp of Ca(OH)2.

 b. To determine the molar solubility of Ca(OH)2 in the presence of added Ca+2.

Theory:


Many common ionic compounds, which have a very limited solubility in water, are called slightly soluble salts.  A saturated solution of a slightly soluble ionic compound produces a dynamic equilibrium between the compound and the dissociated ions. However, because the compound is only slightly soluble, the solution has a low concentration of ions. For example, in a saturated BaSO4 solution, the equilibrium between BaSO4 (s) and the Ba+2(aq) and SO4-2 (aq) ions lies far to the left because of its low solubility:

BaSO4 (s)  (  Ba+2(aq)  + SO4-2 (aq)
The equilibrium expression for this reaction is:




Since in a heterogeneous equilibrium the concentration of solid BaSO4 is a constant

for a given temperature, we can rewrite the expression as:




Ksp is called the solubility product constant or, more simply, the equilibrium constant

of a slightly soluble ionic compound.


The small Ksp value for BaSO4, 1.5x10-9, means that in pure water the molar concentration of Ba+2 equals the molar concentration of SO4-2 and each equals 3.9 x10-5 mol/L as shown below:

Ksp = [Ba+2][SO4-2] = 1.5x10-9

BaSO4 (s)  (  Ba+2(aq)  + SO4-2 (aq)
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Ksp = [Ba+2][SO4-2] = 1.5x10-9 = [x][x]

x = [Ba+2] = [SO4-2]

x2 = 1.5x10-9

x =  3.9 x10-5 mol/l = [Ba+2] = [SO4-2]

The molar solubility of BaSO4 also equals 3.9x10-5mol/L, because one mole of

BaSO4 must dissolve to produce one mole of Ba+2 and one mole of SO4-2 in solution.

 
What happens to the solubility of a slightly soluble compound when an ion, common to the compound, is added to the saturated solution?  According to Le Chatelier's Principle, the position of the equilibrium shifts to use up the added ions and it shifts to favor the formation of the solid compound. This reduces the compound’s molar solubility.


If 0.0010 mol SO4-2/L is added to a saturated BaSO4 solution, the added SO4-2 shifts the equilibrium to the left, reducing the [Ba+2], and increasing the amount of solid BaSO4. 

BaSO4 (s)  (  Ba+2(aq)  + SO4-2 (aq)
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Ksp = [Ba+2][SO4-2] = 1.5x10-9 = [x][0.0010 + x]

Assuming [x](( 0.0010M
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The molar solubility of BaSO4 equals the molar concentration of Ba+2. The molar solubility of BaSO4 decreased from 3.9 x10- 5 mol/L to l.5 x10-6 mol/L. 


This experiment determines the Ksp and molar solubility for Ca(OH)2. 

Ca(OH)2 (s)  (  Ca+2(aq)  + 2 OH-1 (aq)

Ksp = [Ca+2][OH-1]2

A saturated Ca(OH)2 solution is filtered to remove solid Ca(OH)2 and the OH-1 ion is titrated with a standard HCl solution to determine the number of moles and its concentration. According to the equation for each mole of Ca(OH)2 that dissolves, one mole Ca+2 and 2 moles OH-1 are present in solution.  Thus by finding the [OH-1], the [Ca+2], Ksp and molar solubility of Ca(OH)2 can be calculated. The molar solubility of Ca(OH)2 = [Ca+2] = 1/2 [OH-1]. 


The pH of the saturated solution is measured which allows an additional means to calculate the equilibrium [OH-1] and then calculate the [Ca+2], Ksp and molar solubility.


We use the same procedure to determine the molar solubility of Ca(OH)2 with Ca+2 added (an ion common to the slightly soluble salt equilibrium). However, since Ca+2 is added from an external source [Ca+2] ( 1/2 [OH-1]. The [Ca+2] is determined by the concentration added from the external source. The [OH-1] is determined by the dissolving of the Ca(OH)2 so the molar solubility of Ca(OH)2 = 1/2 [OH-1]. 

Procedure:


It is important to keep the bottles containing the Ca(OH)2 tightly capped when not in use to prevent the solution from absorbing CO2. The reaction of carbonic acid with the hydroxide ion will reduce the hydroxide ion concentration and will precipitate CaCO3. 

Part 1. Ksp and Molar Solubility of Ca(OH)2
     1.  Prepare a 50-mL buret for titration. Rinse the clean buret and tip with two 5-mL

          portions of standardized HCl solution and discard. Fill the buret with standardized

          HCl, remove the air bubbles in the tip, and record the initial volume (( 0.01mL).

     2.  Record the molarity of the HCl solution.

     3. Rinse a 50-mL pipet with 1 or 2 mL of the saturated Ca(OH)2 solution and discard.

         Pipet 50.00 mL of the filtrate into a clean 125-mL Erlenmeyer flask and add 4 drops

         of bromthymol blue indicator. Record the solution's temperature. Titrate with the

         standard HCl solution. Record the finaL volume (( 0.01mL) needed to just turn the

         solution color from blue to yellow. Repeat the titration with two new samples of 

         Ca(OH)2.

Part 2: Molar Solubility of Ca(OH)2 in the presence of Ca+2
     1. Repeat Part I, steps 2 - 3, using the saturated Ca(OH)2 solution to which 0.100M Ca+2 
         has been added.

This lab is adapted from Experiment 34- Molar Solubility and Ksp in the lab manual to accompany Brady and Humiston, General Chemistry-Principles and Structure, 3rd ed. 1986 by Beran and Brady from John Wiley and Sons, p 407-415.

Solubility Product Constant and Common-Ion Effect

Name:_________________________________________ Period:_________

Lab Partner:____________________________________ Course:_________

Data Table

Part 1: Ksp and Molar Solubility of Ca(OH)2
	
	Trial 1
	Trial 2
	Trial 3

	Temperature of solution (o C)
	
	
	

	Buret reading, final (mL)
	
	
	

	Buret reading, initial (mL)
	
	
	

	Volume HCl used (mL)
	
	
	

	Concentration of standard HCl solution (M)
	
	
	

	Mole HCl added
	
	
	

	Mole OH-1 in saturated Ca(OH)2 solution
	
	
	

	Volume of saturated Ca(OH)2 solution (L) 
	
	
	

	[OH-1] at equilibrium (mol/L) 
	
	
	

	[Ca +21 at equilibrium (mol/L) 
	
	
	

	Ksp of Ca(OH)2 from the titration
	
	
	

	Average Ksp of Ca(OH)2 from the titration
	
	
	

	Molar solubility of Ca(OH)2 from the titration
	
	
	


Part 2: Solubility of Ca(OH)2 in presence of Ca+2
	
	Trial 1
	Trial 2
	Trial 3

	Temperature of solution (o C)
	
	
	

	Buret reading, final (mL)
	
	
	

	Buret reading, initial (mL)
	
	
	

	Volume HCl used (mL)
	
	
	

	Concentration of standard HCl solution (M)
	
	
	

	Mole HCl added
	
	
	

	Mole OH-1 in saturated Ca(OH)2 solution
	
	
	

	Volume of saturated Ca(OH)2 solution (L) 
	
	
	

	[OH-1] at equilibrium (mol/L) 
	
	
	

	Molar solubility of Ca(OH)2 
	
	
	


Calculations:

Show your calculations for one trial from the titrations from Part 1 and Part 2 on a separate sheet of paper and attach it to the report.

Questions:
1. How does the addition of CaCl2 affect the molar solubility of Ca(OH)2?

2. a. If some solid Ca(OH)2 is transferred into the titrating flask in Part 1, will the Ksp 

        value for Ca(OH)2 be higher or lower than the accepted value? Explain.

     b. Will the molar solubility be higher or lower than the accepted value for Ca(OH)2?

         Explain.

3.  If the endpoint of the titration is overrun in Part 1, will the Ksp value for

     Ca(OH)2 be higher or lower than the accepted value?  Explain.

4. If the original Ca(OH)2 solution is not saturated in Part 1, will the Ksp value for

     Ca(OH)2 be higher or lower than the accepted value?  Explain.

5. The temperature was recorded in this experiment.  Does the molar solubility of a  
     compound generally increase or decrease with increasing temperature dependent?

     Explain.
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