Equilibrium and LeChâtelier’s Principle

LeChâtelier’s Principle states that:  If an equilibrium system is subjected to a stress, the system will react to remove the stress.  To remove a stress, a system can only do one of two things:  form more products using up reactants, or reverse the reaction and form more reactants, using up products.  In this experiment you will form several equilibrium systems.  Then, by putting different stresses on the systems, you will observe how equilibrium systems react to a stress.

Materials:
Potassium thiocyanate KSCN, 0.002M, Potassium thiocyanate KSCN(s), distilled H2O, 0.20M Fe(NO3)3 solution, Disodium Hydrogen phosphate Na2HPO4, Beral pipet containing alcoholic cobalt chloride water system, Hot bath, Cold bath, pipettes, beakers, test tubes.  
Procedure:

1.  An equilibrium system can be formed in solution with the following ions:


Fe+3(aq) + SCN-(aq) (( FeSCN+2(aq)


colorless   colorless       red-brown

The iron ion (Fe+3) and the thiocyanate ion (SCN-) are both colorless; however, the ion that forms from their combination, the FeSCN+2 ion, is colored a dark red-brown.  It is the color of this ion that will predict how the equilibrium system is being affected.

Pour about 25mL of 0.0020M KSCN solution (a source of the SCN- ion) into a beaker.  Add 25mL of distilled water and 5 drops of 0.20M Fe(NO3)3 solution.  Swirl the solution and note the following:  the color of the KSCN solution, the color of the Fe(NO3)3 solution, and the color of the resulting complex ion.
You will stress the equilibrium system that has resulted in several ways.  Pour equal amounts of the solution from the beaker into four test tubes.  The solution in the first test tube will be reference solution.

To the second test tube add 2-3 crystals of solid KSCN.  Describe the results.

To the third test tube add 6 drops of Fe(NO3)3 solution.  Stir and describe the results.

To the fourth test tube add small crystals of the Na2HPO4 a few at a time.  Stir and note the results.  Phosphate ions, PO4-3, have the ability to form complex ions with Fe+3, which has the same effect as removing Fe+3 from the solution.

2. An Equilibrium with Cobalt Complex Ions
In this section we will investigate the equilibrium between two different complex ions of cobalt.  The reaction is endothermic:

Co(H2O)6+2(aq) + 4Cl-(aq) (( CoCl4-2(aq) + 6H2O(l)  ΔH = +50kJ/mol
 
Pink




blue

Obtain a sealed Beral pipet containing some of the alcoholic cobalt chloride water system.  Note its color.  Immerse the large end of the pipet in some hot water (about 60oC) and see if there is a color change.

Lastly, chill the Beral pipet in an ice bath to see if the color change in the previous step is reversible.  Explain the effect of the temperature change on the equilibrium in terms of the fact that the value of ΔH for the reaction is +50kJ/mol.
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1. Define equilibrium.

2. State LeChâtelier’s Principle.

3. 6CO2(g) + 6H2O(l) (( C6H12O6(s) present at equilibrium would be affected by each of the following:

a. some CO2(g) is added

b. the temperature is raised

c. the volume is decreased

d. some O2(g) is removed

e. some of the C6H12O6(s) is removed

f. a catalyst is added

g. some H2O is removed

