AP Lab#8 – Chemical Equilibrium

In most of the chemical reactions studied in class, the reactants are usually “used up” to form products.  When this happens, the reaction is said to have “gone to completion.”  These “one way” reactions are not the only type of reactions that occur.  Some reactions can go backward as well.  These reactions are called reversible reactions.  In a reversible reaction the rate of the forward reaction must be equal to the rate of the reverse reaction.  When this occurs, the reaction is a chemical equilibrium.  


Chemical equilibrium can be affected by several factors that include: temperature, pressure (if gases are involved), and concentration of chemicals.  According to Le Chatelier’s principle, when a stress is placed on a system at equilibrium, the equilibrium will shift in the direction that tends to relieve that stress.  Equilibrium will then be reestablished at a different point, with different concentrations of reactants and products.


In this experiment, we will study how changing the concentration of a reactant will shift the equilibrium of three simultaneous reactions.  First we will study the dissociation of copper(II) sulfate.  The copper ions in copper sulfate cause the solution to have a light blue color due to the presence of the copper transition metal.
CuSO4(aq)        Cu+2(aq)   +   SO4-2(aq)

(Dissociation of CuSO4)
Ammonium hydroxide dissociates into ammonium and hydroxide ions as follows:
NH4OH(aq)  (  NH4+1(aq)   +   OH-1(aq) 
(Dissociation of NH4OH)
The addition of ammonium hydroxide to copper(II) sulfate causes two reactions to occur.  The two ions react with the copper(II) sulfate in the following way:

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


(Equation 1)

Cu+2(aq)   +   4 NH4+1(aq)    (  Cu(NH3)4+2(aq)    +  4 H+1(aq)
(Equation 2)

The addition of the OH-1 will cause the production of the precipitate, Cu(OH)2(s) (See Equation 1), and will remove Cu+2 ions from the original solution.  The continual addition of hydroxide ions will force the equilibrium of Equation 1 to shift to the right.  This will use up the Cu+2(aq) and the concentration of these free ion swill decrease.  As more NH4OH as added to the solution, NH4+1 will also start reacting with the Cu+2 ions. This will force the equilibrium of Equation 2 to shift to the right and again remove Cu+2 ions from the original solution.  However, this shift will be more pronounced because the formation of Cu(NH3)4+2. This results in a dark blue solution.  Cu(NH3)4+2(aq) and is called a Complex Ion.  The full name of this complex ion is tetra amine copper(II) ion.   Note that as Equation 2 goes forward it uses up the Cu+2 ions in solution.  The result of this reaction will also force Equation 1 to go backward in order to create more Cu+2 ions for Equation 2 to react with.  The end result is not only the dark blue complex ion, but the Cu(OH)2 precipitate will break up.  The solution will no longer contain the precipitate.
Equilibrium can be shifted back to the left in Equation 2 by the addition of H+ ions, which are produced from the breakup of sulfuric acid (See Dissociation of H2SO4).  
H2SO4(aq)   (  2 H+1 (aq)   +   SO4-2(aq)

(Dissociation of H2SO4)
When more H+ ions are introduced into the system, the equilibrium of Equation 2 shifts back to the left.  This is due to the Common Ion Effect.  The result of the addition of H+ ions will not only cause the complex ion in Equation 2 to disappear, but will create more Cu+2 ions in the solution again.  This will allow the remaining OH- ions to once again react with the newly formed Cu+2 ions in the solution.  Equation 1 will once again go forward to produce more precipitate.  The result this time will be the disappearance of the dark blue complex ion and the reformation of the precipitate seen in the previous reaction.
Finally, the addition of even more sulfuric acid will deplete the hydroxide ions that are in the test tube. The hydrogen ions from the acid will react with all of the hydroxide ions in the solution.  (See Equation 4).  
H+1 (aq)   +   OH-1(aq)           H2O(l)


(Equation 4)

Since the hydroxide ions are being used up, this will force Equation 1 to shift to the left to create more OH- ions to restore the balance.  This will result in the disappearance of the precipitate yet again.  Eventually, all of the hydroxide ions will be depleted.  The end result will not only be the disappearance of the precipitate, but a light blue colored solution will reappear, exactly the same as when we started.  
Science Practices: [2.F, 3.C, 4.D, 6.D, 6.F]

Objective


How can we use Le Chatelier’s Principle to explain phenomena of reversible reactions.

Safety
1. Always wear safety goggles and a lab apron or coat when working in the lab.

2. Do not smell Ammonia directly.  Waft the vapors to your nose.

Materials



4 test tubes (18x150-mm)    
safety goggles

      2 disposable pipettes    



test tube rack


1 M sulfuric acid
      0.1 M copper(II) sulfate
 

10-mL graduated cylinder
10% ammonium hydroxide
Procedure

1.  Clean four test tubes and label them 1, 2, 3 and 4.

2.  Using a clean 10-mL graduated cylinder, pour 3.0 mL of 0.1 M CuSO4  to each of the test tubes.  Observe the color of the solutions.

3.  Add 5 drops of ammonium hydroxide solution to test tube #2.  Shake the test tube.  Observe the reaction.  Note any changes.

4.  Using a clean 10-mL graduated cylinder, add 3.0 mL of ammonium hydroxide solution to test tubes #3 and #4. Shake the test tubes.  Compare this reaction to that of  test tube #2.

5.  To test tube #4, now add 10 drops of 1M sulfuric acid. Shake the test tube.  Observe the reaction that occurs.

6.  Repeat step 5 two more times.  Make sure to shake the test tube each time and record your observations.

Observations 


Make a minimum of five observations about this experiment.  

Data -  N/A

Calculations -  N/A

Discussion 


Write out all of the equations (including the dissociation reactions) and explain in detail what stresses are being applied to the equilibrium reactions.  Explain in detail the cause for each observation recorded.

Additional Discussion Questions 

1. In this experiment, would the same thing occur if we replaced sulfuric acid   with hydrochloric acid?  Explain why or why not.
2. List the four stresses of Le Chatelier’s Principle and explain how each stress causes a shift in equilibrium.  
3. When would a change in pressure have no effect on an equilibrium reaction? 

Give two different situations where this would apply.

4. In an exothermic reaction, what effect does increasing the temperature have on its equilibrium and why?
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