A Sequence of Reactions with Copper

In this experiment, you will start with copper(II) oxide, and ore of copper, and attempt to reduce as much as possible of the elemental metal.  To reduce the copper from the ore, you will use two reactions.  The first involves a double replacement reaction of the copper(II) oxide with sulfuric acid.  The copper(II) sulfate produced will them be reacted with aluminum in a single replacement reaction to produce elemental copper.  

Prelab Questions:

Suppose that 2.00 grams of silver oxide is completely reacted with sulfuric acid according to equation (1) below.  The silver sulfate produced is then reacted with copper to produce elemental silver according to equation (2).


(1)  Ag2O(s)    +     H2SO4 (aq)  -------(      Ag2SO4 (aq)      +       H2O (l)


(2)  Ag2SO4 (aq)    +     Cu (s)   ------(      2 Ag (s)    +     CuSO4 (aq)

1. Assuming complete reaction and recovery, use stoichiomety to calculate:

a. How many grams of Ag2SO4 are produced in reaction (1)

b. How many grams of Ag solid are produced in reaction (2)?

2. Suppose only 1.75 grams of silver are actually recovered by a student following the sequence of reactions.  Calculate the % yield of silver.  Read the procedure and suggest several logical causes for the loss in mass consistent with the techniques we willuse.

3. Suppose 2.15 grams of silver are recovered by a student following the sequence.  What possible causes consistent with the procedure could account for the gain in mass?

Procedure:

1. Weigh and record the mass of a clean, dry, 250 mL beaker.

2. Add about 2.00 grams of powdered Copper(II) oxide to the beaker and determine the mass of the beaker plus copper(II) oxide.  Record the mass in the data table.

3. Add 40 mL of 1 M H2SO4 to the solid in the beaker.  Heat gently on a hot plate.  Stir the mixture for several minutes and record your observation.

4. Add 10 mL of 6 M HCl to the blue colored solution.  Obtain 4 or 5 pieces of aluminum foil (approximately 1 inch square).  Add them to the solution.  Record you observations.  As the reaction subsides, add a few more pieces of aluminum foil.  Continue adding until the solution loses its blue coloration.

5. You can determine whether the reaction is complete by testing a small portion of the solution with ammonia.  Decant about 1 mL of the solution into a small, clean test tube.  Add about 1 mL of 6 M NH3 solution.  If any copper ions remain in solution, the test tube contents will turn a deep blue color upon mixing with ammonia.  If a blue color does appear, add one or two more pieces of aluminum to the solution.

6. Decant the colorless solution, being careful not to lose any solid.

7. Add 20 mL of 6 M HCl to dissolve any remaining pieces of aluminum (copper will not react with the HCl)  When all the excess aluminum has reacted with HCl, decant the liquid, being very careful no to lose any copper.  Wash the copper three times with 50 mL of water, decanting the wash water each time.  Wash once or twice with acetone.

8. Place the beaker containing the copper under the heat lamp to dry.

9. Weigh the beaker and dry copper.  Record the mass in the data table.

Data:

Mass of beaker



____________________

Mass of beaker and copper(II) oxide

____________________

Mass of beaker and copper


____________________

Detailed observation of reaction (1)

Detailed observations of reaction (2)

Questions:

1. When the copper(II) oxide reacted with H2SO4 in the first reaction, what observational evidence do you have that indicated a chemical change?

2. Write and balance the equation for the reaction of the copper(II) oxide with sulfuric acid during the first reaction.

3. What substance in the balanced equation caused the resulting color of the solution?

4. Use stoichiometry to calculate the theoretical yield of copper(II) sulfate produced by this reaction.

5. Write a balanced equation for the reaction of the copper(II) sulfate produced by the first reaction and the aluminum foil.

6. What was observed during the reaction with the foil that is not accounted for in the equation for the reaction between aluminum and copper(II) sulfate?

Write a balanced equation to explain those observations.

7. Using the mass of copper(II) sulfate produced in the first reaction, calculate the theoretical yield of copper produced in the second reaction.

What does this assume about the % yield for the 1st reaction?

8. Calculate the % yield.of copper recovered from the ore.

9. If you worked for a plant that reduced copper from copper ore, what are some considerations for what would make your plant more profitable?  How could you alter the procedure to get better results?

