Lab # 8:  Stoichiometry of Reactions

California Science Content Standards: In this lab

3.a Students know how to describe chemical reactions by writing balanced equations.

3.e Students know how to calculate the masses of reactants and products in a chemical reaction from the mass of one of the reactants or products and the relevant atomic masses.

3.f Students know how to calculate percent yield in a chemical reaction.

Objectives

1. To determine the mass of copper formed in a reaction.

2. To use this information to identify one of the products.

3. To use the mass and mole relationship of a chemical reaction in calculations.

4. Observe the single-displacement reaction between copper(II) sulfate and iron.

Problem

What is the formula for the iron-containing compound formed when copper (II) sulfate reacts with pure iron?

Introduction

We learned in Chapter 4 that iron can form more than one type of ion.  The possible reactions are


Copper(II) sulfate(aq) + iron (s) (copper (s) + iron(II) sulfate (aq)

Copper(II) sulfate(aq) + iron (s) (copper (s) + iron(III) sulfate (aq)

In this lab you will measure the amount of product formed when measured amounts of reactants are mixed.  From this information, you will determine which equation applies to the reaction you run in this experiment.

Prelab Assignment
1. Read the entire lab experiment before you begin.

2. Write and balance each of the equations given in the Introduction.

3. If iron(II) sulfate were formed, what mass of copper would be expected?

4. If iron(III) sulfate were formed, what mass of copper would be formed?

Materials

Goggles 



Balance

Apron 




Copper (II) sulfate

Two 250-mL beakers 


Iron filings

Ring stand 



Water

Hot plate



Stirring rod

Safety

If you come in contact with any solution, wash the contacted area thouroughly.

Procedure
1. Place 10.00 g of copper(II) sulfate in a beaker.

2. Add about 50 mL of water to the beaker.

3. Arrange the beaker and ring stand as directed by you teacher.

4. Carefully heat and stir the mixture in the beaker.  The solution should be hot, but not boiling.  After all of the crystals have dissolved, remove the beaker from the heat using a beaker holder.

5. Add 2.00 g of iron filings slowly to the hot copper sulfate solution while stirring.  Record your observations.

6. Allow the beaker to cool for 10-15 minutes.

7. Pour off (decant) the solution into a different beaker.  Pouring the solution down a stirring rod is recommended.  Make sure not to disturb the copper in the beaker.

8. Add a small amount of water (10-15 mL) to the copper and strir.

9. Let the copper settle to the bottom of the beaker and decant again.

10. Dry the copper as your teacher directs and determine its mass.

Clean Up

Clean up all materials and wash your hands thoroughly.

Analysis and Conclusions

1. What are the clues that a chemical reaction has occurred.

2. What mass of copper was produced?

3. Which reactant was limiting? What observations support this? Use the chemical equation for the reaction that occurred in this lab and stoichiometeric calculations to support your answer as well.

4. Why were the amounts chosen so this reactant was limiting? What would be a problem with having the other reactant as the limiting reactant?

5. Why was the copper washed with water (step 8 of the procedure)?

6. Why didn’t the water added to the copper(II) sulfate have to be measured exactly?

7. What is the formula for the iron-containing compound that is formed when copper(II) sulfate and iron react?

8. What is the percentage yields for copper? If it is less than 100 % explain why?

9. Calculate the number of moles of copper(II) sulfate(anhydrous)?

10. Using the balanced equation and the amount of limiting reactant, determine the mass and the number of mole of iron (II or III) sulfate produced.

