
Percent Yield Lab
Background:
Copper (II) sulfate is a blue solution.  Gray steel wool is very nearly all iron.  

Iron and copper (II) sulfate will under go a single replacement reaction that produces reddish-brown copper metal as a fine powder:

Fe (s) + CuSO4 (aq) ( FeSO4 (aq) + Cu (s)

Purpose:

This lab challenges the student to use stoichiometry to calculate the theoretical yield and then use that value and the actual mass of copper metal formed to calculate the percent yield.

Materials: 


fine steel wool


10 mL graduated cylinder – one per group

50 mL graduated cylinder – one per group


1.0 M CuSO4 – 50 mL per group


plastic spoon – one per group


medium-sized (150 or 250 mL) beaker – one per group


250 mL Erlenmeyer flask – to hold funnel and receive filtrate – one per group


funnel


filter paper – one per group


drying rack – one for every two classes

Procedure:


First Day

1.   Fold the piece of filter paper exactly in half so that a semi-circle is 

                  formed.  Fold it in half again so that it almost, but not quite, 

                  completely overlaps.

2.   Tear a corner from the smaller side of the filter paper.

3.   Label the filter paper with your initials and period by writing that 

      information with a pencil near the top inside edge.

4.   Find the exact mass of your torn filter paper to the nearest 0.01 grams.

5.   Tear small tufts of steel wool until you have a pile that has a mass of 

      of between 1.1 and 1.4 grams.  Obtain its exact mass to the nearest 

      0.01 grams.

6.   Use the graduated cylinder to measure out between 45 and 55 mL of 

      the 1.0 M CuSO4 solution.  As long as it is somewhere in this range it 

      is fine.
7.   Put the steel wool into a medium-sized (150 or 250 mL) beaker.  Pour 

      the CuSO4 solution on top of it and use the plastic spoon to push all of 

      the steel wool under the surface of the solution.

8.   Stir with the plastic spoon every one or two minutes, gently breaking 

      up any clumps that form.

9.   Allow the steel wool and copper (II) sulfate to react for twenty 

      minutes.

10. While the steel wool and copper (II) sulfate are reacting, put the funnel 

      into the top of the 250 mL Erlenmeyer flask.

11. Pull one thickness of paper out to form a cone, with one thickness of 

      paper against one side, and three thicknesses of paper against the 

      other side of the funnel. Be sure to open the filter paper on the larger 

      side so that the torn corner is on the outside of the cone.

12. Use a little water to help “seat” it to that it touches the sides of  the

      funnel.  When you pour into it, make sure that the liquid goes through 

      and not around the filter paper.

“Decant” means to separate a liquid from a solid by carefully pouring the liquid into a separate container while keeping the solid in the original container.

13. After twenty minutes decant most of the supernatant liquid by 

      pouring the liquid directly into the 250 mL Erlenmeyer flask, 

      making sure to keep all of the copper in the original beaker.  

      When it looks like some of the copper is about to be lost, put the 

      funnel into the flask and pour the rest of the liquid through the 

      filter paper.

14. Use the spoon to scrape most of the copper onto the filter paper, 

      then put the spoon back in the beaker.


15. Add about 5-10 mL of water to the copper to rinse the copper and 

                  to transfer it into the funnel.  Do this by stirring and then rapidly 

                  pouring the swirled liquid into the funnel.  Be careful not to fill the 

                 funnel above the level of the filter paper at any point.


16. Allow the liquid to drain through the filter paper, then repeat step

                  15 with at least two more SMALL (5-10 mL) portions of water.


17. If necessary use the spoon and a little additional water to transfer all 

                  of the copper metal to the filter paper.



18. Carefully place the filter paper on the drying rack to dry overnight.

19. Return to your seat and begin the calculations.

Second Day
1. Find the exact mass of the dry filter paper, with the copper metal on it,

    to the nearest 0.01 grams.

2. Complete the calculations.
Name: _____________________________

Row: _______________________________

Subject & Period: _____________________

Date Due: ___________________________

Percent Yield Lab

Lab Report

Data:

Line 1:
 mass of torn filter paper:                               
_____________

Line 2: mass of steel wool: 



_____________

Line 3: mass of dry filter paper and copper metal: 
_____________

Line 4: mass of copper metal (Line 3 – Line 1):     
_____________

Calculations:


You MUST show ALL of your work.
1. Starting with the exact amount of iron that you used (Line 2), 

    calculate the mass of copper metal that should have been produced 

    (theoretical yield) from the reaction:

Fe (s) + CuSO4 (aq) ( FeSO4 (aq) + Cu (s)

2. Using the amount of copper metal you produced (Line 4) as the 

    actual yield calculate the percent yield.

Questions:

1. If there were some copper metal left in the beaker so that it did not get onto 

 the filter paper, would the percent yield have been too large or too small?     

 Explain.

2. If the filter paper were still wet when it was massed, would the percent yield 

    have been too large or too small?  Explain.

3. If there were unreacted metallic iron (molar mass 55.85 g/mol) mixed in with

    the metallic copper product (molar mass 63.55 g/mol), would the percent yield 

    have been too large or too small?  Explain.

4. If some of iron (II) sulfate were not washed through the filter paper, but left 

    trapped in the filter paper when the filter paper was dried, would the percent 

   yield have been too large or too small?  Explain.

Teacher’s Notes

1) Copper (II) sulfate dissolves very slowly.  Plan to start making the solution several days in advance of the day of the lab.

2) Molar masses

CuSO4

   = 159.62 g/mol

CuSO4(5 H2O   = 249.69 g/mol

FeSO4                  = 151.92 g/mol

3) The solubility of CuSO4(5 H2O is 31.6g/100cc H2O
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