The Iron-Copper Molar Tango:  A single replacement reaction

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

PURPOSE:

1) To calculate the mass and number of moles of copper produced and the number of moles of iron that reacted. 

2) Determine the molar relationship between iron and copper.

INTRODUCTION:

The mole is a convenient unit for analyzing chemical reactions.  The mole is equal to 6.02* 1023 particles, or Avogadro’s number of particles.  More important, however, the number of particles in a mole is the mass of a mole of any compound or element.  It is the mass in grams corresponding to the molecular, formula, or atomic mass.  Simply stated, the mass of one atom of copper (Cu) is 63.5 amu; the mass of one mole of copper atoms is 63.5 grams.  Similarly, the mass of one molecule of water (H2O) is 18.0 amu; the mass of one mole of water molecules is 18.0 grams.


In this experiment you will observe the single replacement reaction of iron with copper (II) sulfate pentahydrate (CuSO45H2O) solution.

PROCEDURE:
1.  Weigh a clean, dry, 100 mL beaker and record the mass in your data table

2.  Tare the mass of the beaker and then add 12.5 g of copper (II) sulfate into the 100 mL beaker.  Record the exact mass added in your data table.

3.  Using the graduated cylinder, measure out 50.0 mL of distilled water, and then add the water to the 100 mL beaker containing copper (II) sulfate.

4.  Tare the mass of a blue weighing “boat” and mass out 2.24g of iron powder.  Set aside until step 8.

5.  Using a hot plate, heat the copper (II) sulfate solution to about 500C.  DO NOT boil the solution.

6.  To help dissolve the cupper (II) sulfate crystals, stir with a glass stirring rod.

7.  When all the crystals are dissolved, stop heating.

8.  While stirring, carefully add the iron powder to the hot copper (II) sulfate solution. When all the iron has been added, let the solution sit for ten min. to allow it to react.  Stir it occasionally and record any observations.

9.  While you are waiting for the reaction to be complete, obtain a piece of filter paper and place your initials on it and then mass and record your data.

10.  After the reaction is complete, filter the solution.  You may use a little distilled water to help rinse out the beaker and get the product into the filter paper.

11.  After filtration is complete, CAREFULLY, open the filter paper up and place it on a watch glass.  We will let it dry overnight.

12.  Weigh the filter paper with the dried copper metal.  Record the mass.  (Day 2)

OBSERVATIONS:
Don’t forget to describe all reactants before the reaction.

Describe what you see during the reaction and after.

DATA TABLE:  

1.  Mass of 100 mL beaker:  ____________________________g 

2.  Mass of CuSO4 put in beaker:  ________________________g

2.  Mass of iron powder:  ____________________________g

3.  Mass of filter paper:  ____________________________g

4.  Mass of filter paper and dried copper:  ____________________________g

CALCULATIONS & DATA ANALYSIS:
1.  Determine the mass of copper produced

2.  Write the equation for the reaction

3.  What is the theoretical mole relationship (use coefficients in balanced equation) between Fe reacted (used up) and copper produced?

4.  How many moles of Fe reacted (were actually used up)? (grams(moles)

5.  How many moles of Cu were actually produced (use calculation #1 to help, grams(mol)

6.  How does the actual mole ratio (comparison between calculation 4&5) of Fe: Cu compare to the theoretical mole ratio? (answer for calculation #3)

7.  Using the balanced equation, calculate the theoretical number of moles of the Cu(s) you would expect to get when the number of moles of Fe actually used (see calculation #4 take mol Fe(mol Cu (ratio from balanced equation) reacts with CuSO​4.

8.  Convert the theoretical moles of Cu (#7) produced to mass (mol Cu( g Cu).  How does the theoretical mass of Cu (#8) expected compare with the actual mass of Cu produced? (that you found in calculation #1)  [The difference is the deviation to help you find your percent error next.)

9.  Find the percent error in the mass of Cu produced in this lab. 

RESULTS TABLE: (Show all work, label, pay attention to sig figs)

	Mass of Cu produced
	

	Equation
	

	Theoretical Mole ratio Fe:Cu
	

	Actual Moles of Fe reacted
	

	Actual Moles of Cu reacted
	

	Actual mole ratio Fe:Cu
	

	Moles of Cu expected
	

	Grams of Cu expected
	

	Deviation of grams produced from grams expected
	

	% Error
	


CONCLUSION:  (use CER format )

