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Limiting Legos ©

Discussion

	When a pastry chef is preparing desserts for a restaurant, the amount of desserts he/she prepares may be limited by one critical ingredient having an excess of the other ingredients.  In a chemical reaction, an excess reactant is not completely used up.  Some of this reactant will be left over when the reaction is complete.  On the other hand, the limiting reactant is used up first and thus limits the amount of other reactants that can participate in a chemical reaction.  The limiting reactant also limits the amount of product that can be formed.
	In determining the limiting reactant, first determine the number of moles of each reactant.  Then, use the mole ratios to determine how much of the other reactants would be needed by each reactant.  Whichever reactant runs out first will be the limiting reactant and should be used in stoichiometric calculations to determine the maximum amount of product possible.

Purpose

	The student will identify the limiting reactant in a problem and be able to distinguish between a limiting reactant and an excess reactant.  

Materials

· 1 resealable bag containing 24 Lego Blocks © (12 of one color and 12 of another color)





Procedures

Before class, create a data table for parts 1-5 with the following column headings: number of product molecules, excess factor, and limiting factor.

Very important:  1 Lego is 1 atom (1 cube = 1 element).  Not 1 molecule.  Therefore, to represent 2 H2, you would use 4 blocks arranged as following:

	

Part 1
1. Let one of the colors represent oxygen and the other color be hydrogen.  Write the names of the colors on the line under the elements in the equation below:

2 H2 		+ 		O2 				2 H2O


2. Sort out the Legos so that there are 6 molecules of hydrogen and 5 molecules of oxygen.  (At this point there should be 12 of the “hydrogen color” blocks and 10 of the “oxygen color” blocks.)  The blocks may be snapped together or just grouped together.  Put any leftovers in a separate place, so they do not get mixed in.
3. Determine how many molecules of water could be made from 6 molecules of hydrogen and 5 molecules of oxygen by reassembling the Legos into however many water molecules there are “ingredients” for, and record this number in the data table.
4. Determine what the excess factor and the limiting factor are and record this information in your data table.

Part 2

1. Use the chemical equation from Part 1 to sort out the Legos so that you have 5 molecules of hydrogen and 6 molecules of oxygen.
2. Determine how many molecules of water reassembling the Legos could make.
3. Now determine what the new excess limiting factors are.

Part 3

1. Follow the same procedure as before, but this time use 5 molecules of hydrogen and 2 molecules of oxygen.

Part 4

1. Use the following equation to sort the Legos:

3 H2 		+ 		N2 				2 NH3



2. Write the names of the colors on the line under the elements in the equation.
3. Use the same procedures to assemble the Legos so that there are 6 molecules of hydrogen and 3 molecules of nitrogen.

Part 5

1. Use the equation in Part four to reassemble the Legos with 6 molecules of hydrogen and 2 molecules of nitrogen.

Calculations

Show all calculations on a separate sheet of paper or as directed by your instructor.  Be sure to observe the rules for significant figures in all calculations!  Also, solve the problems using unit cancellation.

Key thing to remember… the Legos represent moles not grams!!!  For this reason, convert the ingredients into moles first.

Use the equation in Part 4 to calculate which reactant is going to be in excess and which reactant is limiting.

1. Given 3.0 x 102 grams of hydrogen and 2.1 x 103 grams of nitrogen, calculate the moles of each.
2. Calculate how many grams of ammonia will be made.  (This is a regular gram-to-gram stoichiometry problem; however, the grams of the limiting reagent will be used as the starting point.

Questions

Answer the following as complete sentences in the space provided below. 

1. How many molecules of water could be made in Part 1?  Explain.





2. How many molecules of water could be made in Part 2?  Explain why it is different than Part 1.





3. After reviewing the results of the experiment in Parts 1-3, is the smallest number of moles always equal to the limiting factor?  Explain.




4. Explain how there can be less of the N2 than H2 to start with, but there is some N2 left over after the reaction.





5. Which “ingredient”, the limiting factor or the excess, determines the amount of product that can be made?





6. What is different about Part 5 from the others in this experiment?
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7. Can a conclusion be made that there will never be “leftovers” if the moles of the givens are in the same ratio as the balanced equation coefficients?  Explain.
 


