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	Jose, Olivia, Jin, and LaShaun met to discuss the Student Government fundraiser for the fall semester.  They wanted to provide an activity for students to enjoy a meal together and meet new people.  The committee had received the approval for an activity from the Dean of Students and the campus activity director.  
“Let’s do a pancake breakfast!”  Jose suggested.  “My Boy Scout troop hosted them once a year, and we raised a lot of money for our troop.”
“That’s a great idea!” replied Olivia.  
“It sounds like fun, and everyone loves pancakes” chimed Jin.
“I have a great, simple recipe for pancakes” replied LaShaun.  “I’ll bring it to our next meeting.”
One hundred tickets for the breakfast were sold at orientation.  The committee met later in the week to make a shopping list and prepare for the fundraiser.  As promised, LaShaun came with the pancake recipe. This recipe makes 12 pancakes.  If we serve 4 pancakes to each person, and we sold 100 tickets, we need to be able to make 400 pancakes.”
Jose pulled out his calculator.  “That means we need to multiply LaShaun’s recipe by 34.”  
PANCAKE RECIPE-Makes 12 pancakes
2 cups commercial pancake mix
1 cup milk
2 eggs
3 tablespoons melted butter
3 tablespoons pancake syrup for topping


The day of the breakfast arrived, and the committee had purchased the following supplies.  The supply amounts included:

8, 40 oz. boxes of pancake mix (72.6 cups)
3 gallons of milk (48 cups)
6 dozen eggs (72 eggs)
4 pounds butter (128 tbsp.)
2 bottles pancake syrup (144 tbsp)

After the 100 ticket holders were served, 10 students wanted to participate in the breakfast, but had not previously purchased a ticket.  

STUDENT QUESTIONS---
1) Does the committee have enough supplies to make enough pancakes for these additional students?
2) If not, how many additional tickets can the committee sell with the supplies they have available?

In order to answer these two questions, the committee members needed to do some math.  
How much of each recipe item was used to provide pancakes for the current 100 ticket holders?

Once again, Jose pulled out his calculator and began to do the math.

Jin, Olivia, and LaShaun quickly put together a chart to show the following amounts.

	Amounts Used
	Amount purchased
	Amount Leftover
	Batches of pancakes that 
can be made 
with leftover amounts
	Number
Of People we can serve with leftover amounts

	68 c. pancake mix
	72.6 c. pancake
mix
	4.6 cups
	2.5
	7

	34 c. milk
	48 cups milk
	14 cups
	14
	42

	68 eggs
	72 eggs
	4 eggs
	2
	6

	102 tbsp. butter
	128 tbsp. butter
	26 tbsp.
	8.7
	26

	102 tbsp. syrup
	144 tbsp. syrup
	42 tbsp.
	14
	42



With this information, the committee realized they could only sell 6 more tickets.  They were disappointed to turn away the other 4 people.

“Next time, let’s buy more supplies in case we have extra people!”  exclaimed Olivia.  The others agreed wholeheartedly.

The number of eggs purchased versus the number of eggs needed limited the committee to the number of extra people they could serve.  

Later that week in their chemistry course, the committee discovered the eggs in their pancake scenario represented a chemistry concept Professor Mota was explaining to the class.

The professor was discussing chemical stoichiometry, and was working an example on the board.

Using the following equation, Professor Mota was explaining the concept of a limiting reactant.  The limiting reactant is the reactant which is consumed first in a reaction and determines the amount of product that can be produced.

                         3 H2 (g) + 1 N2 (g) → 2 NH3(g) 

Three moles of hydrogen gas react with one mole of nitrogen gas to produce two moles of ammonia.   The balanced equation represents the “recipe”/stoichiometric ratios for the reaction.

He asked the class the following questions:

1.  If 4.0 moles of hydrogen gas and 2.0 moles of nitrogen gas were available to use, how many moles of ammonia could we make?

2.  Which value limits the number of moles of ammonia made?

3.  How much excess of the other reactant would still be present?


To answer question #1, Dr. Mota set up the problem using dimensional analysis.  He pointed out the importance of using the correct stoichiometric ratios in the balanced equation to determine how much product can be produced.  

4.0 moles H2 (2 moles NH3/3 moles H2) = 2.7 moles NH3 produced

2.0 moles N2 (2 moles NH3/1 mole N2) = 4.0 moles NH3 produced

The 2.7 moles of NH3 produced is called the theoretical yield.  This amount is determined by the limiting reactant.  Once the limiting reactant is consumed in the reaction, no more moles of product can be produced.

To answer question #2, Dr. Mota explained that hydrogen is the limiting reactant in this example because the number of moles of hydrogen produced less ammonia.  The nitrogen is in excess in this example because nitrogen produced more ammonia and the hydrogen available was completely consumed.  The number of moles of hydrogen limits the number of moles of ammonia produced.

To answer question #3, Dr. Mota used dimensional analysis again to show the relationships.

4.0 moles of H2(1 mole N2/3 moles H2) = 1.3 moles of N2 needed to react with 4.0 moles of H2

2.0 moles of N2 (3 moles H2/1 mole N2) = 6.0 moles of H2 needed to react with 2.0 moles of N2

There is not enough hydrogen available to react with the 2.0 moles of nitrogen.  There are enough moles of nitrogen to react with 4.0 moles of hydrogen.  If moles of needed nitrogen are subtracted from the available nitrogen:

2.0 moles available – 1.3 moles needed = 0.7 moles of excess nitrogen.

This amount of nitrogen would be left over in the reaction vessel.

“This is just like our pancake recipe,” LaShaun exclaimed.  “We ran out of eggs, so the eggs were our limiting reactant.  We had extra of our other ingredients, but we couldn’t make more pancakes without more eggs.”  


The second part of the day’s lecture involved using grams of available reactant to find the theoretical yield and limiting reactant.  For this part of the lecture, Dr. Mota used a different example.  

“We use computers daily, and many of you bring your laptops to class.  The element silicon is used in the microprocessor chips needed to run our computers.  Pure silicon can be manufactured using the following industrial process.”
He wrote the balanced equation on the board, and asked the class to answer the following questions.

                          SiCl4(s) + 2 Mg(s) → Si(s) + 2 MgCl2(s)

1. If 525.0g of SiCl4 was reacted with 650.0g of Mg, how many grams of solid silicon could be produced/what is the theoretical yield of solid silicon in g?

2.  Which reactant is the limiting one?

3. Which reactant is in excess, and how much of it remains?


Dr. Mota gave the class a few minutes to work on the questions, then the class worked the problems together on the board using the following steps:

1.  Find the molar mass of SiCl4-169.90g/mol, and the molar mass of Mg-24.305 g/mol.
2. Using the molar masses, determine how many moles of SiCl4 in 525.0 grams.  Answer= 3.090 moles.
3. Determine how many moles of Mg in 650.0 grams.  Answer = 26.743 moles.
4. Which reactant is the limiting one?  In the balanced equation, two moles Mg of are needed to react with one mole of SiCl4.  Magnesium is clearly in excess, so SiCl4 is the limiting reactant in this example.

5.  Since the relationship between SiCl4 and Mg is 1:2, only 6.180 moles of Mg are needed to react with the 525.0 g of SiCl4.  Since there are 26.743 moles available, there are 20.563 moles of Mg in excess.

6. To determine the theoretical yield of Si, it is necessary to start with the limiting reactant number of moles – 3.090 moles of SiCl4.  The relationship in the balanced equation between SiCl4 and Si is 1:1.  Therefore, 3.090 moles of Si can be produced in this example.  The molar mass of Silicon is 28.086g/mol, so 86.786grams of solid silicon can be produced.  This represents the theoretical yield of Silicon.

After working through the examples, Dr. Mota assigned several practice problems for the class to complete before the next lecture.  Jose, Jin, Olivia, and LaShaun met after class to discuss the lecture.  

“Who knew the math we did to determine the number of pancakes we could sell related to chemistry?”  Olivia laughed.

“Not me!” chimed the rest of the group at the same time.  They left together to find a study room and work the assigned problems.  They felt a little better about the chemistry after encountering a similar scenario with their pancake breakfast.


Instructors Notes:

This case study represents a small example of possible stoichiometry problems.  For other examples, limiting reactant problems can also include solution chemistry such as acid/base neutralization reactions, gas stoichiometry using the ideal gas law, or gravimetrical analysis examples.  Further examples can be used with biochemical, environmental, or industrial examples.

High school students may also benefit from an in-class exercise involving simple sample kits using items such as Legos® to discuss limiting and excess pieces.








CHEM 1211 CASE STUDY QUESTIONS


1.  Chromium metal reacts with oxygen to give chromium (III) oxide, Cr2O3.
a. Write the balanced equation for the reaction.





b. What mass (in grams) of Cr2O3 is produced if 0.175g of chromium metal is converted completely to the oxide?










c.  What mass of O2 (in grams) is required for the reaction?











2.  Hexane (C6H14) burns in air (O2) to give CO2 and H2O.
a.  Write the balanced equation for this reaction.





b.  If 215.0g of hexane is mixed with 215.0g of oxygen, is hexane or oxygen the limiting reactant? (show your work for full credit)







c.  What mass of excess reactant remains at the end of the reaction?








d.  How many grams of carbon dioxide are produced?  









3.  Ammonia gas can be prepared by the following reaction:


CaO (s) + 2NH4Cl(s) → 2NH3(g) + H2O (g) + CaCl2(s)







a.  If 112.0g of CaO and 224.0g of NH4Cl are mixed, what is the limiting reactant?










b.  What is the theoretical yield of ammonia (NH3)?









c.  If only 16.3g of NH3 is actually obtained, what is the percent yield?








