Limiting Reagents and Chemical Equations

POGIL Worksheet

Prequisite Knowledge: ability to solve problems on reaction stoichiometry and mole conversions

Prequisite Vocabulary: product, reactant, chemical equation, coefficient

Part I: Warm – Up Questions

1.  The Blytheville High School vending machine sells Milky Way bars for $0.75 and will take ONLY quarters.  You want to buy as many Milky Way bars as possible.  


a.  How many can you buy if you have 17 quarters?

b.  When you get to the vending machine, you discover there are only 4 Milky Way bars in the machine.  Can you still buy the same number of bars as you did in Question 1?  Explain your answer.

2.  A recipe for grilled cheese calls for two slices of bread and one slice of cheese to make one sandwich.

a.  How many sandwiches can you make if you have 28 slices of bread and 16 slices of cheese?

b.  How many sandwiches can you make if you have 21 slices of bread and 12 slices of cheese?

c.  Write a “chemical equation” for the formation of a cheese sandwich, using the symbol “Bd” for bread and the symbol “Ch” for cheese. 

d.  Identify your reactant(s) and your product(s) in the equation above.
Part II: What are Limiting Reactants?

The limiting reactant is the reactant in a chemical reaction that determines how much product(s) can be formed.  When one or more reactants are present in excess, the excess will not react because there is not enough of the other reactant to react with it. This reactant is called the excess reactant or excess reagent.  The reactant not in excess thus limits the amount of product(s) formed and is called the limiting reactant or limiting reagent.  The limiting reactant is also the reactant that “runs out” first.
Key Questions

1. Define what is meant by the terms limiting reagent and excess reagent.

2. In question #2a from the warm-up, what was the limiting reagent?  What was the excess reagent?

3. What was the limiting reagent in #2b?  What was the excess reagent?
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4.  A student mixes magnesium and hydrochloric acid and a chemical reaction occurs, shown in the equation below.



____ Mg  + _____ HCl  ( _____ H2 + ______ MgCl
a. Balance the chemical equation, then label the reactants and the products.

b. What do the coefficients in the chemical equation represent?  (Hint: you may need your notes from yesterday).

c. What does it mean if an element or molecule does not have a coefficient?

d. How many moles of magnesium would you need for the reaction if you had 2 moles of HCl?

e. How many moles of magnesium would you need for the reaction if you had 4 moles of HCl?

f. How many moles of hydrogen gas (H2) would be produced if you started with 2 moles of magnesium and 2 moles of hydrochloric acid (HCl)?

e. If you started with 2 moles of magnesium and 6 moles of hydrochloric acid (HCl), which one would be your limiting reactant?  Which one would be your excess reactant?  

f. Using the information from part e, how many moles of hydrogen gas (H2) would be produced if you started with 2 moles of magnesium and 6 moles of hydrochloric acid (HCl)?  How many moles of reactant would be left over?
5.  The equation below shows the reaction that is used to make iron III hydroxide, more commonly known as “yellow 42” or yellow food dye.  It is formed from the reaction of iron (III) chloride and sodium hydroxide to produce iron (III) hydroxide and sodium chloride:

FeCl3 + 3 NaOH → Fe(OH)3 + 3 NaCl
a.  If you had 3 moles of FeCl3 and 3 moles of NaOH, which one would be the limiting reactant?  Which one would be your excess reagent?  Explain your answer.

b.  If you had 10 moles of FeCl3 and 4 moles of NaOH, how much yellow food dye (Fe(OH)3) would you be able to produce?  Explain your answer.


Part III: Stoichiometric conversions
(save for Friday)
Stoichiometry is the branch of chemistry that deals with the relative quantities of reactants and products in chemical reactions.  
5. A food supply company produces Yellow 42 in 200-gram wholesale bottles.  How many grams of FeCl3 would be needed to produce one bottle of Yellow 42?

6.  How much NaOH would be needed to produce one bottle of Yellow 42?

7.  Iron (III) chloride is fairly expensive, and the company does not want to waste any during the reaction process.  How could the company set up this reaction in a way that ensures no iron (III) chloride is wasted in the reaction?

8.  How does the problem above relate to the concept of limiting reagents and excess reagents?

9.  Later this week, you will be doing an experiment that involves the following reaction:

NaOH (aq) + KH(C8H4O4) (aq) ----> NaK(C8H4O4) (aq) + H2O (l)

Write a series of steps that could be used to determine the limiting reagent in this problem.  You do NOT have to solve the problem, just write the basic steps.

Part III: Determining percent yield

1.  Thinking question: Imagine you are baking a cake.  You mix your batter in a bowl, then pour it into a baking pan.  Is it possible to transfer all your batter into the baking pan?  Explain your answer.

What is percent yield?
The amount of product isolated in a pure form from a chemical reaction is almost always less than the amount predicted using a limiting reactant calculation. A number of factors contribute to this situation. Some product is almost always lost in the process of its isolation and in mechanical operations such as transferring materials between containers. Also, in many reactions, side reactions occur that lead to the formation of small amounts of extraneous products. The net effect of all of this is that the actual quantities of product isolated are less, sometimes far less, than the theoretically possible amount.

Product loss is specified in terms of percent yield, a measure of the ratio between actual yield and theoretical yield:


  Actual yield

Percent Yield = ----------------------- x 100


  Theoretical yield

The actual yield is the amount of product actually obtained at the end of the experiment.  It is always an experimentally determined number; it cannot be calculated. The theoretical yield is the maximum amount of product that can be produced from the starting amount of reactants if no losses of any kind occurred. It is always a calculated number obtained from a limiting reactant calculation.

Key Questions:

1) Why would it be important to calculate percent yield at the end of a chemical reaction?

2) A mixture of 80.0 g of Cr2O3 and 8.00 g of C is used to produce elemental Cr by the reaction below:

Cr2O3 + 3 C ----> 2 Cr + 3 CO


a) What is the theoretical yield of Cr that can be obtained from the reaction mixture?


b) The actual yield is 21.7 g Cr. What is the percent yield for the reaction? 

