Limiting Reactants and Percent Yield
(Pages 357-366)
You and your friend are workers for Mrs. Field's cookies.  Your job is to design a large chocolate chip cookie with a candy smile face on it.  On each cookie you will use:

1 ounce of frosting (to attach the candy to)

2 Peanut M&M's (for the eyes)

1 Kit-Kat Stick (for the nose)

1 piece of licorice (for the smile)
After several hours of making these cookies, you and your friend realize that you are beginning to run low on supplies.  You currently have left:

23 ounces of frosting

40 Peanut M&M's

28 Kit-Kat Sticks

25 pieces of licorice
How many complete cookies could you make with the remaining ingredients?
Which ingredient above was the one that limited your amount of complete cookies?
Notice!  Even though the number of one item may be higher than another, it can still be the "limiting factor."
Rather than following cookie recipes, chemists follow their own recipe - a balanced chemical equation.  This equation tells them the reactants, the products, and how much of each chemical there is.  Just as in the example above, in chemical equations, there are limiting reactants.
What is a limiting reactant?
What is an excess reactant?
Whichever chemical runs out first is the limiting reactant, so this chemical should be used in stoichiometry problems to determine the maximum amount of product(s) possible.

Example:
_____ AgNO3 + _____ CuCl2 ( _____ AgCl + _____ Cu(NO3)2
Suppose 500 g AgNO3 of is mixed with 192 g of CuCl2.  What is the maximum amount of AgCl produced?  What is the maximum amount of Cu(NO3)2 produced?
1. Determine the molar masses of the chemicals in the equation above.  You will need this information in the problem later.
AgNO3 - 




AgCl - 
CuCl2 - 





Cu(NO3)2 -
2. Determine how much AgCl would be produced if AgNO3 was the limiting reactant.
3. Determine how much AgCl would be produced if CuCl2 was the limiting reactant.
4. Compare the possible amounts of AgCl formed.  In which case above, with the AgNO3 or the CuCl2, is less AgCl produced?  The one that produces the least is the limiting reactant.  
5. Because you will run out of this chemical first, use it to determine the maximum amount of Cu(NO3)2 that can possibly be produced.

Example:_____ Cu3(PO4)2 + _____ HCl ( _____ H3PO4 + _____ CuCl2
50 grams of Copper (II) phosphate are mixed with 30 g of hydrochloric acid.  From this information, determine the following:
a)  What is the limiting reactant?
b) What is the maximum amount of phosphoric acid produced?
c) What is the maximum amount of Copper (II) chloride produced?
Use the same steps as the first example.  Find the molar masses of the chemicals involved.  "Pretend" that Copper (II) phosphate is the limiting reactant and determine how much maximum product is possible.  "Pretend" that Hydrochloric acid is the limiting reactant and determine how much maximum product is possible.  Whichever one produces less is the limiting reactant.
Look at the starting amounts of copper (II) phosphate and hydrochloric acid.  What important piece of information can you draw from this example?
A good, quick check for yourself...the total masses of your products should approximately equal the total masses of your reactants, due to the law of conservation of mass.  If this is not true, then you messed up!  Go back and check your work!
Just like in the real world, all chemical reactions do not go "as planned."  You have probably learned this in some of your labs - everything doesn't always work out the way you want it to!  Sometimes you get some surprise results.  Certain chemical reactions do not always go "to completion."  This means that the limiting reactant might not be entirely used up, or side reactions could take place - a lot of different things may happen.  If any of these things happen, the amount of products you actually get could be different than the amount of products you expected.
What does theoretical yield mean?
What does actual yield mean?
What does percent yield mean?



Percent Yield =      Actual Yield          X 100 
    
                                                          Theoretical Yield
Pretend the 2nd example problem (when 50 grams of Copper (II) phosphate are were mixed with 30 g of hydrochloric acid) was performed in a lab.  Only 22 grams of H3PO4 were produced.  What was the percent yield of this reaction?
How much H3PO4 would be produced if the reaction had a 93% yield?

