LIMITING REACTANT PROBLEMS

You can recognize a limiting reactant problem because initial quantities of more than one reactant are given. 

Example:    4 CH3NH2(g)  +  9 O2(g)   (   4 CO2(g)  +  10 H2O(g)  +  2 N2(g)

Suppose 321 grams of methylamine (CH3NH2) and 475 grams of oxygen are mixed together.

a. How many grams of water should be produced?  

b. What is the theoretical yield of nitrogen?  
c. What is the percent yield of water if 189 grams is actually produced?
d. How many grams of each reactant will be left over?  

You will need to determine which reactant is limiting before you can answer any of these questions.  There are two main ways to do this.  Both are shown below, along with how to answer the questions (a-d) for each method.  Pick the method that makes the most sense to you.

In order to do any of these calculations, we will need some molar masses:


CH3NH2
molar mass = 12.01 + 5(1.01) + 14.01 = 31.07 g/mol


O2

molar mass = 2(16.00) = 32.00 g/mol

H2O

molar mass = 2(1.01) + 16.00 = 18.02 g/mol

N2

molar mass = 2(14.01) = 28.02 g/mol

Each calculation involves the basic 3-step stoichiometry process:

1. Convert the information given (grams here) into moles.

2. Use the coefficients of the balanced equation to change these moles into moles of the other component (the one we’re asked about).

3. Convert moles of this new substance into the information asked for (grams here).

Rather than repeat some of these calculations more than once, we will first convert the given information into moles of both reactants.  Then we will do step 2 of the stoichiometry process and compare moles of different species to figure out the answers to the questions in moles.  Then we will convert the answers in moles to the units asked for in each question.
CONVERT GIVEN INFORMATION INTO MOLES
321 g CH3NH2 
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 = 10.3 moles CH3NH2 to start

475 g O2 
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 = 14.8 moles O2 to start

FINDING THE LIMITING REACTANT, METHOD 1

To identify which reactant is limiting:  Pick one product, say water, and calculate how much of it would be formed if all of each reactant were used up.

10.3 mol CH3NH2 
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 = 25.8 mol H2O if all the CH3NH2 is used up
14.8 mol O2 
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 = 16.4 mol H2O if all the O2 is used up
The limiting reactant is the one which forms less product.  Once 16.4 moles of water have  been produced, the reaction must stop because that’s when the oxygen runs out.  Therefore, oxygen is the limiting reactant.

To find the theoretical yield (or amount produced) of one of the products:  Use the limiting reactant to calculate how much product can be made because the reaction stops once the limiting reactant is used up.  You have already done this calculation for water:  16.4 moles of water can be produced.  To answer question (a), simply convert this to grams.  For nitrogen, since you’ve already identified that oxygen is the limiting reactant, start with the moles of oxygen and find the nitrogen produced from that.
16.4 mol H2O 
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14.8 mol O2 
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 = 92.2 g N2 is the theoretical yield
To find the percent yield:  This is always found by the same formula.  

% yield = 
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To find how much of each reactant is left over:  There will be none of the limiting reactant left over.  if you identified the limiting reactant using Method 1, then there are two common ways to find out how much of the excess reactant(s) will be left over

First way:  Find out how much of the excess reactant will be used up by the starting amount of the limiting reactant.  Then subtract this from the initial amount present.   You can do the subtraction in moles or in the units originally given in the problem.
14.8 mol O2 
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 = 204 g CH3NH2 used up
Therefore, there is 321 – 204 = 117 g methylamine left over, and 0 g oxygen left.

Second way:  Subtract the two amounts of product formed from the starting amounts of the two reactants.  This will give you the equivalent amount of excess product formed due to the excess amount of reactant.  Then use stoichiometry to relate that to moles of excess reactant, and finally convert to the units asked for.
25.8 mol H2O from CH3NH2 ( 16.4 mol H2O from O2 = 9.4 mol H2O extra due to excess CH3NH2
9.4 mol H2O extra 
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 = 1.2(102 g CH3NH2 excess (left over) 

Note that the significant figures in the answer may be different, depending on which method you choose.  The answer may be slightly different depending on whether you do the subtraction step in moles or grams.
FINDING THE LIMITING REACTANT, METHOD 2

To identify which reactant is limiting:  Pick one reactant and calculate how much of the other reactant would be needed to completely use up the first reactant.  Compare this needed amount to the actual amount present.

Option 1:  Start with methylamine.

10.3 mol CH3NH2 
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 = 23.2 mol O2 needed if all the CH3NH2 is used up
Do we have this much oxygen available?  NO.  That means the oxygen runs out before we can use up all of the methylamine.  Oxygen is the limiting reactant.

Option 2:  Start with oxygen.

14.8 mol O2 
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 = 6.58 mol CH3NH2 needed if all the O2 is used up
Do we have this much methylamine available?  YES.  That means the oxygen runs out before we can use up all of the methylamine.  Oxygen is the limiting reactant.  

As you can see, it does not matter which reactant you pick to start this calculation with.  Either option works.  You don’t need to do both.

To find the theoretical yield (or amount produced) of one of the products:  Use the limiting reactant to calculate how much product can be made because the reaction stops once the limiting reactant is used up.

14.8 mol O2 
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 = 296 g H2O can be produced
14.8 mol O2 
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 = 92.2 g N2 is the theoretical yield
To find the percent yield:  This is always found by the same formula.  

% yield = 
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To find how much of each reactant is left over:  There will be none of the limiting reactant left over.  Use the starting amount of limiting reactant to find out how much of the other reactant(s) you will use up.  You may have already done this calculation, depending on which option you chose to use to find the limiting reactant.  If so, you don’t need to do it again.  Then subtract this from the initial amount present.  You can do the subtraction in moles or in grams.  The final answer may be slightly different depending on which you choose. 

14.8 mol O2 
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Therefore, there is 321 – 204 = 117 g methylamine left over, and 0 g oxygen left.
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