Limiting Reactants

Up to now we have assumed that there was always enough of the other reactant(s) to react completely with the reactant given.  This is not always the case.  To find out how much of the product can actually be made follow the steps listed below.

1. Solve the problem twice, once for each amount of reactant given.

2. The SMALLER answer will be the amount of product actually made.  (When that amount of product is made you will have run out of that particular reactant called the limiting reactant.  NO MATTER HOW MUCH of the other reactant, excess reactant, is available, no more of the product can be made.)

3. Identify the limiting reactant and excess reactant.  (See step two for help.)

4. To determine how much excess reactant is left over, figure out how much excess reactant it takes to make the amount of product made (the SMALLER number from #2).  Subtract this number from the original number of excess reactant.

Sounds confusing, so let’s look at a couple of example problems.

Example:
Mass-Mass Limiting Reactant

How many grams of aluminum oxide can be made when 127 grams of aluminum reacts with 126 grams of oxygen to yield aluminum oxide?

A) Write a balanced equation.

B) Step number one.  Solve the problem twice.

C) Step number two.  Pick the smaller answer.  How many grams of aluminum oxide are actually made?

D) Step number three.  Identify the limiting reactant and excess reactant.  The reactant used to calculate the actual amount of product made is the limiting reactant.  The other reactant is the excess reactant.

E) Step number four.  Determine how much excess is left over.  How many grams of the excess reactant does it take to make the actual amount of product?  
Subtract this number from the original amount of excess reactant.
Example:
Mole-Mole Limiting Reactant

How many moles of diphosphorus pentoxide are produced when 7.00 moles of phosphorus are burned in 8.00 moles of oxygen?

A) Write a balanced equation.

B) Step number one.  Solve the problem twice.

C) Step number two.  Pick the smaller answer.  How many moles of diphosphorous pentoxide are actually made?

D) Step number three.  Identify the limiting reactant and excess reactant.  The reactant used to calculate the actual amount of product made is the limiting reactant.  The other reactant is the excess reactant.

E) Step number four.  Determine how much excess is left over.  How many moles of the excess reactant does it take to make the actual amount of product?  Subtract this number from the original amount of excess reactant.

Practice:

How many grams of ammonia (NH3) can be produced when 602g of hydrogen react with 963g of nitrogen?

A) Write a balanced equation.

B) Step number one.  Solve the problem twice.

C) Step number two.  Pick the smaller answer.  How many grams of ammonia are actually made?

D) Step number three.  Identify the limiting reactant and excess reactant.  The reactant used to calculate the actual amount of product made is the limiting reactant.  The other reactant is the excess reactant.

E) Step number four.  Determine how much excess is left over.  How many grams of the excess reactant does it take to make the actual amount of product?  Subtract this number from the original amount of excess reactant.

Limiting Reactants Worksheet #1

For each of the problems, identify the limiting reactant, the excess reactant, how much excess reactant is left over, and how much product is actually made.

1. What mass of water can be made from 24 grams of oxygen and 16 g of hydrogen?

2. Calculate the mass of water produced from the reaction of 2.00 grams of hydrogen and 4.00 grams of oxygen.

3. What mass of silver can be produced from 3.00 mol of copper and 3.85 mol of silver nitrate? (Use the copper II ion.)

4. Calculate the mass of water produced when 25.0g of oxygen gas react with 42.0g of hydrogen gas.

Percent Yield Worksheet

1. Calculate the percent yield in the electrolytic decomposition of hydrogen chloride if 25.8 grams of hydrochloric acid produce 13.6 grams of chlorine gas.

2. One method for reclaiming silver metal from silver chloride results in a 94.6% yield.  Calculate the actual mass of silver that can be produced in this reaction if 100.0 grams of silver chloride are converted to silver metal.

2AgCl + Zn ( 2Ag + ZnCl2
3. Calculate the percent yield when 24.8 grams of propane are burned in air to produce 15.0 grams of water vapor.

4. What is the actual amount of magnesium oxide that can be produced when carbon dioxide reacts with 42.8 grams of magnesium metal?  The percent yield for this reaction is 81.7%.  (This is a single replacement reaction.)

5. Calculate the actual yield for the production of ammonia gas (NH3) from hydrogen and nitrogen gases (via the Haber process) if the percent yield is 68.2% and you begin with 2.00 kg of nitrogen gas.

N2 + 3H2 ( 2NH3
