Chapter 7

Stoichiometry

The most basic type of problem studied in any chemistry course is the one which involves a balanced chemical equation.  Problems of this type are called stoichiometry problems.  The balanced equation is like a recipe, listing the relative amounts of reactants and products involved.
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When we learned to balance equations we discovered that the coefficients indicate the number of molecules of each substance present.  These same numbers can also represent the number of moles of each substance involved.  This fact allows us to write a new factor called the mole-mole ratio, which can be applied via dimensional analysis to solve any stoichiometry problem.  A single balanced equation can supply us with a variety of mole-mole ratios.  There are twelve such ratios possible from the equation shown above.  Some of these are:
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  3 moles O2
        6 moles  H2O
       2 moles N2
  4 moles NH3


  2 moles N2
         3 moles O2
      6 moles H2O             3 moles O2
The numbers in each ratio are coefficients from the balanced equation.  Since they are counting numbers they are exact (with unlimited significant figures).  Any two substances may be chosen to write a ratio, in any order, on the same side or from different sides of the balanced equation.  Such ratios may be used along with the other factors learned earlier to solve problems.  A review of the factors, which we have learned, follows:

Review of factors we have used before...




   * number from the table of masses













*numbers from the balanced equation

                        
=  the same formula



=  a different formula

Sample Problem 1
What mass of H2O will form when 58.2 grams of O2 react according to the following 

                                     equation:  4 NH3  +  3 O2 
        2 N2  +  6 H2O?

Solution
Start with the given information.  “58.2 grams O2”.  Step 1 - Multiply by the molar mass of O2.  Step 2 - Multiply by the mole-mole ratio.  Step 3 - Multiply by the molar mass of H2O.  

----Notice that in each step the units, including the formula, cancel to eventually convert to “grams H2O”.



  
58.2 g O2
     1 mole O2       
6 moles H2O

18.0 g H2O


  

     32.0 g O2

3 moles O2
            1 mole H2O             

The Mole Condominium allows you to follow the path through any problem.  For instance in sample problem 1 we move from grams of O2 to moles of O2 to moles of H2O to grams of H2O.  Use it to help you mentally map out each problem before you begin the set-up.


Sample Problem 2
How many moles of O2 will react with 17 moles of NH3 according to the following 

                                    equation:  4 NH3  +  3 O2 
    2 N2  +  6 H2O?

Solution
Just multiply by the proper mole-mole ratio.



17 moles NH3
         3 moles O2
                                                         4 moles NH3

PROBLEMS

   For each problem:  (1) write the balanced equation, (2) list the given and find, (3) set up the problem using dimensional analysis, (4) calculate the answer to the proper accuracy.

1. How many  moles of O2 form when 30.5 moles of Fe2O3 react according to the following equation:

       Fe2O3               Fe  +  O2?   (45.8 moles O2)

2. How many moles of Fe2O3 must react to form 12 moles of CO2 according to the following equation:

      Fe2O3  +  CO             Fe  +  CO2?  (4.0 moles  Fe2O3)

3. How many moles of NaCl form when 7.4 moles of NaClO react according to the following equation:

       3 NaClO            NaCl  +   NaClO3?   (4.9 moles Nacl)

How many moles of Fe2O3 must react to form 6.4 moles of Fe according to the following unbalanced equation:  Fe2O3  +  CO              Fe  +  CO2?  (3.2 moles Fe2O3)

4. How many moles of pb are formed when 38.2 grams of PbO react according to the following equation:

      PbS   +  PbO             Pb +  SO2?  (0.257 moles Pb)

5. What mass of O2  will react with  0.638 moles of Fe according to the following equation:

       Fe  +  O2             Fe2O3?  (15.3g  O2)

6. How many moles of H2 will form when 27.5 grams of AlCl3 form according to the following equation:

      Al  +  HCl              AlCl3  +  H2?   (0.309  moles H2)

What mass of HF must react to form 2.15 moles of AlF3 according to the following equation: 

       HF  +  Al2O3            AlF3  +  H2O?    (129g HF)

7. What mass of HF must react to form 23.5 grams of H2O according to the following equation:

       SiO2  +  4 HF          H2O  +   SiF4?  (52.2g HF)

8. What mass of P2O5 will react with 56.4 grams of H2O according to the following equation:  

H2O  +  P2O5           H3PO4?     (148g  P2O5)              

9. What mass of Fe2O3 form when 7.16 grams of H2 forms according to the following equation:

        Fe  +  H2O          H2  +  Fe2O3?  (190g  Fe2O3)

What mass of H2O will form when 81.8 grams of Fe2O3  react according to the following equation:

Fe2O3  +  H2           Fe  +  H2O?  (27.7g  H2O )

What mass of H3PO4 will form when 136 grams of H2O react according to the following unbalanced equation:  H2O  +  P2O5           H3PO4?   (494g H3PO4)

How many grams of H2 form when 293 grams of Fe reacts according to the following unbalanced equation:  Fe  +  H2O              H2  +  Fe2O3?  (15.8g H2)

Magnesium chloride reacts with sodium phosphate to produce magnesium phosphate in a double replacement reaction.   If 135 grams of magnesium chloride react, how many grams of sodium chloride form?  (166g  NaCl)

Zinc reacts with silver nitrate in a single replacement reaction.  If 18.6 grams of zinc react, how many grams of silver form?  (61.4g Ag)          
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=     13 moles O2
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=     65.5 g H 2O
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