Ch: 12- Stoichiometry

12.1 The Arithmetic of Equations:

Stoichiometry:

· Calculation of amounts of substances involved in chemical rxns

Interpreting Chemical Equations:

· Balanced equations tells:
· Relative amounts of reactants and products in the rxn.

· Different quantities of atoms, molecules, or moles; mass and
                       volume

12.2 Chemical Calculations:

Mole Ratios:

· Conversion factors from the coefficients - interpreted in terms of moles

· Used to convert b/w moles of reactant and/or moles of product 
                                      Ex. 2 H2 + O2 (  2 H2O


   2 mol  H2         1 mol O2             2 mol H2O          2mol H2            1 mol O2       2 mol H2O
   1 mol O2          2 mol H2         2 mol H2       2 mol H2O     2 mol H2O          1 mol O2
Mole- Mole Calculations:

· Given moles of A, determine the moles of B. 

· Convert mol A ( mol B  

 
Ex.  CO2 + 2 LiOH ( Li2CO3 + H2O

How many moles of lithium hydroxide are required to react with 20 moles of CO2?



20 mol CO2    2 mol LiOH   = 40 mol LiOH

                    

       1 mol CO2
Mole-Mass Calculations:

· Given moles of A, determine the mass of B.  

· Convert mol A ( mol B ( mass B 


Ex.   CO2 + 2 LiOH ( Li2CO3 + H2O

How many grams of lithium hydroxide are required to react with 5 moles of CO2?



   5 mol CO2   2 mol LiOH      24 g LiOH    = 240 g LiOH

                    

       1 mol CO2       1 mol LiOH

Mass-Mole Calculations:

· Given mass of A, determine the moles of B.

· Convert mass A ( mol A ( mol B

                      CO2 + 2 LiOH ( Li2CO3 + H2O

How many moles of lithium hydroxide are required to react with 7 grams of CO2?



    7 g CO2       1 mol CO2      2 mol LiOH    = .32 mol LiOH

                    

       44 g CO2        1 mol CO2
Mass- Mass Calculations:

· Given the mass of A, determine the mass of B.

· Convert mass A ( mol A ( mol B ( mass B 


Ex.  CO2 + 2 LiOH ( Li2CO3 + H2O

How many grams of lithium hydroxide are required to react with 12 grams of CO2?


                12 g CO2     1 mol CO2      2 mol LiOH      24 g LiOH   = 13.01 g LiOH

                                 44 g CO2        1 mol CO2       1 mol LiOH

 Representative Particles:

· Given the # of RP of A, determine RP of B. 

· Convert RP A ( mol A ( mol B (  RP B 


  Ex.  CO2 + 2 LiOH ( Li2CO3 + H2O

How many formula units of lithium hydroxide are required to react with 4 molecules of CO2?


4 molecules CO2   1 mol CO2           2 mol LiOH    6.02 x 10 23             = 8 Formula units 

                  
       6.02 x 10 23         1 mol CO2     Formula units LiOH            LiOH

                           molecules CO2                                         1 mol LiOH

Volume of Gas at STP:

· Given the Volume of A, determine the volume of B. 

· Convert volume A ( mol A ( mol B ( volume B 


Ex.  2 H2 + O2 (  2 H2O

How many liters of O2 at STP are needed to react with 5 liters of H2 to produce 
 H2O?


                  5 L H2   1 mol H2       1 mol O2     22.4 L O2      = 2.5 L O2
                              22.4 L H2      2 mol H2         1 mol O2
12.3 Percent Yield and Limiting Reagents:

    Percent yield:

· Ratio of actual yield to the theoretical yield expressed as a %

                                Percent Yield   =     Actual yield          x  100

                                                             Theoretical yield

          Actual Yield:

· Amount of product that is actually produced (an experimental 
                          value)

· Lower than theoretical yield

        Theoretical Yield:

· Maximum amt. of product that could be formed from a given 
                      amount of reactant (calculated value – from balanced equation)

Ex. If 24.8 g of CaCO3 is heated, 13.1 grams of CaO is produced, what is the
      percent yield of CaO?
1st: Determine the balanced equation:

CaCO3 ( CaO + CO2

2nd: Determine the theoretical yield of CaO (from balanced equation): 


  24.8 g CaCO3     1 mol CaCO3      1 mol CaO      56.1 g CaO    =  13.9 g CaO

                          100.1 g CaCO3     1 mol CaCO3    1 mol CaO

      3rd : Determine the percent yield of CaO if the actual yield of 

      CaO is 13.1 g and the theoretical yield is 13.9 g 

                              13.1 g CaO   x 100  = 94.2 %

                              13.9 g CaO

Limiting Reagent:

· Reactant that gets completely used up first in the reaction

· Determines the amount of product that can be formed

Excess Reagent:

· Reactant that does not get used up completely in the rxn

Determining Limiting Reagent:

· Solve for the product in grams using each reactant 

· Whichever reactant produces the least product = limiting reagent  

 Ex.  Calcium hydroxide reacts with hydrochloric acid according to the
        following equation:

Ca(OH)2 + 2 HCL ( CaCl2 + 2 H2O

If you have spilled 6.3 mol of HCl and put 2.8 mol of Ca(OH)2 on it, which
 substance is the limiting reagent?  How much product of CaCl2  will be 
produced?


6.3 mol HCl   1 mol CaCl2     110.8 g CaCl2     =   349.02 g CaCl2    
                      2 mol HCl      1 mol CaCl2

2.8 mol Ca(OH)2    1 mol CaCl2                110.8 g CaCl2    = 310.24 g CaCl2    
                           1 mol Ca(OH)2          1 mol CaCl2
Ca(OH)2  is the limiting reagent
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