STOICHIOMETRY

QUANTITATIVE RELATIONS IN CHEMICAL REACTIONS

Stoichiometry:

calculations of the quantities of reactants and products involved in a

 

chemical reaction.

Based on:
1.
Balanced chemical equation (mole ratio)




2.
Relationship between mass and moles




3.
Proportional thinking

Consider the industrial process by which NH3 is obtained:

1N2(g)


+    
3 H2(g)
                        

2 NH3(g)

   1 molecule  

      

3 molecules




2 molecules

   100 molecules


300 molecules

    


200 molecules

   1 million molecules

3 million molecules         

2 million molecules

1x 6.023 x 1023 molecules  +
3 x  6.023 x 1023 molecules

2 x  6.023 x 1023 molecules

1 mole N2 molecules
   +  3 moles H2 molecules
      

2 moles NH3 molecules 

THIS IS THE MOLE RATIO BETWEEN REACTANTS AND PRODUCTS 

Note: The mole ratio is given by the coefficients of the balanced chemical equation.

Sample Problem # 1:

How many moles of nitrogen will react with 2.4 moles of hydrogen ?

1N2(g)
+    
3 H2(g)
                        2 NH3(g)

                                    
 

                                          1 mole N2
? moles N2  = 2.4 moles H2   x  (((((  = 0.80 moles N2   

                                                  3 moles H2                    













Mole Ratio

































Sample Problem # 2

How many moles of NH3 can be produced from 32 moles of hydrogen ? (Assume there is plenty nitrogen available)

1N2(g)
+    
3 H2(g)
                        2 NH3(g)


                                              2 moles NH3 


? moles NH3 = 32 moles H2    (((((   =   21 moles NH3 


                                               3 moles H2 

Sample Problem # 3

Butane, C4H10, burns with the oxygen in air to give carbon dioxide and water. How many moles of carbon dioxide are produced from 0.15 moles C4H10


(Assume sufficient amount of oxygen is available)



C4H10(g)
   +
6.5 O2(g)



4 CO2(g)
+ 5 H2O(g)
 X 2
2 C4H10(g)  +
13 O2(g)



8CO2(g)
+ 10 H2O(g)

                     




         8 mole CO2 



? moles CO2  = 0.15 mole C4H10  x   (((((    = 0.60 mole CO2 

               





        2 mole C4H10

Quantities of reactants and products may also be expressed in grams.

The reasoning is similar, but the conversion from the given quantity to the quantity we are looking for should be done through the mole ratio.

Mass 

Moles 

Consider the following balanced equation:

6 ClO2(g)
+
3 H2O(l) 


 5 HClO3(aq)
+
1 HCl(aq)

How many moles of HClO3 are produced from 14.3 g of ClO2 ?

(Assume excess amount of water)
      1 mole ClO2            5 mole HClO3 
 ? mole HClO3 = 14.3 g ClO2 x  (((((  x   ((((((  = 0.177 mole HClO3    




                            67.45 g ClO2         6 mole ClO2 

Moles 

 Mass 

Acetylene gas, C2H2, is produced in a reaction between calcium carbide, CaC2, and water, according to the following equation:

1 CaC2(s)
+
2 H2O(l) (((((( 1 C2H2(g)
+ 1 Ca(OH)2(aq) 

How many grams of C2H2 can be obtained from 0.500 mole CaC2 ?

(Assume an excess of water)

                                                     1 mole C2H2      26.04 g C2H2
? g C2H2 = 0.500 mole CaC2 x  (((((  x   (((((   =  13.0 g C2H2 
                                                                           1 mole CaC2       1 mole C2H2
Mass

Mass
A sample of solid sodium hydrogen carbonate is reacted with excess hydrochloric acid and produces a white solid residue (sodium chloride) and two gaseous products (Carbon dioxide and water vapor.

1. Write a balanced chemical equation for this reaction. Include state designations.


NaHCO3(s)  +
HCl(aq)

NaCl(s)
+
CO2(g)
+
H2O(g)
  UNBALANCED
     1 NaHCO3(s)  +
1 HCl(aq)
    1 NaCl(s)
+ 1CO2(g) +
1 H2O(g)

BALANCED

2. Calculate the mass of solid residue (NaCl) obtained from 1.0000 g NaHCO3
      1 mole NaHCO3        1 mole NaCl       58.443 g NaCl


? g NaCl = 1.0000 g NaHCO3 x ((((((( x (((((( x   ((((((  

                                                            84.007 g NaHCO3    1 mole NaHCO3    1 mole NaCl

= 0.69569 g NaCl
3. How much is the total mass of the gaseous products (CO2 + H2O) given off ?


       HCl(aq)






          1.0000 g NaHCO3

  heating

     0.69569 g NaCl 


     (sample)                                                     (residue)

Mass of (CO2 + H2O)  given off  = 1.0000 g NaHCO3 - 0.69569 g NaCl = 0.3043 g  

SUMMARY OF STOICHIOMETRIC CALCULATIONS

THE MOLE BRIDGE

moles











  moles

given








                   calculated



MOLE RATIO

                             g/mole                                      mole/g

                 

 grams









                   grams

 given









                  calculated



                                                                

ALL STOICHIOMETRIC CALCULATIONS ARE BASED ON THE MOLE RATIO
LIMITING REACTANT

Vending Machine Chemistry

1 Candy Bar Requires

Money Available

Money spent

Left Over Money
1 quarter ( 1 x 0.25)

7 quarters


5 quarters

2 quarters


2 dimes
( 2 x 0.10


10 dimes



10 dimes


no dimes










limiting

reactant

                                   reactant in




 Buys

                                    excess                                    5 candy bars

Basic Recipe:


1 quarter

+

2 dimes


1 candy bar

(Balanced Chemical 









(Product)
Equation)

Amounts available:

7 quarters
+

10 dimes



? candy bars











limiting reactant

Amounts used:

5 quarters
+

10 dimes


5 candy bars
Note: Amount of product obtained depends on the amount of LIMITING REACTANT!

KITCHEN CHEMISTRY and LIMITING REACTANT

Angel Food Cake Recipe
Amounts Available


Amounts used

12 egg whites



16 egg whites



6 egg whites
2 cups of sugar


1 cup of sugar



1 cup of sugar 


L.R.  

1 ½ cups flour



4 cups flour



¾ cups cake flour
1 ½ tsp cream of tartar

10 tsp cream of tartar

¾ tsp cream of tartar
1 tsp vanilla



10 tsp vanilla



½ tsp vanilla

½ tsp salt




20 tsp salt



¼ tsp salt

½ tsp almond extract

10 tsp almond extract

¼ tsp almond extract


     12 servings 


How many servings can


6 servings






can be obtained ?

Synthesis of Ammonia                Amounts available


Amounts Used

1N2
   +  3 H2

   2 NH3  1N2
 +  3 H2
       2 NH3
1N2
  
 +  
 3 H2
   2 NH3
1 mole + 3 moles     2 moles 61.6g    15.0g          ? g             61.6 g

 15.0 g












28.0 g/mole    2.02 g/mole














2.20moles
7.43 moles












L.R                  excess











  2.20moles  +  6.60moles      4.40moles  

Limiting Reactant (Reagent) Problems always involve 2 steps:

1.
Identify the Limiting Reactant (LR)

- convert all masses to moles




- compare actual mole ratio to mole ratio given by the




  the balanced chemical equation





OR

- calculate the number of moles obtained from each

  reactant in turn.

  The reactant that gives the smaller amount of product

  is the Limiting R.eactant.

2.
Calculate the amount of product obtained from the Limiting Reactant  

Sample Problem 1

Sodium hydrogen carbonate is prepared from NaCl and ammonium hydrogen carbonate, according to the equation:

NH4HCO3(aq)
+
NaCl(aq)


NaHCO3(aq)
+
NH4Cl(aq)

If 0.300 moles of NH4HCO3 are reacted with 0.2567 moles of NaCl, how

many grams of NaHCO3 are obtained ?

1 NH4HCO3(aq)  +
1 NaCl(aq)

1 NaHCO3(aq)
+
1 NH4Cl(aq)

   0.300 moles

   0.2567 moles 
  ? g 






L.R.

                                                          1 mole NaHCO3       84.01 g NaHCO3
? g NaHCO3 = 0.2567 moles NaCl x ((((((( x   ((((((
                                                            1 mole NaCl            1 mole NaHCO3
 


= 21.57 g NaHCO3   

Sample Problem 2

A 1.4 g sample of magnesium is treated with 8.1 g of hydrochloric acid to produce magnesium chloride and hydrogen gas.

How many grams of hydrogen are produced ?

Mg(s)

+
2 HCl(aq)


MgCl2(aq)
+
H2(g)

1.4 g



8.1 g






? g


Change masses of reactants in moles:


 1 Mg(s)

 +    2 HCl(aq)

      1 MgCl2(aq)   + 1 H2(g)

 
       1 mole                      1 mole

  1.4 g x ((( 
    8.1 g x ((( 






                               24.31 g
                36.46 g


    0.0576 moles

0.222 moles


L.R.


          requires
2 x 0.0576 moles HCl = 0.115 moles HCl










(0.222 moles HCl) available






HCl is an excess!


                                               1 mole H2         2.02 g H2
? g H2 = 0.0576 moles Mg x ((((( x ((((( = 0.12 g H2 

       1 mole Mg       1 mole H2


   L.R.

Solution recommended by textbook:


 1 Mg(s)

 +    2 HCl(aq)

      1 MgCl2(aq)   + 1 H2(g)

 
       1 mole                      1 mole

  1.4 g x ((( 
     8.1 g x ((( 






                               24.31 g
                36.46 g


    0.0576 moles

 0.222 moles

Calculate the number of moles obtained from each reactant in turn.

The reactant that gives the smaller amount of product is the Limiting R.eactant.

                                                1 mole H2         2.02 g H2
? g H2 = 0.222 moles HCl x ((((( x ((((( = 
0.22 g H2 

       2 moles HCl       1 mole H2
1 mole H2         2.02 g H2
? g H2 = 0.0576 moles Mg x ((((( x ((((( = 0.12 g H2 

       1 mole Mg       1 mole H2
smaller !







(correct answer)

Since Mg produces the smaller amount of product, Mg is the L.R.

THE YIELD CONCEPT
Quantities of product calculated represent the maximum amount obtainable (100 % yield)

Most chemical reactions do not give 100 % yield of product because of:


- side reactions (unwanted reactions)


- reversible reactions ( reactants 


products)


- losses in handling and transferring

                                Actual Yield

Percent Yield  =  (((((((( x 100

                              Theoretical Yield

Actual Yield:

Amount of product actually obtained (experimental)

Theoretical Yield:
Maximum amount of product obtainable





(calculated from equation)

Sample Problem 1

A 35.0 g sample of calcium hydroxide is reacted with excess phosphoric acid, according to the following balanced chemical equation:

3 Ca(OH)2(aq)

+
2 H3PO4(aq)

1 Ca3(PO4)2(s)
+
6 H2O(l)

(a) How many grams of calcium phosphate can be produced ?

 





         1 mole Ca(OH)2      1 mole Ca3(PO4)2   310.3 g Ca3(PO4)2    

? g Ca3(PO4)2 = 35.0 g Ca(OH)2 x ((((((( x ((((((( x  (((((((  

                                                       74.10 g Ca(OH)2       3 mole Ca(OH)2      1mole Ca3(PO4)2      




= 48.9 g Ca3(PO4)2  

(b) If 45.2  grams of calcium phosphate are actually obtained in a laboratory experiment, 

     what is the percent yield ?

                                Actual Yield

             45.2 g

Percent Yield  =  (((((((( x 100 =  ((( x 100 = 92.4 %
                              Theoretical Yield                  48.9 g

Sample Problem 2

Sodium hydrogen carbonate is prepared from NaCl and ammonium hydrogen carbonate, according to the equation:

NH4HCO3(aq)
+
NaCl(aq)


NaHCO3(aq)
+
NH4Cl(aq)

If 0.300 moles of NH4HCO3 are reacted with 0.2567 moles of NaCl, and 10.45 g of NaHCO3 are obtained, what is the percent yield?

1.
First calculate the maximum amount obtainable (theoretical yield) from the given

 
quantities (theoretical yield) how


1 NH4HCO3(aq)  +
1 NaCl(aq)

1 NaHCO3(aq)
+
1 NH4Cl(aq)

   
0.300 moles

   0.2567 moles 
  ? g 






      L.R.

                                                          1 mole NaHCO3       84.01 g NaHCO3
? g NaHCO3 = 0.2567 moles NaCl x ((((((( x   ((((((
                                                            1 mole NaCl            1 mole NaHCO3
     = 21.57 g NaHCO3   (theoretical yield)
2. 
Second, calculate % yield from actual and theoretical yield

          Actual Yield

            10.45 g

Percent Yield  =  (((((((( x 100 =  ((( x 100 = 48.45 %
                                       Theoretical Yield                 21.57 g







2
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