  Chemistry 112



 Stoichiometry 




Chapter 12


Stoichiometry is Greek for “measuring elements” and involves the calculations of quantities in chemical reactions based on a balanced equation. We can interpret balanced chemical equations several ways.
1.  In terms of Particles

Element - atoms

Molecular compound (nonmetals)- molecules

Ionic Compounds (Metal and nonmetal) - formula units 
 2H2(g) + O2(g) → 2H2O(l) 

Two molecules of hydrogen and one molecule of oxygen form two molecules of water.
 2Al2O3(s) →  4Al(s) + 3O2(g)

2 formula units of Al2O3 decompose to yield 4 atoms of aluminium metal and 3 molecules of oxygen gas.
2Na(s) + 2H2O(l) → 2NaOH(aq) + H2(g)

2 atoms of sodium metal react with 2 molecules of water to yield 2 formula units of sodium hydroxide and one molecule of hydrogen gas.
 We can look at the equation differently
2H2(g) + O2(g) →  2H2O(g)

2 dozen molecules of hydrogen and 1 dozen molecules of oxygen form 2 dozen molecules of water. The balanced equation shows a count of how many of each we need to have the chemical reaction. The chemist counts using moles (6.022x1023 )particles.

2H2(g) + O2(g) →  2H2O(g)

2 moles x (6.022 x 1023) molecules/mole of hydrogen and 1mole x (6.022 x 1023) molecules/mole of oxygen react to form 2 mole x (6.022 x 1023) molecules/mole of water.

 2 moles of hydrogen gas and 1 mole of oxygen gas react to form 2 moles of water vapour.
2.  In terms of Moles
2Al2O3(s) → 4Al(s) + 3O2(g)

2Na(s) + 2H2O(l) → 2NaOH(aq) + H2(g)

The coefficients tell us how many moles of each reactant and product present in the chemical reaction.

 

3. In terms of mass
The law of conservation of mass applies to a balanced chemical equation. The number of atoms of each element must be the same on each side of the equation; therefore the number of moles of atoms for each element must be the same on each side of the equation. The particles are too small to count so the chemist uses mass to indirectly count the particles. One mole of a substance has a definite mass known as the molar mass. Molar mass can be used as a conversion factor to change moles to grams; the inverse of molar mass can be used to change grams to moles of substance.

 
We can check the Law of Conservation of Mass using moles

2H2(g) + O2(g)→ 2H2O(g)

Reactants                                                     Products

2 mole H2 x 2.02g  = 4.04g H2
                     mole                                    2 mole H2O x 18.02g = 36.04g

1 mole O2 x 32.00g = 32.00g O2                                     mole

                     mole

          Total mass =     36.04g                              Total mass =      36.04g

 2H2(g) + O2(g)→ 2H2O(g)

      36.04g      =     36.04g

 
Example:

Show that the following equation follows the Law of conservation of mass.

2Al2O3(s) → 4Al(s) + 3O2(g)

Reactants                                                                  Products

Al2O3 = 2 x 26.98 + 3 x 16.00 = 101.96g/mole      4 moles Al x 26.98g = 107.92g

2 moles x 101.96g = 203.92g                                                        mole

                  mole                                                       3 moles O2 x 32.00g =  96.00g

                                                                                                        mole

         Total mass =    203.92g                                     Total mass  =            203.92g

 

The balanced chemical equation tells us that 2 moles of Al2O3 will yield 3 moles of O2. When we compare these numbers we form a mole ratio

Al2O3 = 2  the ratio could be written as        O2  = 3 

 O2        3                                                   
Al2O3    2
Every time we use 2 moles of Al2O3 we make 3 moles of O2.
 How many moles of O2 are produced when 4.0 moles of Al2O3 decompose?

From the balanced chemical equation: 
2Al2O3(s) → 4Al(s) + 3O2(g)

The unknown is O2 so the ratio is set up with the unknown as the top term and the known as the bottom term. Use x as the unknown and the known value as the bottom term to set up a proportion: 

     O2  = 3    =     x mole  
 Al2O3    2        4.0 mole          Solve for x.

x = 6.0 mole O2.will be produced when 4.0 moles of Al2O3 decompose.

 Your turn #1

2C2H2(g) + 5O2(g) → 4CO2(g) + 2H2O(g)

If 3.84 moles of C2H2 are burned, how many moles of O2 are needed?

 
How many moles of C2H2 are needed to produce 8.95 mole of H2O?

 
If 2.50 moles of C2H2 are burned, how many moles of CO2 are formed?

 In the laboratory the chemist uses mass to obtain the correct amount (number) of reactants for a chemical reaction. The questions that the chemist asks are:

How much do you make?   or    How much do you need?

The balanced chemical equation gives us the number of moles of each substance in the reaction but we can’t measure moles. What does the chemist do? Since we use mass the chemist converts grams to moles, then does the math with the mole ratio from the balanced equation and then converts the moles back to grams.

 Example:

If 10.1 g of Fe are added to a solution of copper(II) sulphate, how much solid copper would form?

Fe(s) + CuSO4(aq) → Fe2(SO4)3(aq) + Cu(s)  (need to balance)

2Fe(s) + 3CuSO4(aq) → Fe2(SO4)3(aq) + 3Cu(s)  (now balanced)

10.1 g Fe x 1  mole  Fe   = 0.181 mole Fe
                   55.85 g Fe
Cu =  3   =    x  mole
Fe      2       0.181mole

x = 0.272 mole Cu(s)

0.272 mole Cu(s) x 63.5g Cu = 17.3g Cu(s)

                                 1 mole

10.1 g of Fe are added to a solution of copper(II) sulphate will produce 17.3g Cu(s)

 Your turn #2

1. To make silicon for computer chips chemist use this reaction

SiCl4(aq) + 2Mg(s) → 2MgCl2(aq) + Si(s)

(a) How many grams of Mg are needed to make 9.3 g of Si?
(b) How many grams of SiCl4 are needed to make 9.3 g of Si?
(c) How many grams of MgCl2 are produced along with 9.3 g of silicon?
 

2. The U.S. Space Shuttle boosters use this reaction

3Al(s) + 3NH4ClO4(s) → Al2O3(s) + AlCl3(s) + 3NO(g) + 6H2O(g)

(a) How much Al must be used to react with 652 g of NH4ClO4 ?
(b) How much water is produced?
(c) How much AlCl3?
 

Some chemical reactions involve gases so we can change litres of a gas to moles at STP because 1 mole of any gas = 22.4 L of a gas  at STP (0oC 101kPa)

 If 6.45 grams of water are decomposed, how many litres of oxygen will be produced at STP?

Start with the balanced chemical equation

2H2O(l) → 2H2(g) + O2(g)

6.45g x 1 mole = 0.358 mole H2O

             18.02g

  O2  =  1  =     x     mole  
H2O      2      0.358 mole
x = 0.179 mole O2(g) x  22.4L  at STP = 4.01L O2(g) at STP

                                      1 mole

 Your Turn #3

(a) How many litres of CO2 at STP are produced from the complete combustion of 23.2g C4H10?
(b) What volume of oxygen will be required?
 
Gases and Reactions

Balanced chemical equations give mole ratio of reactants and products. Avogadro told us equal volumes of gas, at the same temperature and pressure contain the same number of particles. Moles are numbers of particles. You can treat mole ratio as volume ratio if the substances are gases, as long as you keep the temperature and pressure the same. Equal volumes have equal number of moles.

 

Example

2H2O(l) → 2H2(g) + O2(g) When gas volumes are measured under the same conditions - mole ratio can also be used as volume ratio.

H2  = 2 =  44.8L     at STP

O2     1      22.4L

 

Your turn #4

1. How many litres of CH4 at STP are required to completely react with 17.5 L of O2?

    CH4(g) + 2O2(g) →  CO2(g) + 2H2O(g)
 

2. How many litres of CO2 at STP are produced by completely burning 18.8 L of CH4?

 

