SCH4C
STOICHIOMETRY:

Calculations Involving Balanced Chemical Equations

The word stoichiometry derives from two Greek words: stoicheion (meaning "element") and metron (meaning "measure").    Stoichiometry deals with calculations about the masses, volumes or concentrations of reactants and products involved in a chemical reaction.
The reason we balance chemical reactions is not just to solve tricky chemistry problems.  We understand that it is necessary to satisfy the Law of Conservation of Mass; a reaction that cannot be balanced cannot occur.     While we usually think of balancing individual atoms, the coefficients that we derive also relate to how reactants combine to from products on a mole per mole basis.   For example:
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Stoichiometry is a powerful tool for chemists planning and carrying out chemical reactions.  Since we now know the mass of a mole of any compound, we can predict the correct quantities of reactants required to carry out a reaction.   For example, 4.04 g (2 mol) of hydrogen will react completely with 32.00 g (1 mol) of oxygen gas to produce 36.02 g (2 mol) of water. 

Introduction to Stoichiometry Problems

1. Answer each question based on the following chemical equation:


2 NaCl
+
H2SO4


Na2SO4
+
2 HCl

a) How many molecules of NaCl are needed to react with one 
molecule of sulfuric acid?






______

b) How many molecules of NaCl are required to react 

with 3 dozen molecules of sulfuric acid?




______

c) How many molecules of sodium sulfate are formed 

from 2 molecules of NaCl?






______

d) How many molecules of HCl are formed from 4 molecules 
of sulfuric acid?







______

e) How many molecules of NaCl are needed to make

6 million molecules of sodium sulfate?




______

f) How many moles of NaCl form 1 mole of sodium sulfate? 

______

g) How many moles of HCl will be formed from 1 mole of 

sulfuric acid?








______

h) How many moles of HCl will be formed from 0.5 mole of

sulfuric acid?








______

i) How many moles of sulfuric acid are needed to form 0.5 mole 

of sodium sulfate?







______

2. 

H2
+
Cl2


2 HCl

a) According to the equation, how many molecules of HCl are 

formed from each molecule of chlorine?




______

b) How many molecules of HCl can be formed from a dozen

molecules of chlorine?






______  

c) How many mole of HCl can be formed from 3 mole of hydrogen

 and 3 mole of chlorine?






______

d) How many mole of hydrogen are required to produce 0.5 mol 
of HCl?








______
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The Steps Involved in Solving Mass-Mass Stoichiometry Problems

e.g.1 Aluminum reacts with sulfuric acid to make aluminum sulfate and hydrogen.  How many grams of hydrogen are produced from 50.5 g of aluminum?

1. Make sure the chemical equation is correctly balanced. 




2 Al  +  3 H2SO4  --> Al2(SO4) + 3 H2

2. Using the molar mass of the given substance, convert the mass given in the problem to moles. 


For Al:
n = m/M = (50.5 g)/(27.0 g/mol) = 1.87 mol

3. Construct two molar ratios set equal to each other using the known & unknown ratio. Use it to convert to moles of the unknown. 


Mole Ratio:

x mol H2

=
3 mol H2




1.87 mol Al


2 mol Al





Therefore x = 2.80 mol H2
4. Using the molar mass of the unknown substance, convert the moles just calculated to mass. 

Mass of hydrogen:
m = (n) x (M) = (2.80) x (2.02) = 5.66 g 


Therefore 5.66 g of hydrogen is produced from 50.5 g aluminum 
reacting with sulfuric acid.
b) How many moles of sulfuric acid would react with 80.5 g of aluminum?

For Al:
n = (m/M) = (80.5 g/27.0 g/mol) = 2.98 mol

Mole Ratio:

x mol H2SO4
=
3 mol H2SO4



2.98 mol Al


2 mol Al




x = 4.47 mol H2SO4



e.g.2

Ethane (C2H6) is burned with 56.0 g of oxygen to produce carbon dioxide and water vapour.  How many grams of ethane burned?
Step 1: Balanced Chemical Equation

Skeleton Equation:


C2H6

+ 
O2
-->
H2O
  +     CO2



Balanced Equation:


2 C2H6
+
7 O2
  -->
6 H2O  +
4 CO2
Step 2: Moles of Given Reactant / Product

Moles of Oxygen:


n = (m/M)
= (56.0 g / 32.0 g/mol) = 1.75 mol

Step 3: Mole Ratios



2 mol C2H6

=
x mol


7 mol O2


1.75 mol


x = 0.500 mol C2H6 reacts

Step 4: Determine Mass of Unknown Reactant/Product

Mass of Ethane:


m = n x M  = (0.500 mol) x (30.06 g/mol)
  = 15.03 g


Therefore 15.0 g of ethane react with 56.0 g oxygen
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Sample Stoichiometry Word Problems

1) Mass-Mass Calculations Involving Reactants

Iron (II) oxide can be removed from iron by reacting it with hydrochloric acid to produce iron (III) chloride and water.


Fe2O3 (s)
+
HCl (aq)
(
FeCl3 (s)  
+ H2O (l)
What mass of hydrochloric acid is required to react with 245 g of rust?

2) Mass-Mass Calculation Involving Products and Reactants
Aluminum carbide is a yellow powder that reacts with water to produce aluminum hydroxide and methane.


Al4C3 (s)
+
H2O (l)

(
Al(OH)3 (s) 
+
CH4 (g)\

What mass of methane is produced from the complete reaction of 36.0 g of aluminum carbide?
Answers on p. 273








