
Chapter 8 

The Mole & Chemical 
Composition 

The Mole 

•  A mole of anything is 6.02214 x 1023 of that thing.   

•  In Chemistry, we work with very small particles, so we must 

work with a very large quantity of them.   

•  The mole is a convenient number to count a large 
quantity of particles. 

•  We can talk about a mole of anything, but we usually use 
it to talk about atoms, molecules, ions, and formula 
units – Matter at the particle level. 

 6.02214 x 1023 is also called Avogadro�s number. 

Mole / Dozen Analogy 

•  Like the mole, a dozen of something is a convenient 
way to talk about the number of items we tend to buy 
in those quantities: 

  1 dozen donuts  =   12 donuts 

  3 dozen eggs  =   36 eggs 

•  The mole and the dozen make it easier to talk about 
large quantities. 

The mole and counting particles 

!  We can use Avogadro’s number to 
convert between particles and moles: 

 1 mole = 6.02214 x 1023 particles 

!  The conversion factors are:   

€ 

6.022 ×1023  particles
1 mol

   or  1 mol
6.022 ×1023  particles

 



Atomic Mass 
•  Atoms are very small.   

•  For example, 18 mL (~ 4 teaspoons) of water contains ~ 
602,200,000,000,000,000,000,000 molecules of H2O.   

•  A single water molecule has a mass of 2.99 x 10-23 grams.  

•  Working in grams to describe the mass of single atoms or 
molecules is not convenient.   

•  Instead, we typically express the mass of atom in terms of 
atomic mass units, amu, or simply u. 

•  The atomic mass unit is defined as 1/12 of the mass of an atom of the 
carbon-12 isotope.  

  1 amu  =  1/12 mass of C-12  

•  Both the neutron and the proton have a mass of approximately 1 amu: 

  1 amu ≈  1 proton ≈  1 neutron 

•  Electrons are very small: 

  1 electron  ≈  0.00055 amu 

•  Because the mass number is the sum of protons and neutrons, the 
mass number is a whole number approximation of the atomic mass 
of an isotope. 

Atomic Mass (Review) 

•  Most elements are a mixture of two or more isotopes. 

•  The percentage of an isotope in a naturally occurring sample of an 
element is called the isotopic abundance (or percentage abundance) 
of that that isotope.  

•  The isotopic mass is the mass of a single atom of an isotope. 

•  The average atomic mass is the weighted average of the masses of 
isotopes of an element.  

Average Atomic Mass (Review) 

Consider the element Magnesium, composed of three isotopes of the 
following percentage abundances: 

   
Isotope          % Abundance     Isotope Mass (amu) 
Mg-24         79.0 %          23.985 
Mg-25         10.0 %          24.986 
Mg-26         11.0 %          25.982 
 
The average atomic mass of magnesium (from the PT) is: 

 24.3050 amu or g/mol 

Calculating Average Atomic Mass from Isotope Data 

€ 

Average Atomic Mass = (Fractional Abundance ×∑  Isotope Mass)

Average Atomic Mass (Review) 



!  We rarely work with small numbers of atoms or molecules.  

!  We usually work on the scale of moles or millimoles. 

!  Avogadro�s number relates the atomic mass unit and the gram:   
   6.02214 x 1023 amu = 1.00000 g    (measured) 

!  Therefore:  1 amu = 1 g/mol    (exact) 

!  An atom of Carbon-12 has an atomic mass of exactly (by definition) 12 amu or a 
molar mass of 12 g/mol. 

"  6.02214 x 1023 Carbon-12 atoms will have a mass of 12.0000 g. 

!  The molar mass of an element is its average atomic mass from the periodic 
table expressed in units of g/mol. 

Atomic / Molar Masses Calculating Molar Masses for Compounds 

•  Molar mass is the most general term of the mass of one 
mole of an element or compound.   

•  Also used are: atomic mass, formula mass, and molecular 
mass depending on the material described.  Or, the word 
weight might substitute for mass.  

•  To calculate the molar mass for a compound, add 
together the atomic masses for all of the atoms in a 
molecule or formula unit of the compound. 

 
•  Units may be expressed as amu or g/mol 

  Molar Mass of N = 14.01 g/mol 
 

  Molar Mass of O2 = 32.00 g/mol 
   2 x 16.00 
   
  Molar Mass of H2O = 18.02 g/mol 
   (2 × 1.008) + 16.00  

 
  Molar Mass of Ba(NO3)2 = 261.35 g/mol 
   137.33  + (2 × 14.01) + (6 × 16.00) 

Molar Mass Calculations

MOLE particles 
•  atoms 
• molecules 
•  ions 
•  formula units 

mass 
 (g) 

Volume of a 
solid or  

pure liquid 
(cm3 substance) 

density 

molar mass NA 

The MOLE  
is the heart of 
CHEMISTRY 



The Mole  The Mole 

Calculate the number of iron atoms in a 4.48 mole 
sample of iron. 
 

     
 

    
   

Example 

Additional Examples – Presented in Class 

The Mole  The Mole 

Example 

 What is the average mass of one atom of copper? 
 
 

22
23

1 mol Cu 63.55 g Cu
1 Cu atom     = 1.055 10  g Cu

1 mol Cu6.022 10  Cu atoms
−× × ×

×

The Mole  The Mole 

Concept Check 

 Which of the following 100.0 g samples 
contains the greatest number of atoms? 
 
a)   Magnesium 
b)   Zinc 
c)   Silver 

 

Percent Composition of Compounds 

•  Mass percent of an element: 

•    



Formulas of Compounds 

•  The empirical formula of a compound is the smallest 
whole number ratio of the atoms present in the compound. 

•  The empirical formula can be determined from any 
relationship that can be converted to or is proportional to 
moles.  

•  The empirical formula can be found from the masses of 
elements in a compound or the percent composition of a 
compound, as these can be converted to moles. 

Empirical Formulas 

Example: Empirical Formulas 

 An oxide of osmium is a pale yellow solid. If 2.89 g of the 
compound contains 2.16g of osmium, what is its 
formula? 
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Calculation of Empirical Formulas 

 
PROBLEM:  
A gaseous compound containing carbon and hydrogen was 
analyzed and found to consist of 83.65% carbon by mass.  
Determine the empirical formula of the compound. 

 

In order to determine the empirical formula,  
we must determine the ratio of mol C : mol H 

Steps for Determining the Empirical Formula of a Compound 

Calculation of Empirical Formulas 

PROBLEM: A gaseous compound containing carbon and hydrogen was 
analyzed and found to consist of 83.65% carbon by mass. 
Determine the empirical formula of the compound. 

1. Obtain the mass of each element present (in grams). 
 For percents by mass, assume you have exactly 100 g. 

   

Steps for Determining the Empirical Formula of a Compound 



Calculation of Empirical Formulas 

2.  Determine the number of moles of each type of atom 
present. 
  

Steps for Determining the Empirical Formula of a Compound 

Calculation of Empirical Formulas 

3.  Divide the number of moles of each element by the smallest 
number of moles to convert the smallest number to 1. If all of the 
numbers so obtained are integers, these are the subscripts in the 
empirical formula. If one or more of these numbers are not 
integers, go on to step 4. 

Steps for Determining the Empirical Formula of a Compound 

Calculation of Empirical Formulas 

4.  Multiply the numbers you derived in step 3 by the 
smallest integer that will convert all of them to whole 
numbers. This set of whole numbers represents the 
subscripts in the empirical formula.  

Steps for Determining the Empirical Formula of a Compound 

Calculation of Molecular Formulas 

•  The molecular formula is the exact formula of the molecules 
present in a substance. 
 

•  The molecular formula is always an integer multiple of the 
empirical formula.  
 
Molecular formula  = (empirical formula)n       
where n = natural number] 

 
•  Example: Benzene, C6H6 

 

•  Molecular formula =  
actual formula of a molecule = C6H6 = (CH)6 
 

•  Empirical formula  =  CH 

 



Calculation of Molecular Formulas 

 A gaseous compound containing carbon and hydrogen was 
analyzed and found to consist of 83.65% carbon by mass. You 
previously determined the empirical formula to be C3H7.  

 The molar mass of the compound is 86.2 g/mol. What is the 
molecular formula of the compound? 

  Molar mass of C3H7 = 43.086 g/mol 

 

       

  

Continued Example… 
 The composition of adipic acid is 49.3% C, 6.9% H, and 
43.8% O (by mass). The molar mass of the compound is 
about 146 g/mol.  

What is the empirical formula of the compound?  

What is the molecular formula? 

Calculation of Empirical & Molecular Formulas

Hydrates - Review 
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•  Hydrates are compounds that crystallize with water molecules in 
their crystal lattice.  Hydrates contain a specific ratio of water 
molecules to formula units. 

 

•  Naming Hydrates: 
 The name of a hydrate is simply the name of the compound 
followed by an indication of the number of waters of hydration. 

 

 ZnSO4 • 4 H2O  =  zinc sulfate tetrahydrate 

Calculating Waters of Hydration 

•  A 10.00–g sample of CoCl2 • x H2O is heated.  The mass 
of the resulting solid was found to be 5.46 g.   

•  How many waters of hydration are in the formula unit?   

•  What is the formula & name of the hydrate? 


