
One cubic centimetre of air contains around 90 million million atoms. 
 

Half a million (500,000) atoms lined up shoulder to shoulder could hide behind a 
human hair. 
 

If you wanted to see the atoms in a drop of water you’d have to enlarge it until it 
was 24km across 
 

If Julius Caesar’s dying breath was evenly distributed through the atmosphere, each 
time you breathe in you’d take in 100 molecules of it. 
   - from Bill Bryson’s ‘A Short History of Nearly Everything’ 

Atoms 
Atoms are the basic building blocks of all substances. There are 92 different naturally-
occurring types of atom.  They are the smallest amount of any element we can have. 

Atomic Structure 
The nucleus of an atom contains 
protons and neutrons; the nucleus is 
surrounded by orbiting electrons. 
An atom is mostly empty space!  If an 
atom were expanded to the size of a 
stadium, the nucleus would be the size 
of a pea at the centre of the pitch. 



Protons, neutrons and electrons are sub-atomic particles with different properties: 

Sub-atomic particle Charge Mass 

Proton + 1 1 

Neutron   0 1 

Electron - 1 0.0005 

An atom has no overall charge 
because number of protons 
always = number of electrons 
 

The protons are what give an atom its identity. 
A phosphorus atom is a phosphorus atom and not a sulphur atom because it 
contains 15 protons, not 16. 

 
 
 
 
 
 
 
 
The number of protons in the nucleus is called the  atomic number (or proton number).  
 

The protons and neutrons together are what give an atom its mass. We call the number 
of protons + neutrons in the nucleus the mass number. 
 
 



So we can represent any atom in the form: 
 
mass number 
 

 Symbol  e.g.    
 

atomic number 

Given the mass number (protons + 
neutrons)  and atomic number (protons) it 
is easy to work out the number of neutrons 
in an atom’s nucleus:   
 

neutrons = mass number – atomic number   

Therefore in our boron atom example, above, we can say that: 
• protons = 4  (because the atomic number = 4, which identifies this as a boron atom) 
• electrons = 4 (because number of electrons = number of protons in an atom) 
• neutrons = 5 (because mass number = 9 and atomic number =4;   so 9 – 4 = 5) 

Practice applying these rules to 
complete the table.  Answers are 
at the end of this Topic. 



Atoms of the same element always have the same number of protons in the 
nucleus, but can have different numbers of neutrons.  
 

Atoms of the same element with different numbers of neutrons are called 
ISOTOPES.  
 

They have exactly the same chemical properties, but different mass.  
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These are the three isotopes of hydrogen. The isotope hydrogen-3 (also called 
tritium) is radioactive. The emitted electrons from the radioactive decay of 
small amounts of tritium cause phosphors to glow so as to make self-powered 
lighting devices called betalights, which are now used in firearm night sights, 
watches, exit signs, map lights, key rings and a variety of other devices. 



Relative Atomic Masses 
 

The periodic table does not show mass numbers, but relative 
atomic masses.  
 

Definition: The relative atomic mass of an element (Ar) is the 
average mass of an atom, on a scale where one atom of the 
12C isotope weighs 12 exactly. 
 

It is an average value because it takes into account all the 
naturally-occurring isotopes of the element.  

Careful – this is not the mass 
number! Chlorine atoms can’t 
have half a neutron. In reality 
some are 35Cl and some are 
37Cl.  The average mass is 35.5 Calculating Relative Atomic Masses 

 

If we know how much of each isotope there is, we can work  
out the value of the Relative Atomic Mass. 
 
e.g.   35Cl atoms have an abundance of 75% and 37Cl atoms  have an abundance of 25%. 
 
         Ar  =   (75  x  35)  +  (25  x  37) 
              100                100 
 
 =       26.25       +     9.25 
 
 =       35.5   (same as in the Periodic Table) 
 

Practice: Magnesium has three 
isotopes. Their abundances are   
24Mg 79%, 25Mg 10%, 26Mg 11%.  
Calculate the relative atomic 
mass of magnesium. (Answer at 
the end of the Topic) 



Electron Arrangements 
There are various different ways used to illustrate where the electrons are in atoms – 
which is right ? 
 
 
 
 
 
We are going to draw the following model to help us understand atoms: 
• Electrons are arranged around the nucleus in a series of shells. 
• Each shell can only hold a certain fixed number of electrons. 
• Each shell represents a different energy level – the lowest energy level being the 

innermost shell. 
• The negatively charged electrons are attracted to the positively charged nucleus, the 

nearer the nucleus they are, the more strongly they are held, and the harder they are to 
remove. 

Filling Rules for where to put the electrons in atoms: 
 

• Electrons go into the lowest available energy level 
• The innermost shell can only hold 2 electrons 
• The second shell out can hold up to 8 electrons 
• The next shells can hold 8 electrons* 

* under certain circumstances this can expand to 18 electrons 



Electronic Structures 
This is the electron arrangement for a chlorine atom: 
 
Instead of drawing all the crosses and circles, we could write its 
electronic structure as    2,8,7 

Losing and gaining electrons 
An atom that has lost or gained electrons is called an ion.  
 
Because the number of electrons is now not equal to the number of protons, ions have an 
overall charge. 
 
Atoms with less than 4 electrons in the outer shell (metal atoms) can lose these electrons, 
to become positively charged ions. Loss of electrons is referred to as oxidation. 
 
Atoms with more than 4 outer shell electrons (non-metal atoms) can gain electrons, 
becoming negatively charged ions. Gain of electrons is referred to as reduction. 
 
Ions with full (or empty) outer shells are more stable than the atoms they were formed 
from. 



The Periodic Table 

The Periodic Table is arranged in order of increasing atomic number (number of protons).  
There is one element for each different atomic number.  The position of any element can be 
specified by it GROUP and its PERIOD,  e.g.  Phosphorus is Period 3 Group 5. 
 

  Periods  – these are the horizontal rows in the Periodic Table (H and He are the first period) 
 - each row corresponds to an additional electron shell 
 - the number of shells = the Period number 
 (therefore phosphorus has 3 electron shells containing electrons) 
 

  Groups  – the vertical columns in the Periodic Table    
 - every element in a group has the same number of electrons in their outer shell 
 - the number of outer shell electrons = the Group number 
 (therefore phosphorus has 5 outer shell electrons in the 3rd shell and the inner 
 shells are filled, so its electronic structure is  2,8,5) 



Elements, compounds, molecules, mixtures 
 
Element:  a substance made up of only one type of atom.  NOT necessarily just one 
atom.  While e.g. the element helium consists of individual atoms, the element oxygen 
consists of pairs of oxygen atoms chemically bonded together. 
 
Compound:  a substance made up of more than one type of atom chemically bonded 
together.  e.g.  carbon dioxide contains carbon and oxygen atoms chemically bonded 
together, so carbon dioxide is a compound. 
 
Molecule:  molecules consist of atoms chemically bonded together, with each 
molecule being identical, according to the molecular formula. One molecule of a 
substance is the smallest amount of that substance it is possible to have. We could have 
molecules of an element (oxygen molecules) or molecules of a compound (carbon 
dioxide). 
 
Mixture: a mixture contains more than one element or compound; which can be 
separated by physical means. Air is a mixture containing molecules of gases such as 
nitrogen and oxygen (elements) and carbon dioxide (a compound). 
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Atoms of the element argon exist 
on their own. 
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Oxygen atoms join in pairs. 
Argon and oxygen are elements 
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Carbon and oxygen atoms are 
joined together in carbon dioxide. 
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Air is a mixture of elements and 
compounds 

Blob diagrams to show different types of substance: 



Chemical formulae of elements 
We use the symbol for the element, from the periodic table 
 

A few elements consist of pairs of atoms, chemically bonded together.  ONLY these 
elements have a ‘2’ after the element symbol.   You can remember them from: 
 
    H F Br O N I Cl     E.g.  Oxygen is O, and consists of pairs of atoms, so its formula is O2. 
 
The other elements are written as single atoms, e.g. Sodium is Na, so its formula is just Na. 
 
So in a balanced equation:       4 Na    +   O2         2 Na2O 
                  sodium + oxygen   sodium oxide 

Formulae of compounds 
The chemical formula for a 
compound tells you: 
 

1)What atoms are in it 
2) How many of each type of atom 
are present, using a subscript 
number following the atom symbol 
3) Subscript numbers after brackets 
multiply everything inside the 
brackets by that amount. 

Practice: complete the table to show numbers of 
each atom present in the formula. Answers at end. 



Relative Formula Mass: Mr         sometimes abbreviated as RFM 
 
This is the sum of the Relative Atomic Masses of all the atoms in the substance’s 
formula.  e.g.  The formula for water is H2O. What is its Mr ? 
 

 Add the Relative Atomic Masses of the  atoms involved:    O=16  H=1   
therefore the  relative formula mass of H2O =  1+ 1 + 16  =  18 

Practice: 
 
Work out the Relative Formula Mass of: 
 

Hydrochloric acid  HCl 
Methane   CH4 

Carbon disulphide  CS2 

Copper sulphate  CuSO4 

Magnesium hydroxide  Mg(OH)2 

       … answers at the end 



Magnesium has three isotopes. Their 
abundances are   24Mg 79%, 25Mg 10%, 
26Mg 11%.  Calculate the relative 
atomic mass of magnesium: 
 
Mr  = (79 x 24) +  (10 x 25)  + (11 x 26) 
            100                 100             100 
 
      = 18.96              + 2.5         + 2.86   
 
      = 24.32   

Answers 

Work out the Relative 
Formula Mass of: 
 
HCl 
CH4 

CS2 

CuSO4 

Mg(OH)2 

36.5 
16 
76 
160 
58 


