
 

 

Elements and the Periodic Table: 

Everything in the world is made up of substances called elements. The elements 

are organised in the periodic table. 

 

An element is a substance that contains only one type of atom. 

 

Elements are represented in the periodic table by their symbol, name and atomic 

number. Each element has its own atomic number 

 

Solids, liquids and gases 

The periodic table is used to organise different elements. They can be identified 

by being solid, liquid or gases at room temperature, being metal or non-metal, or 

man-made or naturally occurring. 

 

 

 

 

 

 

 

 

 

Only two elements are liquids at room temperature.  

Mercury  symbol Hg   atomic number 80 

Bromine  symbol Br   atomic number 35 

 

Eleven elements are gases at room temperature. These are listed below along with 

their symbols: 

Unit 1: Atomic structure  



 

Hydrogen, H  Helium, He   Nitrogen, N 

Oxygen, O   Fluorine, F   Chlorine, Cl 

Neon, Ne    Argon, Ar    Xenon, Xe  

Radon, Ra    Krypton, Kr 

 

Metals & Non Metals 

Left of the line are metals, right of the line are non-metals.  

Metals have the following properties: 

• Good conductors of Heat 

• Good conductors of electricity 

• Can be hammered into shape (malleable) 
Most of the elements are metals.  Page 6 of the data booklet shows the metal and 

non-metal elements. 

 

 

 

 

 

 

 

 

Elements that have an atomic number higher than uranium – number 92 – are man-

made rather than naturally occurring. 

 

Groups and Periods in the periodic table: 
 
A group is a column in the periodic table. Elements in the same group all show 
similar properties – they act in the same way.  

Each row in the modern Periodic Table is called a period.   

 

 



Families of elements 

Group 1 - The Alkali Metals 

The alkali metals are all very reactive.  All the alkali metals are stored underoil 

which prevents them from reacting with oxygen or water in the air.  

Group 1 metals are soft and most can be cut easily with a knife. 

Group 7 - The Halogens 

The halogens are all nonmetals  and they are all very reactive. As you go down the 

group, the physical states of the elements change; chlorine and fluorine are gases, 

bromine is a liquid and iodine is a solid. 

The Halogens are: Fluorine (F 2), Chlorine (Cl2), Bromine (Br2) and Iodine (I2) are 

diatomic which means that 2 atoms are bonded together. 

Group 8 - The Noble Gases 

These gases are the non-reactive elements and are called “noble” to suggest that 

they do not join up easily with other elements, these elements used to be called the 

‘inert’ gases, which means totally unreactive. Argon is used in light bulbs (because 

it is so unreactive) and argon, krypton and neon are used in fancy lights in cities,  

 

The Transition Metals 

These are in a block in the centre of the periodic table.  Transition metals have many 

uses including being used as catalysts. 

 

 

Period  → 

Group 

    



Atomic Structure: 

The Atom 

Everything in the world is made up of atoms. The structure of atoms is what gives 

elements their chemical and physical properties. 

Particles in an atom 

Atoms contain three smaller particles: Atoms contain 3 types of particles 

1. protons  

2. neutrons  

3. electrons 

Each atom has its own special arrangement of particles. The figure below shows 

the arrangement of particles in an atom of helium. 

 

 

 

 

 

 

 

 

 

The protons and neutrons are found in the centre of the atom – the nucleus.  

Nucleus: The centre of the atom where the protons and neutrons are found. The 

nucleus has an overall positive charge. Protons have a positive charge and 

neutrons have no charge giving the nucleus an overall positive charge. Electrons 

have a negative charge. 

 

Particle Charge Mass (amu) Where in atom? 

Proton +1 1 In nucleus  

Neutron 0 1 In nucleus 

Electron  -1 Almost 0 Orbiting nucleus 

 



Atomic Number 

The atomic number is the number of protons in the nucleus of an atom. It is also 

equal to the number of electrons which orbit around the nucleus of an atom. 

 

 

Atomic Number = no. protons  

           (Also = no. electrons in a neutral atom)  

 

 

Mass Number 

This is the name given to the number of:  protons + neutrons 

For example, an atom of sodium which contains 11 protons and 12 neutrons would 

have a mass number of 23. This is equal to the mass of the atom in atomic mass 

numbers. 

 

 

Mass Number = no. protons + no. neutrons 

 

Nuclide Notation 

We can represent atoms in the following way: 

 

 

 

This is called nuclide notation.  

The atomic number is shown on the bottom left of the symbol and the mas number 

on the top left.   

In this example: 

Number of protons  = 9   (same as atomic number) 

Number of electrons = 9   (same as number of protons) 

Number of neutrons = 19-9 =10  (mass number – atomic number) 



Mass number and isotopes  

 

 

 

 

We can see that the difference between the isotopes is that they have different 

mass numbers. They have different mass numbers because they have different 

numbers of neutrons. 

The atoms are said to be isotopes of hydrogen. Isotopes are atoms with the same 

atomic number but different mass numbers.  

Electrons are so light in comparison to protons and neutrons; the mass of an atom is 

determined by the total number of protons and neutrons in the nucleus.  

For any element, the number of protons in the nucleus of its atoms is fixed and is 

referred to as the atomic number. The number of neutrons can vary and can be 

calculated by subtracting the atomic number from the mass number.  

Mass number - atomic number = number of neutrons  

    

 

 

 

 

 

      

 

These atoms are said to be isotopes of hydrogen. Isotopes are atoms with the same 

atomic number but different mass numbers.  
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Definition 

Atoms with t he same ATOMIC NUMBER  but different MASS NUMBERS 

are called ISOTOPES. They are atoms of the same element but have 

different numbers of neutrons. 
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Symbol Cl Cl 

Atomic Number 17 17 

Number of Protons 17 17 

Number of electrons 17 17 

Mass Number 35 37 

Number of Neutrons 35-17 =18 37-17=20 

 

 

Compounds and Formulae 

A compound is a substance that is made up of two or more elements that are 

chemically joined together.   

Since they are joined together, it is difficult to separate out the elements that make 

up the compound … energy must be supplied to do this, e.g. silver oxide can be 

broken up into silver and oxygen by heat energy, electrical energy can be used to 

break up copper chloride solution. 

Compounds are formed when elements join together. 

Isotopes have the same Isotopes have different 

ATOMIC NUMBER    MASS NUMBERS 

NUMBER OF PROTONS NUMBER OF NEUTRONS 



 

 

 

 

Definition 

A compound is a substance that is made up of two or more elements that are 

chemically joined together.   

 

There are millions of different compounds in the world and they have a variety of 

uses – their properties depend on the type of bonding present in these compounds. 

Naming Compounds: 

The naming of a compound can be worked out using these rules. 

1. Rule one: 

The element that is furthest left in the periodic table comes first, eg Sodium 
Chloride/Carbon dioxide 

2. Rule two: 

If there are only two elements in the compound then the compound name ends in –
ide, eg A compound of copper and sulfur is called copper sulfide.  

3. Rule three: 

If the compound contains three elements one of which is oxygen then the compound 
name will end in –ate or –ite, eg Calcium carbonate contains calcium, carbon and 
oxygen. 

The exception to these rules is hydroxide – compounds with a “hydroxide” ending 
contain three elements, including hydrogen and oxygen. 

 

In summary … 

The names of compounds tell us the elements which they contain. 

-IDE  contains the 2 elements obvious from the name 

-ATE  contains the 2 elements obvious from the name plus oxygen 

-ITE    contains the 2 elements obvious from the name plus oxygen 



Chemical Formulae 

The chemical formula of a molecule shows the number of atoms of each element 

in the molecule. For example, the formula for carbon hydride is CH4.  

 

This tells us that there are four hydrogen atoms bonded to one carbon atom. If a 

molecule contains only one of a certain atoms there is no need to put a '1' in the 

formula. For example, the formula of hydrogen chloride is HCl and not H1Cl1. 

 

Using prefixes  

For compounds that contain prefixes we can use the prefix to tell us the number 

of atoms. 

 

Prefix Number of atoms 

Mono- One 

Di- Two 

Tri- Three 

Tetra- Four 

Penta- Five 

Hexa- Six 

 

Dinitrogen monoxide has the formula N2O  

Phosphorus pentachloride has the formula PCl5  

When you see one of the prefixes in a formula you do not use valencies to work out 

the formula. 

 

Example: Uranium hexafluoride 

 

 

 

Uranium hexafluoride has the formula: UF6 

 

  

U x 1 

F x 6 



Valency 

In the unit on carbon chemistry, we met molecular formulae for substances like 

water, H2O, and methane CH4. We were able to draw structures for molecules by 

knowing that hydrogen makes one bond, oxygen two bonds, and carbon four bonds. 

The number of bonds an atom makes is the valency of the atom.  

We need to learn a simple rule which will allow us to determine the correct 

formula for any compound. The rule is called the VALENCY RULE. The valency 

tells us how many bonds the atom will form and is related to the number of 

unpaired electrons in their outer shell.  

The valency of many elements can be determined from their position in the 

Periodic Table. 

 

Group 

Number 
1 2 3 4 5 6 7 0 

Valency 1 2 3 4 3 2 1 0 

 

 

 

 

 

 

 

 

 

 

 

The valency of many elements can be determined from their position in the 
Periodic Table. This means that all the elements in group 1 have a valency of 1 
and so on.  

The valency of an atom can be considered as its combining power i.e. how many 
bonds that atom will make. 

Example 1 Work out the simple formula for the compound formed between silicon 
and oxygen.  

 



 

Step 1  Write the symbols for each element .            

Step 2   Identify their valencies  

  (from group number) 

Step 3   Swap over the valencies 

  

Step 4   Divide by common factor 

Step 5    Omit ‘1’ if present   

Formula: SiO2 

 

Example 2 Work out the simple formula for the compound formed between 
phosphorus and chlorine, phosphorus chloride.  

 

Step 1  Write the symbols for each element  

Step 2   Identify their valencies  

  (from group number) 

Step 3   Swap over the valencies 

  

Step 4   Divide by common factor 

Step 5    Omit ‘1’ if present 

Formula: PCl3 

   
Example 3 write the formula for calcium phosphide 
 

Step 1  Write the symbols for each element  

Step 2   Identify their valencies  

  (from group number) 

Step 3   Swap over the valencies 

Step 4   Divide by common factor 

Formula: Ca 2 P2 

P Cl 

3 1 

P 1 Cl 3 

 

P 1 Cl 3 

P Cl 3 

Si  O 

4 2 

Si 2 O 4 

 

Si 1 O2 

Si O 2 

Ca P 

2 3 

Ca 3  P 2 

 

Ca 3 P2 

 

S 
 
V 
 
S 
 
D 
 
F 
 



The first 2 examples are covalent and don’t have any charge however example 3 is 
ionic and sometimes ionic formula is asked for. 

Converting chemical formula to ionic formula 

 

 

 

 

 

 

Simply add the charges (using the table to help) to the ions, for example 
magnesium oxide, MgO becomes Mg2+O2-. 

If there is more than one ion of a particular type, it is put in brackets. For 
example, the chemical formula for magnesium chloride is MgCl2. The ionic formula 
is Mg 2+ (Cl-) 2.  

*Note that the 2 is placed outside the bracket. 

Calcium phosphide Ca 3 P 2  becomes (Ca 2+) 3 (P 3-)2 

*note that the 3 and the 2  are placed outside the bracket. 

 

Writing formula for compounds containing Transition Metals 

Valencies of transition metals  

The table before showed the valencies of elements in different groups. It does not 

show the valencies of transition metals. This is because transition metals can have 

more than one valency. The valency of a transition metal is shown by using Roman 

numerals in the name of a compound.  

e.g. Iron (III) oxide contains iron with a valency of three (Fe3+) 

Number Roman Numeral Charge  

1 (I) + 

2 (II) 2+ 

3 (III) 3+ 

4 (IV) 4+ 

5 (V) 5+ 

6 (VI) 6+ 

4+ 

4- 



Example 1 Work out the simple formula for Iron(III) chloride 

 

Step 1  Write the symbols for each element .            

Step 2   Identify their valencies  

  (from group number) 

Step 3   Swap over the valencies 

  

Step 4   Divide by common factor 

Step 5    Omit ‘1’ if present   

Formula: FeCl3 

 

 

 

Example 2 Work out the simple formula for Zinc (II) oxide 

 

Step 1  Write the symbols for each element  

Step 2   Identify their valencies  

  (from group number) 

Step 3   Swap over the valencies 

 

Step 4   Divide by common factor 

Step 5    Omit ‘1’ if present 

Formula: ZnO 

   
 
The ionic formula for compounds containing transition metals is worked out in 

exactly the same way as the ionic formula for non-transition metal compounds. 

 
Note the roman numeral does not tell how many metal ions there 

are only how many bonds the transition metal can make 

 

Fe Cl 

3 1 

Fe 1 Cl 3 

 

Fe 1 Cl3 

Fe Cl 3 

Zn O 

2 2 

Zn 2 O 2 

 

Zn 1 O 1 

Zn O  



Example 3 write the formula for copper (I) oxide  
 

Step 1  Write the symbols for each element  

Step 2   Identify their valencies  

  (from group number) 

Step 3   Swap over the valencies 

  

Step 4   Divide by common factor  

Step 5    Omit ‘1’ if present 

 

Formula: Cu 2 O 

 

Simply add the charges (using the table to help) to the ions, for example Copper 

(II) oxide, CuO becomes Cu 2+ O2-. 

If there is more than one ion of a particular type, it is put in brackets. For 
example, the chemical formula for Copper (I) oxide is Cu2O. The ionic formula is 
(Cu+) 2 O2- .  

*Note that the 2 is placed outside the bracket. 

 

Group ions – Ions containing more than one kind of atom 

A number of ions consist of a group of atoms which tend to stay together during 

reactions.  

These are known as group ions. 

The sulphate ion, for example, contains sulphur and oxygen. The formula for the 

sulphate ion is SO4
2-. The charge is on the whole group and not on any particular 

ion. 

SO4
2- 

The presence of a group ion can usually be recognised from the –ate or –ite name 

ending which indicates the presence of oxygen. The exceptions are the ammonium 

ion and the hydroxide ion. 

Apart from the ammonium ion all group ions have a negative charge and behave in 

the same way as non-metal ions. Ammonium is the only positively charged group 

ion and behaves in the same way as metal ions. 

The formula of group ions can be found on page 8 of the data booklet. 

Cu O 

1 2 

Cu 2  O 1 

 

Cu 2 O1 

    Cu 2 O  

      

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We can use the crossing of valencies method to calculate the formula of a 

substance containing a complex ion. 
 

 

Example1 Work out the simple formula for Magnesium sulphate 

 

Step 1  Write the symbols for each element  

Step 2   Identify their valencies  

  (from group number) 

Step 3   Swap over the valencies 

 

Step 4   Divide by common factor 

Step 5    Omit ‘1’ if present 

Formula Mg SO4   

 

 

 

 

 

Group Ion Formula Valency 

carbonate CO3
2- 2 

nitrate NO3
- 1 

sulphate SO4
2- 2 

phosphate PO4
3- 3 

hydroxide OH- 1 

sulphite SO3
2- 2 

ammonium NH4
+ 1 

permanganate MnO4
- 1 

chromate CrO4
2- 2 

dichromate Cr2O7
2- 2 

Mg SO4 

2 2 

    Mg 2 (SO4)2 

 

Mg 2 (SO4)2 

Mg 1 (SO4)1 

 



Example 2 Work out the simple formula for Sodium carbonate 

 

Step 1  Write the symbols for each element  

Step 2   Identify their valencies  

  (from group number) 

Step 3   Swap over the valencies 

 

Step 4   Divide by common factor 

Step 5    Omit ‘1’ if present 

 

Formula Na 2 CO3
  

If the formula has 2 or more group ions in it, the ions must be bracketed 

e.g. calcium hydroxide   Ca (OH-)2  

 

Work out the simple formula for Iron (III) bromide 

 

Step 1  Write the symbols for each element .            

Step 2   Identify their valencies  

  (from group valency and the roman numerals) 

Step 3   Swap over the valencies 

  

Step 4   Divide by common factor 

Step 5    Omit ‘1’ if present   

Formula: FeCl3 

 

 

 

 

 

 

Na CO3
2- 

1 2 

Na 2   (CO3
 ) 1 

 

Na 2 (CO3
 )1 

Na 2 (CO3
 ) 

Fe Br 

3 1 

Fe 1 Br 3 

 

Fe 1 Br3 

Fe Br 3 



Example Work out the simple formula for Potassium permanganate 

 

Step 1  Write the symbols for each element
  

Step 2   Identify their valencies  

 (from group valency and the charge on group ion) 

Step 3   Swap over the valencies 

 

Step 4   Divide by common factor 

Step 5    Omit ‘1’ if present 

 

Formula K MnO4 

 

Ionic formula using valency  

Metal atoms loose electrons forming positive ions.  

Their valency  number shows how many electrons they lose and therefor what 

positive charge an ion will have 

 

Na group 1,  valency 1,   Na+ 

Mg group 2, valency 2,   Mg2+ 

Al group 3, valency 3,    Al3+ 

 

Non-metal atoms gain electrons forming negative ions.  

Their valency number shows how many electrons they gain and therefor what 

charge the negative ion will have 

 

F group 7,  valency 1,  F- 

S group 6, valency 2,   S2- 

N group 5, valency 3,   

 

K MnO4
- 

1 1 

     

K 1 (MnO4)1 

 

K 1 (MnO4)1 

K MnO4 

 

Metals loose electrons  

All to achieve the same electron arrangement as the 

noble gas in the period before 

2,8 same as neon 2,8 

 

Non-metals gain electrons. 

This time group number plus charge to make 8 

Fluorine group 7 gains 1  

Sulphur group 6 gains 2 etc… 

All to achieve the same electron arrangement as the 

noble gas in the same period  i.e same as neon 2,8 

 



The ionic formula for compounds containing transition metals is worked out in 

exactly the same way as the ionic formula for non-transition metal compounds.  

For example, Copper (II) oxide 

Cu2+  

  

 
 
Add the charges (using the table to help) to the ions, for example Copper (II) 

oxide, CuO becomes Cu 2+ O2-. 

 

When writing ionic formula If there is more than one of each ion, it is put in 
brackets.  

For example, the chemical formula for Copper (I) oxide using the rule is. Cu2O 

The ionic formula is (Cu+) 2 O
2- .  

*Note that the 2 is placed outside the bracket. 

 

The ionic formula for compounds containing group ions is worked out by looking at 

the charge given in the data book and then in the same way as the ionic formula. 

Mg 2+ SO4 
2-  

 

 

 

 

Ionic formulae 

We can use the crossing of valencies method to calculate the ionic formula of a 

substance containing a both a transition metal and a group  ion. 

 

 

 

 

 

 

 

 

(II) means 2+  not 2 ions  

 

2- charge from formula 

 2+ group 2 metal 

 



Example Work out the simple formula for Iron (II) sulphate 

 

Step 1  Write the symbols for each element 

Step 2   Identify their valencies  

    (from roman numeral and the charge on group 

ion) 

 

Step 3   Swap over the valencies 

Step 4   Divide by common factor 

Step 5   Omit ‘1’ if present 

 

 

Identify positive the ion -Fe2+ and the negative ion -SO4
2- 

Add ions to formula  to make the ionic formula Fe2+ SO4 
2- 

 

Example 2 Work out the simple formula for Iron (III) carbonate 

Step 1  Write the symbols for each element

  

Step 2   Identify their valencies  

  (from roman numeral and the charge on group ion) 

Step 3   Swap over the valencies 

Step 4   Divide by common factor 

Step 5    Omit ‘1’ if present 

 

Formula Fe 2 (CO3 )2 

Identify positive the ion -Fe3+ and the negative ion -CO3
2- 

Ionic formula (Fe3+) 2 (CO3
2-)3

 

 

If the formula has 2 or more group ions in it, the ions must be bracketed 

Notice that there is an equal number of positives and negatives  

(Fe3+) 2   = 6+      (CO3
2-)3  =6- 

  

      Fe(II) SO4 

2   2 

    Fe 2 (SO4)2 

 

Fe2 (SO4)2 

Fe 1 (SO4)1 

 

Fe(III)   CO3
2- 

   3         2 

Fe 2   (CO3
 ) 3 

 

Fe 2 (CO3
 )3 

 



How to write chemical equations   (Nat 4) 

Word Equations 

In a chemical reaction, substances present at the start (reactants) change to make 
new substances (products): 
 

REACTANTS                      PRODUCTS 

     starting substances reacting                         new substances produced 

e.g. carbon burns in oxygen to become carbon dioxide.   

The starting substances are carbon and oxygen, the new substance formed is 

carbon dioxide. 

This can be written as a word equation : 

 

carbon  +  oxygen  → carbon dioxide 

 

When writing a word equation: 

1. the ‘+’ means ‘and’ 

2. the → means ‘reacts to form’ 

3. the REACTANTS are on the left of the arrow 

4. the PRODUCTS are on the right of the arrow 

 

Chemical Equations 

Equations are mainly written using chemical symbols and formulae. 

Using the example shown above, carbon burns in oxygen to form carbon dioxide : 

carbon  +  oxygen   →     carbon dioxide 
 

is written as: 

 

 

State Symbols: 

State symbols are used to tell us the physical state of the reactants or products in 

a reaction. It can be important to know the physical states of the substances 

involved in a reaction. 

C     +       O2       →     CO2 



There are four state symbols that can be added after the formula of a substance. 

 

 

 

 

 

 

 

 

 

 

Balanced chemical equations 

The following equation represents the chemical reaction of burning methane: 

CH4    +   O2  →        CO2    +    H2O 

 

 

 

Looking at the ‘picture’ of the reaction above we can see that there are more 
atoms of hydrogen on the left-hand side. Atoms can’t just disappear. The ‘missing’ 
hydrogen atoms must have made another water molecule as this is the only 
product which contains hydrogen. 
 
We can also see that there are more atoms of oxygen on the right-hand side. 
Atoms can’t just appear. There must have been more oxygen molecules to begin 
with as this is the only reactant molecule to contain oxygen. 
 
In correcting these two problems we now have: 

 

 

 

And we can write this as a balanced chemical equation: 

CH4   +    2O2          →      CO2   +     2H2O 

A chemical equation is said to be balanced when there are equal numbers of each 
type of  

State Symbol Used 

Solid (s) 

Liquid (l) 

Gas (g) 

Aqueous (dissolved in water) (aq) 



atom on both sides of the equation.  This is logical since atoms are not made or 
destroyed in a chemical reaction.  All of the atoms that were present in the 
reactants are still present in the  
products. 

When balancing chemical equations, using some general rules can make them 

easier :  

• numbers can only be put in front of formulae 

• it is usually advisable to start with the first element on the left-hand side 
and continue  
through the equation 

• it is usually advisable to balance oxygen last 

• always carry out a final check 

 

 


