
Covalent compounds and 
separation techniques 

C2 Topic 3 



Covalent compounds 

C2 Topic 3: Part 1 



• Atoms of different elements can combine to form molecules 
or compounds by the formation of new chemical bonds 

• Bonds involve the electrons in the outer shells of atoms 

Why do atoms form bonds? 

1st shell holds a maximum of 2 
electrons 

2nd shell holds a maximum of 8 
electrons 

3rd shell holds a maximum of 
8 electrons 

• Filled electron shells are very stable 



• The atoms of noble gases have completely full outer shells 
and so are stable 

• This makes  the noble gases very unreactive  

     and so they do not usually form bonds 

Why do atoms form bonds? 

• The atoms of other elements have 
incomplete outer electron shells 
and so are unstable 

• By forming bonds, the atoms of 
these elements are able to have 
filled outer shells and become stable 



• Different types of bonds are formed depending on 
the atoms involved: 

 

- Ionic bonding: between metal and non-metal atoms 

- Covalent bonding: between non-metal atoms only 

- Metallic bonding: between metal atoms only 

 

• All bonds involve electrons and all bonding involves 
changes to the number of electrons in the outer shell 

Types of bonding 



• Non-metal atoms are held together by shared pairs 
of electrons, which form covalent bonds 

 

• The electrons used in these bonds come from the 
outermost electron shells of the atoms 

 

• Covalent bonding results in the formation of 
molecules 

Covalent bonding 



• Covalent bonds can form between atoms of the same 
element. For example, in hydrogen gas two hydrogen atoms 
form one hydrogen molecule 

 

 

 

 

• Each atom contributes one electron to the covalent bond 
allowing both atoms to have a full outer electron shell (the 1st 
shell can only have 2 electrons). This is a single covalent bond 

 

• Hydrogen, H2 is a diatomic molecule 

Simple molecular, covalent 
molecules 

H H H H 



• Covalent bonds also form between atoms of 
different non-metal elements  

 

 

 

 

 

 

Simple molecular, covalent compounds 



• Atoms can share more than one pair of electrons 
 

• Two pairs of shared electrons form a double covalent 
bond 

Simple molecular, covalent compounds 



• These substances have low melting and boiling points as they 
have weak forces between neighbouring molecules 

 

 

 

 

 

 

 

• An electric current is a flow of charged particles. The atoms in 
these molecules have not lost or gained electrons, so there 
are no charged particles that can move around. These 
substances are poor conductors of electricity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Simple molecular, covalent compounds 



• They have high melting and boiling points 
because all atoms are joined to other atoms 
by strong covalent bonds 

 

• Carbon can form two different types of giant 
molecular structure: 

- diamond (very hard) 

- graphite (very soft) 

Giant molecular, covalent compounds 
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Diamond and graphite 

Diamond Graphite 

Very hard  Very soft 

Does not conduct electricity (no free 
electrons or charged particles to move 
around) 

Conducts electricity (one electron from 
each carbon atom can move along the 
layers) 

x4 

x3 



Although they are both giant covalent, 
molecular substances and forms of carbon: 

 

• diamond is used in cutting tools 

 

• graphite is used as a lubricant and to make 
electrodes 

Uses of diamond and graphite 
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Separation techniques 

C2 Topic 3: Part 2 



• Liquids that do not mix completely with each other 

• Can be separated using a separating funnel 

Immiscible liquids 

- When you open the tap, 
the water runs out and can 
be collected in a beaker 

- You then close the tap 
before the oil starts to run 
out 

- Put another beaker under 
the funnel then open the 
tap to collect the oil 
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• Liquids that dissolve in each other 

• Their particles mix completely to make a 
solution 

• They do not separate out once mixed  

• They can only be separated by fractional 
distillation (because they have different 
boiling points) 

Miscible liquids 



• First, the air has to be turned into a mixture of liquids: 

- The air is cooled so the water freezes and can be removed 

- The remaining air is cooled to -200°C when it is liquefied 

• In the fractionating column: 

- Liquid air is warmed up to -185°C 

- This causes all of the nitrogen to evaporate and rise up the 
column 

- Most of the oxygen stays as a liquid and is piped out of the 
bottom of the column. The oxygen that does evaporate 
condenses again at the top of the column and runs back down 
to the bottom 

Fractional distillation of air 



Fractional distillation of air 



• Inks, paints and foods often contain mixtures 
of coloured compounds 

 

• Chromatography can be used to find out 
which colourings are in these substances 

 

• Some coloured compounds dissolve better in 
a solvent than others (they have different 
solubilities). This is used to separate different 
components of mixtures in chromatography 

 

Chromatography 



• In paper chromatography, samples are placed 
near the bottom 

• The solvent then soaks up the paper 

• The different components of a mixture are 
carried at different speeds so they are 
separated 

• The paper with the separated components on 
it is called a chromatogram 

Paper chromatography 



Paper chromatography 



• The Rf value is the distance the compound has 
risen divided by the distance the solvent has 
risen 

 

Rf value = distance moved by compound 

                 distance moved by solvent 

 

• Rf values can be used to identify compounds 

Rf values 



• Scientists at the Food Standards Agency use 
chromatography to separate and identify food 
colourings to help keep our food safe 

• The police use chromatography to analyse 
DNA samples in forensics 

• For analysis of paints and dyes 

 

Uses of chromatography 


