


From GCSE you should know....
Properties of substances with small molecules
A substance with small molecules has strong covalent bonds that hold the atoms 
together in its molecules. There are weak forces between molecules and their 
neighbours. The structure and bonding of substances with small molecules explains 
their properties.
Low melting points and boiling points
Most substances with simple molecules have low melting points and boiling points. 
Many are in the liquid or gas state at room temperature.

Energy must be transferred to a substance to make it melt or boil. This energy 
overcomes the attractive forces between the particles in the substance:
• some forces of attraction are overcome during melting, allowing molecules to move 
over each other
• more of the forces of attraction are overcome during boiling, allowing the molecules 
to move freely away from each other
The more energy that is needed, the higher the melting point or boiling point. 



There are intermolecular forces between small molecules. 
Intermolecular forces are much weaker than the strong covalent 
bonds in molecules. When small molecular substances melt or boil, 
it is these weak intermolecular forces that are overcome. The 
covalent bonds are not broken. Relatively little energy is needed to 
overcome the intermolecular forces, so small molecular substances 
have low melting and boiling points.

The intermolecular forces between water molecules are stronger 
than those between oxygen molecules.
In general, the bigger the molecule, the stronger the 
intermolecular forces, so the higher the melting and boiling 
points.



But at A-level you will learn more about the different 
kinds of intermolecular forces, IMFs.

Use the information to make some notes on the 3 
different IMFs. There are Qs at the end. I have also 
included a couple of exam question for you to try-
don’t panic if you can’t do all of them. It just gives you 
a sense of what is in store. But I am sure you will pick 
up some marks ☺☺☺



Other useful links....

http://www.knockhardy.org.uk/ppoints_htm_fil
es/15bondpp.ppt

http://www.knockhardy.org.uk/sci_htm_files/15
sandb.pdf

https://www.chemguide.co.uk/atoms/bonding
menu.html

http://www.knockhardy.org.uk/sci_htm_files/15sandb.pdf
http://www.knockhardy.org.uk/sci_htm_files/15sandb.pdf
https://www.chemguide.co.uk/atoms/bondingmenu.html


Bonding part 4 – Intermolecular forces

Van der Waals

The electrons in molecules are not static; they are in a state of 
constant motion. At any given time the distribution of electrons 
will not be symmetrical - there is likely to be a slight surplus of 
electrons on one of the atoms. 

This is known as a temporary dipole. It lasts for a very short time 
as the electrons are constantly moving.



Bonding part 4 – Intermolecular forces

The electrons on an adjacent molecule are repelled by the negative 
part of the dipole and attracted to the positive part, and move 
accordingly.

This is known as an induced dipole. There is a resulting attraction 
between the two molecules, and this known as a Van der Waal's 
force.

Van der Waal's forces are present between all molecules, although 
they can be very weak. 



Bonding part 4 – Intermolecular forces

The strength of the Van der Waal's forces in between molecules depends on two 
factors:

a) Number of electrons in the molecule
The greater the number of electrons in a molecule, the greater the likelihood of 
a distortion and the greater the frequency and magnitude of the temporary 
dipoles. The Van der Waal's forces between the molecules are stronger and the 
melting and boiling points are larger.

Substance He Ne Ar Kr

Number of electrons 2 10 18 36

Melting point /oC -272 -252 -189 -157

Boiling point /oC -269 -250 -186 -152

As the size of the atom increases, the melting and boiling points increase 
because the Van der Waals forces increase.



Bonding part 4 – Intermolecular forces

b) Surface area of the molecules
The larger the surface area of a molecule, the more contact it will have with 
adjacent molecules. The more contact, the greater its ability to induce a dipole in 
an adjacent molecule and the greater the Van der Waal's forces and melting and 
boiling points.

Butane has a larger surface area than 2-methylpropane, although they have 
the same molecular formula (C4H10). Straight-chain molecules always have 

higher boiling points than their isomers with branched chains because the Van 
der Wall’s forces are stronger.



Bonding part 4 – Intermolecular forces

Dipole-Dipole

Polar molecules are those in which there are polar bonds and in 
which the dipoles resulting from the polar bonds do not cancel 

out.

In addition to the Van der Waal's forces caused by temporary 
dipoles, molecules with permanent dipoles are also attracted to 

each other by dipole-dipole bonding. This is an attraction 
between a permanent dipole on one molecule and a permanent 

dipole on another. This results in higher melting and boiling 
points.

- - - - - - - -



Bonding part 4 – Intermolecular forces

Hydrogen Bonding

Hydrogen fluoride has a permanent dipole as there is a large 
difference in electronegativity between hydrogen and fluorine. The 

electrons in this bond are on average much closer to the fluorine 
than the hydrogen. The result of this is that the H atom has almost 
no electron density around its nucleus at all and is therefore very 
small. The H atom is therefore able to approach electronegative 

atoms on adjacent molecules very closely and form a very strong 
intermolecular dipole-dipole bond.

Hydrogen Bond

Examples of substances containing hydrogen bonds are HF, H2O, 
NH3, alcohols, carboxylic acids, amines, acid amides and urea.



Bonding part 4 – Intermolecular forces

The low density of ice is due to hydrogen bonding 

In ice, the water molecules arrange themselves in such a way as to 
maximise the amount of hydrogen bonding between the 

molecules. This results in a very open hexagonal structure with 
large spaces within the crystal. This accounts for its low density.

When the ice melts, the structure collapses into the open spaces 
and the resulting liquid, despite being less ordered, occupies less 

space and is more dense. Therefore ice floats on water.



Other useful links....

http://www.knockhardy.org.uk/ppoints_htm_fil
es/15bondpp.ppt

http://www.knockhardy.org.uk/sci_htm_files/15
sandb.pdf

https://www.chemguide.co.uk/atoms/bonding
menu.html

http://www.knockhardy.org.uk/sci_htm_files/15sandb.pdf
http://www.knockhardy.org.uk/sci_htm_files/15sandb.pdf
https://www.chemguide.co.uk/atoms/bondingmenu.html


Bonding part 4 – QuestionIT

1. What is a temporary dipole?

2.   What is an induced dipole?

3. What 2 factors affect the strength of Van der Waal’s forces?

4.   What is meant by the term ‘polar molecule’?

5.   What is dipole-dipole bonding?

6. Give 3 examples of compounds that experience hydrogen   
bonding.


