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KS3 Science 
Unit 7G  Particle model of solids, liquids and gases  
Unit 8E  Atoms and elements  
Unit 9M  Investigating scientific questions 
 
KS4 Chemistry  How do structures influence the properties and uses of substances? 
 
Water – an unusual liquid 
 
Using a tray and some marbles you can make a model of a liquid, which could be water, but might 
be any liquid at all.  The marbles represent individual molecules. 
 
The particles are close together, but free 
to move around each other. 
 

Click on the picture  
 
The liquid takes the shape of its 
container, in this case the tray. 
 
Shaking the tray gives the particles 
energy and, when the tray is tilted, the 
liquid flows . . and flows back again. 
 
When the shaking stops, the particles 
have less energy.  They stop moving and 
the liquid has frozen or solidified. 
The particles are fixed in a regular 
pattern, which could be a crystal. 
 
Now watch as our “crystal” is warmed. 
 

Click on the picture  
 
The particles gain energy, our crystal 
melts. 
 
As more energy is added, the liquid 
evaporates, particles escape. 
 
With even more energy, the particles 
separate and we have a gas or vapour.  
Each particle is free to move and collides 
often with other particles and the sides of 
the container. 
 
As the particles hit the walls of the tray, 
they exert a pressure – just like real gas 
particles in a container. 
 
Reducing the energy (less shaking) allows the gas to cool. As particles lose energy, they 
condense to a liquid.  As they lose more energy, the liquid freezes or solidifies. 
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The three states of matter can be described as: 
the gas phase – widely spaced, freely moving particles 

 the liquid phase – particles close together, some space with freedom to move around 
 the solid phase – minimum space between particles, movement limited to vibration 
 
So, you would expect a substance to become denser as it changes from gas to liquid to solid. 
 
This is generally true . . but what about water? 
 
All in a cup of water 
 
Water is a slightly peculiar liquid.  This is important, because life on Earth depends on water, and 
on its peculiar properties. 
 
Each water molecule has two hydrogen atoms and one oxygen atom   
We write the formula as H2O    Here is a typical molecular model. 
 
Notice that the molecule is “lop-sided”.  The hydrogen atoms stick out 
to one side, the oxygen atom to the other side. 
 
A molecule such as water is covalent (held together by sharing electrons, the negative particles 
inside atoms).  Oxygen is “greedy” so the sharing is not quite fair.  It has a greater share of 
electrons, making the oxygen side slightly negative, leaving the hydrogens slightly positive. 
 
Positive and negative attract, so when a number of water 
molecules come close together, they are slightly “sticky” and 
often go around in small groups, twos, threes or more.   
 
When you heat water (add energy), some of the energy must 
be used to break up these groups . . . 

 
 
 
Then more energy is 
required to make the  
molecules separate and 
move around as a gas  
or vapour. 
 
 
 

As the vapour cools and becomes liquid, the groups of 
molecules are formed again . . . 

 
and these get bigger as  
the temperature falls . . . 
 
eventually, the molecules stick 
together and become solid . . . 
 
. . . we call it ice.   
 
But can you see spaces inside it? 

 



Philip Harris – Publications & Technical Support, Hyde Buildings. Ashton Road, Hyde  SK14 4SH 
0845 120 4520    techsupport@philipharris.co.uk     September 2008 

Water molecules have these small positive and negative 
charges in particular positions around the molecule.   
We say water has a “polar” molecule. 
 
When the molecules form into groups, they do not pack 
together as tightly as the particles in a normal liquid or solid.  
Instead they form into pentagonal and hexagonal rings, with 
spaces inside.  
 
So ice has more space in it than liquid water, and this makes 
ice less dense than liquid water.  Ice floats!   
Not so good for the Titanic, but very important for any creature that lives in water. 
 
Ice forms and floats on top of any pond or lake.  Ice is a poor conductor of heat and this reduces 
the heat loss from the water under the ice. Good news for the fish! 
 
One more thing . . . 
 
Sodium chloride (common salt) is an example of an ionic substance.   
It is composed of positive sodium ions and negative chloride ions.  Attraction between these 
opposite charges is what holds sodium chloride crystals together. 
 
When a substance such as sodium 
chloride dissolves in water, positive 
and negative ions break away from 
the crystal. 
 
As soon as a sodium ion, or chloride 
ion is free to move, the polar water 
molecules are attracted to it. 
 
 
The water molecules form a kind of 
“cloak” around each ion.  This 
insulates and separates the ions, and 
holds them in solution. 
 

 
Using the ideas shown here, it is possible to 
explain many of the properties of water, and to 
understand water’s interaction with other 
substances. 
 
How would you explain the fact that some ionic 
substances are insoluble?  Hint: how do the 
attractive forces between water molecules 
compare, with the forces between positive and 
negative ions? 
 
The Cup of Water is available from Philip 
Harris, B8R00070.  The Sodium chloride 
Model is also available, B8R01490. 


