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What to expect in this lesson?
Structure of Matter

The kinetic theory of matter 

Density 

Water

State changes

Calculations



The Kinetic Theory of Matter

• Particles (atoms and molecules) are in continuous 
motion

• They exert strong electrostatic forces on each other 
when they are close together 

• The forces are attractive or repulsive

• Attractive forces hold particles together 

• Repulsive forces cause matter to resist compression

• The kinetic theory of matter is a model used to 
explain these interactions and  the existence of solid, 
liquid and gaseous states



Solids

• The attractive and repulsive forces between 
the particles which make the solid structure 
are balanced

• This means the solid keeps a definite shape 
and volume

• The individual particles which make the solid 
still vibrate

• They form a solid crystalline shape



A Solid Structure



Crystals

• Have hard flat sides and 
straight edges

• Crystals of the same sub 
stance have the same 
shape – even if the crystal 
itself is a different size

• Crystals can grow when a 
liquid evaporates leaving 
the solid dissolved 
substances behind



Liquids

• The particles are still close together and 
touching 

• This means they have a definite volume but 
not shape

• They move rapidly over each other and will 
take the shape of the container they are 
poured into. 

• Particles at the surface will evaporate as they 
have more energy than others in the liquid



Liquid



Gases

• Particles in a gas are completely separate from 
each other

• They are much less dense than solids or 
liquids

• They can be compressed into a smaller space

• They move very rapidly at freezing point the 
gases in air move at about 500 m/s

• They exert pressure as the particles collide 
with the container walls



Gas particles move randomly



State Changes Summarised



DENSITY
• Density is used to describe the mass per unit volume of a 

given substance

• It is calculated as 

Density  =    Mass  /  Volume

• The density of lead is 11g/cm3

• This means that a piece of lead of volume 1cm3 has a mass of 
11g

• A volume of 5cm3 of lead would have a mass of 55g



Density Calculations 

• In this calculations d means density, m is for 
mass, V is volume 

• If d = m/v  then this can be rearranged such 
that

• M = v X d      AND    V = m/d 



Density Magic Triangle



Importance of density

• If we know the density we 
can calculate the volume. 

• Engineers can then work 
out the weight a given 
structure will exert

• They know the volume of 
the materials that can be 
used



FLOATING AND SINKING

• An object will sink in a 
fluid if the fluid is less 
dense than the object

• An object will float if 
the density is less or 
equal to the fluid 
medium



Water an unusual liquid 

• In water molecules the bonding electrons are not shared 
equally between the Hydrogen and oxygen atoms 

• They are pulled more toward the oxygen atom

• This means the oxygen has a slight positive charge and the 
hydrogen atoms a negative charge. 

• Water is said to be a POLAR MOLECULE 

• This also means that a positive region of one water molecule 
attracts the negative region of another

• In the liquid state water molecules attract each other 

• This is the structure that also holds ice together



Bonding Between Water Molecules



Hydrogen bonding in water

• As water cools to below 4 degrees the molecules arrange themselves so 

that they take up more space than at room temperature

• Water becomes LESS dense as it cools toward its freezing point

• At freezing point the crystalline structure of ice is a tetrahedral shape  held 

together by hydrogen bonds between the water molecules

• Ice is less dense than water

• This means that a layer of ice on a water body forms an insulating layer, 

meaning that  large bodies of water will not freeze – so more life will 

survive in cold environmental conditiuonsd



Hydrogen bonding between water 
molecules



A pond in winter



Changing state

• The different states in which matter exists under particular conditions and 
how the state may respond to changes in temperature and pressure.

• As temperature is increased the volume of space occupied increases – this 
is called EXPANSION

• As temperature is reduced the volume of space the substance occupies 
decreases, this is called CONTRACTION

• The effect is much more pronounced for gases. The volume of a fixed 
amount of gas can be reduced by reducing the amount of space it 
occupies – gases are said to be COMPRESSIBLE 



Contraction is the opposite of 
expansion



Solid to liquid
• To change into a liquid a solid must receive heat energy

• To melt 1kg of ice at freezing point into 1kg of water the ice 
must receive 340 000 Joules of energy

• This is called Latent heat – because the ice any warmer it stays 
at freezing point until all the ice has melted 

• The opposite would mean that 340 000 Joules of energy 
would need to be taken away from 1kg of water. 

• This number is called “The specific latent heat of fusion of 
water” (in physics fusion means melting)

• The SPLHF of any substance is the amount of energy in joules 
needed to melt 1Kg of the solid without changing the 
temperature. The unit is J/Kg



State changes



Changing melting point

• Add impurities: 

For liquids adding impurities tends to reduce the melting point – salted water 
freezes at less than zero degrees. 

This is why in cold countries like the UK salt is sprayed on the roads 

This is why antifreeze is added to water sprays in the car and how de-icer 
works.

• Change the pressure: 

Increasing pressure lowers the melting point of solid substances



Liquid to Gas
• When water is heated to 100 degrees it starts to boil – it will 

stay at that temperature until all the liquid has changed state 
into vapour (gas)

• The heat energy is used  as latent heat – it is breaking the 
attractive forces between the water molecules. It is also 
pushing back on the pressure from the atmosphere.

• The energy needed to boil 1Kg of water is 2, 300 000 joules. 

• In an opposite way 1kg of steam will CONDENSE Into a liquid 
at 100 degrees and will lose 2, 300 000 joules of energy

• This number is the “Specific latent heat of vaporisation of 
water” So, the SLHV is – The amount of energy in joules 
needed to boil 1kg of the liquid to gas without changing the 
temperature



Changing the boiling point

• Adding impurities raises the boiling point of water

• Reducing pressure lowers the boiling point of water

This is  because the particles in the liquid do not need as much energy to 
overcome the pressure of the atmosphere

This why water boils at 70 degrees on the summit of Mt Everest

In the opposite way increasing pressure raises the boiling point of water – this 
is how pressure cookers work. 

The boiling point of water is increased to 120 degrees.



Evaporation
• Some liquid particles can change state without boiling

• The liquid is said to evaporating

• Evaporation causes cooling : 

Liquid on the body will change state by evaporating because 
heat energy is transferred through it – we feel cooler

We sweat in hot weather as a cooling mechanism – the sweat 
takes in latent heat from your body and it is evaporated. 

In the gaseous state water is called water vapour – it can 
condense in the atmosphere forming clouds or fog.  



Pressure and state changes



Energy needed to change state

• This can be expressed in the following 
relationship: 

Energy needed to change state = 

Specific latent heat   X    Mass   (Q = m X lf)

M = Q/lf          lf = Q/M



Magic triangle

Q

M                   X              lf



Summary points on state changes
• Substances are given latent heat before they can melt or boil. 

• The energy is needed to overcome the forces between the molecules

• The specific latent heat of fusion (melting) or vaporisation is the amount 
of energy needed to change the state of 1kg of the substance without  
changing its temperature. 

• Evaporation depends on the temperature, the moisture c content of the 
air, the wind and surface area

• Impurities or pressure changes affect the melting point and boiling point

1. Impurities raise the boiling point of a liquid substance 

2. Reducing pressure lowers the boiling point of a liquid substance 

• When liquids evaporate the cool down – this how a fridge works



Extra Work for BGCSE Students  

“Assignment – Matter”

For extra practice, download past papers from 
www.TheStudentShed.com

http://www.thestudentshed.com/

