
Density 
Density describes how closely packed the particles are in a solid, liq-
uid or gas. It is the amount of mass per unit volume. 
All matter contains particles. The difference between the different 
states of matter is how the particles are arranged: 
 in a solid particles are tightly packed in a regular structure 
 in a liquid particles are tightly packed but free to move past 

each other 
 in a gas particles are spread out and move randomly 
 
 
 
 
 
 
 
 
 
 
 
 
There is little difference between the density of a liquid and its 
corresponding solid (e.g. water and ice). This is because the parti-
cles are tightly packed in both states. In a gas the same number of 
particles are spread further apart than in the liquid or solid states. 
The same mass takes up a bigger volume - this means the gas is less 
dense. 
Density depends on the material. A piece of iron the same size as a 
piece of aluminium will be heavier because the atoms are more close-
ly packed, and because an individual iron atom is heavier than an alu-
minium atom. 
Scientists can measure how tightly packed the particles are by 
measuring the mass of a certain volume of the material, for          
example, one cubic centimetre. 

Calculating Density 
 

 density (ρ) is measured in kilograms 
 per cubic metre (kg/m3 ) 
 mass (m) is measured in kilograms 
 (kg) 
 volume (V) is measured in cubic    

    metres (m3) 

Units of Density 
 
The standard unit for mass is kilograms (kg) and for volume is 
cubic metres (m3).  
However, in many laboratory situations it is common to meas-
ure the mass in grams (g) and volume in cubic centimetres 
(cm3). 
 
Calculating density using grams and cubic centimetres would 
give a density unit of grams per cubic centimetre (g/cm³). 
 

1 g/cm3 is equal to 1000kg/m3 
 

 To convert from kg/m3 to g/cm3, divide by 1,000. 
 To convert from g/cm3 to kg/m3, multiply by 1,000. 
 
Aluminium has a density of 2.7 g/cm3, or 2,700 kg/m3. 
Lead has a density 11.6 g/cm3, or 11,600 kg/m3. 



Method 1—Regular solids –cube or sphere 
1. Use a ruler to measure the length (l), width (w) and 

height (h) of a steel cube. 
2. Place the metal cube on the top pan balance and measure 

its mass. 
3. Calculate the volume of the cube using (l × w × h). 
4. Use the measurements to calculate the density of the 

metal. 
5. Use vernier callipers to measure the diameter of the 

sphere. 
6. Place the metal sphere on the top pan bal-

ance and measure its mass. 
7. Calculate the volume of the sphere using  
8. Use the measurements to calculate the 

density of the metal. 

 Required Practical—Density 
There are different ways to investigate density. In this required 
practical activity, it is important to: 
 record the mass accurately 
 measure and observe the mass and the volume of the different 

objects 
 use appropriate apparatus and methods to measure volume and 

mass and use that to investigate density 
 
Video link - https://www.youtube.com/watch?v=lvqu6JAbaKc  

Method 2—Irregular Shaped Objects—stone 
1. Place the stone on the top pan balance and measure its 

mass. 
2. Fill the displacement can until the water is level with the 

bottom of the pipe. 
3. Place a measuring cylin-

der under the pipe 
ready to collect the 
displaced water. 

4. Carefully drop the 
stone into the can and 
wait until no more water 
runs into the cylinder. 

5. Measure the volume of 
the displaced water. 

6. Use the measurements 
to calculate the density 
of the stone. 

 

Volume 
To calculate density, the volume of the material must be known. If 
the object is a regular shape, the volume can be found by using a rul-
er and one of the equations below.  

If the object has an irregular shape, the volume can be measured us-
ing a displacement can. 
The displacement can is filled with water above a narrow spout and 
allowed to drain until the water is level with the spout. 
As the irregular object is lowered into the displacement can, the wa-
ter level rises. Since the level was already up to the bottom of 
the spout, all the displaced water comes out of the spout and is col-
lected in a measuring cylinder. 
The displaced water in the cylinder occupies the same amount of 
space that the object now does in the can, which means that their 
volumes are the same. 

https://www.youtube.com/watch?v=lvqu6JAbaKc


Analysis 
Using those results: Density = mass ÷ volume 

 
Mass of steel cube = 468 g  Volume of steel cube = 60 cm3 

P = M ÷ V = 468 ÷ 60 = 7.8 g/cm3 (= 7,800 kg/m3 ) 
 

Diameter of steels sphere = 2 cm Mass of steel sphere = 33 g 
Volume of steel sphere =  = 4.19 cm3 

P = M ÷ V  = 33 ÷ 4.19 = 7.9 g/cm3 (= 7,900 kg/m3 ) 
 

For a stone of mass 356 g, the volume of water displaced into 
the measuring cylinder is 68 cm3 

P = M ÷ V = 356 ÷ 68 = 5.2 g/cm3 (= 5,200 kg/m3 ) 
 

Mass of 50 cm3 of water is found to be 50 g.  
P = M ÷ V = 50 ÷ 50 = 1 g/cm3 (= 1,000 kg/m3 ) 

 Sample Results 
 

Hazards and Control Measures 

Method 3 - Water or other liquids 
1. Place the measuring cylinder on the top pan balance and 

measure its mass. 
2. Pour 50 cm3 of water into the measuring cylinder and 

measure its new mass. 
3. Subtract the mass in step 1 from the mass in step 2. This 

is the mass of 50 cm3 of water. 
4. Use the measurements to calculate the density of the wa-

ter. 

Evaluation 
 Density can be measured for regular solids, irregular solids and 

liquids 
 Densities calculated from measurements are subject to experi-

mental error this could be because: 
 the top pan balances used by different people may not be iden-

tically calibrated 
 the resolution of the measuring cylinders may be different, 

causing different values for the volume to be recorded 
 the displacement can may not have been set up correctly each 

time so that another added drop of water would cause some to 
dribble out of the spout before use 

 
 The experiment above shows steel to have two different values 

for density: 7.8 g/cm3 and 7.9 g/cm3. One reason for this may 
be that some measurements were taken to different numbers 
of significant figures, and this can create rounding errors af-
fecting the last significant figure of the answer. It could also 
mean that the actual value may be between 7.8 g/cm3 and 7.9 
g/cm3 



States of Matter 
There are three states of matter: solids, liquids and gases. The 
differences are due to the arrangement and spacing of the 
particles and their motion. 
Solids, liquids and gasses 
The particles in a solid:  
 are in a regular arrangement 
 vibrate about a fixed position 
 sit very closely together 
 
The particles in a liquid: 
 are randomly arranged 
 move around each other 
 sit close together 
 
The particles in a gas: 
 are randomly arranged 
 move quickly in all directions 
 are far apart 

Changing State 
Adding or removing energy from a material can change its state. 
Heating a solid causes it to melt from a solid to a liquid. Continued 
heating causes the liquid to boil or evaporate to form a gas. In some 
instances, a solid material can go straight to being a gas without   
being a liquid - this is called sublimation. 
Cooling a gas causes it to condense from a gas to a liquid and cooling 
it further causes it to freeze from a liquid to a solid. 

Boiling is an active process, actively applying energy to a liquid to 
turn it into a gas using a heater such as a kettle. 
Evaporation is a passive process. The liquid slowly absorbs energy 
from the surroundings so some of its particles gain enough energy to 
escape the liquid. 
Throughout all these changes the number of particles does not 
change, but their spacing and arrangement does. The total mass does 
not change.  
These changes in state are called physical changes because the pro-
cess can be reversed (e.g. cooling instead of heating). This is differ-
ent to the changes in a chemical reaction, which cannot be reversed 
so easily. 



Internal Energy 
When a material is heated or cooled, two changes may happen 
to the particles: 
 Chemical bonds between the particles may form, break or 

stretch. There is a change in the chemical potential store 
of energy in the material. 

 The material will heat up or cool down as the particles 
within it gain or lose speed. There is a change in the ther-
mal store of energy within the material. 

 
When energy is given to raise the temperature, particles speed 
up and they gain kinetic energy. When the substance melts or 
boils, energy is put in to breaking the bonds holding the parti-
cles together, this increases potential energy. 
 
The conservation of energy means that, assuming no energy is 
transferred to the environment, any energy transferred to a 
material will be distributed between the chemical store and 
the thermal store of the internal energy. 
 
Whether the energy breaks bonds, increases the speed of the 
particles to stretch bonds, or just increases the speed of the 
particles depends on the temperature and state of the materi-
al. 

Energy and Temperature 
Internal energy is linked to the temperature of matter but the two 
are very different things: 
 Internal energy is the total energy of all the particles in the 

object or substance including the kinetic energy of the parti-
cles and chemical potential energy of the bonds between them. 

 Temperature is a measure of the average speed of the parti-
cles. This is based on the kinetic energy of individual particles. 

Heating water causes the water molecules to gain  kinetic energy 
and speed up.  
 
It takes more energy to 
raise the temperature of a 
large amount of water be-
cause more molecules need 
to have their speed 
changed. In the diagrams 
the two beakers have been 
heated by the same Bunsen 
burner for the same 
amount of time, so both 
have been given the same 
amount of energy. The 
smaller beaker has had a 
bigger temperature rise because the same energy has been given to 
a smaller number of particles, so each particle is moving faster than 
those in the other beaker.  
Imagine a teaspoon of boiling water at 100 degrees Celsius (°C) and a 
large bowl of water at room temperature: 
the teaspoon of boiling water would not be able to melt an ice cube 
because even though the particles have lots of kinetic energy, there 
are very few of them. 
the bowl of room temperature water would be able to melt an ice cu-
be because although each particle has less kinetic energy, there are 
many more of them, making the total available energy much larger. 



Specific Heat Capacity 
 If 1,000 J of heat is absorbed by a one kilogram block of lead, 

the particles gain energy and the temperature of the block ris-
es. If a one kilogram block of lead absorbs 2,000 J of energy 
then the temperature rise will be larger. 

 
 If 1,000 J of heat is absorbed by a 2 kg block of lead then the 

temperature of the block doesn’t rise as much since the energy 
is shared between more particles. 

 
From this it can be seen that a change in the temperature of a sys-
tem depends on: 
 the mass of the material 
 the substance of the material - its specific heat capacity 
 the amount of energy put into the system 
 
The specific heat capacity of a material is the energy required 
to raise one kilogram (kg) of the material by one degree Celsius 
(°C). 
 
The specific heat capacity of water is 4,200 joules per kilogram per 
degree Celsius (J/kg°C). 
 
This means that it takes 4,200 J to raise the temperature of 1 kg 
of water by 1°C. 
 
Some other examples of specific heat capacities are: 

Using Specific Heat Capacity 
 
With a low specific heat capacity, lead will warm up and cool 
down faster because it doesn’t take much energy to change 
its temperature. 
Brick will take much longer to heat up and cool down. Its spe-
cific heat capacity is higher than that of lead so more energy 
is needed for the same mass to change the same tempera-
ture.  
This is why bricks are sometimes used in storage heaters, as 
they store a large amount of energy and emit it over a long 
period of time. Most heaters are filled with oil (1,800 J/kg°C) 
and where there is central heating, radiators use water 
(4,200 J/kg°C). 

Calculating Thermal Energy Changes 
 
The amount of thermal energy stored or released as the tem-
perature of a system changes can be calculated using the 
equation: 
    change in    = mass ×     specific  × temperature  
thermal energy          heat capacity         change 

 
 
 

This is when: 
 change in thermal energy  is measured in joules (J) 
 
 mass (m) is measured in kilograms (kg) 
 specific heat capacity (c) is measured in joules per kilo-

gram per degree Celsius (J/kg°C) 
 
 temperature change    is measured in degrees Celsius  

(°C) 



Calculating Specific Latent Heat 
The amount of thermal energy stored or released as the   
temperature of a system changes can be calculated using the 
equation: 
 
change in thermal energy = mass × specific latent heat 

 
 
 

This is when: 
 change in thermal energy             is measured in joules (J) 
 mass (m) is measured in kilograms (kg) 
 specific latent heat ( l) is measured in joules per kilogram 

(J/kg) 

Multiple Changes 
If you were asked to calculate the energy transfer you would have 
to calculate using both equations and add together e.g. from Ice to 
steam would require multiple calculations using your graph at each 
stage. 

Measuring Latent Heat 
Latent heat can be measured from a heating or cooling curve 
line graph. The graph shows a 60W heater that provides 60   
J/s, the temperature of a mass of ice can be monitored each 
second: 

 
The graph is horizontal in 
two places. These are the 
places where the energy 
is not being used to in-
crease the speed of the 
particles (increasing tem-
perature).  
It is being used to break 
the bonds between the 
particles to change the 
state. 
The longer the line, the 
more energy being used 
to change state. 

Specific Latent Heat 
Changing the internal energy of a material will cause it to change 
temperature or change state: 
 the energy required for a particular change in temperature is 

given by the specific heat capacity 
 the energy required for a particular change in state is given by 

the specific latent heat 
 
Specific latent heat is the amount of energy required to change 
the state of 1 kilogram (kg) of a material without changing its 
temperature. 
 
As there are two boundaries, solid/liquid and liquid/gas, each materi-
al has two specific latent heats: 
 latent heat of fusion - the amount of energy needed 

to freeze or melt the material at its melting point 
 latent heat of vaporisation - the amount of energy needed 

to evaporate or condense the material at its boiling point 
 
Some typical values for specific latent heat include:  

An input of 334,000 joules (J) of energy is needed to change 1 kg of 
ice into 1 kg of water. The same amount of energy needs to be taken 
out of the liquid to freeze it.  



Evaluation 
All experiments have some experimental error due to inaccurate 
measurement or variables that cannot be controlled.  
In this case, not all of the heat from the immersion heater will be 
heating up the water, some will be lost to the surroundings. 
More energy has been transferred than is needed for the block 
alone as some is transferred to the surroundings. This causes the 
calculated specific heat capacity to be higher than for one kilogram 
(kg) of water alone. 
The lid on the calorimeter has reduced a lot of the thermal energy 
loss, and the use of cotton wool insulation has also helped to insulate 
the calorimeter. Thicker insulation would improve the accuracy of 
the results even more. 

 Sample Results 
 
Record results in a suitable table. The example below shows 
some suitable results.  

Hazards and Control Measures 

Required Practical - Measuring SHC of Water 
There are different ways to determine the specific heat ca-
pacity of water. In this required practical activity it is im-
portant to: 
 measure and observe change in temperature accurately 
 use the appropriate apparatus and methods to measure 

the specific heat capacity of water 
 
Method 
 Place one litre (1 kg) of water in the calorimeter. 
 Place the immersion heater into the central hole at the 

top of the calorimeter. 
 Clamp the thermometer into the smaller hole with the 

stirrer next to it. 
 Fully insulate the calorimeter by wrapping it loosely with 

cotton wool. 
 Record the temperature of the water. 
 Connect the heater to the power supply and a joulemeter 

and turn it on for ten minutes. Stir the water regularly. 
 After ten minutes the temperature will still rise even 

though the heater has been turned off and then it will 
begin to cool. Record the highest temperature that it 
reaches and calculate the temperature rise during the  
experiment. 

Analysis 
The water has a mass of 1 kg and the heater supplied 100,000 J, 
whilst the temperature rose 23°C. 
Using the example results: 
 
 
 
 
 
 
The actual value for the specific heat capacity of water is 4,200 J/
kg°C. The calculated value does not match exactly but it is in the 
correct order of magnitude.  



Evaluation 
The regions in which the line on the graph is horizontal represent a 
state change occurring. 
Depending upon the power of the heater, the amount of insulation 
around the calorimeter, and the exact mass of ice at the start, the 
time needed for each stage may be different, but the shape of the 
graph should always be the same. 

 Sample Results 
Record results in a suitable table. The example below shows 
some suitable results.  
 
 

Hazards and Control Measures 

Required Practical - Temp Time graph for Melting Ice 
In this required practical activity it is important to: 
 measure and observe change in temperature accurately 
 use the appropriate apparatus and methods to measure 

the changes in temperature over time of crushed ice 
Method 
 Place 50 grams of 

crushed ice 
straight from the 
freezer into the 
calorimeter. 

 Place the immer-
sion heater into 
the central hole at 
the top of the cal-
orimeter. 

 Clamp the ther-
mometer with its 
bulb in the ice but 
near the top of the ice. 

 Record the temperature of the ice. 
 Connect the heater to the power supply and joulemeter, 

turn it on and record the temperature every 20 seconds. 
 Continue until the thermometer bulb is no longer under 

the level of the water. 

Analysis 
 



Particle Motion 
The particles in a gas are moving very quickly in random directions. 
The speeds of the particles vary but, on average, they move quicker 
than they do in liquids and solids. 
This means that it does not take long for a gas to spread out to fill 
its entire container. The smell of an air freshener can spread all 
around a room very quickly. 
 

Gas Pressure 
The particles in a gas are moving 
fast and randomly so collisions 
occur frequently. These colli-
sions could be: 
 between two particles 
 between a particle and the 

wall of the container 
 between a particle and 

something else in the con-
tainer. 

The force acting on the container due to these collisions is at right 
angles to the container. 
For example, the collisions caused by a gas trapped inside a balloon 
cause forces to act outwards in all directions, giving the balloon its 
shape. 
The pressure caused by a gas can be calculated using the equation: 
 
This is when: 
 pressure (p) is measured in newtons per 

metre squared (N/m2) 
 force (F) is measured in newtons (N) 
 area (a) is measured in metres squared (m2) 
 
The pressure from gas molecules may increase if there are more 
molecules colliding each second or if they are moving faster.  

Pressure and Temperature 
The temperature of a gas is a measure of the average  
kinetic energy of its particles – the higher the temperature, 
the higher the average kinetic energy. 
If the volume of a container with a gas inside stays the same, 
the pressure of a gas increases as its temperature increases.  
When hotter, the gas particles 
will be travelling faster and will 
collide with the walls of the 
container more frequently and 
with more force.  
 
This means that there is a rela-
tionship between the pressure 
and temperature. If a pressure 
gauge is connected to a flask of air and the flask is heated, a 
graph of pressure against temperature can be produced.  

Kelvin 
As the temperature of a gas increases, the pressure increas-
es, (linear relationship). The graph shows pressure is direct-
ly proportional to temperature if we rescale the graph to put 
the zero on the temperature scale at -273 °C.  
This is an alternative temperature scale called the Kelvin (or 
'absolute') scale of temperature. This new zero of tempera-
ture is called absolute zero. At absolute zero, the average ki-
netic energy of the particles is zero and they stop moving. 

oC —> K = -273  K —> oC = +273 


