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9 Particle model
 »  Model of solids, liquids 
and gases

Worked example
Explain, using the particle model, why a solid bar of iron expands when it is 
heated.

The iron particles gain energy and vibrate more vigorously. As a 
result the particles move further apart.

Know
1 How are the particles arranged in:

a) a solid b) a liquid c) a gas?

2 Describe how the movement of the water particles differs between ice, 
water and water vapour.

3 The diagram shows the three states of matter for a substance.

 Each circle represents a particle of the substance.

Solid Liquid Gas

a) Copy and complete the diagram by drawing three circles to represent 
the particles of a gas.

b) Which statement is correct about the movement or arrangement of 
the particles of this substance?

A They move randomly in the liquid state.

B They move randomly in the solid state.

C They are arranged in fi xed positions in the gas state.

D They are arranged in fi xed positions in the liquid state.

c) Which word describes the change that takes place when a solid 
becomes a liquid?

A boiling

B condensing

C freezing

D melting

Hint
When a solid is 
heated, its particles 
do not get bigger. 
They stay the same 
size. Stating that 
the particles get 
bigger is a very 
common mistake.
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Apply
1 The table below gives the melting and boiling points of fi ve substances: 

A, B, C, D and E.

Substance Melting point (°C) Boiling point (°C)
A –270 –269
B 3730 (sublimes) ×
C 770 1420
D –7 59
E 0 100

a) State the physical state of each substance at 20 °C.

b) State and explain which substance has the strongest attractions 
between its particles.

c) State and explain which substance has the weakest attractions 
between its particles.

d) State and explain which substance has the greatest distance between 
its particles at 20 °C.

e) Why is no boiling point given for substance B?

Extend
1 In 1827, Robert Brown used a microscope to view pollen grains 

suspended in water.

 He noticed that the pollen grains were moving around randomly. However, 
he could not see anything hitting the pollen grains.

 This movement was subsequently called Brownian motion.

 Suggest how Brownian motion provides evidence that water is made up 
of tiny particles.

 » Changes of state
Worked example
Iron has a melting point of 1535 °C and a boiling point of 3000 °C. Work out 
what state iron is in at each of the following temperatures: 1600 °C, 200 °C, 
3200 °C.

At 1600 °C the iron is above its melting point but below its boiling 
point, so it is a liquid.
At 200 °C the iron is below its melting point, so it is a solid.
At 3200 °C the iron is above its boiling point, so it is a gas.
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Know
1 When solid iodine is heated it changes directly into iodine gas. What name 

is given to this process?

A condensation

B diffusion

C evaporation

D sublimation

2 The table below shows the melting and boiling points of four elements, A, 
B, C and D.

Element Melting point (°C) Boiling point (°C)
A 660 2520
B 1540 2760
C 650 1100
D −39 357

 Which element in the table is:

a) a liquid at 0 °C

b) a solid at 1500 °C

c) a gas at 500 °C

d) a liquid over the biggest temperature range?

Apply
1 When a liquid evaporates at room temperature, it changes into a gas.

 The diagram shows the arrangement of the particles in a liquid.

Liquid

Evaporation

Gas

a) Copy the box for the gas and show the arrangement of three particles 
in the gas.

b) Describe the movement of the particles in a gas.

c) Use the particle model to explain why heating a liquid causes it to 
evaporate more quickly.
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Extend
1 The apparatus in the diagram is used to measure the melting point 

of solid Y.

 The liquid is gently heated and the temperature at which solid 
Y melts is recorded.

a) Give the name of the piece of apparatus labelled X.

b) Solid Y melts at 150 °C. Explain why water is not a suitable 
liquid to use in this experiment.

c) Suggest why the liquid in the beaker needs to be stirred 
constantly.

 »  Sublimation, diffusion 
and pressure

Worked example
a) Use the particle model to explain how air inside a balloon creates 

pressure on the sides of the balloon.
b) Why does the pressure increase if you blow more air into the balloon?

a) The air particles are continually colliding with each other and with 
the sides of the balloon. When a particle collides with the wall, it 
exerts a small force on the wall. The pressure exerted by the air is a 
result of the collision forces of all of the particles.

b) When you blow more air into the balloon, you add more particles. 
The more particles that hit the walls, the higher the pressure.

Know
1 What is the name of the process that occurs when a solid changes 

straight into a gas?

A condensation

B diffusion

C evaporation

D sublimation

2 What is the name of the process when the gas spreads out to fi ll the 
gas jar?

A condensation

B diffusion

C evaporation

D sublimation

Apply
1 Compressed air from a can is used to clean computer keyboards.

a) Use the particle model to explain how a gas causes a pressure on the 
inside of the container.

b) The can has a warning sign.

 How would increasing the temperature of the compressed air affect 
the pressure in the can? Explain your answer.

X

Small tube

Stirrer

Solid Y

Heat

Liquid

9781510402508.indb   33 20/03/17   9:22 PM



34

M
A

T
TE

R

Extend
1 When ammonia gas and hydrogen chloride gas mix, they react to form a 

white solid.

 A cotton wool pad is soaked in ammonia solution and another is soaked 
in hydrogen chloride solution. The two pads are then put into opposite 
ends of a dry glass tube at the same time.

 After fi ve minutes, a white solid forms as shown in the diagram below.
Pad soaked
in ammonia
solution White solid

Pad soaked in
hydrogen chloride
solution

40 cm60 cm

a) Describe, in terms of particles, what happens in order for the white 
solid to form.

b) Suggest why the white solid does not form in the middle of the tube.

c) The experiment is repeated at a higher temperature. State and explain 
how this change would affect the time taken for the white solid to 
form.

d) Gas particles move at a speed of several hundred metres per second 
at room temperature. Suggest why it took fi ve minutes for the white 
solid to form.

2 A student plays a trick on his classmates. He lets off a stink bomb at the 
front of the class without telling them. He measures how long it takes for 
different students to notice.

Paul Catherine Andy

Fernando ReenaStink
bomb

Charlie

Jason

2 m 4 m 6 m

Kalpana Hassan

 The table shows his results.

Name Paul Fernando Jason Catherine Reena Kalpana Andy Charlie Hassan
Time in s 13 10 13 18 16 18 25 25

a) Explain how the ‘smell particles’ reach the students.

b) Why is Fernando the fi rst to notice the smell?

c) Use the results to estimate how long it takes for Charlie to notice 
the smell.

d) How fast do the smell particles travel through the air? Calculate the 
speed in metres per second (m/s).
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3 Gases do not all diffuse at the same speed. The speed at which they 
diffuse depends on the mass of their particles.

 The apparatus shown in the diagram is used to investigate the speed at 
which gases diffuse.

 The plunger is allowed to fall under its own weight, pushing the gas out of 
the syringe and through the tube containing the glass wool.

 The time taken for 100 cm3 of each gas to escape is measured.

 The graph shows the results for six different gases.
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a) State the relationship between the time taken for the gas to escape 
and the relative mass of the particles.

b) A gas has particles with a relative mass of 65. Use the graph to fi nd 
the time taken for 100 cm3 of this gas to escape from the apparatus.

c) 100 cm3 of air escapes from the apparatus in 20 s. Use the graph to 
fi nd the average relative mass of a particle of air.

d) Suggest why a balloon fi lled with hydrogen gas gets smaller more 
quickly than a balloon fi lled with air at the same temperature and 
pressure.

Plunger

Syringe
containing
gas

Tube packed
with glass wool
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