
THE PARTICLE MODEL 

 Distinguishing properties of solids , liquids and gases: 

Solids Liquids Gases 
Arrangement The particles in a solid 

are arranged in a fixed 
pattern 

The particles in a 
liquid  are not 
arranged in any 
fixed pattern 

The particles in a 
gas are arranged 
in a random 
manner 

Separation The particles of a solid 
are very close to each 
other 

The particles in a 
liquid are close to 
each other 

The particles of a 
gas are further 
apart from each 
other 

Motion The solid particles can 
only vibrate in their 
fixed( mean) positions 

The liquid 
particles can slide 
past over each 
other 

The gas particles 
are free to move 
everywhere 
rapidly 

--------------------------------------------------------------- 
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In a solid: 
• The molecules are arranged in a three dimensional structure.
• Each molecule vibrates about a fixed mean position.
• When a solid is heated its molecules gain kinetic energy and  vibrate

more.
• If sufficient heat is provided, then enough energy may be given to the

molecules so that  they weaken their bonds from the neighbouring
molecules in the  lattice structure. When this happens, the solid melts
or sublimes.

--------------------------------------------------------------- 
In a liquid: 

• The molecules are in contact with each other and also move around
freely.

• The forces of attraction  between the liquid molecules are weak
compared to solids , so they can slide past over each other. Hence they
can flow and do not have a fixed shape.

• The forces of attraction are strong enough to stop the molecules from
leaving the liquid surface.

• When a liquid is heated, some of the molecules gain enough kinetic
energy to break away from the other molecules and leave the liquid
surface and change to a gaseous form.

--------------------------------------------------------------- 
In a gas: 

• The forces of attraction between gas molecules is negligible. So a gas
can flow and has no fixed shape.

• The molecules move about freely in the container, colliding with each
other and with the walls of the container.

• When a gas is heated, its molecules gain kinetic energy  and move more
rapidly and collide more frequently , thus exerting gas pressure.

-------------------------------------------------------------- 

The  forces and distances between particles (atoms, molecules, ions and electrons)
and the motion of the particles affects the properties of solids, liquids and gases
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• Temperature refers to the degree of hotness or coldness of a substance.
Relationship  between the motion of particles and temperature

• The motion of the particles is increased by raising the 
temperature. Conversely, the motion of the particles is reduced by 
lowering the temperature, until, at the absolute zero (0 K), the motion 
of the particles cease altogether.

• Since the particles are in motion, they have kinetic energy. Also, all the 
particles will not  have the same energy. Also the  energy of the 
particles is constantly changing as they undergo changes in speed. Thus, 
for a given sample of matter, we can only talk about the average kinetic 
energy of the particles. Temperature is thus defined as  a measure of 
the average kinetic energy of the particles.

•

✓ The Celsius scale. On this scale, melting point of pure ice   has 
 a temperature of 0 ºC, and the boiling point of pure water is shown as 
100ºC.

✓ The  Fahrenheit scale: This scale shows the  melting point of pure 
ice as 320F and the boiling point of pure water as 2120F

✓ The Kelvin scale:  The freezing point of  pure water on the Kelvin
 scale is 273.15 K, while the boiling point  of pure water is 373.15 K.

NOTE: 

To convert Celsius temperature to Kelvin temperatures, simply add 

273.16. The temperature of 0 K or -2730C is known as the ABSOLUTE 

ZERO .It is  the lowest temperature which can be obtained where the 
particles has the least kinetic energy.
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• The pressure of a gas results from collisions between the gas particles

and the walls of the container.

• Each time a gas particle hits the wall, it exerts a force on the wall.

• An increase in the number of gas particles in the container increases

the frequency of collisions with the walls and therefore the pressure

of the gas.

• The forces exerted by particles colliding with surfaces, create a force

per unit area[pressure] on the walls of the container.
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Brownian motion 

Define Brownian motion:
Brownian motion  is the random collisions between the microscopic particles in a 
suspension and the particles of the gas or liquid 
--------------------------------------------------------------- 
Brownian motion is represented by the following diagram. 

• Motion is described as random and zig- zag.

•
Collisions happen because the microscopic particles
in a suspension collide with the particles of gas or
liquid

-------------------------------------------------------------- 
Random motion of particles( pollen grains) in a suspension was observed by 
Robert Brown. This  was the evidence for the kinetic molecular model of 
matter. 
--------------------------------------------------------------- 
Application based questions: 
-------------------------------------------------------------- 

Note: 
1. The  random motion of microscopic  particles in a suspension is evidence for the
kinetic particle model of matter
2. The microscopic particles may be moved by collisions with light fast-moving molecules
and correctly use the terms atoms or molecules as distinct from microscopic particles

Explain Brownian motion in terms of random collisions between the microscopic 
particles in a suspension and the particles of the gas or liquid
NOTE: The  microscopic particles may be moved by collisions with light fast-moving 
molecules and correctly use the terms atoms or molecules as distinct from microscopic 
particles
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5 (a) A microscope that produces a very high magnification is used to observe the Brownian motion 
of smoke particles in air.

  Fig. 5.1(a) shows the apparatus used with the microscope. Fig. 5.1(b) represents the view 
through the microscope and shows one of the smoke particles being observed.

light

microscope

air molecules
and
smoke particles

smoke
particle

           Fig. 5.1(a) Fig. 5.1(b)

  (i) On Fig. 5.1(b), draw a possible path for the smoke particle. [2]

 (ii) Describe how air molecules cause the smoke particle to follow the observed path.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2] 

0625_s18_qp_43

MARKSCHEME:
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 (b) A syringe is used to transfer smokey air from above a flame to a small glass container. 

Extremely small solid smoke particles are suspended in the air in the container.

The container is brightly illuminated from the side and viewed through a microscope. 

(i) The movement of the suspended smoke particles is called Brownian motion. Describe 
this Brownian motion. 

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]

(ii) Explain what causes the motion of the smoke particles. 

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]
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--------------------------------------------------------------- 
MCQ: 
-------------------------------------------------------------- 

 
--------------------------------------------------------------- 
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------------------------------------------------------------- 

 
--------------------------------------------------------------- 

 
--------------------------------------------------------------- 
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--------------------------------------------------------------- 
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--------------------------------------------------------------- 

--------------------------------------------------------------- 
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