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Learning Outcomes 

  

2.1 Kinetic particle theory 
 

Have 
not 
Revised 
yet 

Revised 
but need 
help 

Revised and 
understood 

Revised 
and able 
to do 
questions 

(a) describe the particles in solid, liquid, and gaseous 
states of matter using the kinetic particle theory 

 

 

    

(b)Explain the interconversion between different 
states of matter using the kinetic particle theory and 
the energy changes involved 

    

(c) describe and explain evidence for the movement of 
particles in liquids and gases  
 

    

(d) explain everyday effects of diffusion in terms of 
particles, e.g. the spread of perfumes and cooking 
aromas, tea, and coffee grains in water 
 

    

(e) state qualitatively the effect of molecular mass on 
the rate of diffusion and explain the dependence of 
rate of diffusion on temperature. 
 

    



 

(a) Kinetic Particle Theory 

Definition: 
 

The Kinetic Particle Theory states that all matter is made up of tiny particles that are in 
constant random motion 

 

There are 3 different states of matter: Solid, Liquid and Gas. To describe the 3 states of matter using 

Kinetic Particle Theory, we shall use the ADAM framework.  

 Keywords 

Attraction between 
particles 

Solids:  Strong forces of attraction 
 
Liquids: Moderately strong forces of attraction 
 
Gas: Weak forces of attraction 

Distance between 
particles 

Solids: Closely packed 
 
Liquids: Moderately closely packed 
 
Gas: Far Apart 

Arrangement of 
particles 

Solids: Arranged in orderly manner 
 
Liquids: Arranged in disorderly manner 
 
Gases: Arranged in disorderly manner 

Movement of Particles 
Solids: move by Vibrating in fixed positions 
 
Liquids: move by Sliding over one another 
throughout the liquid 
 
Gas: Move randomly at high speeds 

 

  



 

 

 

Question: Describe the Arrangement of particles in a (Solid/Liquid/Gas). 

Answer: The Particles in a (Solid/Liquid/Gas)  have  _____A_______ forces of attraction between the 

particles and are _____D_______ in a/an _____A_______ manner, and move  _____M_______. 

Properties of Solids Liquids and Gases 

Solids and Liquids are incompressible, but Gases are compressible 

Solids and liquids have a fixed volume and are incompressible because there is very little space between 
the particles, hence the volume occupied by the particles cannot be reduced further. (i.e. the particles 
cannot be squeezed closer together because they are already so closely packed) 

Meanwhile, since gas particles are so far apart, the particles can be brought closer together to reduce the 
volume occupied by the gas and reducing the volume of the gas.  

 

Liquids and Gases have no fixed shape but Solids have a fixed shape 

Liquids and Gases have no fixed shape because their particles are not held together in fixed positions. 
Therefore, the particles are free to move about (either by sliding over one another or at high speeds in 
random directions), and often take on the shape of the container it is in. 

Meanwhile, since solid particles are held in fixed positions by strong forces of attraction, the particles are 
unable to move about, and so the shape of the solid is fixed. 

 

  



 

(b) Changes in State of matter and the Kinetic Particle Theory 

Matter can undergo changes in state when heat is applied to or removed from it. The diagram below shows 
the possible changes in states. (Take note: only a few substances can undergo deposition and sublimation, e.g. 
Iodine and Carbon Dioxide) 

 

 

How temperature varies as a substance gains heat and undergoes melting and boiling 

Question: What happens to the particles when heat is applied (without a change in state)? 

Answer: As the substance gains heat,  Attractive forces become weaker, and Distance between 

particles increases. The  Arrangement of particles also become more disorderly, as the   Movement 

of particles become more vigorous. 

Question: What happens to the temperature of the substance as heat is applied and the substance 
melts/boils? 



 

Answer: When matter undergoes a change in state, the temperature of the substance will remain 
constant. This is because energy supplied is used to overcome the forces of interactions between 
particles and bring the particles further apart instead of increasing the temperature of the substance. 

 

How temperature varies as a substance loses heat and undergoes condensation and freezing. 

 

Question: What happens to the particles when heat is applied (without a change in state)? 

Answer: As the substance loses heat,  Attractive forces become stronger, and Distance between 

particles decreases. The  Arrangement of particles also become more orderly, as the   Movement of 

particles become less vigorous. 

Question: What happens to the temperature of the substance as heat is applied and the substance and 
the substance freezes/condenses? 

Answer: When matter undergoes a change in state, the temperature of the substance will remain 
constant. This is because energy lost is offset by the energy released when particles come closer 
together, hence temperature remains constant. 

 

(c) Diffusion 

Definition: 
 

Diffusion is the net movement of particles from a region of high concentration to a region of lower 
concentration along a concentration gradient 



 

 

(d) Conditions affecting the rate of diffusion: 

1. Temperature 
At higher temperatures, particles have more kinetic energy and hence move more 
vigorously/faster.  

2. Particle mass 
Particles with higher mass move more slowly than particles with lower mass.  

Question: In the diagram below, a reaction occurs when ammonia gas (NH3) comes into contact with 
hydrochloric acid gas (HCl) , and ammonium chloride would be formed. If both gases moved at the same 
speed,  the ammonium chloride would be formed in the middle. Why then is the ammonium chloride 
formed closer to the HCl than NH3? 

Answer: Ammonia gas travels a greater distance than the Hydrogen chloride because Ammonia gas 
diffuses at a higher rate than hydrogen chloride.(Relative Molecular Mass of ammonia = 17, Relative 
Molecular Mass of hydrogen chloride = 36.5). Therefore, ammonium chloride forms further away from 
ammonia solution and closer to the Hydrochloric Acid. 

In Summary: 

Conditions Rate of diffusion Reason 

Increase in Temperature Increase More kinetic energy of particles 
allowing particles to move 
faster 

Increase in Particle Mass Decrease Particles with higher mass 
require more kinetic energy to 
move at the same speed as 
particles with lower mass 

  



 

 


