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Chemistry syllabus content 
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 Identification of ions and gases 
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Chapter 1: The particulate nature of matter 

The kinetic particle theory 

 All substances around us are made of tiny pieces or particles. This idea is called 

the kinetic particle theory. 

 Matter is made up of very small particles and may exist in three states: solids, 

liquids and gases. 

 The arrangements of particles in solid, liquid and gas are as follows: 

 

 In solids, the particles are packed close together. There are intermolecular 

forces that keep the particles touching each other in an orderly arrangement. 

 The particles could only vibrate and rotate about a fixed position. They do not 

have translational movement. Intermolecular forces are strong compared with 

kinetic forces. 

 Hence, solid have high density, negligible compressibility, and they keep their 

shape and volume no matter what container they are in. 

 Solid has less energy than liquids or gases. 

 Solid must gain energy to melt and to overcome the strong forced holding the 

particles in fixed positions. 
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 In liquids, the particles are packed slightly further apart than those in solids. 

There are intermolecular forces that keep the particles touching each other but 

not in an orderly arrangement. 

 The particles could vibrate, rotate and move freely throughout the liquid. 

Intermolecular forces and kinetic forces are of the same order of magnitude. 

 Hence, liquid have moderate to high density, negligible compressibility, and they 

take up the shape of their container but do not necessarily fill it. 

 Liquid have more energy than solid but less energy than gas.  

 Liquid must gain energy to boil and to break the forces between the particles in 

liquid. 

 In gases, the particles are far apart and have unrestricted movement. They can 

vibrate, rotate and move around freely. 

 Intermolecular forces are weak compared with kinetics forces. 

 Hence, gases have very low density, high compressibility, and they quickly take 

up the shape of their container and always fill it. 

 The pressure of gas is due to the molecules bouncing off the walls of the 

container. 

 Gas have more energy than solids and liquids. When condense in to liquids, heat 

energy is given out. 

 The states of matter can be changed by varying the temperature.  

 A solid changes to a liquid at its melting point. A liquid changes to a vapour at 

its boiling point. 

 Some solid (e.g. I2) changes directly to vapour phase without passing through 

the liquid phase. This process is called sublimation. 
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 Characteristics that distinguishes the three states of matter are: 

 Solids Liquids Gases 

Volume definite 

(fixed) 

definite 

(fixed) 

take volume of 

container; greatly 

influenced by 

temperature and 

pressure. 

Shape definite 

(fixed) 

take shape of 

container; fill or 

partially fill 

container. 

occupy whole 

volume of container; 

fill container. 

Compressibility Zero almost zero high 

Density High moderate to high low 

Arrangement of 

particles in 

term of 

closeness 

particles are 

packed 

close 

together 

particles are 

packed slightly 

further apart than 

those in solids 

particles are far 

apart 

Arrangement of 

particles in 

term of 

randomness 

orderly / 

regular 

arrangement 

random / irregular 

arrangement 

random / irregular 

arrangement 

Movement in 

term of type 

and magnitude 

vibrate and 

rotate about 

a fixed 

position and 

no 

translational 

movement 

vibrate, rotate and 

move freely 

throughout the 

liquid / move 

slowly 

vibrate, rotate and 

move around freely 

Kinetic energy Low moderate to high High 

Intermolecular 

forces of 

attraction 

highest high lowest 
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 Heat energy is given  

 Particles vibrate more vigorously  kinetic energy increases 

 Forces of attraction is weaken when temperature is sufficiently high 

 

 

 Heat energy is lost  

 Particles vibrate less vigorously  kinetic energy decreases 

 Forces of attraction is strengthen when temperature is sufficiently low 

Melting and Boiling 

Condensing and Freezing 

Energy absorbed; increase of kinetic energy 

Solid Liquid Gas 

melting boiling 

condensation freezing 

sublimation 

sublimation 

Energy released; decrease of kinetic energy 
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 Melting: when solid is heated, its particles get more energy and vibrate more. 

This makes the solid expand. At the melting point, the particles vibrate so much 

that they break away from their positions. The solid turns liquid. Melting point of 

a solid is an indication of the strength of the forces holding the particles together. 

 Boiling: when a liquid is heated, its particles get more energy and move faster. 

They bump into each other more often and bound further apart. This makes the 

liquid expand. At the boiling point, the particles get enough energy to overcome 

the forces between them. They break away to form gas. 

 Evaporating: some particles in a liquid have more energy than others. Even well 

below the boiling point, some have enough energy to escape and form a gas. 

 When a gas is compressed into a smaller space, its pressure increases. All 

gases can be compressed. If enough force is applied, the particles can pushed 

so close that the gas turns into a liquid. 

Vaporisation and vapour pressure 

 When we heat a liquid, the energy transferred to the liquid makes the particles 

move faster and the forces of attraction between the particles weaken. The 

particles with most energy are the first to escape from the forces holding them 

together in the liquid. The liquid evaporates and this happen at a temperature 

below the boiling point. 

 The forces weaken enough for all the particles to become completely free from 

each other; they move fast and randomly and they spread out. Hence, the liquid 

boils; this happen at the boiling point. This changes from liquid state to the gas 

state is called vaporisation. 

 When we cool a vapour, the particles lose kinetic energy so the molecules move 

around less quickly and experience increasing forces of attraction and therefore 

move more slowly and become closer together when the temperature is 

sufficiently low; gas liquefies. We called this change of state condensation. 
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 In an open container, evaporation will continue until no liquid remains. 

 

 When we allow water to evaporate in a closed container, water molecules 

escape from the surface of liquid to become vapour.  As more and more 

molecules escape, the molecules in the vapour become closer together. 

 Eventually the molecules with lower kinetic energy will not be able to overcome 

the attractive forces of neighbouring molecules. The vapour begin to condense. 

So some water molecules return to liquid. 

 Eventually, water molecules return to liquid at the same rate as water molecules 

escape to the vapour. A position of equilibrium is reached. At equilibrium the 

concentration of water molecules in the vapour remains constant. 

 

  At equilibrium, the rate of vaporisation = rate of condensation and the total 

number of particles in the vapour state remains constant (maximum value). 

 In this situation the pressure exerted by a vapour in equilibrium with its liquid is 

called vapour pressure. The vapour pressure is caused by the gas particles 

hitting the walls of container. 
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 Vapour pressure = pressure exerted by a vapour in equilibrium with its liquid in 

a closed system at a particular temperature. 

 Vapour pressure will increase when temperature increase because  

 the gas particles have more kinetic energy  

 the gas particles move faster, so are able to overcome intermolecular forces 

of attraction more easily. 

 The temperature at which the vapour pressure is equal to the atmospheric 

pressure (1atm, 101kPa) is the boiling point of the liquid. 

  Temperature which vapour pressure = external pressure is the boiling point 

of the liquid. Boiling point depends on the external pressure. 

 Maximum vapour pressure = saturated vapour pressure.   

 If liquid is heated in an open container, its saturated vapour pressure increases. 

 When saturated vapour pressure = atmospheric pressure (1atm, 101kPa), 

bubbles of vapour will form in the liquid and escape into the atmosphere. 

 Vapour pressure is high enough to overcome the external pressure. The liquid 

boils. 

 

 A volatile liquid is one with higher saturated vapour pressure at any given 

temperature. Intermolecular forces holding the particles in the liquid state are 

weak. Particles have a higher tendency to escape as vapour. 

  More volatile liquid, the lower the boiling point. 
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Diffusion 

 Diffusion is the process by which particles mix and spread, through collisions with 

other particles. 

 Random motion (sometimes known as Brownian motion): the particle moves 

in a random way, changing direction every time it hits another particle. 

 It is much faster in gases than liquids because particles move much faster in 

gases. Therefore they collide with more force, and have space to bounce further 

away. 

 As temperature rises, particles take in energy and move faster. So diffusion is 

faster too. The higher the temperature, the faster a gas will diffuse. 

 The lower its relative molecular mass, the faster a gas will diffuse. For 

example, ammonia molecules will travelled faster than hydrochloric acid 

molecules. The lower the mass of its particles, the faster a gas will diffuse. 

 Evidence:  i)   Place a crystal of potassium manganate(VII) in a beaker of 

water. The purple colour spreads through the water. Particles 

leave the crystal. They collide with moving water particles, and 

bounce away again.  In this way, they mix and spread all through 

the liquid. 

ii) Observe the movement of dust and smoke in bright sunlight. The 

dust and smoke are dancing in the air. The dust and smoke are 

clusters of particles. They dance around because they are being 

bombarded by tiny particles in the air. 

iii) The smell of cooking can travel from kitchen all through the 

house. A ‘smell’ is due to gas particles from food. They collide 

with the gas particles in air, and bounce away again. In this way, 

they spread everywhere. They dissolve in moisture in the lining 

of the nose. 

iv) Place an open gas jar of air upside down on an open gas jar 

containing a few drops of red-brown bromine. The colour 

spreads upwards because particles of bromine vapour mix 

among the particles of air. 
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 The very smallest particles that cannot break down further by chemical means 

are called atoms. 

 In some substances, the particles are just single atoms. For example argon, a –

gas found in air, is made up of single argon atoms. 

 In many substances, the particles consist of two or more atoms joined together. 

These particles are called molecules. Water, bromine, ammonia, hydrochloric 

acid and the gases nitrogen and oxygen in air, are made up of molecules. 

 In other substances the particles consist of atoms or group of atoms that carry a 

charge. These particles are called ions. Potassium manganate(VII) is made of 

ions.  

Example of atoms Example of molecules Example of ions 

Helium, He 

Argon, Ar 

Sodium, Na 

Magnesium, Mg 

Copper, Cu 

Hydrogen, H2 

Oxygen, O2 

Nitrogen, N2 

Chlorine, Cl2 

Bromine, Br2 

Hydrogen ion, H+ 

Potassium ion, K+ 

Hydride, H–  

Oxide, O2– 

Hydroxide, OH– 
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Tutorial 

1)  The diagrams show the arrangement of particles in three different physical states 

of substance X. 

 

Which statement about the physical states of substance X is correct?  

A  Particles in state 1 vibrate about fixed positions.  

B  State 1 changes to state 2 by diffusion.  

C  State 2 changes directly to state 3 by condensation.  

D  The substance in stage 3 has a fixed volume. 

2) In which substance are the particles close together and slowly moving past each 

other?  

A  air  

B  ice  

C  steam  

D water    

3) Boiling and vaporization are alike in that they both: 

A take place at any point within a liquid sample 

B occur only one particular temperature 

C involve a phase change from liquid to gas 

D only occur when a liquid is heated 
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4) The diagram shows a cup of tea. 

 

Which row describes the water particles in the air above the cup compared with 

the water particles in the cup? 

 

5) An attempt was made to compress a gas and a solid using the apparatus shown. 

 

Which substance would be compressed and what is the reason for this? 
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6) What are the processes W, X, Y and Z in the following diagram? 

 

7) A gas jar of bromine vapour and a gas jar of air are set up as shown in diagram 

1.   

The glass slide is removed. Diagram 2 shows the appearance of the gas jars 

after one hour. 

 

Which statement explains why the bromine and air mix together?  

A  Bromine is denser than air.  

B  Bromine is lighter than air.  

C  Bromine molecules moved upwards and molecules in air moved 

downwards.  

D  Molecules in bromine and air moved randomly.    
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8) A crystal of purple potassium manganate(VII) was added to each of the beakers 

shown in the diagram.   

 

One beaker contained hot water and the other beaker contained cold water.   

In both beakers the purple colour of the potassium manganate(VII) spreads out.   

Which result and explanation are correct? 

 

9) ‘Particles moving very slowly from an area of high concentration to an area of 

low concentration.’   

Which process is being described above?  

A a liquid being frozen  

B  a solid melting  

C  a substance diffusing through a liquid  

D  a substance diffusing through the air    
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10) Which diagram shows the process of diffusion? 

 

11) Urea is a solid at room temperature. Complete the diagram below to show the 

arrangement of the molecules in solid urea. 
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12) Bromine is a red-brown liquid. When warmed, it forms an orange vapour. 

Describe what happens to the arrangement and motion of the particles when 

bromine changes state from a liquid to a vapour. 

13)  The diagram shows a kettle of boiling water. 

 

As the water vapour cools it turns back to water droplets. 

Describe this change of state in terms of the kinetic particle theory. In your 

answer, include 

●  the difference in the closeness of the water molecules as the water vapour 

changes to water,  

●  the difference in the motion of the water molecules as the water vapour 

changes to water. 
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14) A graph of temperature of stearic acid against time of heating is shown below. 

 

a)  What was the temperature of the stearic acid after 3 minutes heating? 

b) Use the information on the graph to determine the melting point of stearic 

acid. 

c)  Describe the arrangement and motion of the particles in liquid stearic acid. 
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15) The graph below shows how the temperature rises with time when a solid, P, is 

heated steadily and changes to a liquid and then to a gas. 

 

a)  Use the information on the graph to deduce the melting point of P and the 

state of P at 160 °C.   

 b)  Explain what happens to the arrangement and motion of the particles when 

a solid changes to a liquid. 
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16) Smelling salts are sometimes used to ‘wake up’ people who feel faint. The main 

chemical in smelling salts is ammonium carbonate. Ammonium carbonate breaks 

down slowly at room temperature to release ammonia gas. 

ammonium carbonate  →  ammonia  +  carbon dioxide  +  water 

 A few crystals of ammonium carbonate were put on a bench at the front of a 

classroom. 

 

The students in row A could smell the ammonia 10 seconds after the smelling 

salts had been put on the bench. The students in row C could smell the ammonia 

after 40 seconds. 

a)  Suggest how long it took the students in row B to smell the ammonia. 

b) Explain these results using ideas about moving particles. 

  



More Notes and PastPapers at https://IGCSEexamguru.com

23 
 

17) A student placed a spoonful of sugar in the bottom of a glass of cold tea and left 

it undisturbed for several minutes.  

After 2 minutes, she used a straw to taste some of the tea from the top of the 

glass. It did not taste sweet.  

After 10 minutes, the sugar had disappeared and the solution at the top of the 

glass tasted sweet. 

 

Use the kinetic particle theory to explain these observations. 

18) A student placed a purple crystal in a flask of organic solvent.  

After 10 minutes, the crystal had completely disappeared and a dense purple 

colour was observed at the bottom of the flask.  

After 2 hours, the purple colour had spread throughout the solvent. 

 

Use the kinetic particle theory to explain these observations. 
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19) Garlic is a vegetable that is often used in cooking. It has a strong smell. A student 

is cutting up garlic in the kitchen. 

 

After a time, the smell of the garlic travels all over the house even though there 

are no currents of air.  

Use the kinetic particle theory to explain why the smell of garlic travels all over 

the house. 
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