
Properties of Gases



Particle Model

• All substances are made up of particles.

• The particles are attracted to each other.

• The particles move around i.e. they have kinetic energy.

• Kinetic energy of the particles increases with increased temperature.



Gas

• Gas is a substance that has no well defined boundaries but diffuses 
rapidly to fill any container in which it is placed.

• The three main properties of a fixed volume of gas are temperature, 
pressure and volume.



Temperature

Temperature is converted from Celsius to Kelvin by adding 273.
What is 100 degrees Celsius in Kelvin?



Pressure

• The pressure of a gas is the force it exerts on each unit area of its 
container.      E.g. Force

Area

• Pressure is measured in Newtons per meter squared (N/m2). This is 
also called a Pascal (Pa).

• Normal atmospheric pressure is 1 x 105 N/m2 or 1 x 105 Pa.



Volume

• Volume of a gas is how much space it occupies. 

• SI unit for volume is m3. This is too large for lab work.

• So cm3 or litres (L) are used. 

• 1 dm3 = 1 L.

• 1000cm3 = 1 L.



Standard Temperature and Pressure (s.t.p.)

• Standard temperature = 273K 

• Standard pressure = 1 x 105 Pa = 100 kPa



Boyle’s Law

• Robert Boyle (Irish) investigated volume and pressure of a fixed 
volume of gas.

Boyle’s Law states that at constant temperature, the volume of a fixed 
mass of gas is inversely proportional to its pressure. 

pV = k



Charles’ Law

• Jacques Charles (French) investigated the relationship between 
temperature and volume.

Charles’ Law states that at constant pressure the volume of a gas is 
directly proportional to the temperature measured in Kelvin. 

V = k

T



The Combined Gas Law

• By combining Charles’ Law and Boyle’s Law the following equation is 
obtained. 

P1 x V1 = p2 x V2

T1 T2

Temperature must be in Kelvin.

The units must be the same on both sides.



Gay–Lussac’s Law of Combining Volumes

• States that when gases react under the same conditions of 
temperature and pressure they do so with the simple whole number 
ratios.

E.g.

H2 + Cl2 = 2HCl 2CO + O2 = 2CO2

1:1 2:1



Avogadro's Law

• States that equal volumes of gases under the same conditions of 
temperature and pressure contain equal number of molecules.

• 1 molecule of H2 + 1 molecule of Cl2 = 2 molecules of HCl

• He also found that 1 mole of a gas at s.t.p. occupies 22.4L. This is the 
molar volume of a gas at s.t.p.

(24.0L for room temperature)



Ideal Gases

• An ideal gas is one that obeys all the gas laws at all temperatures and 
pressures.

• A real gas does not obey all the gas laws at all temperature and 
pressures. 



Kinetic Theory of  Gases
1. Gases consist of small particles in constant motion. They collide with each 

other and the wall of the container.

2. There are no attractive forces between the molecules of gas.

3. Gas molecules are so small and widely separated that the actual volume of all 
the molecules is negligible compared with the space that they occupy.

4. All collisions are totally elastic i.e. no kinetic energy is lost.

5. The average kinetic energy of a molecule is proportional to the absolute 
temperature. 



Two reasons that real gases deviate from 
ideal gas behaviour
• Forces of attraction and repulsion between the molecules 

(intermolecular forces)

• The volume of the molecule is not negligible.



What conditions bring real gases close to 
ideal gas behaviour?
• Low pressure, high temperature.

Low pressure – molecules are spaced out so forces of attraction are 
very weak.

High temperature – molecules move very fast so forces between them 
are small. 


