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Kinetic theory of gases: 
The pressure that a gas exerts is caused by the impact of its molecules on the wall 
of the container
Average translational  kinetic energy of a molecule of an ideal gas is given by:

K.E= 1/2mv2 rms =3/2 KT
Where k is Boltzmann’s constnat



Describes a gas as a large number of submicroscopic particles (atoms or molecules), all of
which are in constant, random motion.

The rapidly moving particles constantly collide with each other and also with the walls of
the container.

The kinetic theory of matter states that all matter is made of small particles that are in
random motion and that have space between them.

This means that no matter what phase matter is in, it is made of separate, moving particles.

Three main components of kinetic theory:

No energy is gained or lost when molecules collide.No energy is gained or lost when molecules collide.

The molecules in a gas take up a negligible (able to be ignored) amount of space in relation
to the container they occupy.

The molecules are in constant, linear motion.

Assumption:

 Gases consist of large numbers of particles that are far apart relative to their size.

 collisions between gas particles are elastic collisions.

 Gas particles are in constant, rapid, random motion. they therefore possess kinetic 
energy.

 There are no forces of attraction or repulsion between gas particles.



Consider a cubical container of length 'l ' filled with gas molecules each having mass 'm' 
and let N be the total number of gas molecules in the container. Due to the influence of 
temperature, the gas molecules move in random directions with a velocity 'v.

Relation between pressure and mean kinetic energy. 

The pressure of the gas is equal to two thirds of internal energy per unit volume or 
internal energy density (u=U/V). 

pressure is equal to 2/3 of mean kinetic energy per unit volume.

Average kinetic energy per mole

1/2MC2 =  3/2RT
.
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At constant temperature, the average kinetic energy and hence the average speed of the
molecules is constant. The number of molecules present in a given mass of a gas is
also constant.

As a result, the pressure of the gas will be reduced to one half of its original volume

The kinetic gas equation or simply the universal gas equation is the same thing.

PV = nRT, where P is the pressure, V is the volume of gas, n is the number of moles of gas, 
R is the universal gas constant, and T is the temperature
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The van der Waals equation of state approaches the ideal gas law PV=nRT as the values of 
these constants approach zero. The constant a provides a correction for the 
intermolecular forces. Constant b is a correction for finite molecular size and its value is 
the volume of one mole of the atoms or molecules.

The van der Waal's equation of state for a real gas is:
(P + n2a / V2)(V- nb) = nRT

P-Pressure

n- no of moles

R-Ideal gas constantR-Ideal gas constant

V-Volume

T-temperature

A & b constant

To convert 'a' into atm L2/mol2 multiply by 0.986 atm/barTo convert 'a' into kPa
L2/mol2 multiply by 100.0 kPa/bar





 Boltzmann distribution, that the assumption of a single speed in the Kinetic Theory is over 

simplified! 

 In fact there are three kinds of average or characteristic speed that we can identify from the  

Boltzmann distribution

1. The Root Mean Square Speed:
crms = (3RT/M)1/2

If N is the total number of atoms,  If N is the total number of atoms, c1 is the speed of atom 
1, and c2 the speed of atom 2, etc

crms = [(1/N)(c12+ + c22 +c32 + ………)] 1/2

2.  The Average Speed:
C average = [(1/N)(c1 + c2 + c3 + ………)]
C average = (8RT/π M)1/2

3.  The Most Probable Speed:
cmp is the value of c that gives (∆N/N) in the Boltzmann distribution which is the largest 
value. 



The no of molecules moving with velocity between v & v+dv is:

Where, m= mass of a molecule

N= Total no of molecules

k= Boltzmann constant

T= Absolute temperature



The phenomenon of a smooth merging of a gas into its liquid state under a critical state or critical point

The density of the gas at the critical point is called the critical density

The essential condition for the liquefaction of the gas is described by the study 

of critical temperature, critical pressure and critical volume and their inter relationships. 

When a gaseous system is transformed to its liquid state, there is a tremendous decrease in the volume.

In 1869, Thomas Andrews carried out an experiment in which P - V relations of carbon dioxide gas 

were measured at different temperatures.



Problem for practice:

Q1.  What does kinetic theory explain?

Q2. What are the principles of kinetic theory?


