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UNIT 3: GASEOUS STATE: 

A. Kinetic molecular model of a gas:  

Gases were among the first substances studied using the modern scientific method, which 

was developed in the 1600s. It did not take long to recognize that gases all shared certain 

physical behaviours, suggesting that gases could be described by one all-encompassing 

theory. The kinetic molecular theory of gases is a model that helps us understand the physical 

properties of gases at the molecular level. 

 Kinetic molecular theory states that gas particles are in constant motion and exhibit 

perfectly elastic collisions. 

 Kinetic molecular theory can be used to explain both Charles’s and Boyle’s laws. 

 The average kinetic energy of a collection of gas particles is directly proportional to 

absolute temperature only. 

Key Terms  

 ideal gas: A hypothetical gas whose molecules exhibit no interaction and undergo elastic 

collision with each other and the walls of the container. 

 macroscopic properties: Properties that can be visualized or measured by the naked eye; 

examples include pressure, temperature, and volume. 

B. Postulates of molecular model of a gas: 

The following are the basic assumptions of the kinetic molecular theory: 
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C. Derivation of the Kinetic Gas Equation: 
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D. Collision Diameter: The distance between the centres of the two molecules at the point 

of their closest approach is known as the collision diameter.  

 

Collision Frequency: Collisional Frequency is the average rate in which two reactants 

collide for a given system and is used to express the average number of collisions per 

unit of time in a defined system. 
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Calculation of σ from η and variation of viscosity with temperature and 

pressure 
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Maxwell distribution and its use in evaluating molecular velocities 

(average, root mean square and most probable) and average kinetic energy 
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DEGREES OF FREEDOM:  

The number of independent ways in which a molecule of gas can move is 

called the degree of freedom.  

Types of degree of freedom 

A gaseous molecule has a certain number of degrees of freedom, such as the ability to 
translate (the motion of its centre of mass through space), rotate around its centre of mass, 
or vibrate (as its bond lengths and angles change). Many physical and chemical properties 
depend on the energy associated with each of these modes of motion.  

If a molecule has N number of independent particles, then total degree of freedom in three 

dimensions of the molecule is determined by: F= 3N 
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Degree of freedom Monatomic linear molecules Non-linear 
molecules 

Translational 3 3 3 
Rotational 0 2 3 
Vibrational 0 3N-5 3N-6 
Total 3 3N 3N 

Points to be noted:  

Energy contribution for linear molecules: 

Degree of freedom Translational       Rotational  Vibrational  

Linear molecule   3   2       3N-5 

Energy contribution  

At room temperature 3 x ½ kT   2 x  ½ kT Inactive (no contribution) 

Energy contribution 

 At high temperature 3 x ½ kT   2 x  ½ kT  (3N-5) x Kt 
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Energy contribution for non-linear molecules 

 

Degree of freedom of monoatomic gas 

 Since a monatomic molecule consists of only a single atom of point mass it has three 
degrees of freedom of translatory motion along the three coordinate axes x, y and z.  

 Examples: Molecules of Inert gases like helium(He), Neon(Ne), Argon(Ar), etc. 

Degree of freedom of diatomic molecule 

 The diatomic molecule can rotate about any axis at right angles to its own axis. 
Hence it has two rotational degrees of freedom, in addition, it has three translational 
degrees of freedom along the three axes. A diatomic molecule shows one vibrational 
degree of freedom. So, a diatomic molecule has a total of six degrees of freedom at 
high temperatures.  

 At room temperature the total degree of freedom of a diatomic molecule 
is five because vibrational motion is not contributed. Examples: molecules of O2, N2, 
CO, Cl2, etc. 

Degree of freedom of triatomic molecule 

 In the case of a triatomic molecule of linear type, the centre of mass lies at the 
central atom.  

 It, therefore, behaves like a diatomic molecule with three degrees of freedom of 
translation and two degrees of freedom of rotation, it has five degrees of freedom as 
shown at room temperature. 

 At high temperatures, It shows four vibrational degrees of freedom. Hence, it shows a 
total of nine degrees of freedom. Examples: molecules of CO2, CS2, etc. 

 At room temperature a triatomic nonlinear molecule possesses three degrees of 
freedom of rotation in addition to three degrees of freedom of translation. Hence it 
has six degrees of freedom.  

 At high temperatures, it shows a total of nine degrees of freedom. Examples : 
molecules of H2O, SO2, etc. 

Degree of freedom Translational  Rotational Vibrational  

non-linear molecule 3 3 3N-6 

Energy contribution At room temperature 3 x ½ kT 3 x  ½ kT Inactive (no contribution) 

Energy contribution At high temperature 3 x ½ kT 3 x  ½ kT (3N-6) x kT 
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BEHAVIOUR OF REAL GASES: 

Deviations from ideal gas behaviour: 
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