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Course objective:

The objective of this course is to develop basic and advance concepts regarding gases and 
liquids. It aims to study the similarity and differences between the two states of matter and 
reasons responsible for these. The objective of the practicals is to develop skills for working 
in physical chemistry laboratory. The student will perform experiments based on the concepts 
learnt in Physical chemistry-I course.

Outcome of the course:
By the end of the course, the students will be able to: 

• Derive mathematical expressions for different properties of gas and liquid and understand 
their physical significance. 
• Apply the concepts of gas equations and liquids while studying other chemistry courses and 
every-day life. 
• Handle stalagmometer and Ostwald viscometer properly. 
• Determine the density of aqueous solutions. 
• Dilute the given solutions as per required concentrations. 
• Data reduction using numerical and graphical methods.



Lesson Plan:

Unit 
No.

Learning 
Objective

Lecture 
No. Topics to be covered

1. Gaseous 
state

1-2

Kinetic theory of gases- postulates and derivation of kinetic 
gas equation, Maxwell distribution of molecular velocities and 
its use in evaluating average, root mean square and most 
probable velocities and average kinetic energy

3-5

Definition, expression, applications and temperature and 
pressure dependence of each one of the following properties 
of ideal gases Collision frequency, Collision diameter, Mean 
free path.

   6-8

Coefficient of viscosity, definition, units and origin of 
viscosity of gases relation between mean free path and 
coefficient of viscosity, temperature and pressure dependence 
of viscosity of a gas, calculation of molecular diameter from 
viscosity

9-11

Barometric distribution law, its derivation and applications, 
alternative forms of barometric distribution law in terms of 
density and number of molecules per unit volume, effect of 
height, temperature and molecular mass of the gas on 
barometric distribution

12-14

Behaviour of real gases- Compressibility factor, Z , Variation 
of compressibility factor with pressure at constant temperature 
(plot of Z vs P) for different gases ( H2, CO2, CH4 and NH3). 
Cause of deviations from ideal gas behaviour and explanation 
of the observed behaviour of real gases in the light of 
molecular interactions

15-18

van der Waals (vdW) equation of state, Limitations of ideal 
gas equation of state and its modifications in the form of 
derivation of van der Waal equation,
Physical significance of van der Waals constants, application 
of van der Waal equation to explain the observed behaviour of 
real gases.

19-20

Virial equation of state-Physical significance of second and 
third virial coefficients, van der Waals equation expressed in 
virial form, Relations between virial coefficients and van der 
Waals constants

21-24

Isotherms of real gases- Critical state, relation between critical 
constants and van der Waals constants, correlation of critical 
temperature of gases with intermolecular forces of attraction, 
Continuity of states, Limitations of van der Waals equation, 
Reduced equation of state and law of corresponding states 
(statement only).

2. Liquid 
state

1-2 Nature of liquid state, qualitative treatment of the structure of 
the liquid state. Physical properties of liquids-vapour pressure, 
its origin and definition, Vapour pressure of liquids and 



intermolecular forces, and boiling point

3-4

Surface tension, its origin and definition, Capillary action in 
relation to cohesive and adhesive forces, determination of 
surface tension by (i) using stalagmometer (drop number and 
drop mass method both) and (ii) capillary rise method, Effects 
of addition of sodium chloride, ethanol and detergent on the 
surface tension of water and its interpretation in terms of 
molecular interactions, Role of surface tension in the 
cleansing action of detergents

5-6

Coefficient of viscosity and its origin in liquids, Interpretation 
of viscosity data of pure liquids (water, ethanol, ether and 
glycerol) in the light of molecular interactions, Effects of 
addition of sodium chloride, ethanol and polymer on the 
viscosity of water, relative viscosity, specific viscosity and 
reduced viscosity of a solution, comparison of the origin of 
viscosity of liquids and gases, effect of temperature on the 
viscosity of a liquid and its comparison with that of a gas.

Evaluation Scheme:
No. Component Duration Marks

1.

Internal Assessment

25
 Quiz
 Class Test
 Attendance
 Assignment

2. End Semester Examination 3 hr 75

Details of the Course

Unit Contents Contact 
Hours

1

Gaseous 
state

Kinetic theory of gases- postulates and derivation of kinetic gas 
equation, Maxwell distribution of molecular velocities and its use in 
evaluating average, root mean square and most probable velocities 
and average kinetic energy. Definition, expression, applications and 
temperature and pressure dependence of each one of the following 
properties of ideal gases: Collision frequency, Collision diameter, 
Mean free path. Coefficient of viscosity, definition, units and origin 
of viscosity of gases, relation between mean free path and 
coefficient of viscosity, temperature and pressure dependence of 
viscosity of a gas, calculation of molecular diameter from viscosity 

Barometric distribution law, its derivation and applications, 
alternative forms of barometric distribution law in terms of density 
and number of molecules per unit volume, effect of height, 
temperature and molecular mass of the gas on barometric 

24



distribution 

Behaviour of real gases- Compressibility factor, Z , Variation of 
compressibility factor with pressure at constant temperature (plot of 
Z vs P) for different gases ( H2, CO2, CH4 and NH3), Cause of 
deviations from ideal gas behaviour and explanation of the observed 
behaviour of real gases in the light of molecular interactions van der 
Waals (vdW) equation of state, Limitations of ideal gas equation of 
state and its modifications in the form of derivation of van der Waal 
equation, Physical significance of van der Waals constants, 
application of van der Waal equation to explain the observed 
behaviour of real gases.

Isotherms of real gases- Critical state, relation between critical 
constants and van der Waals constants, correlation of critical 
temperature of gases with intermolecular forces of attraction, 
Continuity of states, Limitations of van der Waals equation, 
Reduced equation of state and law of corresponding states 
(statement only). Virial equation of state- Physical significance of 
second and third virial coefficients, van der Waals equation 
expressed in virial form, Relations between virial coefficients and 
van der Waals constants

2

Liquid 
state

Nature of liquid state, qualitative treatment of the structure of the 
liquid state Physical properties of liquids-vapour pressure, its origin 
and definition, Vapour pressure of liquids and intermolecular forces, 
and boiling point. 

Surface tension, its origin and definition, Capillary action in relation 
to cohesive and adhesive forces, determination of surface tension by 
(i) using stalagmometer (drop number and drop mass method both) 
and (ii) capillary rise method, Effects of addition of sodium 
chloride, ethanol and detergent on the surface tension of water and 
its interpretation in terms of molecular interactions, Role of surface 
tension in the cleansing action of detergents. 

Coefficient of viscosity and its origin in liquids, Interpretation of 
viscosity data of pure liquids (water, ethanol, ether and glycerol) in 
the light of molecular interactions, Effects of addition of sodium 
chloride, ethanol and polymer on the viscosity of water, relative 
viscosity, specific viscosity and reduced viscosity of a solution, 
comparison of the origin of viscosity of liquids and gases, effect of 
temperature on the viscosity of a liquid and its comparison with that 
of a gas.

6

Total 30

Suggested Books:

Sl. No. Name of Authors/Books/Publishers Year of Publication/Reprint

-1
Atkins, P.W.; Paula, J.de. Atkin’s P hysical C 
hemistry E d., 10th Edition, Oxford University 
Press.

2014



2 Ball, D. W. Physical Chemistry, 2nd Edition, 
Cengage Learning, India. 2017

3 Castellan, G. W. Physical Chemistry, 4th 
Edition, Narosa.. 2004

4
Kapoor, K.L. A T extbook of P hysical C 
hemistry, Vol 1, 6th Edition, McGraw Hill 
Education.

2015

Mode of Evaluation: Internal Assessment / End Semester Exam

Progress Report:

Unit 
No.

Learning 
Objective

Lecture 
Date Topics to be covered

1. Gaseous 
state 9-Nov-

22

Kinetic theory of gases- postulates and derivation of kinetic gas 
equation, Maxwell distribution of molecular velocities and its 
use in evaluating average, root mean square and most probable 
velocities and average kinetic energy

16-
Nov-

22

Definition, expression, applications and temperature and 
pressure dependence of each one of the following properties of 
ideal gases Collision frequency, Collision diameter, Mean free 
path.

23-
Nov-
22

Coefficient of viscosity, definition, units and origin of viscosity 
of gases relation between mean free path and coefficient of 
viscosity, temperature and pressure dependence of viscosity of a 
gas, calculation of molecular diameter from viscosity

30-
Nov-

22

Barometric distribution law, its derivation and applications, 
alternative forms of barometric distribution law in terms of 
density and number of molecules per unit volume, effect of 
height, temperature and molecular mass of the gas on 
barometric distribution

7-Dec-
22

Behaviour of real gases- Compressibility factor, Z , Variation of 
compressibility factor with pressure at constant temperature 
(plot of Z vs P) for different gases ( H2, CO2, CH4 and NH3). 
Cause of deviations from ideal gas behaviour and explanation of 
the observed behaviour of real gases in the light of molecular 
interactions

14-
Dec-22

van der Waals (vdW) equation of state, Limitations of ideal gas 
equation of state and its modifications in the form of derivation 
of van der Waal equation,
Physical significance of van der Waals constants, application of 
van der Waal equation to explain the observed behaviour of real 
gases.

21- Virial equation of state-Physical significance of second and 



Dec-22 third virial coefficients, van der Waals equation expressed in 
virial form, Relations between virial coefficients and van der 
Waals constants

28-
Dec-22

Isotherms of real gases- Critical state, relation between critical 
constants and van der Waals constants, correlation of critical 
temperature of gases with intermolecular forces of attraction, 
Continuity of states, Limitations of van der Waals equation, 
Reduced equation of state and law of corresponding states 
(statement only).

2. Liquid 
state

4-Jan-
23

Nature of liquid state, qualitative treatment of the structure of 
the liquid state. Physical properties of liquids-vapour pressure, 
its origin and definition, Vapour pressure of liquids and 
intermolecular forces, and boiling point

11-Jan-
23

Surface tension, its origin and definition, Capillary action in 
relation to cohesive and adhesive forces, determination of 
surface tension by (i) using stalagmometer (drop number and 
drop mass method both) and (ii) capillary rise method, Effects 
of addition of sodium chloride, ethanol and detergent on the 
surface tension of water and its interpretation in terms of 
molecular interactions, Role of surface tension in the cleansing 
action of detergents

18-Jan-
23

Coefficient of viscosity and its origin in liquids, Interpretation 
of viscosity data of pure liquids (water, ethanol, ether and 
glycerol) in the light of molecular interactions, Effects of 
addition of sodium chloride, ethanol and polymer on the 
viscosity of water, relative viscosity, specific viscosity and 
reduced viscosity of a solution, comparison of the origin of 
viscosity of liquids and gases, effect of temperature on the 
viscosity of a liquid and its comparison with that of a gas.


