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SYLLABUS (OBJECTIVES)

Gaseous state: Review of kinetic theory of gases, van der Waals

equation of state, Boyle temperature. Molecular velocity: Maxwell’s

Boltzmann distribution law of molecular velocities (most probable,

average and root mean square velocities). Relation between RMS,

average and most probable velocity and average kinetic energies

(derivation not required), law of equipartition of energy. Collision

frequency, collision diameter, Collision cross-section, collision number

and mean free path and coefficient of viscosity, calculation of σ and ղ ,

variation of viscosity with temperature and pressure. Critical

phenomena: Andrews’s isotherms of CO2, critical constants and their

determination Relation between critical constants and van der Waals

equation (Derivation), continuity of states, law of corresponding states.

Numerical problems are to be solved wherever applicable. (7 Lectures)



 Solids: Forms of solid, Unit cell and space lattice, anisotropy
of crystals, size and shape of crystals, Laws of
Crystallography: Law of constancy of interfacial angles, Law
of rational indices, Law of symmetry (Symmetry elements),
Crystal systems, Bravais lattice types and identification of
lattice planes. Miller indices and its calculation, X–Ray
diffraction by crystals: Bragg’s law and derivation of Bragg’s
equation, Single crystal and powder diffraction methods.
Defects in crystals, glasses and liquid crystals. Numerical
problems.

 Nernst Distribution Law - Statement and its derivation.
Distribution constant, factors affecting distribution constant,
validity of Distribution Law, Modification of distribution law
when molecules undergo a) Association b) Dissociation.
Application of Distribution Law in Solvent extraction.
Derivation for simple and multiple extraction. Principles of
distribution law in Parkes Process of desilverisation of lead.
Numerical Problems. (7 Lectures)



What is needed for 

Understanding 

Chemistry?



CURIOSITY



CAN YOU IDENTIFY THE DIRECTION IN WHICH

THIS BUS IS MOVING: LEFT OR RIGHT?



ROTE LEARNING

V/S

ACTIVE LEARNING



Chemistry = Science of Matter

States of Matter

Solid

Liquid

Gas

.

CHEMISTRY







MOLECULAR ARRANGEMENT



GAS IS COMPRESSIBLE: SYRINGE EXPT

 Boyle’s law                                     Charles’s law





Particle Motion in Solids, Liquids 

and Gases
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What happens when water boils ?



True False Not 

sure

1.The bubbles contain a mixture of   

hydrogen and oxygen.

2.The bubbles contain carbon  

dioxide.

3.The bubbles contain steam

(water vapour).

4.The bubbles are empty (vacuum).

5.The bubbles contain air.

6.The bubbles contain oxygen only.

False

False

True

False

False

False

What Happens When Water Boils?



MOLECULAR ARRANGEMENT



GAS LAWS

Boyle’s Law

Charle’s Law

Avogadro’s law

Grahams law of diffusion etc.,



1.BOYLE’S LAW

P α 1/V

PV=Constant 

at constant Temp

Syringe expt





2 CHARLE’S LAW

V α T

V/T =Constant 

at constant P



3. GRAHAM’S LAW OF DIFFUSION





BEHAVIOUR OF GAS AT

MOLECULAR LEVEL

Kinetic theory of Gases



Notes



Effect of Pressure on 

Volume of a Gas-Expt

Boyle’s Law



Ideal Gas Isotherms

P = nRT/V

(hyperbolae)



Real Gas Isotherm

For an ideal gas PV = nRT, 

At constant temperature, PV =Constant

A curve in a P-V diagram generated by the equation 

PV = Const. at constant temperature is called 

an isotherm.

(Isotherm= Plots of  P v/s V at constant T)



Andrew’s Experiment on

Carbon dioxide







Liquefaction of CO2 

& its Critical temperature



1.Andrew’s  Isotherms of Carbon dioxide

A

C B

D

X

Y

Z

Tc=31.1oC

Pc = 72.9 atm



Discussion

Andrew’s  Isotherms of Carbon 

dioxide
1.Isotherms above 31.1. 0C

2.Isotherms below 31.1. 0C

3.Isotherm at 31.1. 0C



Critical Constants
1.The Critical Temperature  (Tc)

“The temperature below which the

continuous increase of pressure on a gas

ultimately brings about liquefaction and

above which no liquefaction can take place

no matter what so ever pressure be

applied”.
Ex: Critical temperature of CO2= 31.1.0C ( 304.1K)



2.Critical Pressure (Pc)

The pressure required to liquefy the gas at 

critical temperature is called critical 

pressure
Ex:  Pc of  CO2 =  72.9 atm

3.Critical  Volume (Vc) 

The volume occupied by 1 mole of gas 

under these conditions is called the critical 

volume.
Ex: Vc of CO2 = 94 mL/mole





Selective Attention Test



2.Relationship between Critical Constants and 

Van der Waal’s Constants

Van der Waals equation may be written as:

aV

aV

Operations; 1.Simplify  2. Multiply by V2  ( Take LCM) 3.Divide by P

……..(ii)

…………(i)



At Critical Temperature and Critical Pressure  V=Vc

Or V-Vc=0

Or (V-Vc)
3 =0

Or V3-3V2VC + 3VVc
2 -Vc

3 =0 …….(iii)

This is called an equation of critical state. 

Substituting T=Tc (critical temperature) 

and P=Pc (critical pressure) 

in equation (ii), we get,

……..(iv)



Comparing eqns. (iii) and (iv) we get

……..(v)

……..(vi)

……..(vii)

 Dividing equation(vii) by equation (vi) 

 Substituting the value of Vc in equation (vi)

 Substituting the values of Vc, Pc in equation( v)



On solving the above equations, we get

……..(viii)

……..(x)

……..(ix)



Review-

Derive Expression for Critical Constants

in terms of Van der Waal’s constants





3.DETERMINATION OF 

CRITICAL CONSTANTS

Video



Determination of Critical Constants 







4.REDUCED EQUATION OF STATE AND LAW OF

CORRESPONDING STATES

Van der Waals’ equation of state contains a,b and R, the

first two of which are the characteristic constants of a

gas and the third one is universal gas constant. The

presence of a and b makes the nature of the isothermals

different for different gases hence, the equation of state

is not universal. The attempt of building up an equation

of state which is of universal use succeeded in

developing reduced equation of state. .

Let us define three reduced quantities:

Reduced Pressure  = P/Pc  = π (Pi)
Reduced  Volume  = V/Vc = φ ( Phi)
Reduced  Temperature  = T/Tc = θ ( Theta)





LAW OF CORRESPONDING STATES

DEFINITION:

WHEN TWO SUBSTANCES HAVE THE SAME

REDUCED TEMPERATURE AND REDUCED

PRESSURE , THEY WILL HAVE THE SAME

REDUCED VOLUME.



5.Liquefaction of 

Gases



APPLICATIONS OF LIQUID H2 & O2

Cryogenic Technology



Making 

Liquid Air by Cooling

(Using liquid Nitrogen)

Boling Point of N2= 77.4 K

Boling Point of O2= 90.2 K



Carl Paul Gottfried Linde (11 June 1842 – 16 November 1934) was a 

German scientist, engineer, and businessman. He discovered a refrigeration 

cycle and invented the first industrial-scale air separation and gas 

liquefaction processes





AIR SEPARATION PLANT



6. MAXWELL MOLECULAR SPEED

DISTRIBUTION

What  do you mean by Kinetic energy

of molecules?
Boltzmann’s Theory( upto 3.10 )



Maxwell Molecular

Speed Distribution



Maxwell 

Molecular 

Speed 

Distribution 

Curves



MOST PROBABLE VELOCITY

Most Probable velocity corresponds to the maximum 

of the Maxwell’s function









EFFECT OF TEMPERATURE ON DISTRIBUTION OF

MOLECULAR VELOCITIES ( EX: NITROGEN GAS)












