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PREFACE TO THE SIXTH EDITION

The author is pleased to place the fifth enlarged and updated edition of the book at the
hands of the students and teachers. Overwhelming response to the earlier editions has
encouraged me to undertake thorough revision of the text. Some of the salient features of
this edition are :

L.

10.

11.

A number of questions that appeared in the papers of different universities during
the last couple of years have been solved in different chapters.

Physical chemistry in a Nutshell, which is a special feature of the book, has been
provided in the beginning. It will prove to be very useful to the students in last
minute revision for the examination.

Collision frequency, mean free path, viscosity of a gas and barometric formula have
been added to the chapter on gaseous state.

Structural differences between solids, liquids and gases, various intermolecular forces
in liquids, hydrogen bonding and Pioseulle's equation have been discussed in the
chapter on liquid state.

Powder method and Laue's method for the determination of crystal structure have
been added to chapter on solid state.

Various kinds of heats of reaction, Hess's law of constant heat summation and bond
energy have been discussed in detail in the chapter on thermodynamics I.
Different techniques for the determination of transition point have been provided.
Carbon dioxide, zinc-cadmium and Magnesium-zinc systems have been discussed
in the chapter on phase rule.

Dipping calomel electrode, glass electrode, quinhydrone electrodes and Fe?*
- K, Cr,0, and Fe** — K MnO , titrations have been discussed in the chapter on
electrochemical cells. Also various kinds of corrosion, theory and methods of
prevention have been treated in this chapter.

In the chapter on physical properties and molecular structure, electronic spectra,
width and intensity of spectral lines, Born-Oppenheimer approximation, Frank-condon
principle and electronic transitions in o, T and #-molecular orbitals have been included.
Chapters on solutions and dilute solutions, quantum mechanics and statistical
thermodynamics have been expanded to include several new concepts.

Appendix 1 on laws of logarithms and Appendix 2 on mathematical relations, which
are quite useful, have been provided at the end but before some useful tables.

It is hoped that the book in the present form will be found to be even more useful to
the reader.

Any suggestions for further improvement of the book are welcome.

DR. R.L. MADAN

Mobile 09971775666
(iii)



PREFACE TO THE FIRST EDITION

I feel immense pleasure in presenting the Simplified Course in Physical chemistry for
B.Sc. I, II and III (Pass and Honours) students of Indian universities. I have written this
book keeping in view the difficulties faced by the students, as observed by me during the last
three decades. I have presented the matter in a manner that will inspire the students to read
physical chemistry with interest.

This book has been written in question-answer style. This will apprise the students of
the style and nature of questions that are asked in the examination and the manner of
answering them appropriately. Every effort has been made to present the subject matter
lucidly by using a simple and clear language. If the student makes an earnest effort, he can
follow the subject-matter readily.

A large number of solved numericals have been included for a clear understanding of
the subject. Numerous well-labelled structures and diagrams have been given to explain the
points. Important principles, laws, concepts and results have been printed in italics or bold to
help the students grasp the subject easily. Questions from university papers of various Indian
Universities have been included in the text.

I thank Shri Ravindra Kumar Gupta, Director, S. Chand & Co. Ltd., for the inspiration
that I received from him. I also thank the staff of this Company for their co-operation and
efforts in bringing out the book in a nice form.

I sincerely hope that the book will go a long way to satisfy the long-felt need of students
for a friendly book on Physical Chemistry. Any suggestions for improvement of the book
are welcome and will be gratefully acknowledged.

DR. R.L. MADAN

Disclaimer : While the authors of this book have made every effort to avoid any mistake or omission and have used their
skill, expertise and knowledge to the best of have capacity to provide accurate and updated information. The authors and
S. Chand do not give any representation or warranty with respect to the accuracy or completeness of the contents of this
publication and are selling this publication on the condition and understanding that they shall not be made liable in any manner
whatsoever. S.Chand and the authors expressly disclaim all and any liability/responsibility to any person, whether a
purchaser or reader of this publication or not, in respect of anything and everything forming part of the contents of this
publication. S. Chand shall not be responsible for any errors, omissions or damages arising out of the use of the information
contained in this publication.

Further, the appearance of the personal name, location, place and incidence, if any; in the illustrations used herein is purely
coincidental and work of imagination. Thus the same should in no manner be termed as defamatory to any individual.
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GASEOUS STATE

Q. 1. Describe important characteristics of gases.

Ans. Some important characteristics of gases are given below:

(?) They fill up the whole vessel in which they are placed.

(i1) They exert pressure on the walls of the vessel in which they are taken.

(i) They can be compressed by applying the pressure.

(iv) Cooling and compression of the gas brings about its liquefaction.

(v) They exhibit the property of intermixing with one another—a property known as diffission.
(vi) At ordinary conditions of temperature and pressure, their densities are low.

Q.2. Discuss Boyle’s law and Charles' law of gases. (Kumaon 2000, Himachal 2000)

Ans. Boyle’s law: It states as follows:

Temperature remaining constant, the volume of a given mass of a gas is inversely
proportional to its pressure.

Thus, if Vis the volume of the gas at pressure P, then

1
Ve P (At constant temperature)

or P V = constant

If V, is the volume of the gas at pressure P, and V/ is the volume at pressure P,, then

P o xV, =P, xV,

Charles law:

Pressure remaining constant, the volume of a given mass of a gas increases or decreases
by 1/273 of its volume at 0°C for every degree rise or fall of temperature.

Thus if ¥, is the volume of a gas at 0°C and V/ is the volume at 7°C, then mathematically, the law
may be written as

K:Vﬁ—ixt
273

= Vo[l + L]
273

273+t
\ 573 (1.1



2 Physical Chemistry

Thus at = — 273°C

Vo=V, [273 - 273]
273
=0

This means that at —273°C, the volume of the gas is reduced to zero i.e., the gas ceases to
exist; in fact, the gas gets liquefied. This temperature (—273°C) at which the gas ceases to exist
is called Absolute Zero. It is represented by 0 K. Thus

—273°C=0K

or 0°C=273 K

Thls means that to convert ¢° C into K, we should add 273

°C=(+273) K=TK
Puttlng 273 +¢t° C = T'K in equation (1.1), we get

T
V. =V,—
273
This implies that
V oc T if pressure remains constant
or simply, V o T if pressure remains constant.

Thus the Charles law may also be defined as follows:

Pressure remaining constant, the volume of a given mass of a gas is directly proportional to its
absolute temperature.

Mathematically, the law may also be written as

14
T = constant, if pressure is kept constant
h_n
or T T - under constant pressure
where V| is the volume of the gas at pressure P, and V), is the volume at pressure P,.
Q.3. State and explain Avogadro’s law. (Meerut 2000)

Ans. Avogadro’s law may be defined as under:

Under similar conditions of temperature and pressure, equal volumes of all gases contain the
same number of molecules.

In other words, if temperature and pressure are kept constant, the volume (V) of a gas is
directly proportional to the number of molecules (V) present in the gas. Mathematically,

V oc N (At constant P and 7)

It has been found that one mole of every gas (i.e., 22.4 litres at N.T.P.) contains
6.023 x 10 molecules. This number is known as Avogadro’s Number and is usually represented
by N,

Obviously, the number of moles (n) of a gas may be calculated as follows:

n=-—
NO

As N, is a constant quantity, we can say that
no N

Hence the equation, V o« N, may also be written as:

V oc n, where n is the number of moles of the gas.
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or

Q. 4. How is combined gas equation obtained?
Ans. It is obtained by the combination of Boyle’s law, Charles' law and Avogadro’s law.
According to Boyle's law,

1
Vooc P if T is kept constant .(1.2)
According to Charles law,
V oc T if P is kept constant .. (1.3)
According to Avogadro's law,
V oc n if T and P are kept constant .. (1.4)

Combining equations (1-2), (1-:3) and (1- 4), we get

VocixTxn
P

1
V= Rx—x T x
P n

where R is a constant of proportionality and is called Gas Constant.
PV= nRT for n moles of the gas.
This equation is known as Gas Equation.
Q. 5. Give the postulates of kinetic theory of gases.
(G Nanakdev 2000; Nagpur 2002; Lucknow 2002; Guwahati 2006,
Vidyasagar 2007; Purvanchal 2007)

Ans. (i) Every gas is made up of a large number of extremely small particles called molecules.

All the molecules of a particular gas are identical in mass and size and differ from gas
to gas.

(il) The molecules of a gas are separated from each other by large distances so that the
actual volume of the molecules is negligible as compared to the total volume of the
gas.

(iii) The distances of separation between the molecules are so large that the forces of
attraction or repulsion between them are negligible.

(iv) The molecules are supposed to be moving continuously in different directions with
different velocities. Hence, they keep on colliding with one another (called molecular
collisions) as well as on the walls of the containing vessel.

(v) The pressure exerted on the walls of the containing vessel is due to the bombardment
of the molecules on the walls of the containing vessel.

(vi) Since the molecules are moving with different velocities, they possess different kinetic
energies. However, the average kinetic energy of the molecules of a gas is directly
proportional to the absolute temperature of the gas.

(vii) Molecules are supposed to be perfectly elastic hard spheres so that no energy is lost
when the molecules collide with one another or with the walls of the vessel.

(viii) The force of gravitation on the molecules is also supposed to be negligible.

1
Q. 6. Derive kinetic gas equation PV = 3 mnu’.

(G. Nanakdev, 2000; Lucknow 2002; Garhwal 2010)

Ans. Consider a cubical vessel containing the gas (Fig. 1.1). Suppose,

Total number of molecules present in the gas = n,

Mass of each molecule of the gas = m,

Length of each side of the cube =/ cm.

According to the kinetic theory of gases, the molecules of the gas are moving in different
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directions with different velocities. Consider any one molecule, moving with a velocity 8, cm/sec
in any direction. The velocity can be resolved into three mutually perpendicular components 3,
Sy and 9 parallel to X-axis, Y-axis, and Z-axis respectively as shown in Fig. 1.1. Then mathematically,

9; :Si+8i+85 ..(D)
Now, consider the motion of the molecule due
to component 9 _only. Due to this component, the y
molecule will strike the opposite faces 4 and B A

which are at right angles to the X-axis.
Momentum of molecule due to component 3,

just before it strikes the face 4
=m3,
As the molecules are supposed to be perfectly
elastic, after colliding the face 4, the molecule will D4 O
return with the same velocity. As the direction has T %
changed, the velocity will now be taken as —9 . ¥ 0,
x /cm = > X
Hence
Momentum of the molecule due to component
9, just after it strikes the face 4
=mx(=98)=-mY,
.. Change of the momentum of the molecule “—cm—>
in one collision on the face 4 due to component 7
9
' =mY —(—m3) =2m3, Fig. 1.1. A cubical vessel containing n
Now let us calculate the number of collisions molecules of the gas.

which take place on the face 4 in one second due
to component 9 .

For next collision on the face 4, the molecule has to travel from face 4 to B and then back from
Bto Ai.e., atotal distance of

[+[1=2lcm

As the component being considered is 8 cm/sec, this means that the distance travelled by
the molecule in one second is §_cm.

- Number of collisions which take place on the face A in one second due to component 8

S

2
As the change of momentum in one collision is 2m3,
. Change of momentum of the molecule in one second due to component §_for collisions on
the face 4

2
=2mY, ><i = m9,
2 /
Similarly, change of momentum of the molecule in one second due to component 3 for

collisions on the face B

3 mSﬁ
/

. Change of momentum of the molecule in one second due to component §_for collisions on
the opposite faces perpendicular to X-axis.
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