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PREFACE

To fulfill the understanding of chemistry as a base for engineering students, I am presenting
the first edition of this book. It has grown out of my lectures over a period of more than seven
years of teaching B.E/B.Tech. students. In its present form, this book covers the syllabus
prescribed for the engineering students of Maharshi Dayanand University, Rohtak.

An effort has been made to present the subject matter of each chapter in a simple language
and in a very precise form, so that the students can understand easily. To make the book self
educating and result oriented, a large number of solved numerical and conceptual problems
have been incorporated in each chapter. Further, at the end of each chapter, a large number of
long answer type questions, numerical problems, fill in the blanks and multiple choice type
questions have been given. These questions will help the students to prepare well for the
examination.

The book also covers the various experiments and an added feature in the experiments is
“Motivation”. The significance of performing an experiment and its other important aspects are
explained in motivation.

I hope this book will serve its purpose and prove beneficial to its readers. Any suggestions
and constructive criticism towards this objective are welcome. I regret any misprints or errors
which might have crept despite all my efforts.

It gives me immense pleasure to acknowledge my teacher and guide Prof. Veena Chaudhary
of IIT-Delhi. Further, I wish to place on record my sincerest gratitude to Prof. C.M Bhatia, Prof.
B.B Bansal and Prof. V.K Mahna who have influenced my thought process and have always
been a source of inspiration.

This venture would not have seen the finish line without the continued guidance and
encourangement of Dr. D.S. Kumar, Executive Director (Engg.) of Manav Rachna Educational
Institutions.

I am grateful to all the authors of the books I have referred in preparing the notes. I wish to
thank my fellow teachers for their valuable suggestions and also my students whose feedback
has helped me to understand how they learn.

Last but not the least I would like to acknowledge my family members for their never
ending encouragement and moral support throughout the preparation of this book.

Author
MREI, Faridabad
January, 2009
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This book is dedicated to my parents,
who were my first teachers and to my cherished family,
Mahesh and Rochan, with whom I am still learning.
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1.1 INTRODUCTION
Thermodynamics, as a branch of science, began with laws governing conversion of heat into
mechanical, electrical and other forms of energy. It is sometimes also called as energetics.
When we deal with substances in bulk, the approach is known as macroscopic one and the
properties are therefore called as macroscopic properties. The macroscopic approach forms the
basis of classical thermodynamics. Another approach of arriving at the energy relationships
starting with the energies of individual particles like atoms and molecules is the basis of statistical
thermodynamics. Both the approaches are complementary and there is no conflict between
them.

Chemical thermodynamics is the branch dealing with energy changes accompanying chemical
transformations.

Thermodynamics is essentially based upon experimental results and observations of common
experiences; there is no mathematical proof to the zeroth, first and second low of thermodynamics.

The strong point about thermodynamics is that none of the thermodynamic laws have ever
proved to be wrong in experimental testing and several laws of physical chemistry can be deduced
directly from these laws.

This chapter provides a basic introduction to the concept of entropy and free energy, how
free energy depends on temperature, pressure and number of moles and how spontaneity of a
process can be explained with the help of chemical potential.

1.2 USEFULNESS OF THERMODYNAMICS
(i) Thermodynamics is useful in engineering due to its ability to predict the maximum

efficiency of the various types of heat engines and maximum work obtainable from
a given fuel.

(ii) It can easily predict the feasibility of a physical or chemical change within the given
set of variable.

(iii) Also, the extent to which the change would take place before the attainment of
equilibrium can be determined with the help of thermodynamics.

1
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(iv) As said earlier, the various laws of physical chemistry can be deduced directly from
the laws of thermodynamics e.g., Phase rule, Nernst distribution law, Raoult’s law of
lowering of vapour pressure, Law of chemical equilibrium and Expressions for elevation
in boiling point, depression in freezing point.

1.3 LIMITATIONS OF THERMODYNAMICS
(i) Thermodynamics can predict the feasibility, extent and direction of a process but

provide no information regarding the conditions under which a change would occur
or the time taken for such a process to complete.

(ii) Thermodynamics does not gives any idea about the mechanism through which the
change would occur.

(iii) It deals, with the material in bulk and is not applicable to individual atoms or
molecules.

(iv) Thermodynamics deals with substances in  equilibrium state, therefore not concern
itself with the speed with which a change is effected. Only the initial and final states
of a substance involved in the change are of interest.

1.4 THERMODYNAMIC SYSTEM
A thermodynamic system consists of all the material involved in the process under
study. In other words, it is that part of the universe which is under observation to study the
changes in its properties due to exchange of energy in the form of heat or work.

A system can be the contents of an open beaker containing reagents, the electrolyte solution
with in the electrochemical cell, can be as simple as a hot cup of tea or as complex as the
human body. Human body as a system has many other systems within it such as circulatory
system, digestive system. Each of these sub-systems have further many systems with their
own boundaries.

Though the human body is a complex system, is also a sub-system of the earth’s ecosystem.
The ecosystem is a sub-system of the earth and the earth is a sub-system of solar system, which
is further a sub-system of milky wave galaxy and so on.

Fig. 1.1. System boundary and surrounding representation

From the above discussion, surrounding can also be regarded as a system and hence
thermodynamics is largely concerned with interaction between system. If oceans on the earth is
considered as a system then rest of the universe is referred to as the surrounding. The interface
between the system and surrounding is called the boundary. The boundary represents
the limit of the system.

This interface may be well defined i.e., real or may be imaginary and defined purely for
conveinenc.
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For open beaker in which the system is the contents, the boundary surface is just inside
the inner wall of the beaker and passes across the open top of the beaker. The portion of the
boundary formed by the beaker is called a wall. Walls are always boundaries but a boundary
need not to be  a wall. Walls can be rigid or movable, and permeable or non-permeable and
conducting or non-conducting. An example of movable wall is the surface of a balloon.

Some important types of walls are :
(i) A rigid wall : A wall whose shape and position is fixed.

(ii) An impermeable wall :  A wall that does not allows the passage of matter.
(iii) Permeable wall : A wall that allows the passage of matter and consequently also

of energy.
(iv) An Adiabatic wall :  The walls or boundaries which do not allow heat transfer to

take place across them.
(v) A diathermal wall :  The walls that do allow heat interaction across them but do

not allow the exchange of matter.
Fig. 1.2 shows that how depending upon the type of boundary various types of system that

can exist.

Fig.1.2. Various types of walls

Types of System :
(A)  Depending upon the interaction of system with rest of the surrounding, there are three

types of systems :
(a) Open system : A system that can

exchange mass with the surrounding along
with transfer of energy in the form of heat
and work, is said to be an open system
(Fig. 1.3). Example of an open system is
steam generator or a boiler which converts
water from liquid to vapour phase. Here
contents of the system change; water flows
into and steam flows out of the system.

(b) Closed system : A closed system can
exchange energy in the form of heat and
work with its environment but there is no mass transfer across the system boundary.
There is no change in the mass, but volume can change against a flexible boundary.
The example of a closed system is a cylinder fitted with a movable piston, where the

Fig. 1.3. Open system
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