


(ii)

Dear Readers, 

To prevent the piracy, this book is secured with HIGH SECURITY HOLOGRAM on the front 
title cover. In case you don’t find the hologram on the front cover title, please write us to at  
contact@khannabooks.com or whatsapp us at +91-99109 09320 and avail special gift voucher for 
yourself.

Specimen of Hologram on front Cover title:

Moreover, there is a SPECIAL DISCOUNT COUPON for you with EVERY HOLOGRAM.

How to avail this SPECIAL DISCOUNT:
Step 1: Scratch the hologram
Step 2: Under the scratch area, your “coupon code” is available
Step 3: Logon to www.khannabooks.com
Step 4: Use your “coupon code” in the shopping cart and get your copy at a special discount
Step 5: Enjoy your reading!

ISBN: 978-93-91505-14-1
Book Code: UG001EN

Chemistry - I by Manisha Agrawal
[English Edition]

First Edition: 2021

Published by:
Khanna Book Publishing Co. (P) Ltd.
Visit us at: www.khannabooks.com
Write us at: contact@khannabooks.com
CIN: U22110DL1998PTC095547

To view complete list of books, 
Please scan the QR Code:

KPH

Printed in India.

Copyright © Reserved

No part of this publication may be 
reproduced, stored in a retrieval system or 
transmitted, in any form or by any means, 
electronic, mechanical, photocopying, 
recording or otherwise without prior 
permission of the publisher. 

This book is sold subject to the condition 
that it shall not, by way of trade, be lent, 
re-sold, hired out or otherwise disposed 
of without the publisher’s consent, in any 
form of binding or cover other than that in 
which it is published. 

Disclaimer: The website links provided by  
the author in this book are placed for 
informational, educational & reference 
purpose only. The Publisher do not 
endorse these website links or the views of 
the speaker/ content of the said weblinks. 
In case of any dispute, all legal matters 
to be settled under Delhi Jurisdiction only.







(v)

The author grateful to AICTE for their meticulous planning and execution to publish the technical 
book for Engineering and Technology students. 

I sincerely acknowledge the valuable contributions of the reviewer of the book Prof. Vimal 
Rarh, for making it students’ friendly and giving a better shape in an artistic manner. 

This book is an outcome of various suggestions of AICTE members, experts and authors who 
shared their opinion and thoughts to further develop the engineering education in our country. 

It is also with great honour that I state that this book is aligned to the AICTE Model Curriculum 
and in line with the guidelines of National Education Policy (NEP) -2020. Towards promoting 
education in regional languages, this book is being translated in scheduled Indian regional 
languages. 

Acknowledgements are due to the contributors and different workers in this field whose 
published books, review articles, papers, photographs, footnotes, references and other valuable 
information enriched us at the time of writing the book. 

Finally, I like to express my sincere thanks to the publishing house, M/s. Khanna Book 
Publishing Company Private Limited, New Delhi, whose entire team was always ready to cooperate 
on all the aspects of publishing to make it a wonderful experience.

Manisha Agrawal

Acknowledgement





(vii)

Subject Chemistry teaches useful skills and knowledge. It plays an important and useful role 
in everyday life, towards the development and growth of a number of industries. Such as the 

food we eat, the air we breathe, the various cleansing agents we use, even human emotions are 
sometimes a result of chemical reactions within our body.

The text book on “Chemistry-I” (Theory and Lab) is designed to cater the needs of young 
minds of 21st century. The theoretical concepts and practical utility of these are blended in all the 
topics of the content with relevant examples. Book is strictly aligned with AICTE model curriculum 
incorporating student centric and self-learning activities as per New National Education Policy. 
Salient features of this model curriculum have been designed in such a way that it encourages 
innovation and research. A total number of credits have been reduced and many new courses 
have been incorporated in consultation with industry experts. The Curriculum has been designed 
where the students can understand the industry requirements and have hands-on experience. The 
students will develop a problem - solving approach and will be able to meet the challenges of the 
future.

To fulfil the aims and objectives of the above, this book is written for undergraduate students 
of Engineering. The Book contains seven Units. Flow of each unit begins with rationale, pre-
requisites and unit outcomes. ‘Interesting facts’, ‘E- resources’, ‘Use of ICT’, ‘Case studies and 
Projects’ are mentioned after every topic. Which provides a window to students to realize the 
importance and efforts behind those particular topics. After completion of the topics summary of 
the units is briefed. Descriptive and objective questions are included in the exercise with feedback 
of correct options in each Unit. The additional reading information of a particular topic is shared in 
the section “know more”, to encourage the teachers and students to get the additional information.

The separate reference section is cited at the end of all chapters. Book ends with the appendices, 
attainments & gap analysis, suggestive outlines to report experiments and Rubrics for assessments. 

I hope this book will be advantageous for the students to enhance their skills and knowledge. 
Although every care has been taken to avoid misprints and mistakes, yet it is difficult to claim 
perfection. I will be grateful to the readers if any errors are pointed out. Suggestions, corrections, 
and feedbacks for further improvement of the book will be thankfully acknowledged.

Manisha Agrawal
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For the implementation of an outcome based education the first requirement is to develop an 
outcome based curriculum and incorporate an outcome based assessment in the education 
system. By going through outcome based assessments evaluators will be able to evaluate whether 
the students have achieved the outlined standard, specific and measurable outcomes. With the 
proper incorporation of outcome based education there will be a definite commitment to achieve 
a minimum standard for all learners without giving up at any level. At the end of the programme 
running with the aid of outcome based education, a students will be able to arrive at the following 
outcomes:

PO-1:  Engineering knowledge: Apply the knowledge of mathematics, science, engineering 
fundamentals, and an engineering specialization to the solution of complex engineering 
problems.

PO-2:  Problem analysis: Identify, formulate, review research literature, and analyze complex 
engineering problems reaching substantiated conclusions using first principles of 
mathematics, natural sciences, and engineering sciences.

PO-3:  Design/development of solutions: Design solutions for complex engineering problems 
and design system components or processes that meet the specified needs with appropriate 
consideration for the public health and safety, and the cultural, societal, and environmental 
considerations.

PO-4:  Conduct investigations of complex problems: Use research-based knowledge and 
research methods including design of experiments, analysis and interpretation of data, and 
synthesis of the information to provide valid conclusions.

PO-5:  Modern tool usage: Create, select, and apply appropriate techniques, resources, and 
modern  engineering and IT tools including prediction and modeling to complex 
engineering activities with an  understanding of the limitations.

PO-6:  The engineer and society: Apply reasoning informed by the contextual knowledge to 
assess societal, health, safety, legal and cultural issues and the consequent responsibilities 
relevant to the professional engineering practice.

PO-7:  Environment and sustainability: Understand the impact of the professional engineering 
solutions in societal and environmental contexts, and demonstrate the knowledge of, and 
need for sustainable development.

PO-8:  Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 
norms of the engineering practice.

PO-9:  Individual and team work: Function effectively as an individual, and as a member or 
leader in diverse teams, and in multidisciplinary settings.

Outcome Based Education
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PO-10:  Communication: Communicate effectively on complex engineering activities with the 
engineering community and with society at large, such as, being able to comprehend and 
write effective reports and design documentation, make effective presentations, and give 
and receive clear instructions.

PO-11:	 	Project	 management	 and	 finance: Demonstrate knowledge and understanding of the 
engineering and management principles and apply these to one’s own work, as a member 
and leader in a team, to manage projects and in multidisciplinary environments.

PO-12:  Life-long learning: Recognize the need for, and have the preparation and ability to engage 
in independent and life-long learning in the broadest context of technological change.
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After completion of the course the students will be able to:

CO-1:  Analyse microscopic chemistry in terms of atomic and molecular orbitals and intermolecular 
forces.

CO-2:  Rationalise bulk properties and processes using thermodynamic considerations.

CO-3:  Distinguish the ranges of the electromagnetic spectrum used for exciting different 
molecular energy levels in various spectroscopic techniques

CO-4:  Rationalise periodic properties such as ionization potential, electronegativity, oxidation 
states and electronegativity.

CO-5:  List major chemical reactions that are used in the synthesis of molecules.

Mapping of Course Outcomes with Program Outcomes

Course 
Outcome

Expected Mapping with Programme Outcomes 
(1- Weak Correlation; 2- Medium correlation; 3- Strong Correlation)

PO-1 PO-2 PO-3 PO-4 PO-5 PO-6 PO-7 PO-8 PO-9 PO-10 PO-11 PO-12

CO-1 3 1 2

CO-2 3 2 2 2

CO-3 3 2 1 2 1 2

CO-4 3 3 1 2 1

CO-5 3 2 2 1 3 1

Course Outcomes
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Symbols Details

𝜓 Wave-function

H Hamiltonian  operator

σ σ- bonding  orbital

σ* σ-antibonding orbital

π  - bonding orbital

π*  - antibonding orbital

Δo Energy for octahedral complex

Δt Energy for tetrahedral complex
 Magnetic moment
 Tau

δ Delta
 Lambda

Abbreviations and Symbols



(xiii)

Unit 1:  Atomic and Molecular Structure
 Fig. 1.1:   A Particle in a One-Dimensional Box with P.E. = 0 Inside the Box and P.E. = ∞ on the walls  

of the Box and outside the Box. 5
 Fig. 1.2:  A Plot of ψn(x)ψn(x) for the First Four Wavefunctions. 5
 Fig. 1.3:  Particle in a 3D Box with Three Lengths: a, b and c 5
 Fig. 1.4:  Shapes of Orbitals and Sub-orbitals Derived from Quantum Numbers 7
 Fig. 1.5:  Filling of Electrons as per Aufbau’s Rule 7
 Fig. 1.6:  Formation of Bonding and Anti-Bonding Orbital 10
 Fig. 1.7:  Molecular Orbital Diagram for Hydrogen Molecule 11
 Fig. 1.8:  Order of Energy for N2 and Lower Molecules 12
 Fig. 1.9:  Order of Energy for O2 and Higher Molecules 12
 Fig. 1.10:  Bonding and Antibonding Orbitals in 1, 3-Butadiene Molecule 14
 Fig. 1.11:  MOT Diagram for Benzene 16
 Fig. 1.12:  Explanation of Anti-aromaticity in Cyclobutadiene 16
Fig. 1.13:  Explanation of Aromaticity in Benzene 16
 Fig. 1.14:  CFT of Central Metal ion in Different Geometries of the Complex 18
 Fig. 1.15:  Angular Dependence Functions of d-orbitals t2g and eg 18
 Fig. 1.16:  Splitting of d Orbital in High and Low Spin 19
 Fig. 1.17:  The Magnitude of Splitting Stabilization in Octahedral Complex 20
 Fig. 1.18:  The Magnitude of Splitting Stabilization in Tetrahedral Complex 20
 Fig. 1.19:  The CFSE in Octahedral and Tetrahedral Complex 21
 Fig. 1.20:  Conductors, Insulators and Semiconductors 24
 Fig. 1.21:  Intrinsic Semiconductors 25
 Fig. 1.22:  Extrinsic Semiconductors 25
 Fig. 1.23:  n–type Doping 26
 Fig. 1.24:  p - type Doping 26

Unit 2: Spectroscopic Techniques and Applications
 Fig. 2.1:  Region of Electromagnetic radiations 36
 Fig. 2.2:  Jablonski Diagram 38
 Fig. 2.3: Transition of Spectrum in Various Energy Levels  ER <  EV <  EE 39
 Fig. 2.4:  Electronic Energy Levels and Electronic Transitions 40
 Fig. 2.5:   Absorption Spectra of Benzene,Naphthalene and Anthracene 41
 Fig. 2.6:  Fluorescence Spectrum of Organic Molecules 43
 Fig. 2.7:  Rotational Energy Levels 44

List of Figures



(xiv)

 Fig. 2.8: Functional Group Region and Finger Print Region in IR Spectra 45
 Fig. 2.9:  Finger Print Region in IR Spectrum 47
 Fig. 2.10:  IR Spectrum of Ethanol   47
 Fig. 2.11: 1H NMR Spectrum of Ethanol  50
 Fig. 2.12:  NMR Spectrum of Butan-1-ol 50
 Fig. 2.13:  NMR Spectrum of Butanone 51
 Fig 2.14:  MRI Image of Brain 53
 Fig. 2.15:  MRI Image of Cardiac 53
 Fig. 2.16:  MRI Image of Abdomen 53
 Fig. 2.17:  Silver Nanocomposites and Silver Nanocrystals Through X-ray Diffraction Pattern 54

Unit 3: Intermolecular Forces and Potential Energy Surfaces
 Fig. 3.1:  Hydrogen Bonding in H-F 67
 Fig. 3.2:  Hydrogen Bonding in NH3 and H2O  67
 Fig 3.3:  p - Nitrophenol 68
 Fig. 3.4:  O-Nitrophenol and p-Nitrophenol 68
 Fig. 3.5:   Hydrogen Bond in Water and Ice 69
 Fig. 3.6:  Forces of Attraction Between Molecules of a Gas 72
 Fig. 3.7:  Critical Points 74
 Fig. 3.8:  Thomason’s Isotherms of Carbon dioxide 76
 Fig. 3.9:  A potential Energy Curve for a Covalent Bond. 77

Unit 4: Use of Free Energy in Chemical Equilibria
 Fig. 4.1:  Entropy, Degree of Randomness 91
 Fig. 4.2:  Relationship Among G, S, and H 93
 Fig. 4.3:  Relationship Among Gibbs free Energy, Volume and Entropy 94
 Fig. 4.4:   Electro-chemical Cell 95
 Fig. 4.5:  Equation of Cell 95
 Fig. 4.6:  Conjugate Acid and Conjugate Base Pairs in Water Molecule 99
 Fig. 4.7:  Redox Reaction between Fe2O3 and Carbon Mono-oxide 100
 Fig. 4.8:  Structure of Water 101
 Fig. 4.9:  (a) Rusting of Iron (Black and Yellow Rust) (b) Rusting on Copper (Green Layer) 104
 Fig. 4.10:   Ellingham Diagram 106

Unit 5: Periodic Properties
 Fig. 5.1:  Shielding Effect due to Interaction between Electron and Nucleus 119
 Fig. 5.2:  Shapes of Atomic Orbital 120
 Fig. 5.3:  Electronic Configuration 122



(xv)

 Fig. 5.4:  Electronic Configuration – Iron 123
 Fig. 5.5:  Covalent Radius of Hydrogen Atom 125
 Fig. 5.6:  Van Der Waal’s Radii of Chlorine and Argon 125
 Fig. 5.7:  Tetrahedral Gometry 132
 Fig. 5.8:  Square Planar Geometry 132
 Fig. 5.9:  Coordination Number 6 133

Unit 6: Stereochemistry
 Fig. 6.1:  Representation of Wedge-Dash Notation 146
 Fig. 6.2:  Newman Projection Staggered and Eclipsed Forms 147
 Fig. 6.3:  Sawhorse Projection Formulas of Ethane 147
 Fig. 6.4:  Representation of Fischer Projection 148
 Fig. 6.5:  Representation of Cyclic Wedge-Dash Notation 148
 Fig. 6.6:  Representation of Haworth Projections 148
 Fig. 6.7:  Representation of Chair Conformations 149
 Fig. 6.8:  Chain Isomerism 150
 Fig. 6.9:  Position Isomerism 150
 Fig. 6.10:  Functional Isomers 150
 Fig. 6.11:  Metamerism 150
 Fig. 6.12:  Tautomerism 151
 Fig. 6.13:  Ring-chain Isomerism 151
 Fig. 6.14:  Cis -Trans isomers  151
 Fig. 6.15:  Chiral Center in Carbon 152
 Fig. 6.16  Plane of Symmetry 152
 Fig. 6.17:  Centre of Symmetry 152
 Fig. 6.18:  Lactic Acid 153
 Fig. 6.19:  Two Enantiomers of Lactic Acid 153
 Fig. 6.20:  Isomerism in Tartaric Acid 153
 Fig. 6.21:  Enantiomers and Diastereomers in 3-Bromo-2-Butanol 154
 Fig. 6.22:  Confirmations of Ethane 157
 Fig. 6.23: Conformation of n-Butane 158
 Fig. 6.24:  Energy Charges During Rotation Around the Central C-C Bind in n-Butane 158

Unit 7: Organic Reactions and Synthesis of a Drug Molecule
 Fig. 7.1:  Addition Reaction of Alkenes 170
 Fig. 7.2:  Addition to Carbonyl Groups 170
 Fig. 7.3:  Oxidation Reaction 172
 Fig. 7.4:  Reduction Reaction 172



(xvi)

 Fig. 7.5:  Reduction Reactions in Aldehyde and Ketones 173
 Fig. 7.6:  Diels Alder Reaction 174
 Fig. 7.7:  Ring Opening Reaction 174
Fig. 7.8:  Synthesis of Aspirin 175
Fig. 7.9:  Synthesis of Paracetamol 175
 Fig. 7.10:  Synthesis of Ibuprofen 176



(xvii)

Unit 1: Atomic And Molecular Structure 
 Table 1.1:  Historical Time-Lines 8
 Table 1.2:  Bonding and Antibonding Molecular Orbitals 10 
 Table 1.3  Order of Energy for N2 and O2 molecules 11

Unit 2: Spectroscopic Techniques and Applications
 Table 2.1  Energy in Diatomic Molecules 37

Unit 3: Intermolecular Forces and Potential Energy Surfaces
 Table 3.1:  Differences between Ideal and Real Gases 71

Unit 5: Periodic Properties
 Table 5.1: Co-ordination Numbers of Metal Ions 131
 Table 5.2:  Characteristics of Hard, Soft & Borderline Acids & Bases 134
 Table 5.3:  The Table Below Summarizes the Molecular and Electron-Pair Geometries and Shapes 136

Unit 7: Organic Reactions and Synthesis of a Drug Molecule
 Table 7.1:  Difference between SN1 and SN2 Reactions 169
 Table 7.2:  Difference between E1 and E2 Reactions 171

List of Tables



(xviii)

Guidelines for Teachers
To implement Outcome Based Education (OBE) knowledge level and skill set of the students 
should be enhanced. Teachers should take a major responsibility for the proper implementation of 
OBE. Some of the responsibilities (not limited to) for the teachers in OBE system may be as follows:

•  Within reasonable constraint, they should manipulate time to the best advantage of all 
students.

•  They should assess the students only upon certain defined criterion without considering 
any other potential ineligibility to discriminate them.

•  They should try to grow the learning abilities of the students to a certain level before they 
leave the institute.

•  They should try to ensure that all the students are equipped with the quality knowledge as 
well as competence after they finish their education.

•  They should always encourage the students to develop their ultimate performance 
capabilities.  

•  They should facilitate and encourage group work and team work to consolidate newer 
approach.  

•  They should follow Blooms taxonomy in every part of the assessment.

Bloom’s Taxonomy

Creating

Applying

Level
Teacher should 

Check
Student should be 

able to
Possible Mode of 

Assessment

Evaluating

Understanding

Analysing

Remembering Students ability to 
recall (or remember)

Students ability to 
explain the ideas

Students ability to use 
information

Students ability to 
distinguish

Students ability to 
Justify

Students ability to 
create

Define or Recall

Explain or Classify

Operate or 
Demonstrate

Differentiate or 
Distinguish

Argue or Defend

Design or Create

Quiz

Presentation/Seminar

Technical Presentation/ 
Demonstration

Project/Lab 
Methodology

Assignment

Mini project

Guidelines for Students
Students should take equal responsibility for implementing the OBE. Some of the responsibilities 
(not limited to) for the students in OBE system are as follows:

•  Students should be well aware of each UO before the start of a unit in each and every 
course.

• Students should be well aware of each CO before the start of the course.
• Students should be well aware of each PO before the start of the programme.
• Students should think critically and reasonably with proper reflection and action.
•  Learning of the students should be connected and integrated with practical and real life 

consequences.
• Students should be well aware of their competency at every level of OBE.
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