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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
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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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