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Foreword

UGC has been taking several initiatives for quality improvement in higher education system in
_the country. Curriculum revision is one of the focus areas of these initiatives. Curriculum
development is defined as planned, a purposeful, progressive, and systematic process to create
positive improvements in the higher educational system. The ever evolving and fast changing
educational technology have posed various challenges as far as curriculum in the Higher
Educational Institutions (HEIs) is concerned. The curriculum requires to be updated more often
keeping in view the latest developments in the society and to address the society’s needs from
time to time.

The Quality Mandate notified by UGC was discussed in the Conference of Vice-Chancellors and
Directors of HEIs during 26-28"™ July, 2018; wherein it was inter-alia resolved to revise the
curriculum based on Learning Outcome Curriculum Framework (LOCF).

Learning Outcome Curriculum Framework (LOCF) aims to equip students with knowledge,
skills, values, attitudes, leadership readiness/qualities and lifelong learning. The fundamental
premise of LOCF is to specify what graduates completing a particular programme of study are
expected to know, understand and be able to do at the end of their programme of study.
Besides this, students will attain various 21* century skills like critical thinking, problem solving,
analytic reasoning, cognitive skills, self directed learning etc.. A note on LOCF for
undergraduate education is available on the UGC website www.ugc.ac.in. It can serve as
guiding documents for all Universities undertaking the task of curriculum revision and adoption
of outcome based approach.

To facilitate the process of curriculum based on LOCF approach, UGC had constituted subject
specific Expert Committees to develop model curriculum. | feel happy to present the model
curriculum to all the HEls. Universities may revise the curriculum as per their requirement
based on this suggestive model within the overall frame work of Choice Based Credit System
(CBCS) and LOCF.

| express my gratitude and appreciation for the efforts put in by the Chairperson/Member/Co-
opted members/experts of the committees for developing model curriculum. | also take the
opportunity to thank Prof. Bhushan Patwardhan, Vice-Chairman, UGC for providing guidance to
carry forward this task. My sincere acknowledgement to Prof. Rajnish Jain, Secretary, UGC for
all the Administrative support. | also acknowledge the work done by Dr. (Mrs.) Renu Batra,
Additional Secretary, UGC for coordinating this important exercise.

All the esteemed Vice-Chancellors are requested to take necessary steps in consultation with
the Statutory Authorities of the Universities to revise and implement the curriculum based on the
learning outcome based approach to further improve the quality of higher education.

New Delhi (Prof.%?

30" July, 2019 Chairman
University Grants Commission
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Preamble

Over the past decades the higher education system of our country has undergone substantial
structural and functional changes resulting in both quantitative and qualitative development of the
beneficiaries. Such changes have gained momentum with the introduction of Choice Based Credit
System (CBCS) which further expects learning outcome based curriculum in order to maximize
the benefits of the newly designed curriculum. The learning outcome based curriculum in general
and in Chemistry in particular will definitely help the teachers of the discipline to visualize the
curriculum more specifically in terms of the learning outcomes expected from the students at the
end of the instructional process. It is pertinent to mention here that the purpose of education is to
develop an integrated personality of the individual and the educational system provides all
knowledge and skills to the learner for this.

The Learning outcome-based curriculum framework (LOCF) has been prepared to support
designing uniform, advanced and effective Chemistry curriculum for undergraduate studies in
Chemistry. The recommendations related to curriculum development is applicable for
college/university education system which includes heads of schools/departments, practising
teachers, parents, employers, academics from tertiary institutions, professionals from related fields
or related bodies and representatives from university/college examinations authorities. The LOCF
guides are based on the consultation documents on curriculum framework of University Grants
Commission and MOOCs. The concerns, needs and interests of students, teachers as well as
societal expectations has been taken into consideration while developing these framework
structure. Each subject content aims to present a curriculum framework, specifying the curriculum
aims, learning targets and objectives, and thus providing suggestions regarding curriculum
planning, learning and teaching strategies, assessment and resources. In addition, the curriculum
framework also provides examples of effective learning, teaching and assessment practices. A
coherent understanding of the whole-undergraduate chemistry (major and pass) curriculum
planning and the planning of student learning ability at subject levels can be established.
Curriculum development is a collaborative and an on-going enhancement process, therefore, the
same shall be updated and improved from time to time to meet new needs of students, teachers

and society at large.
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The template as developed has the provision of ensuring the integrated personality of the
students in terms of providing opportunity for exposure to the students towards core courses,
discipline specific courses, generic elective courses, ability enhancement courses and skill
enhancement courses with special focus on technical, communication and subject specific skills
through practical and other innovative transactional modes to develop their employability skills.
The template of learning outcome based curriculum has categorically mentioned very well defined
expected outcomes for the programme like core competency, communication skills, critical
thinking, affective skills, problem-solving, analytical, reasoning, research-skills, teamwork, digital
literacy, moral and ethical awareness, leadership readiness and so on along with very specific
learning course outcomes at the starting of each course. Therefore, this template on Learning
Outcomes based Curriculum Framework (LOCF) for B.Sc. with Chemistry/Chemistry Honors will

definitely be a landmark in the field of outcome based curriculum construction.
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2. Foreword

Quality of higher education is considered as a critical requirement for enabling effective
participation of young people in acquiring knowledge which in turn improve young people skill,
national and global competiveness. Learning outcomes-based curriculum framework (LOCF)
planning for Bachelor degree programme in Chemistry/Chemistry (Honours) is a novel approach
towards teaching in terms of imparting knowledge, understanding, skill, attitudes and values to
undergraduate students, in particular. In this context, the course/curriculum has been designed to
provide in- depth knowledge in core discipline of chemistry with special emphasis on use of
technology in chemical applications. Further, the generic discipline subjects has been framed to
overall improve the students’ capability in other allied discipline of sciences as well as technology.
It is understood that the outcome of the curriculum frame-work can be helpful in enhancing
employability of graduates in various sectors, both private and public, in addition to enhancing
self-employable, entrepreneurship characteristics among graduate thus raising the quality of
teaching and research outcomes in higher educational institutes. The integration of teaching and
learning process can further articulate the essential societal learning that can promote the
improvement in practical use of knowledge and investment in higher education with targeted and

effective equity-related initiative.
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1. Introduction

Academics and research in India is a priority which depends upon the quality of education. Quality
higher education include innovations that can be useful for efficient governance of higher
education institutions, systems and society at large. Thus, fundamental approach to learning
outcome-based curriculum framework emphasizes upon demonstration of understanding,
knowledge, skills, attitudes and values in particular programme of study. The LOCF based
programme intended to follow flexibility and innovation in design of the programme, its
assessment, and expect graduate attributes demonstrating the level of learning outcome. It is
further expected to provide effective teaching — learning strategies including periodic review of
the programme and its academic standard. The learning outcome-based curriculum framework for
B.Sc. degree in Chemistry is intended to provide a broad framework and hence designed to address
the needs of the students with chemistry as the core subject of study. The framework is expected
to assist in the maintenance of the standard of chemistry degrees/programmes across the country
and periodic programme review within a broad framework of agreed/expected graduate attributes,
qualification descriptors, programme learning outcomes and course-level learning outcomes. The
framework is intended to allow flexibility and innovation in programme design, syllabi

development, teaching-learning process and quality assessment of students learning levels.

This curriculum framework for the bachelor-level program in Chemistry is developed keeping
in view of the student centric learning pedagogy, which is entirely outcome-oriented and curiosity-
driven. To avoid rote-learning approach and foster imagination, the curriculum is more leaned
towards self-discovery of concepts. The curriculum framework focuses on pragmatist approach
whereby practical application of theoretical concepts is taught with substantial coverage of
practical and field works. The platform aims at equipping the graduates with necessary skills for
Chemistry-related careers, careers with general graduate-level aptitude and for higher education
in Chemistry and allied subjects. Augmented in this framework are graduate attributes including
critical thinking, basic psychology, scientific reasoning, moral ethical reasoning and so on,
qualification descriptors that are specific outcomes pertinent to the discipline of chemistry,
learning outcomes for the two programmes these frameworks have been developed, learning

outcomes for individual courses, pedagogical methods and assessment methods. While designing
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these frameworks, emphasis is given on the objectively measurable teaching-learning outcomes to
ensure employability of the graduates. In line with recent trends in education section, these
frameworks foster implementation of modern pedagogical tools and concepts such as flip-class,
hybrid learning, MOOCs and other e-learning platforms. In addition, the framework pragmatic to
the core; it is designed such a way to enable the learners implementing the concepts to address the
real world problems. A major emphasis of these frameworks is that the curriculum focuses on
issues pertinent to India and also of the west; for example, green chemistry and biomaterials etc.
Above all, these frameworks are holistic and aim to mould responsible Indian citizen to have
reflective thinking, scientific temper, and digital literacy in order to acquire requisite skill to be
self employed entrepreneurial.

Aims:

2. To transform curriculum into outcome-oriented scenario

3. To develop the curriculum for fostering discovery-learning

4. To equip the students in solving the practical problems pertinent to India

5. To adopt recent pedagogical trends in education including e-learning, flipped class, hybrid
learning and MOOCs

6. To mold responsible citizen for nation-building and transforming the country towards the
future
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2. Learning Outcome Based Curriculum Vis- A -Vis Objective Based
Curriculum:

Curriculum is the heart of any educational system. It can be focused either to achieve the
objectives of each course of the programme or on the expected learning outcomes from each course.
The objective based curriculum refers to the overall targets to be achieved through curriculum
which may be long term or immediate. On the other hand, the learning outcome based curriculum
IS very specific in nature in terms of changes in the cognitive, affective and psychomotor behavior
of the students as a result of their exposure to the curriculum. The outcome based curriculum
provides the teacher very specific targets which he can achieve through the selected instructional

process as compared to the objective based curriculum which provides general outcomes.

The learning outcome based curriculum has very close relationship with the learning of the
students whereas objective based curriculum focusses on only providing knowledge to the students.
In other words, higher cognitive skills are developed through learning outcome based curriculum.
Hence, it is preferred to develop learning outcome based curriculum which will provide specific
directions to the teacher with respect to the transaction process and expected changes in the

behavior of the students as well.

a. Nature and extent of the B.Sc Chemistry Programme

Chemistry is referred to as the science that systematically study the composition, properties, and
reactivity of matter at atomic and molecular level. The scope of chemistry is very broad. The key
areas of study of chemistry comprise Organic chemistry, Inorganic Chemistry, Physical Chemistry
and Analytical Chemistry. Organic chemistry deals with study of substances containing carbon
mostly; inorganic chemistry deals with study of all other elements/compounds/substances and their
chemical properties. Physical chemistry deals with applications of concepts, laws to chemical
phenomena. Analytical chemistry, in general, deals with identification and quantification of
materials. Development of new interdisciplinary subjects like nano-materials, biomaterials, etc.
and their applications from chemistry point of view added new dimension to materials chemistry.
Thus, the degree programme in chemistry also intended to cover overlapping areas of chemistry
with physics, biology, environmental sciences. Further, a broad range of subjects such as materials

chemistry, biomaterials, nano-materials, environmental chemistry, etc., has also been introduced

10
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which can be helpful for students/faculty members to broaden the scope of their studies and hence
applications from job prospective point of view. Therefore, as a part of efforts to enhance
employability of graduates of chemistry, the curricula also include learning experience with
industries and research laboratories as interns. In addition, industrial visits/industrial projects are
encouraged and added to the curriculum in order to enhance better exposure to jobs/employment
opportunities in industries, scientific projects and allied sectors.

This modified syllabus has been drafted to enable the students to equip for national level
competitive exams that they may attempt in future. To ensure implementation of a holistic
pedagogical model, several allied disciplines are covered/introduced in this framework, including
Physics, Mathematics, Biology and a number of generic, and ability enhancement electives. In
addition, employability of B.Sc. Chemistry graduate is given due importance such that their core
competency in the subject matter, both theoretical and practical, is ensured. To expand the
employability of graduates, a number of skill development courses are also introduced in this

framework.

b. Aims of Bachelor’s degree programme in Chemistry

The broad aims of bacheleors degree programme in Chemistry are:

The aim of bachelor’s degree programme in chemistry is intended to provide:

(1).Broad and balance knowledge in chemistry in addition to understanding of key chemical
concepts, principles and theories.

(i1).To develop students’ ability and skill to acquire expertise over solving both theoretical and
applied chemistry problems.

(iii). To provide knowledge and skill to the students’ thus enabling them to undertake further
studies in chemistry in related areas or multidisciplinary areas that can be helpful for self-
employment/entrepreneurship.

(iv).To provide an environment that ensures cognitive development of students in a holistic manner.
A complete dialogue about chemistry, chemical equations and its significance is fostered in this
framework, rather than mere theoretical aspects

(v).To provide the latest subject matter, both theoretical as well as practical, such a way to foster

their core competency and discovery learning. A chemisry graduate as envisioned in this

11
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framework would be sufficiently competent in the field to undertake further discipline-specific

studies, as well as to begin domain-related employment.

(vi).To mould a responsible citizen who is aware of most basic domain-independent knowledge,

including critical thinking and communication.
(vii).To enable the graduate prepare for national as well as international competitive examinations,
especially UGC-CSIR NET and UPSC Civil Services Examination.

12
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3. Program Learning Outcomes
The student graduating with the Degree B.Sc (Honours) Chemistry should be able to

acquire

e Core competency: Students will acquire core competency in the subject

Chemistry, and in allied subject areas.

(i). Systematic and coherent understanding of the fundamental concepts in Physical chemistry,
Organic Chemistry, Inorganic Chemistry, Analytical Chemistry and all other related allied
chemistry subjects.

(ii).Students will be able to use the evidence based comparative chemistry approach to explain the
chemical synthesis and analysis.

(iii). The students will be able to understand the characateriziaton of materials.

(iv). Students will be able to understand the basic principle of equaipments, instruments used in
the chemistry laboratory.

(v).Students will be able to demonstrate the experimental techniques and methods of their area of
specialization in Chemisry.

(vi). Disciplinary knowledge and skill: A graduate student is expected to be capable of
demonstrating comprehensive knowledge and understanding of both theoretical and
experimental/applied chemistry knowledge in various fields of interest like Analytical Chemistry,
Physical Chemistry, Inorganic Chemistry, Organic Chemistry, Material Chemistry, etc. Further,
the student will be capable of using of advanced instruments and related soft-wares for in-depth
characterization of materials/chemical analysis and separation technology.

(vii). Skilled communicator: The course curriculum incorporates basics and advanced training in
order to make a graduate student capable of expressing the subject through technical writing as
well as through oral presentation.

(viii). Critical thinker and problem solver: The course curriculum also includes components that
can be helpful to graduate students to develop critical thinking ability by way of solving
problems/numerical using basic chemistry knowledge and concepts.

(ix). Sense of inquiry: It is expected that the course curriculum will develop an inquisitive
characteristics among the students through appropriate questions, planning and reporting

experimental investigation.

13
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(x). Team player: The course curriculum has been designed to provide opportunity to act as team
player by contributing in laboratory, field based situation and industry.

(xi). Skilled project manager: The course curriculum has been designed in such a manner as to
enabling a graduate student to become a skilled project manager by acquiring knowledge about
chemistry project management, writing, planning, study of ethical standards and rules and
regulations pertaining to scientific project operation.

(xii). Digitally literate: The course curriculum has been so designed to impart a good working
knowledge in understanding and carrying out data analysis, use of library search tools, and use of
chemical simulation software and related computational work.

(xiii). Ethical awareness/reasoning: A graduate student requires to understand and develop ethical
awareness/reasoning which the course curriculum adequately provide.

(xiv). Lifelong learner: The course curriculum is designed to inculcate a habit of learning
continuously  through use of advanced ICT technigue and other available
techniques/books/journals for personal academic growth as well as for increasing employability

opportunity.

14
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4. Course Learning Outcomes
The course learning outcomes are aligned with program learning outcomes but these are

specific-to-specific courses offered in a program. The course level learning shall be reflected as
program level learning. The core courses shall be the backbone of this framework whereas
discipline electives, generic electives and skill enhancement courses would add academic
excellence in the subject together with multi-dimensional and multidisciplinary approach.

In course learning outcomes, the student will attain subject knowledge in terms of
individual course as well as holistically. The example related to core courses and their linkage with

each other is stated below:
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Discipline elective Courses (DEC)/Discipline Specific Elective
(DSE)
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gra E-2 |[E-3 |SE|E- |E- |SE
mm -4 |5 |6 |-7
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The core courses would fortify the students with in-depth subject knowledge concurrently;
the discipline specific electives will add additional knowledge about applied aspects of the
program as well as its applicability in both academia and industry. Generic electives will introduce
integration among various interdisciplinary courses. The skill enhancement courses would further
add additional skills related to the subject as well as other than subject. In brief the student
graduated with this type of curriculum would be able to disseminate subject knowledge along with

necessary skills to suffice their capabilities for academia, entrepreneurship and Industry.

20
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5. Teaching Learning Outcomes
The learning outcomes based course curriculum framework of Chemistry is designed to

persuade the subject specific knowledge as well as relevant understanding of the course. The
academic and professional skills required for Chemistry-based professions and jobs are also
offered by same course in an extraordinary way. In addition, the learning experiences gained from
this course should be designed and implemented for cognitive development in every student. The
practical associated with this course helps to develop an important aspect of the teaching-learning
process. Various types of teaching and learning processes will need to be adopted to achieve the
same. The important relevant teaching and learning processes involved in this course are;

e Class lectures

e Seminars

e Tutorials

e Group discussions and Workshops

e Peer teaching and learning

e Question preparation

e Subjective type

e Long answer

e Short answer

Obijective type

= Multiple choice questions

= One answer/two answer type questions

= Assertion and reasoning

e Practicum, and project-based learning

e Field-based learning

e Substantial laboratory-based practical component and experiments

e Open-ended project work,

e Games

e Technology-enabled learning

e Internship in industry, and research establishments.
The effective teaching strategies will also need to be adopted to develop problem-solving skills,
higher-order skills of reasoning and analysis. The designed course also encourages fostering the

21
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social values/responsibility for maintaining and protecting the surrounding environment for
improved living conditions. A learner centric and active participatory pedagogy shall be introduced

in this framework.
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6. Learning outcomes- based curriculum framework for B.Sc. Chemisry
and B.Sc. Chemistry (Honours)

a) Attributes of a Chemistry Graduate
Attributes of chemistry graduate under the outcome-based teaching-learning

framework may encompass the following:

e Core competency: The chemistry graduates are expected to know the
fundamental concepts of chemistry and applied chemistry. These fundamental
concepts would reflect the latest understanding of the field, and therefore, are
dynamic in nature and require frequent and time-bound revisions.

e Communication skills: Chemistry graduates are expected to possess minimum
standards of communication skills expected of a science graduate in the country.
They are expected to read and understand documents with in-depth analyses and
logical arguments. Graduates are expected to be well-versed in speaking and
communicating their idea/finding/concepts to wider audience

e Critical thinking: Chemistry graduates are expected to know basics of cognitive
biases, mental models, logical fallacies, scientific methodology and constructing
cogent scientific arguments.

e Psychological skills: Graduates are expected to possess basic psychological skills
required to face the world at large, as well as the skills to deal with individuals and
students of various sociocultural, economic and educational levels. Psychological
skills may include feedback loops, self-compassion, self-reflection, goal-setting,
interpersonal relationships, and emotional management.

e Problem-solving: Graduates are expected to be equipped with problem-solving
philosophical approaches that are pertinent across the disciplines;

e Analytical reasoning: Graduates are expected to acquire formulate cogent
arguments and spot logical flaws, inconsistencies, circular reasoning etc.

e Research-skills: Graduates are expected to be keenly observant about what is
going on in the natural surroundings to awake their curiosity. Graduates are
expected to design a scientific experiment through statistical hypothesis testing
and other a priori reasoning including logical deduction.
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e Teamwork: Graduates are expected to be team players, with productive co-
operations involving members from diverse socio-cultural backgrounds.

e Digital Literacy: Graduates are expected to be digitally literate for them to enroll
and increase their core competency via e-learning resources such as MOOC and
other digital tools for lifelong learning. Graduates should be able to spot data
fabrication and fake news by applying rational skepticism and analytical reasoning.

e Moral and ethical awareness: Graduates are expected to be responsible citizen
of India and be aware of moral and ethical baseline of the country and the world.
They are expected to define their core ethical virtues good enough to distinguish
what construes as illegal and crime in Indian constitution. Emphasis be given on
academic and research ethics, including fair Benefit Sharing, Plagiarism,
Scientific Misconduct and so on.

e Leadership readiness: Graduates are expected to be familiar with decision-
making process and basic managerial skills to become a better leader. Skills may
include defining objective vision and mission, how to become charismatic

inspiring leader and so on.

b) Qualification Descriptors

i.  B.Sc. Chemistry (Honours)
The qualification descriptors for a Bachelor’s degree in Chemistry (Honours) may include
following:
(i). Systematic and fundamental understanding of chemistry as a discipline.
(ii). Skill and related developments for acquiring specialization in the subject.
(iii). Identifying chemistry related problems, analysis and application of data using appropriate
methodologies.
(iv). Applying subject knowledge and skill to solve complex problems with defined solutions.
(v). Finding opportunity to apply subject-related skill for acquiring jobs and self-employment.
(vi). Understanding new frontiers of knowledge in chemistry for professional development.
(vii). Applying subject knowledge for solving societal problems related to application of chemistry
in day to day life.

(ix). Applying subject knowledge for sustainable environment friendly green initiatives.
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(x). Applying subject knowledge for new research and technology.

ii.  B.Sc. Chemistry (H) & Chemistry (Pass)

The qualification descriptors for a Bachelor’s degree in Chemistry may also include following:

(1).To demonstrate a systematic, extensive and coherent knowledge and understanding of academic
fields of study as a whole and its applications and links to disciplinary areas of the study; including
critical understanding of the established theories, principles and concepts of a number of advanced
and emerging issues in the field of chemistry;

(i1).To demonstrate procedural knowledge that creates different types of professionals in the field
of chemistry. Further application of knowledge can enhance productivity of several economically
important product. Knowledge of Chemistry is also necessary for the development and
management of industry, manufacturing of fine chemicals, etc.

(iii)Developing skills and ability to use knowledge efficiently in areas related to specializations
and current updates in the subject

(iv).Demonstrate comprehensive knowledge about chemistry, current research, scholarly and
professional literature of advanced learning areas of Chemistry

(v).Use knowledge understanding and skills for critical assessment of wide range of ideas and
problems in the field of Chemistry.

(vi).Communicate the results of studies in the academic field of Chemistry using main concepts,
constructs and techniques

(vii).Apply one’s knowledge and understanding of Chemistry to new/unfamiliar contexts and to
identify problems and solutions in daily life.

(viii).To think any apply understanding of the subject of Chemisry, Chemical Sciences sciences in
identifying the problems which can be solved through the use of chemistry knowledge.

(ix).To think of the adopting expertise in chemical sciences and solve the problems of environment,

green chemistry, ecology, sustainable development, hunger, etc.
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Chemistry (Pass Course) (PCM & PCB)

Core Courses
(CC) Skill
Note: 12 CC each Enhancement S
] ) N ) Discipline
with 6 credits, Ability Electives (SEC) - )
Specific Elective
(total no. of Enhancemen | (Select any 08 )
Sem ] (DSE) Credit hour
papers 12), 4 t Courses | courses, choosing
ester (Select any 02 load
corec courses are (AEC) at least 2 and not
courses from each
compulsory to be | Select any 02 more than 3, )
subject A, B, C
selected from from each
each subject A, subject, A, B, C
B,C
CC-IA
AEC-1
1. CC-IB - 22
CC-IC
CC-llIA
2. CC-liB AEC-2 - 22
CC-lIC
CC-llIA SEC-1A
3. CC-llIB SEC-2B - 22
CC-lIC
CC-IVA
SEC-2A
A CC-IvB - 22
SEC-2C
CC-IvC
DSE-IA
SEC-2B
5. - - DSE-IB 22
SEC-2C
DSE-IC
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Any 02 SEC DSE-11A
6. - - courses from DSE-IIB 22
discipline A, B, C DSE-IIC
Cred
it 72 8 16 36 132

d) Distribution of different types of courses with their credits for B.Sc.
Chemistry (Honors)

Sem |Core Courses Ability Skill Discipline Generic Credi
ester (CCO) Enhancemen | Enhancemen Specific Elective t
Note: 14 CC | t Electives t Electives Elective (GEC) hour
are available. (AEC) (SEC) (DSE) (4x6=24) load
All courses (2x4=8) (4x2=8) (4x6=24) Note: 6
are Select 2 of 4 |Note: Select 4 |Note: 12 DSE | GEC are
compulsory | creditseach | of 2 credits |are available. | available.
6 credits each each Choose any 4 | Choose any
having 6 4 having
credit each 6 credits
each
(PCM/PCB
combinatio
n)
1. CC-I AEC-1 SEC-1 - GEC-1 24
CC-lI
2. CC-lI AEC-2 SEC-2 - GEC-2 24
CC-IvV
3. CC-v - - - GEC-3 24
CC-VI
CC-VII
4, CC-VIll - - - GEC-4 24
CC-IX
CC-X
5. CC-XI - SEC-3 DSE-1 - 26
CC-XIlI DSE-2
6. CC-Xl1ll SEC-4 DSE-3 - 26
CC-XIV DSE-4
Cred | 56+28 (P)=84 08 08 16+8 (P)=24 | 16+8(P)=24 148
its
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Course Structure at a Glance

7. Core Courses (CC)

Sr. Name of the course Type of L| T [P |Credits
No. course
CC | Inorganic Chemistry-I Core course 31110 4
1.

Inorganic Chemistry Practical Core course 0[0]2 2
CC | Organic Chemistry-I Core course 31110 4
2.

Organic Chemistry Practical Core course 0[0]2 2
CC | Physical Chemistry-I Core course 31110 4
3.

Physical Chemistry Practical Core course 0[0]2 2
CC |[Organic Chemistry-1I Core course 3110 4
4.

Organic Chemistry Practical Core course 0[0]2 2
CC | Physical Chemistry-II Core course 31110 4
5.

Physical Chemistry Practical Core course 0[0]2 2
CC | Organic Chemistry-Ill Core course 31110 4
6.

Organic Chemistry Practical Core course 002 2
CC [Molecular Spectroscopy & Photochemistry Core course 3(11]0 4
7.

Spectroscopy practicals Core course 0[O0 |2 4
CC |Physical Chemistry-I1II Core course 3(11]0 4
8.

Physical Chemisry practical Core course 0[O0 |2 2
CC |Inorganic Chemistry-I11 Core course 31110 4
9.

Inorganic Chemistry practical Core course 00 |2 2

Introduction to Quantum Chemistry Core course 31110 4
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Green Chemistry

Green chemistry practical
Materials Chemistry

Materials Chemistry practical
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Core course
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Core course
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8. Discipline Specific Elective (DSE) Course

Sr [Name of the course Type of course Credits

N

0

1 [Medicinal Chemitry Discipline Specific 6
Elective Course

2 |Electrochemistry Discipline Specific 6
Elective course

3 |Polymer Chemistry Discipline Specific 6
Elective Course

4 |Environmental Chemistry Discipline Specific 6
Elective Course

5 [Advanced Material Chemistry Discipline Specific 6
Elective Course

6 [Advaned Analytical Chemistry Discipline Specific 6
Elective Course

7 |Nuclear & Radiation Chemistry Discipline Specific 6
Elective Course

8 |Organic spectroscopy Discipline Specific 6
Elective Course

9 [Heterocyclic chemistry Discipline Specific 6
Elective Course

10 | Biochemistry Discipline Specific 6
Elective Course

11 [Organometallics and Bioinorganic Discipline Specific 6

chemistry Elective Course
12 [Introduction to Nanochemistry & Discipline Specific 6

applications

Elecive Course
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9. Generic Elective Courses (GEC) (for PCM & PCB combination)

Sr.  |Name of the course Type of course L | T [P |Credits
N(?Ll Mathematics-1:Mathematical Generic Elective Courses |3 | 1 |2 6
methods in Chemistry

2 |Life Science/Biology-I Generic Elective Courses |3 | 1 [ 2 6

3 |Physics-I Generic Elective Courses |3 [ 1 | 2 6

4 | Mathematics-11 Generic Elective Courses |3 | 1 |2 6

5 |Biology/Life Science-1l Generic Elective Courses |3 [ 1 | 2 6

6 [Physics-1l Generic Elective Courses |3 [ 1 | 2 6
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10. Ability Enhancement Courses
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Sr.  |Name of the course Type of course T/ Credits

No. P

1 English for communication Ability Enhancement 1 4
Courses

2 Intellectual Property Rights Ability Enhancement 1 4
Courses

3 History of Indian Science Ability Enhancement 1 4
Courses

4 Good Laboratory Practices Ability Enhancement 1 4
Courses

5 Introduction to Forensic Science & |Ability Enhancement 1 4

Technology Courses

6 Renewable Energies (Solar & Biogas) | Ability Enhancement 1 4
Courses

7 Cheminformatics Ability Enhancement 1 4
Courses

8 Water remediation and conservation | Ability Enhancement 1 4

studies Course

9 Research methodology Ability Enhancement 1 4
Courses

10 Chemistry in Everyday life Ability Enhancement 1 4
Courses

11 Chemistry of food, nutrtion and |Ability Enhancement 1 4

preservation

Courses
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11. Skill Enhancement Courses

Sr. Name of the course Type of course L/ Credits

No. P

1 Personality Development Skill Enhancement 2 2
Courses

2 Computer Applications in Chemistry | Skill Enhancement 2 2
Courses

3 Science Communication and Skill Enhancement 2 2

Popularization Courses

4 Biofertilizer Skill Enhancement 2 2
Courses

5 Herbal Science & Technology Skill Enhancement 2 2
Courses

6 Fermentation Science & Technology | Skill Enhancement 2 2
Courses

7 Environment Impact Analysis Skill Enhancement 2 2
Courses

8 IT Skill for Chemist Skill Enhancement 2 2
Courses

9 IPR and business skill for chemist Skill Enhancement 2 2
Courses

10 Analytical Clinical Biochemistry Skill Enhancement 2 2
Courses

11 Mushroom Culture Technology Skill Enhancement 2 2

Courses
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e) Assessment Methods
Academic performance in various courses i.e. core, discipline electives, generic

electives and skill enhancement courses are to be considered as parameters for

assessing the achievement of students in Chemistry. A number of appropriate

assessment methods of Chemistry will be used to determine the extent to which

students demonstrate desired learning outcomes. Following assessment methodology

should be adopted;

The oral and written examinations (Scheduled and surprise tests),
Closed-book and open-book tests,

Problem-solving exercises,

Practical assignments and laboratory reports,

Observation of practical skills,

Individual and group project reports,

Efficient delivery using seminar presentations,

Viva voce interviews are majorly adopted assessment methods for this
curricullum.

The computerized adaptive testing, literature surveys and evaluations, peers and
self-assessment, outputs form individual and collaborative work are also other

important approaches for assessment purposes.
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A continuous assessment method throughout the programme shall inculcate regular reading habit

in the students’ and continuous observation about weaker aspect of the students’.

f) Suggested List of Seminar Topics (not limited to)

1.

© 0o N o g bk~ w DN
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Carbon dating
Carbohydrate chemistry
Aliphatic Compounds
Biodiversity and climate change
Current Developments in Analytical Techniques
Boron Chemistry
Role of DNA sequencing in chemical analysis.
Catalytic converter
Chemistry of diamonds
. DNA markers and Genetic diversity
. Biomaterials
. Polymers in drug delivery system
. Hydrogels in medical applications
. Adsorption techniques in industry
. Chiral molecules
. Water conservation
. Rewable energy for sustainable developments
. Fluroide in water.
. Arsenic and its remediation.
. Paint chemistry
. Exotic molecules
. Hybridization
. Fuel chemistry
. Nanomedicine
. Advances in Supramolecular Chemistry
. Functional materials

. Quazi crystals
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g) Suggested List of Topics for Group Discussion (not limited to)

1.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.

2
3
4
5
6.
.
8
9

Smart materials
Solid oxide fuels
Desalination technology
Surfectants, colloids and its applications in industry.
Water based polymers
Molecular spectroscopy and is application.
Explosive chemistry
COq capture
Green house effects.
Chemistry and Biotechnology; Past present and Future
Mesoporous materials
CNT and its applications in future
Fullerene
Recent advances in atomic layer deposition
Thermoelectric materials
Origin of seeds
Chemistry of separation of small and complex molecules
Environmental Nanotoxicology
Bioconjugate chemistry
Intelligent molecules in biomedical applications
Chemical neuroscience
Atmospheric physical chemistry
Organic electronics
Climate change- a solution through application of Chemistry
Stratospheric Ozone depletion and marine productivity — a chemistry solution.
Good ozone vs. bad ozone
Air pollution and climate change
Biodiversity under climate changing scenarios
Inorganic reaction mechanism

Solution Chemistry
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32.
33.
34.
35.
36.
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Biomolecular chemistry

Boron chemistry and its application in medical science and technology
Chemistry of wine and coffee.

Graphene — recent advancement.

Hydrogen storage.

Food chemistry

h) Suggested Topics for Individual/ Team Projects (not limited to)
1. Synthesis of Aspirin.

2. Finding EMF of electrochemical cells.
3. Prepration of biodiesel.

4.
5

Study of chemistry of photography.
Water analysis of nearby areas; finding out the toxic/heavy metals, anions and
purification of water using simple available lab technology.

Study of air-pollution parameters of a given locality.

Forensic analysis of given species.
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CORE COURSES

These are 12 courses. All courses are compulsory. These courses have the following credit pattern.
For Theory papers:

L|T|P|Cr

3|/11|0 |4
For Practical based papers:

L|T|P|Cr

0012 |2

1.Inorganic Chemistry-I:

w
=
o
N

On completion of this course, the students will be able to understand:

Learning objective:

1.

2
3.
4

o1

10.

Atomic theory and its evolution.
Learning scientific theory of atoms, concept of wave function.
Elements in periodic table; physical and chemical characteristics, periodicity.

. To predict the atomic structure, chemical bonding, and molecular geometry based on

accepted models.

To understand atomic theory of matter, composition of atom.

Identity of given element, relative size, charges of proton, neutron and electrons, and their
assembly to form different atoms.

Defining isotopes, isobar and isotone.

Physical and chemical characteristics of elements in various groups and periods according
to ionic size, charge, etc. and position in periodic table.

Characterize bonding between atoms, molecules, interaction and energetics (ii)
hybridization and shapes of atomic, molecular orbitals, bond parameters, bond- distances
and energies.

Valence bond theory incorporating concepts of hybridization predicting geometry of

molecules.
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11. Importance of hydrogen bonding, metallic bonding.

Self-study:

1. Electronic configuration of various elements in periodic table
2. Predicting structure of molecules
3. How hydrogen bonding, metallic bonding is important in common materials’ scientific

applications to material fabrication

Atomic Structure: (10 classes of 60 minutes each)

Bohr’s theory, its limitations and atomic spectrum of hydrogen atom. Wave mechanics: de’ Broglie
equation, Heisenberg’s Uncertainty Principle and its significance, Schrodinger’s wave equation,
significance of w and w2. Quantum numbers and their significance. Normalized and orthogonal
wave functions. Sign of wave functions. Radial and angular wave functions for hydrogen atom.
Radial and angular distribution curves. Shapes of s, p, d and f orbitals. Contour boundary and
probability diagrams. Pauli’s Exclusion Principle, Hund’s rule of maximum multiplicity, Aufbau’s

principle and its limitations, Variation of orbital energy with atomic number.

Periodicity of Elements: (10 classes of 60 minutes each)

s, p, d, f block elements, the long form of periodic table. Detailed discussion of the following
properties of the elements, with reference to s and p-block.

(a) Effective nuclear charge, shielding or screening effect, Slater rules, variation of effective
nuclear charge in periodic table.

(b) Atomic radii (van’der Waals)

(c) lonic and crystal radii.

(d) Covalent radii (octahedral and tetrahedral)

(e) lonization enthalpy, Successive ionization enthalpies and factors affecting ionization energy.
Applications of ionization enthalpy.

(F) Electron gain enthalpy, trends of electron gain enthalpy.

(g)Electronegativity, Pauling, Mullikan, Allred Rachow scales, electronegativity and bond order,

partial charge, hybridization, group electronegativity. Sanderson electron density ratio.
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Chemical Bonding: (14 classes of 60 minutes each)

(i) lonic bond: General characteristics, types of ions, size effects, radius ratio rule and its
limitations. Packing of ions in crystals. Born-Landé equation with derivation, expression for lattice
energy. Madelung constant, Born-Haber cycle and its application, Solvation energy.

(if) Covalent bond: Lewis structure, Valence Shell Electron Pair Repulsion Theory (VSEPR),
Shapes of simple molecules and ions containing lone-and bond-pairs of electrons multiple bonding,
sigma and pi-bond approach, Valence Bond theory, (Heitler-London approach). Hybridization
containing s, p and s, p, d atomic orbitals, shapes of hybrid orbitals, Bents rule, Resonance and
resonance energy, Molecular orbital theory. Molecular orbital diagrams of simple homonuclear
and heteronuclear diatomic molecules, MO diagrams of simple tri and tetra-atomic molecules, e.g.,
N2, Oz, Cz, B2, F2, CO, NO, and their ions; HCI, BeF>, CO2, HCHO, (idea of s-p mixing and orbital
interaction to be given). Covalent character in ionic compounds, polarizing power and
polarizability. Fajan rules, polarization. lonic character in covalent compounds: Bond moment and

dipole moment. ionic character from dipole moment and electronegativities.

Metallic bonding and Weak chemical forces: (6 classes of 60 minutes each)

(iii) Metallic Bond: Qualitative idea of free electron model, Semiconductors, Insulators.

(iv) Weak Chemical Forces: van’der Waals, ion-dipole, dipole-dipole, induced dipole dipole-
induced dipole interactions, Lenard-Jones 6-12 formula, hydrogen bond, effects of hydrogen

bonding on melting and boiling points, solubility, dissolution.

Recommended Books/References:

1.Lee, J. D. Concise Inorganic Chemistry, Wiley, 5" Ed".

2.Douglas, B.E., McDaniel, D.H., Alexander J.J., Concepts & Models of Inorganic Chemistry,
(Third Edition) John Wiley & Sons,1999.

3.Atkins, P. W. and DePaula, J. Physical Chemistry, Tenth Edition, Oxford University Press, 2014.
4. Rodger, G. E. Inorganic and Solid State Chemistry, Cengage Learning, 2002.

1.1.  Inorganic Chemistry Practical

o
o
N
N
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(A) Titrimetric Analysis
(1) Calibration and use of apparatus.
(i) Preparation of solutions of different Molarity/Normality of titrants.

(iii) Use of primary and secondary standard solutions.

(B) Acid-Base Titrations
(1) Estimation of carbonate and hydroxide present together in mixture.
(i) Estimation of carbonate and bicarbonate present together in a mixture.

(iii) Estimation of free alkali present in different soaps/detergents

(C) Oxidation-Reduction Titrimetry

(i) Estimation of Fe(Il) and oxalic acid using standardized KMnQ4 solution.

(i) Estimation of oxalic acid and sodium oxalate in a given mixture.

(i) Estimation of Fe(ll) with K2Cr.O7 using internal (diphenylamine, anthranilic acid) and

external indicator.

Recommended Books/References:
1. Mendham, J., A. 1. Vogel’s Quantitative Chemical Analysis Sixth Edition, Pearson, 20009.
2. Svehala G. and Sivasankar I. B, Vogel’s Qualitative Inorganic Analysis, Pearson, India,

2012.

2.Core course: Organic Chemistry-I

w
=
o
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On completion of this course, the students will be able to understand:

Learning objectives:

1.
2.

Basic of organic molecules, structure, bonding, reactivity and reaction mechanisms.
Stereochemistry of organic molecules — conformation and configuration, asymmetric

molecules and nomenclature.

3. Aromatic compounds and aromaticity, mechanism of aromatic reactions.

Understanding hybridization and geometry of atoms, 3-D structure of organic molecules,
identifying chiral centers.

Reactivity, stability of organic molecules, structure, stereochemistry.

Electrophile, nucleophiles, free radicals, electronegativity, resonance, and intermediates
along the reaction pathways.

Mechanism of organic reactions (effect of nucleophile/leaving group, solvent), substitution

vs. elimination.

Self-study:

Design and syntheses of organic molecules.

Structure identification through IR, NMR and Mass spectroscopic data.

1
2
3. Lab/Instrumentation techniques used for analyzing reaction mechanisms.
4

. Advanced soft-wares/Models used for predicting stereochemistry/study of energy

minimization of organic molecules.

Basics of Organic Chemistry: (10 classes of 60 minutes each)

Organic Compounds: Classification, and Nomenclature, Hybridization, Shapes of molecules,

Influence of hybridization on bond properties. Electronic Displacements: Inductive, electromeric,

resonance and mesomeric effects, hyperconjugation and their applications; Dipole moment;

Organic acids and bases; their relative strength. Homolytic and Heterolytic fission with suitable

examples. Curly arrow rules, formal charges; Electrophiles and Nucleophiles; Nucleophlicity and
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basicity; Types, shape and relative stabilities of reaction intermediates (Carbocations, Carbanions,
Free radicals and Carbenes).

Organic reactions and their mechanism: Addition, Elimination and Substitution reactions.

Stereochemistry: (6 classes of 60 minutes duration each)

Concept of asymmetry, Fischer Projection, Newmann and Sawhorse projection formulae and their
interconversions; Geometrical isomerism: cis-trans and, syn-anti isomerism E/Z notations with
C.I.LP rules. Optical Isomerism: Optical Activity, Specific Rotation, Chirality/Asymmetry,
Enantiomers, Molecules with two or more chiral-centres, Distereoisomers, meso structures,

Racemic mixtures, Relative and absolute configuration: D/L and R/S designations.

Chemistry of Aliphatic Hydrocarbons: (18 classes of 60 minutes duration each)

A. Carbon-Carbon sigma bonds

Chemistry of alkanes: Formation of alkanes, Wurtz Reaction, Wurtz- Fittig Reactions, Free radical
substitutions: Halogenation - relative reactivity and selectivity.

B. Carbon-Carbon pi-bonds
Formation of alkenes and alkynes by elimination reactions, Mechanism of E1, E2, E1cb reactions.

Saytzeff and Hofmann eliminations. Reactions of alkenes: Electrophilic additions their
mechanisms (Markownikoff/ Anti Markownikoff addition), mechanism of oxymercuration-
demercuration, hydroboration- oxidation, ozonolysis, reduction (catalytic and chemical), syn and
anti-hydroxylation (oxidation). 1, 2- and 1, 4- addition reactions in conjugated dienes and, Diels-
Alder reaction; Allylic and benzylic bromination and mechanism, e.g. propene, 1-butene, toluene,
ethyl benzene. Reactions of alkynes: Acidity, Electrophilic and Nucleophilic additions.

C. Cycloalkanes and Conformational Analysis

Cycloalkanes and stability, Baeyer strain theory, Conformation analysis, Energy diagrams of

cyclohexane: Chair, Boat and Twist boat forms.

Aromatic Hydrocarbons (6 classes of 60 minutes duration each)

Aromaticity: Huckel’s rule, aromatic character of arenes, cyclic carbocations/carbanions and

heterocyclic compounds with suitable examples. Electrophilic aromatic substitution: halogenation,
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nitration, sulphonation and Friedel-Craft’s alkylation/acylation with their mechanism. Directing

effects of substituent groups.

Recommended Books/References:

1. Morrison, R. N. & Boyd, R. N. Organic Chemistry, 6™ Edn., Dorling Kindersley (India)
Pvt. Ltd. (Pearson Education).

2. Pine S. H. Organic Chemistry, Fifth Edition, McGraw Hill, (2007)

3. F. A. Carey, Organic Chemistry, Seventh Edition, Tata McGraw Hill (2008).

4. J.Clayden, N. Greeves, S. Warren, Organic Chemistry, 2" Ed., (2012), Oxford Universitiy
Press.

5. F. A. Carey, R. J. Sundberg, Advanced Organic Chemistry, Part A: Structure and
mechanism, Kluwer Academic Publisher, (2000).

2.1.Course course: Organic Chemistry Practical

o
o
N
N

1. Checking the calibration of the thermometer.
2. Purification of organic compounds by crystallization using the following solvents:
a. Water b. Alcohol c. Alcohol-Water
3. Determination of the melting points of given organic compounds and unknown organic
compounds (using Kjeldahl method and electrically heated melting point apparatus).
4. Effect of impurities on the melting point — mixed melting point of two unknown organic
compounds.
5. Determination of boiling point of liquid compounds. (boiling point lower than and more than
100 °C by distillation and capillary method)
5.Chromatography
a. Separation of a mixture of two amino acids by ascending and horizontal paper chromatography

b. Separation of a mixture of two sugars by ascending paper chromatography
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c. Separation of a mixture of o-and p-nitrophenol or o-and p-aminophenol by thin layer
chromatography (TLC).
Recommended Books/Reference:

1.Mann, F.G. & Saunders, B.C. Practical Organic Chemistry, Pearson Education (2009)
2.Furniss, B.S.; Hannaford, A.J.; Smith, P.W.G.; Tatchell, A.R. Practical Organic Chemistry, 5th
Ed., Pearson (2012)
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3.Core course: Physical Chemistry-I
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On completion of this course, the students will be able to understand:

Learning objective:

N o g bk~ w e

9.

10.

11.
12.

Familiarization with various states of matter.

Physical properties of each state of matter and laws related to describe the states.
Calculation of lattice parameters.

Electrolytes and electrolytic dissociation, salt hydrolysis and acid-base equilibria.
Understanding Kinetic model of gas and its properties.

Maxwell distribution, mean-free path, kinetic energies.

Behavior of real gases, its deviation from ideal behavior, equation of state, isotherm, and
law of corresponding states.

Liquid state and its physical properties related to temperature and pressure variation.
Properties of liquid as solvent for various household and commercial use.

Solids, lattice parameters — its calculation, application of symmetry, solid characteristics
of simple salts.

lonic equilibria — electrolyte, ionization, dissociation.

Salt hydrolysis (acid-base hydrolysis) and its application in chemistry.

Self-study:

1.
2.
3.

Determination of lattice parameters of given salt.
Study of X-Ray diffraction pattern and finding out reference from JCPDI file.
Numerical related to salt hydrolysis, ionic equilibria.

Gaseous state: (12 classes of 60 minutes duration each)

Behavior of real gases: Deviations from ideal gas behavior, compressibility factor, and its

variation with pressure for different gases. Causes of deviation from ideal behavior. van der Waals

equation of state, its derivation and application in explaining real gas behaviour; van der Waals

equation expressed in virial form, Boyle temperature. Isotherms of real gases and their comparison
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with van der Waals isotherms, continuity of states, critical state, critical and van der Waals

constants, law of corresponding states.

Kinetic molecular model of a gas: postulates and derivation of the kinetic gas equation; collision
frequency; collision diameter; mean free path and viscosity of gases, including their temperature
and pressure dependence, relation between mean free path and coefficient of viscosity, calculation
of 6 from n; variation of viscosity with temperature and pressure. Maxwell distribution and its use
in evaluating molecular velocities (average, root mean square and most probable) and average
kinetic energy, law of equipartition of energy, degrees of freedom and molecular basis of heat
capacities.

Liquid state: (5 classes of 60 minutes duration each)

Structure and physical properties of liquids; vapour pressure, surface tension, viscosity, and their
dependence on temperature, Effect of addition of various solutes on surface tension, cleansing

action of detergents. Structure of water.

lonic equilibria: (13 classes of 60 minutes duration each)

Strong, moderate and weak electrolytes, degree of ionization, factors affecting degree of ionization,
ionization constant and ionic product of water. lonization of weak acids and bases, pH scale,
common ion effect; dissociation constants of mono-, di- and tri-protic acids.

Salt hydrolysis, hydrolysis constants, degree of hydrolysis and pH for different salts. Buffer
solutions; Henderson equation, buffer capacity, buffer range, buffer action, applications of buffers
in analytical chemistry, Solubility and solubility product.

Bronsted-Lowry concept of acid-base reactions, solvated proton, relative strength of acids, types
of acid-base reactions, levelling solvents, Lewis acid-base concept, Classification of Lewis acids,
Hard and Soft Acids and Bases (HSAB) Application of HSAB principle.

Qualitative treatment of acid — base titration curves (calculation of pH at various stages). Theory

of indicators; selection of indicators and their limitations. Multistage equilibria in polyelectrolytes.

Solid state: (10 classes of 60 minutes duration each)
Nature of the solid state, law of constancy of interfacial angles, law of rational indices, Miller
indices, elementary ideas of symmetry, symmetry elements and symmetry operations, qualitative

idea of point and space groups, seven crystal systems and fourteen Bravais lattices; X-ray
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diffraction, Bragg’s law, a simple account of rotating crystal method and powder pattern method.
Analysis of powder diffraction patterns of NaCl, CsCl and KCI. Various types of defects in crystals,
Glasses and liquid crystals.

Recommended Text books/references:

1. Atkins, P. W. & Paula, J. de Atkin’s Physical Chemistry 8th Ed., Oxford University Press (2006).
2. Ball, D. W. Physical Chemistry Thomson Press, India (2007).

3. Castellan, G. W. Physical Chemistry 4th Ed. Narosa (2004).

4. Mortimer, R. G. Physical Chemistry 3rd Ed. Elsevier: NOIDA, UP (2009).

5 G. M. Barrow, Tata McGraw Hill (Fifth Edition) (2007)

3.1.Physical chemistry Practical

1. Surface tension measurements.
a. Determine the surface tension by (i) drop number (ii) drop weight method.

b. Study the variation of surface tension of detergent solutions with concentration.

2. Viscosity measurements using Ostwald’s viscometer.

a. Determination of viscosity of aqueous solutions of (i) polymer (ii) ethanol and (iii) sugar at room
temperature.

b. Viscosity of sucrose solution with the concentration of solute.

3. pH metry

a. Effect on pH of addition of HCI/NaOH to solutions of acetic acid,

sodium acetate and their mixtures.

b. Preparation of buffer solutions of different pH
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i. Sodium acetate-acetic acid
ii. Ammonium chloride-ammonium hydroxide
c. pH metric titration of (i) strong acid vs. strong base, (ii) weak acid vs. strong base.

d. Determination of dissociation constant of a weak acid.

Recommended text books/references:

1.Khosla, B. D.; Garg, V. C. & Gulati, A. Senior Practical Physical Chemistry, R. Chand & Co.:
New Delhi (2011).

2.Garland, C. W.; Nibler, J. W. & Shoemaker, D. P. Experiments in Physical Chemistry 8th Ed.;
McGraw-Hill: New York (2003).

3 Halpern, A. M. & McBane, G. C. Experimental Physical Chemistry 3rd Ed.; W.H. Freeman &
Co.: New York (2003).

4 Athawale V. D. amd Mathur P. Experimental Physical Chemistry,, New Age Intenational
(2001)
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4.Core course: Organic Chemistry-I1

After completion of the course, the learner shall be able to understand:

Learning objective:

Familiarization about classes of organic compounds and their methods of preparation.
Basic uses of reaction mechanisms.

Name reactions, uses of various reagents and the mechanism of their action.
Preparation and uses of various classes of organic compounds.

Organometallic compounds and their uses.

Organic chemistry reactions and reaction mechanisms.

N o gk~ wDdoE

Use of reagents in various organic transformation reactions.
Self-study:

Elucidating reaction mechanisms for organic reactions.
2. Organometallic compounds and their uses.
3. Use of active methylene groups in organic mechanism and preparation of new organic

compounds.

Chemistry of Halogenated Hydrocarbons: (8 classes of 60 minutes duration each)

Alkyl halides: Methods of preparation, nucleophilic substitution reactions — Sn1, Sn2 and Sy
mechanisms with stereochemical aspects and effect of solvent etc.; nucleophilic substitution vs.
elimination.

Aryl halides: Preparation, including preparation from diazonium salts. nucleophilic aromatic
substitution; SNAr, Benzyne mechanism.

Relative reactivity of alkyl, allyl/benzyl, vinyl and aryl halides towards nucleophilic substitution
reactions.

Organometallic compounds of Mg and Li and their use in synthesis.

Alcohols, Phenols, Ethers and Epoxides: (6 classes of 60 minutes duration each)
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Alcohols: preparation, properties and relative reactivity of 1°, 2°, 3° alcohols, Bouvaelt-Blanc
Reduction; Preparation and properties of glycols: Oxidation by periodic acid and lead tetraacetate,
Pinacol-Pinacolone rearrangement.

Phenols: Preparation and properties; Acidity and factors effecting it, Ring substitution reactions,
Reimer-Tiemann and Kolbe’s—Schmidt Reactions, Fries and Claisen rearrangements with
mechanism.

Ethers and Epoxides: Preparation and reactions with acids. Reactions of epoxides with alcohols,

ammonia derivatives and LiAIH4

Carbonyl Compounds: (10 classes of 60 minutes duration each)

Structure, reactivity and preparation; Nucleophilic additions, Nucleophilic addition-elimination
reactions with ammonia derivatives with mechanism; Mechanisms of Aldol and Benzoin
condensation, Knoevenagel condensation, Claisen-Schmidt, Perkin, Cannizzaro and Wittig
reaction, Beckmann and Benzil-Benzilic acid rearrangements, haloform reaction and Baeyer
Villiger oxidation, a-substitution reactions, oxidations and reductions (Clemmensen, Wolff-
Kishner, LiAlHs, NaBH4, MPV, PDC and PGC);

Addition reactions of unsaturated carbonyl compounds: Michael addition.

Active methylene compounds: Keto-enol tautomerism. Preparation and synthetic applications of

diethyl malonate and ethyl acetoacetate.

Carboxylic Acids and their Derivatives: (10 classes of 60 minutes duration each)

Preparation, physical properties and reactions of monocarboxylic acids: Typical reactions of
dicarboxylic acids, hydroxy acids and unsaturated acids: succinic/phthalic, lactic, malic, tartaric,
citric, maleic and fumaric acids; Preparation and reactions of acid chlorides, anhydrides, esters and
amides; Comparative study of nucleophilic substitution at acyl group -Mechanism of acidic and
alkaline hydrolysis of esters, Claisen condensation, Dieckmann and Reformatsky reactions,

Hofmannbromamide degradation and Curtius rearrangement.

Sulphur containing compounds: (6 classes of 60 minutes duration each)

Preparation and reactions of thiols, thioethers and sulphonic acids.
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Recommended Books/references:

1 Solomons, T.W G., Fryhle, B. Craig. Organic Chemistry, John Wiley & Sons, Inc (2009).

2 McMurry, J.E. Fundamentals of Organic Chemistry, Seventh edition Cengage Learning, 2013.
3 P Sykes, A Guide Book to Mechanism in Organic Chemistry, 6th Edition (1997), Orient
Longman, New Delhi.

4 Morrison R. T. and Boyd R. N. Organic Chemistry, Sixth Edition Prentice Hall India, 2003.

4.1.Core course: Organic Chemistry-Practical

(List of experiments given are suggestive. One experiment from each group to be demonstrated)
1.Identification of elements (N, S, and halogen) and Functional group tests for alcohols, phenols,
carbonyl, carboxylic acid and amine group of compounds.

2. Organic preparations:

i. Acetylation of one of the following compounds: amines (aniline, o-, m-, p-toluidines and o-, m-,
p-anisidine) and phenols (B-naphthol, vanillin, salicylic acid) by any one method: (Using
conventional method.and Using green chemistry approach)

ii. Benzolyation of one of the amines (aniline, 0-, m-, p- toluidines and o-, m-, p-anisidine) and one
of the phenols (5-naphthol, resorcinol, p-cresol) by Schotten-Baumann reaction.

iii. Oxidation of ethanol/ isopropanol (lodoform reaction).

iv. Bromination (any one)

a. Acetanilide by conventional methods

b. Acetanilide using green approach (Bromate-bromide method)

v. Nitration: (any one)

a. Acetanilide/nitrobenzene by conventional method

b. Salicylic acid by green approach (using ceric ammonium nitrate).

vi. Selective reduction of meta dinitrobenzene to m-nitroaniline.

vii. Reduction of p-nitrobenzaldehyde by sodium borohydride.

viii. Hydrolysis of amides and esters.
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iX. Semicarbazone of any one of the following compounds: acetone, ethyl methyl ketone,
cyclohexanone, benzaldehyde.

X. S-Benzylisothiouronium salt of one each of water soluble/ insoluble acids (benzoic acid, oxalic
acid, phenyl acetic acid and phthalic acid).

xi. Aldol condensation with either conventional or green method.

xii. Benzil-Benzilic acid rearrangement.

Collected solid samples may be used for recrystallization, melting point and TLC.

Recommended Books/References:

1 Mann, F.G. & Saunders, B.C. Practical Organic Chemistry, Pearson Education (2009)

2 Furniss, B.S., Hannaford, A.J., Smith, P.W.G. & Tatchell, A.R. Practical Organic Chemistry,
5th Ed. Pearson (2012)

3 Ahluwalia, V.K. & Aggarwal, R. Comprehensive Practical Organic Chemistry: Preparation and
Quantitative Analysis, University Press (2000)

4 Ahluwalia, V.K. & Dhingra, S. Comprehensive Practical Organic Chemistry: Qualitative
Analysis, University Press (2000).
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5.Core course: Physical Chemistry-II

After completion of the course, the learner shall be able to understand:

Learning objective:

1. Laws of thermodynamics and concepts.

2. Partial molar quantities and its attributes.

3. Dilute solution and its properties.

4. Understanding the concept of system, variables, heat, work, and laws of thermodynamics.

5. Understanding the concept of heat of reactions and use of equations in calculations of bond
energy, enthalpy, etc.

6. Understanding the concept of entropy; reversible, irreversible processes. Calculation of
entropy using 3nd law of thermodynamics.

7. Understanding the application of thermodynamics: Joule Thompson effects, partial molar
quantities.

8. Understanding theories/thermodynamics of dilute solutions.

Self-study:
1. Use of thermochemical equations for calculation of energy and related terms.
2. Use of thermodynamics in explaining chemical behavior of solute/solvent and reactions.

3. Study of calorimeter principle and its use.

Introduction to thermodynamics: (6 classes of 60 minute duration each)

Intensive and extensive variables; state and path functions; isolated, closed and open systems;

zeroth law of thermodynamics. First law: Concept of heat, q, work, w, internal energy, U, and

statement of first law; enthalpy, H, relation between heat capacities, calculations of g, w, U and H

for reversible, irreversible and free expansion of gases (ideal and van der Waals) under isothermal

and adiabatic conditions.
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Thermochemistry: (6 classes of 60 minutes duration each)

Heats of reactions: standard states; enthalpy of formation of molecules and ions and enthalpy of
combustion and its applications; calculation of bond energy, bond dissociation energy and
resonance energy from thermochemical data, effect of temperature (Kirchhoff’s equations),

pressure on enthalpy of reactions.

Second Law: (6 classes of 60 minutes duration each)
Concept of entropy; thermodynamic scale of temperature, statement of the second law of
thermodynamics; molecular and statistical interpretation of entropy. Calculation of entropy change

for reversible and irreversible processes.

Third law of thermodynamics: (4 classes of 60 minutes duration each)

Third Law of thermodynamics, residual entropy, calculation of absolute entropy of molecules.

Free Energy Functions: (6 classes of 60 minutes duration each)
Gibbs and Helmholtz energy; variation of S, G, A with T, V, P; Free energy change and spontaneity.
Relation between Joule-Thomson coefficient and other thermodynamic parameters; inversion

temperature; Gibbs-Helmholtz equation; Maxwell relations; thermodynamic equation of state.

Partial molar quantities: (6 classes of 60 minutes duration each)
Partial molar quantities, dependence of thermodynamic parameters on composition; Gibbs-Duhem
equation, chemical potential of ideal mixtures, change in thermodynamic functions in mixing of

ideal gases.

Dilute solutions: (6 classes of 60 minutes duration each)

Dilute solutions; lowering of vapour pressure, Raoult’s and Henry’s Laws and their applications.
Excess thermodynamic functions. Thermodynamic derivation using chemical potential to derive
relations between the four colligative properties: [(i) relative lowering of vapour pressure, (ii)
elevation of boiling point, (iii) Depression of freezing point, (iv) osmotic pressure] and amount of
solute. Applications in calculating molar masses of normal, dissociated and associated solutes in

solution.
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Recommended Books/References

1 Atkins P. and De Paula, J. Physical Chemistry Tenth Ed., OUP, 2014.

2 Castellan, G. W. Physical Chemistry 4th Ed., Narosa, 2004.

3 Engel, T. and Reid, P. Physical Chemistry 3rd Ed., Prentice Hall, 2012.

4 McQuarrie, D. A. and Simon, J. D. Molecular Thermodynamics Viva Books, 2004.
5 Roy, B. N. Fundamentals of Classical and Statistical Thermodynamics Wiley, 2001
6 Commonly Asked Questions in Thermodynamics. CRC Press, 2011.

7 Levine, | .N. Physical Chemistry 6th Ed., Tata Mc Graw Hill, 2010.

8 Metz, C.R. 2000 solved problems in chemistry, Schaum Series, 2006.

5.1.Core course: Physical Chemistry-Practical

(A list of suggested experiments are given. However, more experiments can be added based on

facilities available in the laboratories).

1. Determination of critical solution temperature and composition of the phenol-water system and
to study the effect of impurities on it.

2. Study the equilibrium of at least one of the following reactions by the distribution method:

(i) 12 (ag) + I" ---> I37(aq)

(i) Cu?*(aq) + nNHz — Cu(NHs)n

3. Study the kinetics of the following reactions.

a. Acid hydrolysis of methyl acetate with hydrochloric acid.

b. Saponification of ethyl acetate.

Adsorption
Verification of Freundlich and Langmuir isotherms for adsorption of acetic acid and selected
organic dye(s) on activated charcoal.

(Use of calorimeter for calculation of heat of reactions may be demonstrated)
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Recommended Books/References:

1.Khosla, B. D.; Garg, V. C. & Gulati, A. Senior Practical Physical Chemistry, R. Chand, New
Delhi, 2011.

2.Garland, C. W.; Nibler, J. W. & Shoemaker, D. P. Experiments in Physical Chemistry, Eighth
Edition, McGraw-Hill(2003).

3 Halpern, A. M. and McBane, G. C. Experimental Physical Chemistry, Third Edition, W, H.
Freeman (2003).
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6.Core course: Organic Chemistry-I11

After completion of the course, the learner shall be able to understand:

Learning objective:

1.

2
3
4.
5
6
7

8.
9.

Nitrogen containing functional groups and their reactions.

Familiarization with polynuclear hydrocarbons and their reactions.

Heterocyclic compounds and their reactions.

Alkaloids and Terpenes

Understanding reactions and reaction mechanism of nitrogen containing functional groups.
Understanding the reactions and mechanisms of diazonium compounds.

Understanding the structure and their mechanism of reactions of selected polynuclear
hydrocarbons.

Understanding the structure, mechanism of reactions of selected heterocyclic compounds.

Classification, structure, mechanism of reactions of few selected alkaloids and terpenes.

Self-study:

1.
2.

Use of benzene diazonium salt in organic synthesis.

Applications of heterocyclic compounds in pharmaceutics/drugs and the mechanism of
actions.

Pharmaceutics/Biomedical applications of alkaloids and terpenes.

Nitrogen containing organic compounds/heterocyclic compounds in synthetic chemistry.

Nitrogen Containing Functional Groups (8 classes of 60 minutes duration each).

Preparation and important reactions of nitro and compounds, nitriles and isonitriles Amines: Effect

of substituent and solvent on basicity; Preparation and properties: Gabriel phthalimide synthesis,

Carbylamine reaction, Mannich reaction, Hoffmann’s exhaustive methylation, Hofmann-

elimination reaction; Distinction between 1°, 2° and 3° amines with Hinsberg reagent and nitrous

acid. Diazonium salts: Preparation and synthetic applications.

Polynuclear Hydrocarbons: (8 classes of 60 minutes duration each)

Reactions of naphthalene phenanthrene and anthracene Structure, Preparation and structure

elucidation and important derivatives of naphthalene and anthracene; Polynuclear hydrocarbons.
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Heterocyclic Compounds: (12 classes of 60 minutes duration each)

Classification and nomenclature, Structure, aromaticity in 5-numbered and 6-membered rings
containing one heteroatom; Synthesis, reactions and mechanism of substitution reactions of Furan,
Pyrrole (Paal-Knorr synthesis, Knorr pyrrole synthesis, Hantzsch synthesis), Thiophene, Pyridine
(Hantzsch synthesis), Pyrimidine, Structure elucidation of indole, Fischer indole synthesis and
Madelung synthesis), Structure elucidation of quinoline and isoquinoline, Skraup synthesis,
Friedlander’s synthesis, Knorr quinoline synthesis, Doebner-Miller synthesis, Bischler-
Napieralski reaction, Pictet-Spengler reaction, Pomeranz-Fritsch reaction Derivatives of furan:
Furfural and furoic acid.

Alkaloids (6 classes of 60 minutes duration each)

Natural occurrence, General structural features, Isolation and their physiological action
Hoffmann’s exhaustive methylation, Emde’s modification, Structure elucidation and synthesis of
Hygrine and Nicotine. Medicinal importance of Nicotine, Hygrine, Quinine, Morphine, Cocaine,
and Reserpine.

Terpenes (6 classes of 60 minutes duration each)

Occurrence, classification, isoprene rule; Elucidation of stucture and synthesis of Citral, Neral and

a-terpineol.

Recommended Text Books/references:

1.Morrison, R. T., Boyd, R. N., Bhatterjee, S.K., Organic Chemistry, 7" Edn., Pearson.

2 Acheson, R.M. Introduction to the Chemistry of Heterocyclic compounds, John Welly & Sons
(1976).

3 Solomons, T.W., Fryhle Craig, Organic Chemistry, John Wiley & Sons, Inc (2009).

4 McMurry, J.E. Fundamentals of Organic Chemistry, 7th Ed. Cengage Learning India Edition,
2013.

5 Kalsi, P. S. Organic reacations and their mechanisms, New Age Science (2010).

6 Clayden, J.; Greeves, N.; Warren, S.; Wothers, P.; Organic Chemistry, Oxford University Press
Inc., New York (2001).

7 Singh, J.; Ali, S.M. & Singh, J. Natural Product Chemistry, Prajati Parakashan (2010).

8 Bansal R. K. Heterocyclic Chemistry: Syntheses, Reactions and Mechanisms, New Age, Third
Edition (1999).
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9.Clayden J., Greeves N., Warren S., Organic Chemistry, (2" Ed)., (2012), Oxford University

Press.

6.1.Core course: Organic Chemistry Practical

1. Qualitative analysis of unknown organic compounds containing monofunctional groups
(carbohydrates, aryl halides, aromatic hydrocarbons, nitro compounds, amines and amides) and
simple bifunctional groups, for e.g. salicylic acid, cinnamic acid, nitrophenols, etc.

2. ldentification of functional groups of simple organic compounds by IR spectroscopy and NMR
spectroscopy (IR and NMR of simple organic compounds may be done wherever facilities are
available, otherwise sample spectra may be provided for simple organic compounds like Ethanol,
Aniline, Phenol, acetic acid, other simple aldehydes, carboxylic acid, etc., for identification of
functional groups. References from standard spectroscopy books may also be taken for such
purpose for enhancing students understanding and skill).

3. Preparation of methyl orange.

4. Extraction of caffeine from tea leaves.

5. Analysis of Carbohydrate: aldoses and ketoses, reducing and non-reducing sugars using simple

lab procedures.

Recommended Books/References:

1.Vogel, A.l. Quantitative Organic Analysis, Part 3, Pearson (2012).

2. Mann, F.G. & Saunders, B.C. Practical Organic Chemistry, Pearson Education (2009)

3. Furniss, B.S.; Hannaford, A.J.; Smith, P.W.G.; Tatchell, A.R. Practical Organic Chemistry, 5th
Ed., Pearson (2012)

4. Ahluwalia, V.K. & Aggarwal, R. Comprehensive Practical Organic Chemistry: Preparation
and Quantitative Analysis, University Press (2000).

5. Ahluwalia, V.K. & Dhingra, S. Comprehensive Practical Organic Chemistry: Qualitative
Analysis, University Press (2000).
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7. Core course: Molecular Spectroscopy & Photochemistry

Unit-1: (15 classes of 60 minutes duration each)

Interaction of electromagnetic radiation with molecules and various types of spectra; Born-
Oppenheimer approximation. Rotation spectroscopy: Selection rules, intensities of spectral lines,
determination of bond lengths of diatomic and linear triatomic molecules, isotopic substitution.
Vibrational spectroscopy: Classical equation of vibration, computation of force constant,
amplitude of diatomic molecular vibrations, anharmonicity, Morse potential, dissociation energies,
fundamental frequencies, overtones, hot bands, degrees of freedom for polyatomic molecules,
modes of vibration, concept of group frequencies. Vibration-rotation spectroscopy: diatomic

vibrating rotator, P, Q, R branches.

Unit-11: (10 classes of 60 minutes duration each)

Raman spectroscopy: Qualitative treatment of Rotational Raman effect; Effect of nuclear spin,
Vibrational Raman spectra, Stokes and anti-Stokes lines; their intensity difference, rule of mutual
exclusion.

Electronic spectroscopy: Franck-Condon principle, electronic transitions, singlet and triplet states,

fluorescence and phosphorescence, dissociation and predissociation.
Unit-111: (15 classes of 60 minutes duration each)

Photophysical and photochemical processes: laws of photochemistry, quantum yield. Jablonski
diagrams: Franck-Condon principle, Law of photochemical equivalence, quantum efficiency, low
and high quantum efficiency. kinetics of photochemical reactions (H2 + Br. = HBr, 2HI = Hz + ),
energy transfer in photochemical reactions (photosensitization and quenching), fluorescence,
phosphorescence, chemiluminescence, Discussion of Electronic spectra and photochemistry

(Lambert-Beer law and its applications).

Recommended books/References:
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1. Laideler K. J. and Meiser J. M. Physical Chemistry Third Edition (International)1999

2. Levine I. N., Physical Chemistry, Fourth Edition), McGraw-Hill (International), 1995.

3. McQuarrie D. A. and Simon J. D. Physical Chemistry- A Molecular Approach, University
Science Books, 1998

4. Rohatgi-Mukherjee K. K. Fundamentals of Photochemistry, New age (revised second
edition).

5. Banwell, C. N. & McCash, E. M. Fundamentals of Molecular Spectroscopy 4th Ed. Tata
McGraw-Hill: New Delhi (2006).

7.1.Suggested laboratory experiments:

(i). Determination of indicator constant - colorimetry. (instructor may vary indicators available in
the lab).

(i1). Verification of Beer’s Law - Determination of concentration of solution by colorimetry.
(Instructor may explain the principle of using colorimeter, its handling drawing standard
calibration curve, and its application in finding unknown concentration of dyes, concentration of

metal solutions (e.g.Ni, Cu using appropriate reagent) from standard calibration curve.

Suggested books/reference books:
1. Practicals in physical chemistry —a modern approach, P.S.Sindhu, Macmillan,
2. Experiments in Physical Chemistry, J.M.Wilson, R.J.Newcomb, A.R.Denaro, 2nd Edn.,

Elsevier.
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8. Core course: Physical Chemistry-Il1

After completion the course, the learner shall be able to understand:

Learning objective:

1.
2.

Phases, components, Gibbs phase rule, Phase diagrams and applications.

Chemical kinetics: type of reactions, determination of rate, theories of reaction rate, steady
state approximation.

Catalyst — mechanism, acid base catalysis, enzyme catalysis.

Adsorption isotherms.

Understanding phases, components, Gibb’s phase rule and its applications, construction of
phase diagram of different systems, the application of phase diagram.

Understanding the basics of chemical kinetics: determination of order, molecularity, and
understanding theories of reaction rates, determination of rate of opposing/parallel/chain
reactions with suitable examples, application of steady state Kinetics, Steady-state
approximation.

Catalyst — mechanism of catalytic action, enzyme catalysis.

Langmuir, Freundlich — adsorption isotherms, significance, multilayer adsorption — theory

and significance.

Self-study:

1.

Application of phase diagram.

2. Study of reaction kinetics, Fast reactions.
3.
4

. Application of adsorption isotherms in metal adsorption, significance.

Heterogeneous catalysis used in industry and its mechanism of action.

Phase Equilibria: (10 classes of 60 minutes duration each)

Concept of phases, components and degrees of freedom, derivation of Gibbs Phase Rule for

nonreactive and reactive systems; Clausius-Clapeyron equation and its applications to solid-liquid,

liquid-vapour and solid-vapour equilibria, phase diagram for one component systems, with

applications. Phase diagrams for systems of solid-liquid equilibria involving eutectic, congruent
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and incongruent melting points, solid solutions. Three component systems, water-chloroform-
acetic acid system, triangular plots. Binary solutions: Gibbs-Duhem-Margules equation, its
derivation and applications to fractional distillation of binary miscible liquids (ideal and nonideal),
azeotropes, lever rule, partial miscibility of liquids, CST, miscible pairs, steam distillation. Nernst

distribution law: its derivation and applications.

Chemical Kinetics: (10 classes of 60 minutes duration each)

Order and molecularity of a reaction, rate laws in terms of the advancement of a reaction,
differential and integrated rate laws for first, second and fractional order reactions,
pseudounimolecular reactions, determination of the order, kinetics of complex reactions (limited
to first order): (i) Opposing reactions (ii) parallel reactions and (iii) consecutive reactions and their
differential rate equations (steady-state approximation in reaction mechanisms) (iv) chain
reactions. Temperature dependence of reaction rates; Arrhenius equation; activation energy.
Collision theory of reaction rates, Lindemann mechanism, qualitative treatment of the theory of

absolute reaction rates.

Catalysis: (10 classes of 60 minute duration each)

Types of catalyst, specificity and selectivity, mechanisms of catalyzed reactions at solid surfaces;
effect of particle size and efficiency of nanoparticles as catalysts. Enzyme catalysis, Michaelis-
Menten mechanism, acid-base catalysis.

Surface chemistry: (10 classes of 60 minutes duration each)
Physical adsorption, chemisorption, adsorption isotherms (Freundlich, Temkin, Derivation of
Langumuir adsorption isotherms, surface area determination), BET theory of multilayer adsorption

(no derivation), Adsorption in solution.

Recommended books/References:

1. Atkins P. W. and De Paula J., Physical Chemistry, (tenth edition) Oxford University Press, 2014.
2 Castellan, G. W. Physical Chemistry, 4th Ed., Narosa , 2004.

3 McQuiarrie, D. A. & Simon, J. D., Molecular Thermodynamics, Viva Books, 2004.

4 Engel, T. & Reid, P. Physical Chemistry Third Edition, Prentice-Hall,2012.
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5 Zundhal, S.S. Chemistry concepts and applications Cengage India, 2011
6 Ball, D. W. Physical Chemistry Cengage India, 2012.

7 Mortimer, R. G. Physical Chemistry 3rd Ed., Elsevier: NOIDA, UP, 2009.
8.Levine, I. N. Physical Chemistry 6th Ed., Tata McGraw-Hill, 2011.
9.Metz, C. R. Physical Chemistry 2nd Ed., Tata McGraw-Hill, 20009.

8.1.Core course: Physical Chemistry Practical

Conductometry

1 Determination of cell constant

2 Equivalent conductance, degree of dissociation and dissociation constant of a weak acid.
3.Conductometric titrations of: Strong acid Vs. strong base (ii) Weak acid vs. strong base, (iii)

Mixture of strong acid and (iv)weak acid vs. strong base, Strong acid vs. weak base.

Potentiometry
Potentiometric titrations of: (i) Strong acid vs. strong base (ii) Weak acid vs. strong base

(iii) Dibasic acid vs. strong base (iv) Potassium dichromate vs. Mohr's salt.

Recommend books/References:

1 Khosla, B. D.; Garg, V. C. and Gulati, A. Senior Practical Physical Chemistry, R. Chand  New
Delhi, 2011.

2 Garland, C. W.; Nibler, J. W. & Shoemaker, D. P. Experiments in Physical Chemistry Eighth
Edition; McGraw-Hill: New York, 2003.

3 Halpern, A. M. and McBane, G. C. Experimental Physical Chemistry 3rd Ed.; W.H. Freeman &
Co.: New York, 2003.

(List of experiments and references are suggestive. However, more experiments can be added/list

of experiments can be revised as per available facilities).
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9. Core course : Inorganic Chemistry-I1

After completion of the course, the learner shall be able to understand:

Learning objective:

9.

1. Oxidation-Reductions and their use in metallurgy.
2. Chemistry of s and p-block elements.

3. Chemistry of noble gases.

4,
5
6
7
8

Inorganic polymers and their use.

Understanding redox reactions in hydrometallurgy processes.

. Structure, bonding of s and p block materials and their oxides/compounds.

Understanding chemistry of boron compounds and their structures.

. Chemistry of noble gases and their compounds; application of VSEPR theory in explaining

structure and bonding.

Understanding chemistry of inorganic polymers, their structures and uses.

Self-study:

1
2
3.
4

. Chemistry of inorganic polymers and their uses.

Extraction of metals through metallurgical operations and their uses.
Bonding of various s and p block elements.
Use of boron compounds.

Oxidation-Reduction and general principle of metallurgy: (8 classes of 60 minutes duration

each)

Redox equations, Standard Electrode Potential and its application to inorganic reactions.

Occurrence of metals based on standard electrode potentials. Ellingham diagrams for reduction of

metal oxides using carbon or carbon monoxide as reducing agent. Electrolytic Reduction,

Hydrometallurgy. Methods of purification of metals: Electrolytic Kroll process, Parting process,

van Arkel- de Boer process and Mond’s process, Zone refining.
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Chemistry of s and p Block Elements: (16 classes of 60 minutes duration each)

Inert pair effect, Relative stability of different oxidation states, diagonal relationship and
anomalous behavior of first member of each group. Allotropy and catenation. Complex formation
tendency of s and p block elements. Hydrides and their classification ionic, covalent and interstitial.

Basic beryllium acetate and nitrate.

Structure, bonding, preparation, properties and uses. Boric acid and borates, boron nitrides,
borohydrides (diborane) carboranes and graphitic compounds, silanes, Oxides and oxoacids of
nitrogen, Phosphorus and chlorine. Per-oxo acids of Sulphur inter-halogen compounds, poly-
halide ions, pseudo-halogens, properties of halogens.

Noble Gases: (8 classes of 60 minutes duration each)

Occurrence and uses, rationalization of inertness of noble gases, Clathrates; preparation and
properties of XeF,, XeF4 and XeFs; Bonding in noble gas compounds (Valence bond and MO
treatment for XeF.), Shapes of noble gas compounds (VSEPR theory).

Inorganic Polymers: (8 classes of 60 minutes duration each)

Types of inorganic polymers, comparison with organic polymers, synthesis, structural aspects and

applications of silicones and siloxanes. Borazines, silicates and phosphazenes, and polysulphates.

Recommended books/references:

1 Lee, J.D. Concise Inorganic Chemistry, ELBS, 1991.

2 Douglas, B.E; Mc Daniel, D.H. & Alexander, J.J. Concepts & Models of Inorganic Chemistry
3rd Ed., John Wiley Sons, N.Y. 1994.

3 Greenwood, N.N., Earnshaw. Chemistry of the Elements, Butterworth-Heinemann. 1997.

4 Cotton, F.A. & Wilkinson, G. Advanced Inorganic Chemistry, Wiley, VCH, 1999.

5 Rodger, G.E. Inorganic and Solid State Chemistry, Cengage Learning India Edition, 2002.

6 Miessler, G. L. & Donald, A. Tarr. Inorganic Chemistry Fourth Ed., Pearson, 2010

7 Atkins, P. W and Shriver D. N. Atkins’ Inorganic Chemistry 5th Ed. Oxford University Press
(2010).

9.1.Course course: Inorganic Chemistry-practical

68



UGC DOCUMENT ON LOCF CHEMISTRY

(A) lodo / lodimetric Titrations

(i) Estimation of Cu(ll) and K2Cr.O7 using sodium thiosulphate solution (lodimetrically).
(i) Estimation of (i) arsenite and (ii) antimony iodimetrically

(iii) Estimation of available chlorine in bleaching powder iodometrically.

(B) Inorganic preparations
(i) Cuprous Chloride, Cu2Cl;
(i1) Preparation of Aluminium potassium sulphate (Potash alum) or Chrome alum.

Recommended books/references:
Mendham, J., 4. . Vogel’s Quantitative Chemical Analysis Sixth Edition Pearson, 2009.
(The above list of experiments are suggestive. Faculty/academic bodies may incorporate

revision/may incorporate text and reference books as per need).
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10. Introduction to Quantum Chemistry:

Unit-1: Introduction to black-body radiation and distribution of energy, photo-electic effect,
concept of quantization, wave particle duality (de-Broglie’s hypothesis), The uncertainty principle,
The wave function: wave function and its interpretation, conditions of normalization and
Orthogonality and its significance. Basic idea about operators, eigen function and values,
Schrodinger equation and application to free-particle and particle in a box, boundary conditions,
wave functions and energies, degeneracy, hydrogen atom, Schrodinger equation in polar
coordinates, radial and angular parts of the hydrogenic orbitals, degeneracies, spherical harmonics,

representations of hydrogenic orbitals. (15 classes of 60 minutes durations)

Unit-11: Quantitative treatment of simple harmonic osciallator model, setting up of Schodinger
equation and discussion of solution of wave functions. Rigid rotator model and discussion of
application of Schrodinger equation. idea about transformation to spherical polar coordinate,

discussion on solution, (15 classes of 60 minutes durations)

Unit-111: (10 classes of 60 minutes durations)

Qualitative treatment of hydrogen atom and hydrogen-like ions: setting up of Schrodinger equation
in spherical polar coordinates, radial part, quantization of energy (only final energy expression).
Average and most probable distances of electron from nucleus. Valence bond and molecular
orbital approaches, LCAO-MO treatment of Hz, H."; bonding and anti-bonding orbitals,
Comparison of LCAO-MO and VB treatments of H> (only wavefunctions, detailed solution not

required) and their limitations.

Recommended books/References:

1. Laideler K. J. and Meiser J. M. Physical Chemistry Third Edition (International)1999

2. Levine I. N., Physical Chemistry, Fourth Edition), McGraw-Hill (International), 1995.

3. McQuarrie D. A. and Simon J. D. Physical Chemistry- A Molecular Approach, University
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Science Books, 1998.
4.Chandra, A. K. Introductory Quantum Chemistry Tata McGraw-Hill (2001).
5. House, J. E. Fundamentals of Quantum Chemistry 2" Ed. Elsevier: USA (2004).

10.1.Suggested laboratory experiments:

(i) The students may be demonstrated hyperchem lab activities — building a molecular model
(leveling of atoms, editing individual atoms, changing bond order, centrering, rotation of atoms),
Selection of calculation method (e.g.force field calculation, ab-initio set up), displaying calculated
properties, (instructor may demonstrate Computer programs that calculate the energy of various
conformations of molecules and predict the lowest energy, to learn how to construct or draw
representations of molecules using a molecular modeling program called HyperChem (HyperCube,
Inc.), to perform geometry optimizations (energy minimizations) to determine the lowest energy

conformations of molecules).

(Depending upon the availability of infrastructure facilities, instructor can demonstrate the
students use of hyperchem software, Gaussian software — geometry optimization). They can be
allowed for academic visit to computational labs to gain knowledge and a report may be considered
for viva voce/examination). Open source softwares may be used for lab demonstration and students
may prepare a report along with viva-voce shall constitute practical examination. Instructor may
encourage the students to gain hand-on experience in using open-source softwares (for perfoming
various calculation as mentioned) in lab computers, periodic evaluation of which can also be
accepted as conducting lab practical examination. Basic idea is to encourage the students to get
knowledge without keeping any rigid practical syllabus framework).

(Examples of the computational work that can be done: Compare the optimized C-C bond lengths
in ethane, ethene, ethyne and benzene. Visualize the molecular orbitals of the ethane ¢ bonds and
ethene, ethyne, benzene and pyridine © bonds.

ii. (a) Perform a conformational analysis of butane. (b) Determine the enthalpy of isomerization of
cis and trans 2-butene.

iii. Visualize the electron density and electrostatic potential maps for LiH, HF, N2, NO and CO
and comment. Relate to the dipole moments. Animate the vibrations of these molecules.
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(Software: ~ ChemSketch,  ArgusLab  (www.planaria-software.com), TINKER 6.2
(dasher.wustl.edu/ffe), WebLab Viewer, Hyperchem, or any similar software.

(ii). Determination of indicator constant - colorimetry.

(iii). Verification of Beer’s Law - Determination of concentration of solution by colorimetry.

Suggested books/reference books:

1.Essentials of computational chemistry — Theories and models, C. J. Crammer, Wiley, 2" Edn.,
2.Principle and applications of quantum chemistry, VV.K.Gupta, Elsevier, 2016.

3. Practicals in physical chemistry — a modern approach, P.S.Sindhu, Macmillan,

4. Experiments in Physical Chemistry, J.M.Wilson, R.J.Newcomb, A.R.Denaro, 2nd Edn.,
Elsevier.

5. A.R. Leach, Molecular Modelling Principles and Application, Longman, 2001.
6. J.M. Haile, Molecular Dynamics Simulation Elementary Methods, John Wiley and Sons, 1997.
7. Gupta, S.P. QSAR and Molecular Modeling, Springer - Anamaya Publishers, 2008.
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11.Course course: Inorganic Chemistry-111

After completion of the course, the learner shall be able to understand:

Learning objective:

1.

o kM N

8.
9.

Coordination compounds — its nomenclature, theories, d-orbital splitting in complexes,
chelate.

Transition metals, its stability, color, oxidation states and complexes.

Lanthanides, Actinides — separation, color, spectra and magnetic behavior

Bioinorganic chemistry — metal ions in biological system, its toxicity; hemoglobin.
Understanding the nomenclature of coordination compounds/complexes, Molecular orbital
theory, d-orbital splitting in tetrahedral, octahedral, square planar complexes, chelate
effects.

Understanding the transition metals stability in reactions, origin of colour and magnetic
properties.

Understanding the separation of Lanthanoids and Actinoids, its color, spectra and magnetic
behavior.

Understanding the bioinorganic chemistry of metals in biological systems.

Hemaoglobin and its importance in biological systems.

Self-study:

1.
2.

IUPAC nomenclature of coordination compounds/complexes.

Prediction of structure of complexes using various theories; color and magnetic properties
of different complexes.

Use of lanthanide/actinide compounds in industries.

Toxicity of various metals and mechanism of metal-biological system interactions.

Coordination Chemistry: (10 classes of 60 minutes duration each)

Werner’s theory, EAN rule, piano-stool compounds, valence bond theory (inner and outer orbital

complexes), Crystal field theory, d-orbital splitting, , weak and strong fields, pairing energies,

factors affecting the magnitude of (A). Octahedral vs. tetrahedral coordination, tetragonal

distortions from octahedral geometry Jahn-Teller theorem, square planar complexes, d orbital
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splitting in trigonal bipyramidal, square pyramidal and cubic ligand field environments, CFSE,
Variation of lattice energies, enthalpies of hydration and crystal radii variations in halides of first
and second row transition metal series, Qualitative aspect of Ligand field theory, MO diagrams of
representative coronation complexes, IUPAC nomenclature of coordination compounds,
isomerism in coordination compounds. Stereochemistry of complexes with the coordination

number 4 and 6, Chelate effect,

Transition Elements: (10 classes of 60 minutes duration each)

General group trends with special reference to electronic configuration, colour, variable valency,
magnetic and catalytic properties, and ability to form complexes. Stability of various oxidation
states and e.m.f. (Latimer & Bsworth diagrams). Difference between the first, second and third
transition series. Chemistry of Ti, V, Cr Mn, Fe and Co in various oxidation states (excluding their
metallurgy)

Lanthanoids and Actinides: (10 classes of 60 minutes duration each)
Electronic configuration, oxidation states, color, spectra and magnetic behavior, lanthanide

contraction, separation of lanthanides (ion-exchange method only).

Bioinorganic Chemistry: (10 classes of 60 minutes duration each)

Metal ions present in biological systems, classification of elements according to their action in
biological system. Geochemical effect on distribution of metals. Sodium / K-pump, carbonic
anhydrase and carboxypeptidase. Excess and deficiency of some trace metals. Toxicity of metal
ions (Hg, Pb, Cd and As), toxicity, chelating agents in medicine. Iron and its application in bio-
systems, Haemoglobin; Storage and transfer of iron.

Recommended text books/References:

Purcell, K.F & Kotz, J.C. Inorganic Chemistry W.B. Saunders Co, 1977.

Huheey, J.E., Inorganic Chemistry, Prentice Hall, 1993.

Lippard, S.J. & Berg, J.M. Principles of Bioinorganic Chemistry Panima Publishing Company
1994,

Cotton, F.A. & Wilkinson, G, Advanced Inorganic Chemistry Wiley-VCH, 1999
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Basolo, F, and Pearson, R.C. Mechanisms of Inorganic Chemistry, John Wiley & Sons, NY, 1967.

Greenwood, N.N. & Earnshaw A. Chemistry of the Elements, Butterworth-Heinemann, 1997.

11.1.Core course: Inorganic Chemistry Practical

1.Qualitative semimicro analysis of mixtures containing 3 anions and 3 cations. Emphasis should
be given on understanding of the chemistry of different reactions. Following radicals may be
analyzed:

Carbonate, nitrate, nitrite, sulphide, sulphate, sulphite, acetate, fluoride, chloride, bromide, iodide,
borate, oxalate, phosphate, ammonium, potassium, lead, copper, cadmium, bismuth, tin, iron,
aluminum, chromium, zinc, manganese, cobalt, nickel, barium strontium, calcium, magnesium.
Mixtures containing one interfering anion, or insoluble component (BaSQO4, SrSOa, PbSOa, CaF»
or Al,O3) or combination of anions e.g. COs*and SOs*, NO, and NO3",Cland Br, Cl-and I', Br
and I, NOz™ and Br, NO3z™ and I'. Spot analysis/tests should be done whenever possible.

2. Controlled synthesis of two copper oxalate hydrate complexes: Kinetic vs thermodynamic
factors.

3. Preparation of acetylacetanato complexes of Cu?*/Fe3*. (Also find the Amax Of the prepared
complex using instrument).

4. Synthesis of ammine complexes of Ni(ll) and its ligand exchange reactions (e.g. bidentate

ligands like acetylacetone, DMG, glycine) by substitution method.
Recommended text books/references:

1. Vogel’s Qualitative Inorganic Analysis, Revised by G. Svehla. Pearson Education, 2002.
2. Marr & Rockett Practical Inorganic Chemistry. John Wiley & Sons 1972.

12.Core course: Analytical Chemistry
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Cr

After completion of the course, the student shall be able to understand:
Learning objective:

Familiarization with fundamentals of analytical chemistry.

Basics of spectroscopic, thermal, electrochemical techniques

Learning basics of separation techniques and its applications.

Understanding analytical tools, statistical methods applied to analytical chemistry.
Understanding principle of UV-Vis spectroscopy and its applications.

o a0k~ wbd

decomposition of materials/characterization of materials.

7. Understanding basics of electro-analytical techniques and its applications.

Understanding principles of thermo-gravimetric analysis and study of thermal

8. Understanding principles of separation technology and its use in advanced

instrumentations.
Self-study:

1. Thermo-gravimetric Analysis of different compounds and application of mathematical

models.
2. Study of different kinds of chromatograms; calculation of Ry,

3. Analysis of GC/HPLC data for known materials/compounds.

Quialitative and quantitative aspects of analysis: (4 classes of 60 minutes duration each)

Tools in analytical chemistry and their applications, Sampling, evaluation of analytical data, errors,

accuracy and precision, statistical test of data; F, Q and t-test, rejection of data, and confidence

intervals.

Spectroscopy: (8 classes of 60 minutes duration each)

Origin of spectra, interaction of radiation with matter, fundamental laws of spectroscopy and

selection rules, validity of Beer-Lambert’s law.
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Vibration spectroscopy: Basic principles of instrumentation, sampling techniques. Application
of IR spectroscopy for characterization through interpretation of data, Effect and importance of

isotope substitution. Introduction to Raman spectra

UV-Visible Spectrometry: Basic principles of instrumentation, principles of quantitative analysis
using estimation of metal ions from aqueous solution, Determination of composition of metal

complexes using Job’s method of continuous variation and mole ratio method.

Thermal analysis: (6 classes of 60 minutes duration each)
Theory of thermogravimetry (TG and DTG), instrumentation, estimation of Ca and Mg from their

mixture.

Electroanalytical methods: (6 classes of 60 minutes duration each)
Classification of electroanalytical methods, basic principle of pH metric, potentiometric and
conductometric titrations. Techniques used for the determination of equivalence points.

determination of pKa values.

Separation techniques: (16 classes of 60 minutes duration each)

Solvent extraction: Classification, principle and efficiency of the technique. Mechanism of
extraction: extraction by solvation and chelation. Technique of extraction: batch, continuous and
counter current extractions. Qualitative and quantitative aspects of solvent extraction: extraction
of metal ions from aqueous solution, extraction of organic species from the aqueous and non-

aqueous media.

Chromatography techniques: Classification, principle and efficiency of the technique. Mechanism
of separation: adsorption, partition & ion exchange. Development of chromatograms: frontal,
elution and displacement methods. Qualitative and quantitative aspects of chromatographic
methods of analysis using LC, GLC, TLC and HPLC.

Recommended Books/Reference Books:
1 Mendham, J., 4. I. Vogel’s Quantitative Chemical Analysis 6th Ed., Pearson, 2009.
2 Willard, H.H. et al.: Instrumental Methods of Analysis, 7th Ed. Wardsworth Publishing
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California, USA, 1988.
Christian, G.D, Analytical Chemistry, 6th Ed. John Wiley & Sons, New York, 2004.
4 Harris, D.C.: Exploring Chemical Analysis, 9th Ed. New York, W.H. Freeman, 2016.
5 Skoog, D.A. Holler F.J. & Nieman, T.A. Principles of Instrumental Analysis, Saunder College
Publications, (1998).
6 Mikes, O. Laboratory Hand Book of Chromatographic & Allied Methods, Elles Harwood

John Wiley 1979.
7 Ditts, R.V. Analytical Chemistry; Methods of separation, van Nostrand, 1974.
8 Khopkar, S. M., Basic Concepts of Analytical Chemistry, New Age (Second edition)1998
9.Skoog D.A., Holler F.J., Nieman T.A., Principles of instrumental analysis, 5" Edn., Brooks &
Cole (1997).

12.1.Core course: Analytical Chemistry Practical

(Recommended to carry out at least two experiments from each section)
I. Chromatography:

(i) Paper chromatographic separation of Fe**, AI**, and Cr®*.

(ii) Separation and identification of the monosaccharides present in the given mixture (glucose &
fructose) by paper chromatography. Reporting the Ry values.

iii. Separate a mixture of Sudan yellow and Sudan Red by TLC technique and identify them on the
basis of their R¢ values.

(iv) Chromatographic separation of the active ingredients of plants, flowers and juices by TLC

1. Solvent Extractions:

(i) To separate a mixture of Ni>* & Fe?* by complexation with DMG and extracting the Ni?*-DMG
complex in chloroform, and determine its concentration by spectrophotometry.

ii. Determine the pH of the given aerated drinks fruit juices, shampoos and soaps.

iii. Determination of Na, Ca, Li in cola drinks and fruit juices using flame photometric techniques.
I11. Analysis of soil:

(i) Determination of pH of soil.

(ii) Total soluble salt
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(iii) Estimation of calcium, magnesium, phosphate, nitrate

IV. lon exchange:

(1) Determination of exchange capacity of cation exchange resins and anion exchange resins.
(i) Separation of metal ions from their binary mixture.

(iii) Separation of amino acids from organic acids by ion exchange chromatography.

V. Spectrophotometry

(1). Determination of pKa values of indicator using spectrophotometry.

(i1) Structural characterization of compounds by infrared spectroscopy.

(iii) Determination of dissolved oxygen in water.

(iv) Determination of chemical oxygen demand (COD).

(v) Determination of Biological oxygen demand (BOD).

(vi) Determine the composition of the Ferric-salicylate/ ferric-thiocyanate complex by Job’s

method.

Recommended text books/references:
1. Mendham, J., 4. I. Vogel’s Quantitative Chemical Analysis 6th Ed., Pearson, 2009.

2. Willard, H.H. et al.: Instrumental Methods of Analysis, 7th Ed. Wardsworth
Publishing Company, Belmont, California, USA, 1988.

3. Christian, G.D. Analytical Chemistry, 6th Ed. John Wiley & Sons, New York, 2004.
4. Harris, D.C. Exploring Chemical Analysis, 9th Ed. New York, W.H. Freeman, 2016.
5. Khopkar, S.M. Basic Concepts of Analytical Chemistry. New Age International
Publisher, 2009.

6. Skoog, D.A. Holler F.J. and Nieman, T.A. Principles of Instrumental Analysis,
Cengage Learning India Edition.

7. Mikes, O. & Chalmes, R.A. Laboratory Handbook of Chromatographic & Allied
Methods, Elles Harwood Ltd. London.

8. Ditts, R.V. Analytical Chemistry: Methods of separation. VVan Nostrand, New York,
1974.

13.Core course: Green Chemistry
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After completion of the course, the learner shall be able to understand:
Learning objective:

Green chemistry and its principles.
Green synthesis and reactions.
Green chemistry for sustainable solutions.

Understanding principles of green chemistry.

o ~ w b E

Understanding design of chemical reactions/chemical synthesis using green chemistry
principles.
6. Atom economy and design of chemical reactions using the principle.

7. Understanding the use of green chemistry principle and processes in laboratory reactions.

Self-study:

1. Use of green chemistry in designing new laboratory experiments.
2. Use of principle of atom economy and design experiments using the principle.

3. Use of green chemistry in combinatorial chemistry and biomimetic catalyst.

Introduction to Green Chemistry (4 classes of 60 minutes duration each)
Basic introduction and explaining goals of Green Chemistry. Limitations/Obstacles in the pursuit

of the goals of Green Chemistry

Principles of Green Chemistry and Designing a Chemical synthesis (12 classes of 60 minutes
duration each)

Twelve principles of Green Chemistry with their explanations and examples and special emphasis
on Designing a Green Synthesis using these principles (Prevention of Waste/ byproducts;
maximum incorporation of the materials used in the process into the final products, Atom
Economy, calculation of atom economy of the rearrangement, addition, substitution and

elimination reactions).

Green Synthesis / Reactions: (16 classes of 60 minutes duration each)
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1. Green Synthesis of adipic acid, catechol, disodium iminodiacetate (alternative to Strecker
synthesis).

2. Microwave assisted reactions in water: (Hofmann Elimination, methyl benzoate to benzoic acid,
oxidation of toluene and alcohols) and reactions in organic solvents (Diels-Alder reaction and
Decarboxylation reaction).

3. Ultrasound assisted reactions: sonochemical Simmons-Smith Reaction (Ultrasonic alternative
to lodine)

4 Surfactants for carbon dioxide — replacing smog producing and ozone depleting solvents with
CO:- for precision cleaning and dry cleaning of garments.

5 Designing of Environmentally safe marine antifoulant.

6 An efficient, green synthesis of a compostable and widely applicable plastic (poly lactic acid)
made from corn.

7 Healthier Fats and oil by Green Chemistry: Enzymatic Inter esterification for production of no

Trans-Fats and Oils

Future Trends in Green Chemistry (8 classes of 60 minutes duration each)
Oxidation reagents and catalysts; Biomimetic, multifunctional reagents; Combinatorial green
chemistry; Proliferation of solventless reactions; co crystal controlled solid state synthesis (C2S3);

Green chemistry in sustainable development.

Recommended Books/References:

1.Ahluwalia, V.K., Kidwai, M.R. New Trends in Green Chemistry, Anamalaya Publishers (2005).
2. Anastas, P.T. & Warner, J.K, Green Chemistry- Theory and Practical, Oxford University Press
(1998).

3. Matlack, A.S. Introduction to Green Chemistry, Marcel Dekker (2001).

4. Cann, M.C.and Connely, M.E. Real-World cases in Green Chemistry, ACS (2000).

5. Ryan, M.A. and Tinnesand, M. Introduction to Green Chemistry, American Chemical Society,
(2002).

6. Lancaster, M. Green Chemistry: An Introductory Text RSC Publishing, Second Edition, 2010.
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13.1.Core course: Green Chemistry Practical

(Following is the list of suggestive experiments. However, depending upon available resources,
experiments may be added/changes may be incorporated): (six experiments may be conducted)

1. Preparation and characterization of nanoparticles of gold using tea leaves.

2. Preparation of biodiesel from vegetable/ waste cooking oil.

3. Use of molecular model kit to stimulate the reaction to investigate how the atom economy
illustrates Green Chemistry.

4. Reactions like addition, elimination, substitution and rearrangement may also be studied for the
calculation of atom economy.

5. Benzoin condensation using Thiamine Hydrochloride as a catalyst (instead of cyanide).

6. Extraction of D-limonene from orange peel using liquid CO, prepared form dry ice.

7. Mechanochemical solvent free synthesis of azomethines

8.Solvent free, microwave assisted one pot synthesis of phthalocyanine Cu(ll) complex.

9. Photoreduction of benzophenone to benzopinacol in presence of sunlight.

Recommended Books/References:

1. Anastas, P.T & Warner, J.C. Green Chemistry: Theory and Practice, Oxford University Press
(1998).

2. Kirchoff, M. & Ryan, M.A. Greener approaches to undergraduate chemistry experiment.
American Chemical Society, Washington DC (2002).

3. Ryan, M.A. Introduction to Green Chemistry, Tinnesand; (Ed), American Chemical Society,
Washington DC (2002).

4. Sharma, R.K.; Sidhwani, I.T. and Chaudhari, M.K. 1.LK. Green Chemistry Experiment: A
monograph, International Publishing ISBN 978-93-81141-55-7 (2013).

5. Cann, M.C. and Connelly, M. E. Real world cases in Green Chemistry, American Chemical
Society (2008).
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6. Cann, M. C. and Thomas, P. Real world cases in Green Chemistry, American Chemical Society
(2008).

7. Lancaster, M. Green Chemistry: An Introductory Text RSC Publishing, Second Edition, 2010.
8. Pavia, D. L., Lampman, G.M., Kriz, G.S. & Engel, R.G. Introduction to Organic Laboratory
Techniques: A Microscale and Macro Scale Approach, W.B.Saunders, 1995.
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14.Core course: Chemistry of Materials

After completiton of the course, the learner shall be able to understand:

Learning objective:

1.
2.

N o g &

Crystalline solids — parameters, symmetry.

Silica based materials in applications.

Technological importance of ionic liquids, preparation of materials— using sol-gel
technique.

Nano-structured materials, self-assembled structure.

Composites and its applications

Understanding basic parameters of crystalline solids, symmetry and crystal structures.
Mesoporous/microporous silica based materials, functionalized hybrid materials and its
applications.

Preparation of inorganic solids, host-guest chemistry, ionic liquids and its significance.
Understanding self-assembled structures, nano-structured materials, carbon nanotubes,

applications.

10. Understanding composites and their industrial applications.
Self-study:

1.
2.

Hybrid materials/functionalized hybrid materials and their applications in industry.
Applications of nano-structured materials in targeted drug delivery/pharmaceutical
applications/industrial applications.

Use of composites in industry.

Basics of crystalline solids (8 classes of 60 minutes duration each)

Crystalline solids, crystal systems, Bravais lattices, coordination number, packing factors — cubic,

hexagonal, diamond structures, lattice planes, Miller indices, interplanar distances, directions,

types of bonding , lattice energy, Madelung constants, Born Haber cycle, cohesive energy,

Symmetry elements, operations , translational symmetries - point groups, space groups, equivalent

positions, close packed structures, voids, crystal structures, Pauling rules, defects in crystals,

polymorphism, twinning.
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Silica based materials: (8 classes of 60 minutes duration each)

Introduction to Zeolites, metallosilicates, silicalites and related microporous materials,
Mesoporous silica, metal oxides and related functionalized mesoporous materials: Covalent
organic frameworks, Organic-Inorganic hybrid materials, periodic mesoporous organo silica,

metal organic frameworks: H, /CO- gas storage and catalytic applications

Inorganic solids/ionic liquids of technological importance: (8 classes of 60 minutes duration
each)

Preparation of inorganic solids: Conventional heat and beat methods, Co-precipitation method,
Sol-gel methods, Hydro-thermal method, lon-exchange and Intercalation methods. Introduction to
Solid electrolytes, inorganic liquid crystals. lonic liquids, forces responsible for ionic liquids,
synthesis and application of imidazolium and phosphonium based ionic liquids. Host-guest

chemistry (elementary ideas).

Nanomaterials: (8 classes of 60 minutes duration each)
Overview of nanostructures and nano-materials: classification. Preparation of gold and silver
metallic nanoparticles, self-assembled nanostructures-control of nano-architecture-one

dimensional control. Carbon nanotubes and inorganic nanowires.

Composite materials: (8 classes of 60 minutes duration each)

Introduction, limitations of conventional engineering materials, role of matrix in composites,
classification, matrix materials, reinforcements, metal-matrix composites, polymer-matrix
composites, fibre-reinforced composites, environmental effects on composites, applications of
composites.

Recommend books/References:
1.Atkins P, Overton T., Rourke J. Weller M. and Armstrong F Shriver and Atkins. Inorganic
Chemistry Oxford University Press, Fifth Edition, 2012,
3. Adam, D.M. Inorganic Solids: An introduction to concepts in solid-state structural
chemistry. John Wiley,1974.
4. Poole, C.P. & Owens, F.J. Introduction to Nanotechnology John Wiley 2003.
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5. Rodger, G.E. Inorganic and Solid State Chemistry, Cengage Learning, 2002.

14.1. Materials Chemistry Practical

(The list of experiments are suggestive. However, faculties/academic bodies may add more
experiments/references or incorporate suitable revisions based on infrastructure facilities
available).

1. Preparation of urea-formaldehyde resin

2. Preparations of novalac resin/resol resin

3. Synthesis of materials/porous materials (Sol-gel, hydrothermal, microwave). (Similarly other
materials synthesis can be designed).

4. Preparation of silver nano material. (Similarly other nano materials of other metals synthesis
can be designed).

5. Analysis of XRD pattern of crystals.

6. Interpretation of FTIR, NMR and UV-Vis data of given material.

7. Estimation of particle size from the BET, SEM techniques.

8. Density measurement of ionic liquids

9. Determining dynamic viscosities of given ionic liquids

10. Determination of hydration number IR spectra.
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DISCIPLINE SPECIFIC ELECTIVE COURSES

These courses have the following credit pattern.

For Theory based courses:

For laboratory based courses:

w
=
o
w

1. Medicinal Chemistry

Cr

After completion of the course, the learner can be able to understand:

1.
2
3.
4

5.

The basics of medicinal chemistry, biophysical properties

. Biological activity parameters

Drug metabolism

. Biophysical and chemical properties of enzymes, hormones,

vitamins

Concept of rational drug design

Bio-physicochemical properties
Acidity/Basicity, Solubility, lonization, Hydrophobic properties, Hydrophilic properties, Lipinski

Rule, Drug-like properties, Understanding of the biological activity parameters such as K, K,
LDso, ECso, 1Cs0, CCs0, ADMET properties

Structural properties

Isosterism, Bioisosterism, Nonclassical isosteres, Understanding of the 3D-structure along with

bond length, bond angle and dihydral angle, Concept of Configuration and Conformation with
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examples, Concept of stereochemistry in terms of biological response with examples,
Stereoselective receptors or enzymes such as muscarinic receptor, Stereochemically pure drug and
recemates, Examples such as catecholamines, etc.

Drug target understanding

Metabolism, Drug metabolism, Anti-metabolite, Enzyme inhibitor, Agonist, Antagonist,
Examples.

Medicinal Chemistry of Therapeutic Agent

Structure, Chemistry, Mode of action and adverse effect of the representative therapeutic agents
such as Anti-infective agent, Antimalarials, Antibacterial, Antiviral, Anticancer, CNS acting drugs,
Adrenergic Agents, Cholinergic Drugs, Diuretics, Cardivascular, local anesthetic agent, Analgesic
Agents, Histamine and Antihistamine agents

Steroids, Prostaglandins, Enzyme, Hormone and Vitamins

Biophysico-chemical properties, Steroid Hormone Receptors, Chemical Contraceptive agents,
COX-2 inhibitors, Prostaglandins for Ophthalmic use, pharmaceutically important enzyme
products such as Pancreatin, Trypsin, Insulin. Classification of vitamins with examples.

Concept of rational drug design

Structure activity relationship, Drug-receptor understanding, Molecular modeling, Structure based
drug design. QSAR.

Recommended books/References:

1. Wilson and Gisvold's Textbook of Organic Medicinal and Pharmaceutical ...by Charles
Owens Wilson, John H. Block, Ole Gisvold, John Marlowe Beale

2. Foye's Principles of Medicinal Chemistry by David A. Williams, Thomas L. Lemke,
William O. Foye (2008), Kluwer publication.

3. Remington: The Science and Practice of Pharmacy Vol 1, Ed. 19 by Joseph Price
Remington, Alfonso R. Gennaro. (1995), MACK Publishing.

4. Burgers Medicinal Chemistry by Manfred E. Wolff, Alfred Burger

5. Burgers Medicinal Chemistry and Drug Discovery by Abraham D. J., Lewis F. L., Burger
A., vol.5, 61 Edn., 2003, Hoboken N.J.Wiley,

6. The Organic Chemistry of Drug Design and Drug Action by Silverman R. B., 2" Edn.,
Academic Press. 2012.
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7. Exploring QSAR: Fundamental and applications in Chemistry and Biology by Hansch C.
and Leo, A American Chemical Society (1995)
8. Patrick, G. Medicinal Chemistry, Oxford.University Press (2000)

Practical wok suggested:

1.Purification Techniques of Solvents by Fractional Distillation and VVacuum Distillation
2.Thin Layer Chromatography Technique and Purification of commercially available
drugs/Synthesized Compounds by Column Chromatography.

3. Preparation of Acid/Basic Salts of Drugs and Evaluation of their Physicochemical

Properties.(Benzilic Acid & Sodium Benzoate)

4.Synthesis & Purification of following Compounds using:

(i)Precipitation or Recrystallization.

(i1)Synthesis of Benzimidazole.

(iii)Synthesis of Anthranilic Acid.

(iv)Synthesis of Sulphanilamide.

(v)Synthesis of benzoic acid from benzyl alcohol.

(vi)Synthesis of 1,4 — dihydropyridine.

5.Computational modeling of drug design/use of softwares may be demonstrated to students.

Suggsted books/references:

1.Vogel's Textbook of Quantitative Chemical Analysis, J. Mendham, R.C. Denney, J. D. Barnes,
M. J. K Thomas, 6th Edition, Pearson’s Education Ltd.

2.Advanced Practical Medicinal Chemistry, Ashutosh Kar, New Age International Ltd. (2004).
3.Vogel“s Textbook of Practical Organic Chemistry, B. S. Furniss, A. J. Hannaford , P.W.G.
Smith, A. R Tatchell, 5" edition (2008), Pearson’s Education Ltd

(The list of experiments and books are purly suggestive; University/institute may incorporate

further changes in number of experiments and books/refererences (updated version from time to

time) based on course design and available infrastructure facilities).
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2. Electrochemistry

After completion of the course, the learner can be able to understand:
1.Basic principle of laws of electrochemistry.
2 Understanding about chemical cells and their function
3 Understanding about electrodes, EMF measurement.
4 Understanding about potentiometric titrations and their
applications.

Unit-I

Arrhenius theory of electrolytic dissociation. Conductivity, equivalent and molar conductivity and
their variation with dilution for weak and strong electrolytes. Molar conductivity at infinite
dilution. Kohlrausch law of independent migration of ions. Debye-Huckel-Onsager equation,
Wien effect, Debye-Falkenhagen effect, Walden’s rules. lonic velocities, mobilities and their
determinations, transference numbers and their relation to ionic mobilities, determination of
transference numbers using Hittorf and Moving Boundary methods. Applications of conductance
measurement: (i) degree of dissociation of weak electrolytes, (ii) ionic product of water (iii)
solubility and solubility product of sparingly soluble salts, (iv) conductometric titrations, and (v)

hydrolysis constants of salts.

Unit-11

Quantitative aspects of Faraday’s laws of electrolysis, rules of oxidation/reduction of ions based
on half-cell potentials, applications of electrolysis in metallurgy and industry. Chemical cells,
reversible and irreversible cells with examples. Electromotive force of a cell and its measurement,
Nernst equation; Standard electrode (reduction) potential and its application to different kinds of
half-cells. Application of EMF measurements in determining (i) free energy, enthalpy and entropy
of a cell reaction, (ii) equilibrium constants, and (iii) pH values, using hydrogen, quinone-
hydroquinone, glass and SbO/Sb203 electrodes. Concentration cells with and without
transference, liquid junction potential; determination of activity coefficients and transference

numbers. Qualitative discussion of potentiometric titrations (acid-base, redox, precipitation).
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Unit-111: Electroanalytical methods: Classification of electroanalytical methods, basic principle
of pH metric, potentiometric and conductometric titrations. Techniques used for the determination

of equivalence points. Techniques used for the determination of pKa values.

Unit-1V: Electrical & Magnetic Properties of Atoms and Molecules: Basic ideas of
electrostatics, Electrostatics of dielectric media, Clausius-Mosotti equation, Lorenz-Laurentz
equation, Dipole moment and molecular polarizabilities and their measurements. Diamagnetism,

paramagnetism, magnetic susceptibility and its measurement, molecular interpretation.

Recommended books/reference books

1.Atkins, P.W & Paula, J.D. Physical Chemistry, 10th Ed., Oxford University Press (2014).
2.Castellan, G. W. Physical Chemistry 4th Ed., Narosa (2004).

3.Mortimer, R. G. Physical Chemistry 3rd Ed., Elsevier: NOIDA, UP (2009).

4.Barrow, G. M., Physical Chemistry 5th Ed., Tata McGraw Hill: New Delhi (2006).

5.Engel, T. & Reid, P. Physical Chemistry 3rd Ed., Prentice-Hall (2012).

6.Rogers, D. W. Concise Physical Chemistry Wiley (2010).

7.Silbey, R. J.; Alberty, R. A. & Bawendi, M. G. Physical Chemistry 4th Ed., John Wiley & Sons,
Inc. (2005).

List of suggested laboratory experiments

1.Determination of pH of a given solution using glass electrode.

2. Determination of cell constant.

3. Determination of equivalent conductance, degree of dissociation, and dissociation constant of
weak acid.

3. Conductometric titration : strong acid vs. strong base, weak acid vs. strong base.

4. Potentiometric titration : strong acid vs. strong base, weak acid vs. strong base, potassium
dichromate vs. mohr’s salt.

Recommended books/reference books:
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1.Khosla, B. D.; Garg, V. C. & Gulati, A. Senior Practical Physical Chemistry, R. Chand & Co.:
New Delhi (2011).

2.Ahluwalia, V.K. & Aggarwal, R. Comprehensive Practical Organic Chemistry, Universities
Press.

3.Garland, C. W.; Nibler, J. W. & Shoemaker, D. P. Experiments in Physical Chemistry 8th Ed.;
McGraw-Hill: New York (2003).

4. Halpern, A. M. & McBane, G. C. Experimental Physical Chemistry 3rd Ed.; W.H. Freeman &
Co.: New York (2003).
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3. Polymer Chemistry

After completion of the course, the learner can be able to understand:
1. The mechanism of polymer material formation.
2. Molecular weight and structure property relationship
3. Polymerization procedure and Zigler-Natta catalysis.
4

Characterization of polymers

Introduction
Polymer, monomer, examples of polymers, biopolymers, classification, polymerization process,
degree of polymerization, condensation, addition polymers, Kkinetics of addition polymerization

process.

Polymeric Structure and Property Relationship

Structure of polymers - Linear, branched, cross linked, and network polymers, molecular weight

(number average, weight average, viscosity average) and distribution of molecular weight,

polydispersity index, crystallinity in polymer, melting temperature and glass transition temperature,
Volumetric properties - molar volume, density, Van der Waals volume - Coefficient of linear

thermal expansion and volumetric thermal expansion - Pressure volume temperature (PVT)

relationship.

Polymerization Chemistry

Industrial methods of polymerization such as a bulk, solution, emulsion, suspension.
Stereochemistry of polymers and stereo-specific polymerization, Catalysts-their utility in polymers
and stereo-specific polymerizations, Catalysts their utility in polymer manufacture, Zieglar-Natta,
Metallocene and others.
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Characterization of Polymers
Molecular Weight Determination by Light Scattering, Osmometry, End-Group Analysis, Viscosity,
Gel Permeation Chromatography; Application, of FTIR, UV-visible, NMR, and Mass

Spectroscopy for Identification of polymers.

Recommended books/References:

1. D.W. Van Krevelen and P.J. Hoftyzen, "Properties Of Polymer, 3rd Edition Elsevier Scientific,
Publishing Company Amsterdam - Oxford - Newyork. 1990.

2. J.E. Mark Ed.AIP, Physical Properties Of Polymers Hand Book, Williston, Vt, 1996.

3. Reaction Engineering of Step Growth Polymerization, S K Gupta and Anil Kumar, Plenum
Press, 1987

4. Odian; George, Principles of Polymerization, McGraw-Hill Book Co., New York (1970).

5. W. Billmeyer, Text book of polymer science, 3™ Edn., 2007, Wiley.

6. J.R.Fried, Polymer Science and Technology, (2005), PHI publication.

7. Billmeyer Jr.; Fred W., Textbook of Polymer Science, Wiley- Interscience Publishers, New

York (1962).

List of suggested laboratory practicals

1.Free radical solution polymerization of any one: Styrene, methylmethacrylate, methyl acrylate,
methacrylic acid (using free radical initiators). (purification of monomer should be taught)

2. Preparation of phenol-formaldehyde resins

3. Emulsion polymerization of polymethylmethacrylate.

4. Use of viscometer for molecular weight determination — (any known polymer, example:
polyvinyl pyrrolidone in water/polyacrylamide in NaNO- solution) by viscometry. (students should
be explained regarding principles and use of ubblohde/ostwald viscometer).

5. Estimation of amount of HCHO in a given solution by sodium bisulphite method.

6. Use of FTIR/TGA/DSC — for polymer characterization (may be demonstrated to students)

7. Determination of exchange capacity of cation exchange resins and anion exchange resins.
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Recommended Books/Reference books

1.P. Munk & T.M. Aminabhavi, Introduction to Macromolecular Science, 2nd ed. John Wiley &
Sons (2002).

2.M.P. Stevens, Polymer Chemistry: An Introduction 3rd ed. Oxford University Press (2005).

3. L. H. Sperling, Introduction to Physical Polymer Science, 4th ed. John Wiley & Sons (2005)

(The list of experiments and books are purly suggestive; University/institute may incorporate

further changes in number of experiments and books/refererences (updated version from time to

time) based on course design and available infrastructure facilities).
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4. Environmental Chemistry

After completion of the course, the learner can be able to understand:
1.Compositon of atmosphere

2.Biogeochemical cycles

3.Hydrological cycle

4. Water quality parameters

5.Atomospheric chemical phenomon and environmental pollution

6. Water pollution, parameters of water pollution, treatment of polluted water.

Environment
Composition of atmosphere, temperature variation of earth atmospheric system (temperature vs.

altitude curve), biogeochemical cycles of C, N, P, S and O system.

Hydrosphere: Hydrological cycle, aquatic pollution and water quality parameters — Dissolve
oxygen, biochemical oxygen demand, chemical oxygen demand, Analytical methods for the
determination fluoride, chromium and arsenic, residual chlorine and chlorine demand, purification
and treatment of municipal water and waste water.

Atmosphere

Chemical composition of atmosphere — particle, ions, and radicals in their formation, chemical and
photochemical reactions in atmosphere, smog formation, oxides of N, C, S, and O and their effect,
pollution by chemicals, CFC, Green House effect, acid rain, air pollution and control.

Aquatic chemistry

Water and its necessities, various water quality parameters (DO, BOD, COD, conductivity, pH,
alkalinity, hardness) and its determination, Industrial, municipal water treatment processes, Waste
water treatment procedure (primary, secondary and tertiary), Solid waste treatment. Soil pollution

and Noise pollution.
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Recommended Books/References:

1. De.A.K.Environmental Chemistry, Wiley Eastern Ltd, 1990.

2. Miller T.GJr., Environmental Science, Wadsworth publishing House, Meerut
Odum.E.P.1971.

3. Odum, E.P. (1971) Fundamentals of Ecology. Third Edition, W.B. Saunders Co.,

Philadelphia
4. S. E. Manahan, Environmental chemistry, 1993, Boca Raton, Lewis publisher
5. Environmental chemistry, Sharma and Kaur, 2016, Krishna publishers

6. Environmental Pollution, Monitoring and control, S.M. Khopker, 2007, New Age
International.

7. Environmental chemistry, C. Baird, M. Cann, 5" Edn, 2012, W.H.Freeman publication.

9 G. S. Sodhi Fundamental Concepts of Environmental Chemistry (Third Edition)
Narosa (2009).

10.  Principles of instrumental analysis: D. A. Skoog, Fifth Edition, Sauns College Publishing
(London)

11 Basic concepts of analytical chemistry: S. M. Khopkar, Wiley Eastern (1995)

List of suggested laboratory practicals

Determination of water quality parameters in following aspect:

1. Determination of dissolved oxygen in given water (chemical method/instrumentation method).
2.Determination of Biological Oxygen Demand (BODs).

3. Determination of Chemical Oxygen Demand (COD).

4. Finding out percentage of available chlorine in bleaching powder.

5. Measurement of chloride, sulphate and salinity of water samples by titration method (AgNOs3
and potassium chromate).

6. Estimation of total alkalinity of water samples (carbonate, bicarbonate) by titration method.

7. Estimation of SPM in air samples.
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List of Recommended books/Reference Books:

1. R.M. Felder, R.W. Rousseau: Elementary Principles of Chemical Processes, John Wiley &
Sons, Inc. Publishers, New Delhi.(2005 edition).

3.J. A. Kent: Riegel’s Handbook of Industrial Chemistry, CBS Publishers, New Delhi.

4. S. S. Dara: A Textbook of Engineering Chemistry, S. Chand & Company Ltd. New Delhi.

5. A. K. De, Environmental Chemistry: New Age International Pvt., Ltd, New Delhi.

6. S. M. Khopkar, Environmental Pollution Analysis: New Age Int. Publisher, New Delhi.

(The list of experiments and books are purly suggestive; University/institute may incorporate

further changes in number of experiments and books/refererences (updated version from time to

time) based on course design and available infrastructure facilities).
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5. Advanced Materials Chemistry

Crystal structure of solids

Fundamental of lattices, unit cell, atomic coordinates, Bravais lattices, crystal direction and planes,
types of close packing, packing efficiency, radius ratios; few important crystal structures.
Synthesis of Inorganic solids; solid state, solution phase and vapor phase synthesis; precipitation,
hydrothermal, sol-gel, surfactant based synthesis. Growth of single crystals.

Crystal structure determination by X-ray diffraction, d-spacing formula, symmetrically absent
reflections, Multiplicities, Scattering of X-rays by an atom and a crystal. Single crystal and powder
diffraction. Electron and neutron diffraction. Concept of reciprocal lattice. Electron microscopy
techniques.

Nanomaterial fundamentals

Synthesis: Bottom-up vs. Top-down Methods. Solution phase synthetic methods. Role of
surfactant in shape and size control of nanomaterials. Synthesis of nanowires and nanotubes by
CVD and MOCVD method.

Nanomaterials Characterization: XRD of nanomaterials, Electron microscopy (SEM, TEM,
HRTEM and EDX) of nanomaterials, Scanning probe microscopy.

Nanomaterial ~properties and applications: Magnetic properties of nanoparticles;
superparamagnetism, ferromagnetism in antiferromagnetic nanoparticles and single domain to
multidomain transition. magnetic nanoparticles as MRI contrast agents.

Frontier areas of polymer science and technology

Conducting polymers: basic principles of conducting polymers, delocalized electronic states of
conjugated polymers, polyanilines, polyacetylenes, polythiophene, applications of conducting
polymers.

Biodegradable polymers: Definition classification of natural biodegradable polymers, cellulose,
cellulose acetate, cellophane, soy protein, corn, zein protein, wheat gluten protein, synthetic
biodegradable polymers, polyhydroxy alkanoates, polycarpolactone, poly(vinyl alcohol),
polyacetic acid, application of biodegradable and biomedical polymers, contact lens, dental

polymers, artificial heart, kidney, skin, and blood cells.
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Fibers: natural fibers, cotton, wool, silk, rayon, artificial fibers, polyamides, acrylic acid, PVC,

PVA.

Rubber: Compounding and elastomeric properties, vulcanization, reinforcement.

Recommended books/References:

1. Zhen Guo and Li Tan, Fundamentals and Applications of Nanomaterials.2009, Artech House,
London Publication.

2. Physical methods for chemistry: R. S. Drago, 1992, Saunders college publication.

3. Polymer science, V. R. Gowariker, N. V.Viswanathan, J. Sreedhar, New Age International (P)
Ltd., 2015.

4. P.J.Flory, Principle of polymer chemistry, Cornell University Press.

5. Polymer Science and technology, Plastics, Rubber and composites, P. Ghosh, Tata McGraw
Hill.

6. V. Gowriker, N. V. Viswanathan, J. Sreedhar, Polymer Science, New Age Int.Publication,
2019.

List of suggested Laboratory Experiment.

(The list of experiments are suggestive. However, faculties/academic bodies may add more

experiments/references or incorporate suitable revisions based on infrastructure facilities

available).

1. Preparation of gold and silver nano-particles.

2. Interfacial polymerization, preparation of polyester from isophthaloyl chloride (IPC)

and phenolphthalein

3. Determination of composition of dolomite (by complexometric titration).

4. Analysis of XRD pattern of few selected crystals like NaNOs, CaCly, etc.; Indexing of a given

powder diffraction pattern of a cubic crystalline system.

5. Interpretation of FTIR, NMR and UV-Vis data of given material.

6. Estimation of particle size from the BET, SEM techniques.

Recommended books/Reference Book:
1.Fahlman, B.D. Materials Chemistry, Springer, 2004.
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6. Advanced Analytical Chemistry

Statistical methods in chemical analysis

Theory of error and treatment of quantitative data, accuracy and precision, ways of expressing
accuracy and precision, Normal error curve and its equation. Useful statistical tests with equation,
test of significance, the F-test, the students t-test, the Chi-test, the correlation coefficient,
confidence limit of the mean, comparison of two standard values, comparison of two standard
values, comparison of standard deviation with average deviation, comparison of mean with true
values, regression analysis (least square method).

Polarography

Current-voltage relationship, theory of polarographic waves, instrumentation, qualitative and
quantitative applications.

Atomic spectroscopy

Atomic absorption spectroscopy, theory and application (with some examples).

Thermal analysis

Theory, methodology, instruments and applications of theromogravimetric analysis (TGA/DTA),
and differential scanning calorimetry (DSC).

Chromatography

Principles of chromatography, paper, column and thin layer chromatography, Gas-liquid
chromatography, HPLC.

Analysis of fuel and drugs

Fuel analysis: Solid, liquid and gaseous fuels, ultimate and proximate analysis of solid fuel,
Determination of calorific value of solid, liquid and gaseous fuels, Flash point and fire point.
Drug analysis: Classification of drugs, Analysis of some standard drug using various

chromatographic techniques.

Recommended books/references:
1 Mendham, J., 4. I. Vogel’s Quantitative Chemical Analysis 6th Ed., Pearson, 2009.
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2 Willard, H.H. et al.: Instrumental Methods of Analysis, 7th Ed. Wardsworth Publishing
California, USA, 1988.
3.Christian, G.D, Analytical Chemistry, 6th Ed. John Wiley & Sons, New York, 2004.
4 Harris, D.C.: Exploring Chemical Analysis, 9th Ed. New York, W.H. Freeman, 2016.
5 Skoog, D.A. Holler F.J. & Nieman, T.A. Principles of Instrumental Analysis
6 Mikes, O. Laboratory Hand Book of Chromatographic & Allied Methods, Elles Harwood
John Wiley 1979.
7 Ditts, R.V. Analytical Chemistry; Methods of separation, van Nostrand, 1974.
8 Khopkar, S. M., Basic Concepts of Analytical Chemistry, New Age (Second edition) 1998

List of suggested laboratory experiments

1.Study the effect on pH of addition of HCI/NaOH to solutions of acetic acid, sodium acetate and
their mixtures. Preparation of buffer solutions of different pH (i. Sodium acetate-acetic acid, ii.
Ammonium chloride-ammonium hydroxide

2. Principles involved in chromatographic separations. Paper chromatographic separation of
following metal ions:

i. Ni (1) and Co (1)

ii. Fe (111) and Al (111)

3.Chromatographic separation of the active ingredients of plants, flowers and juices by TLC.

4. IR/DSC analysis of known polymer sample (for students demonstration only)

5. Determination of flash point & fire point of given fuel sample.

6. Determination of viscosity index, cloud point, pour point of given fuel sample.

7. Determination of calorific value of given fuel sample/coal sample using bomb calorimeter.

8. Proximate analysis of given coal sample.

9. Determination of the iodine number of oil.

10. Determination of the saponification number of oil.

Recommended books/Reference books:

Mendham, J., 4. 1. Vogel’s Quantitative Chemical Analysis 6th Ed., Pearson, 2009.

Jain, P.C. & Jain, M. Engineering Chemistry Dhanpat Rai & Sons, Delhi.

Khopkar, S.M. Basic Concepts of Analytical Chemistry. New Age International Publisher, 2009
Skoog, D.A. Holler F.J. and Nieman, T.A. Principles of Instrumental Analysis, Cengage Learning
India Edition.
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7. Nuclear & Radiation Chemistry

Nucleus and its classification, nuclear forces, nuclear stability, binding energy, nuclear models.
Radioactive decay (Radioactive elements, general characteristics of radioactive decay, decay
kinetics - decay constant, half life, mean life period), units of radioactivity, Transient and secular
equilibria, Carbon dating and its usefulness.

Nuclear reactions: Bethe notation, types of nuclear reactions (n, p, a, d and y), conservation of
quantities (mass-energy and linear momentum) in nuclear reactions, reaction cross-section,
compound nucleus theory and nuclear reactions. Nuclear fission: the process, fragments, mass

distribution, and fission energy.

Measurement of radioactivity, idea about accelerator and detectors, Van de Graaaf and linear
acceletors, synchrontrons, Geiger-Muller detector, Scintillaton detectors, Type of nuclear
reactions, Nuclear fission, Nuclear fusion, Nuclear reactor: classification of reactors, the natural

uranium reactor, breeder reactor. Nuclear fusion and stellar energy.

Radiation chemistry: Elementary ideas of radiation chemistry, radiolysis of water and aqueous
solutions, unit of radiation chemical yield (G-value), radiation dosimetry (Fricke’s dosimeter),

units of radiation energy (Rad, Gray, Rontgen, RBE, Rcm, Sievert)

Nuclear pollution and Radiological safety: Interaction of radiation with matter, Radiolysis of water,
Radiation dosimetry. Radioactive isotopes and their applications, Isotopic dilution analysis,
Neutron activation analysis, diposal of nuclear waste, nuclear disaster and its management (nuclear

accidents and holocaust — discussion about case studies).
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Recommended Books/references:

1. Friendlander G, Kennedy G and Miller J. M. Nuclear and Radiochemistry, Wiley
Interscience

2. Harvey, B. G. Introduction to Nuclear Physics & Chemistry, Prentice — Hall,

3. Overman R. T, Basic concept of Nuclear Chemistry, Chapman & Hall.

4. A. N. Nesmeyanov, Radiochemistry, MIR Publication, Moscow.

5. Spinks J. W. T. and Woods R. J. An Introduction to Radiation Chemistry, Wiley

6. Arnikar H. J., Essentials of Nuclear Chemistry, Wiley Eastern, Second Edition.

Suggested laboratory practicals:

1.The safe laboratory use of radionuclide and radioisotopes

2. demonstration of activity on Geiger-Muller and scintillation based counter.

3.liquid scintillation counting, alpha spectrometry, gamma spectrometry — to identify and quantify
radioisotopes

4. occurrence of radon daughter particles in environmental samples.

5. Liquid-liquid separation/extraction of radio nuclide from environmental samples/water samples.

6. Isotopic application in removal process adsorption / ion exchange.

(The above list is just suggestive. More experiments can be added/incorporated based on
facility/expertise available. Since above experiments require certified labs which may not be
available at all places, therefore, it is advised that institute/university/teacher may arrange/allow
academic visit of students to nuclear chemistry labs in the country following proper procedure and
to prepare comprehensive report of the visit/viva voce of students which can also form a lab course

until available facilities are available).
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8. Organic Spectroscopy

Basic Principles of UV Spectroscopy:

Application of Woodward-Fiser rule in interpretation of Organic compounds: Application of
visible, ultraviolet and infrared spectroscopy in organic molecules. Electromagnetic radiation,
electronic transitions, Amax & emax, chromophore, auxochrome, bathochromic and hypsochromic
shifts. Application of electronic spectroscopy and Woodward rules for calculating Amax of
conjugated dienes and o, — unsaturated compounds.

Basic principles of IR Spectroscopy:

Identification of Functional groups of various classes of organic compounds: Infrared radiation
and types of molecular vibrations, functional group and fingerprint region. IR spectra of alkanes,
alkenes and simple alcohols (inter and intramolecular hydrogen bonding), aldehydes, ketones,
carboxylic acids and their derivatives (effect of substitution on >C=0 stretching absorptions).
NMR (*H and 3C NMR):

Application of Chemical Shifts, Splitting of signals, Spin coupling and Over Houser effect in
interpretation of NMR spectra, Isotopic exchange

Basic principles Mass Spectrometry:
Application of fragmentation rule in characterization of organic compounds. Problems on structure
elucidation of organic compounds based on spectral data.

Recommended Books/References:

1. R.M. Silverstein, G.C. Bassler & T.C. Morrill: Spectroscopic ldentification of Organic
Compounds, John Wiley & Sons.

2.John R. Dyer, Applications of absorption spectroscopy of organic compounds, Prentice Hall
India (2012).
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Suggested laboratory experiments

1.Purification method for liquid, solid organ