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TANSCHE REGULATIONS ON LEARNING OUTCOMES-BASED CURRICULUM
FRAMEWORK FOR POSTGRADUATE EDUCATION

Programme

M. Sc., Chemistry

Programme Code

Duration

PG - 2YEARS

Programme
Outcomes (Pos)

PO1: Problem Solving Skill

Apply knowledge of Management theories and Human Resource
practices to solve business problems through research in Global
context.

PO2: Decision Making Skill

Foster analytical and critical thinking abilities for data-based
decision-making.

PO3: Ethical Value
Ability to incorporate quality, ethical and legal value-based
perspectives to all organizational activities.

PO4: Communication Skill
Ability to develop communication, managerial and interpersonal skills.

POS: Individual and Team Leadership Skill

Capability to lead themselves and the team to achieve organizational
goals.

PO6: Employability Skill

Inculcate contemporary business practices to enhance employability
skills in the competitive environment.

PO7: Entrepreneurial Skill
Equip with skills and competencies to become an entrepreneur.

PO8: Contribution to Society
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Succeed in career endeavors and contribute significantly to society.

PO 9 Multicultural competence
Possess knowledge of the values and beliefs of multiple cultures and
a global perspective.

PO 10: Moral and ethical awareness/reasoning
Ability to embrace moral/ethical values in conducting one’s life.

Programme
Specific Outcomes
(PSOs)

PSO1 - Placement

To prepare the students who will demonstrate respectful engagement
with others’ ideas, behaviors, beliefs and apply diverse frames of
reference to decisions and actions.

PSO 2 - Entrepreneur

To create effective entrepreneurs by enhancing their critical thinking,
problem solving, decision making and leadership skill that will
facilitate startups and high potential organizations.

PSO3 — Research and Development

Design and implement HR systems and practices grounded in
research that comply with employment laws, leading the organization
towards growth and development.

PSO4 — Contribution to Business World
To produce employable, ethical and innovative professionals to
sustain in the dynamic business world.

PSO 5 — Contribution to the Society
To contribute to the development of the society by collaborating with

stakeholders for mutual benefit.




Template for P.G., Programmes

Semester—I Credit | Hours | Semester-II Credit | Hours | Semester-111 Credit Hours | Semester-I1V Credi | Hours
t
1.1. Core-1 5 7 2.1. Core-1V 5 6 3.1. Core-VII 5 6 4.1. Core-XI 5 6
1.2 Core-II 5 7 2.2 Core-V 5 6 3.2 Core-VIII 5 6 4.2 Core-XII 5 6
1.3 Core —III 4 6 2.3 Core — VI 4 6 3.3 Core — IX 5 6 4.3 Project with 7 10
viva voce
1.4 Discipline 3 5 2.4 Discipline 3 4 3.4 Core — X 4 6 4.4Flective - VI 3 4
Centric Centric (Industry /
Elective -I Elective — I11 Entrepreneurship)
20% Theory
80% Practical
1.5 Generic 3 5 2.5 Generic 3 4 3.5 Discipline 3 3 4.5 Skill 2 4
Elective-11: Elective -1V: Centric Enhancement
Elective - V course /
Professional
Competency Skill
2.6 NME I 2 4 3.6 NME II 2 3 4.6 Extension 1
Activity
3.7 Internship/ 2 -
Industrial
Activity
20 30 22 30 26 30 23 30

Total Credit Points -91




Choice Based Credit System (CBCS), Learning Outcomes Based Curriculum Framework

(LOCF) Guideline Based Credits and Hours Distribution System

for all Post — Graduate Courses including Lab Hours

First Year — Semester — I

Part List of Courses Credits No. of
Hours
Core — 1 5 7
Core — 11 5 7
Core — 111 4 6
Elective — 1 3 5
Elective — 11 3 5
20 30
Semester-11
Part List of Courses Credits No. of
Hours
Core — IV 5 6
Core -V 5 6
Core — VI 4 6
Elective — 111 3 4
Elective — IV 3 4
Skill Enhancement Course [SEC] - 1 2 4
22 30
Second Year — Semester — 111
Part List of Courses Credits No. of
Hours
Core — VII 5 6
Core — VIII 5 6
Core —IX 5 6
Core (Industry Module) — X 4 6
Elective — V 3 3
Skill Enhancement Course - 11 2 3
Internship / Industrial Activity [Credits] 2 -
26 30
Semester-1V
Part List of Courses Credits No. of
Hours
Core — XI 5 6
Core — XII 5 6
Project with VIVA VOCE 7 10
Elective — VI (Industry Entrepreneurship) 3 4
Skill Enhancement Course — I1I / Professional Competency Skill 2 4
Extension Activity 1 -
23 30

Total 91 Credits for PG Courses




2. Structure of Course

Course Code Course Name Credits
Lecture Hours: (L) Tutorial Hours : | Lab Practice Total: (L+T+P)
per week (T) per week Hours: (P)per week | per week
Course Category : Year & Semester: ‘ Admission Year:
Pre-requisite

Links to other Courses

Learning Objectives: (for teachers: what they have to do in the class/lab/field)

Course Outcomes: (for students: To know what they are going to learn)
CO1:
CO2:
CO3:
CO4:
COS:

Recap: (not for examination) Motivation/previous lecture/ relevant portions required for the
course) [ This is done during 2 Tutorial hours)

Units Contents Required Hours
1 15
11 15
11 15
1A% 15
\4 15

Extended Professional |Questions related to the above topics, from various
Component (is a part [competitive examinations UPSC / TRB / NET /
ofinternal component [UGC —

only, Not to CSIR / GATE / TNPSC / others to

be solved(To be discussed during the

Tutorial hour)




be includedin

the
External Examination
question

paper)

Skills acquired from Knowledge, Problem Solving, Analytical ability,
the Professional Competency, Professional
course Communication andTransferrable Skill

Learning Resources:

e Recommended Texts
e Reference Books

e  Web resources
Board of Studies Date:

3. Learning and Teaching Activities

3.1 Topic wise Delivery method

Hour Count Topic Unit Mode of Delivery

3.2 Work Load

The information below is provided as a guide to assist students in engaging appropriatelywith the course

requirements.

Activity Quantity Workload periods
Lectures 60 60
Tutorials 15 15
Assignments 5 5

Cycle Test or similar 2 4

Model Test or similar 1 3
University Exam 1 3

Total 90 periods

Tutorial Activities

Tutorial Count Topic




4. Laboratory Activities

5. Field Study Activities

6. Assessment Activities

6.1 Assessment Principles:
Assessment for this course is based on the following principles
1. Assessment must encourage and reinforce learning.
2 Assessment must measure achievement of the stated learning objectives.
3. Assessment must enable robust and fair judgments about student performance.
4 Assessment practice must be fair and equitable to students and give them the

opportunityto demonstrate what they learned.
5. Assessment must maintain academic standards.

6.2 Assessment Details:

Assessment Item Distributed Due Date Weightage Cumulative
Weightage

Assignment 1 3" week 2% 2%

Assignment 2 6™ Week 2% 4%

Cycle Test — I 7™ Week 6% 10%

Assignment 3 8™ Week 2% 12%

Assignment 4 11™ Week 2% 14%

Cycle Test —II 12" Week 6% 20%

Assignment 5 14™ Week 2% 22%

Model Exam 15" Week 13% 35%

Attendance All weeks as per the 5% 40%
Academic Calendar

University Exam 17" Week 60% 100%




10

CONTENTS

a. Academic Schedule
b. Students Name List
c. Time Table

d. Syllabus

e. Lesson Plan

sl

Staff Workload

g. Course Design(content, Course Outcomes(COs), Delivery method, mapping of COs with
Programme Outcomes(POs), Assessment Pattern in terms of Revised Bloom’s Taxonomy)

h. Sample CO Assessment Tools.

i. Faculty Course Assessment Report(FCAR)

j.  Course Evaluation Sheet

k. Teaching Materials(PPT, OHP etc)

l. Lecture Notes

m. Home Assignment Questions

n. Tutorial Sheets

e

Remedial Class Record, if any.

Projects related to the Course

2 o

Laboratory Experiments related to the Courses

=

Internal Question Paper

s. External Question Paper

t. Sample Home Assignment Answer Sheets

u. Three best, three middle level and three average Answersheets
v. Result Analysis (CO wise and whole class)

w. Question Bank for Higher studies Preparation
(GATE/Placement)

X. List of mentees and their academic achievements



Illustration — I

11

M.Sc. Chemistry

Credit Distribution for PG Programme in Chemistry

First Year Semester-I Credit | Hours per
week (L/T/P)

Part A |CCI — Organic Reaction Mechanism-I 5 7

CC2 — Structure and Bonding in Inorganic Compounds 5 7

CC3 — Organic Chemistry Practical 4 6

Elective I (Generic / Discipline Specific) (One from Group A) 3 54L+1T)

Pharmaceutical Chemistry/Nanomaterials and Nanotechnology

Elective II (Generic / Discipline Specific) (One from Group B) 3 54L+1T)

Electrochemistry/Molecular Spectroscopy

Total 20 30




Consolidated Table for Credits Distribution
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PART A

Category of
Courses

Credits
for
each
Course

Number
of
Courses

Number

of

Credits in each

Category of
Courses

Total
Credits

Total Credits
for the
Programme

Core

4

12

48

Project with
viva voce

3

1

3

Industry
aligned
Programmes-

Elective
(Generic and
Discipline
Centric)

18

72

PART B
(1)

Skill
Enhancement
(Term paper
and Seminar
& Generic /
Discipline -
Centric Skill
Courses)
(Internal

Assessment
Only)

80
(CGPA)

PART B
(ii)

(iii)

Ability
Enhancement
(Soft skill)

Summer
Internship

10

PART C

Extension
Activity

11
(Non CGPA)

91




7. Template for Semester
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Code | Category Title of the Paper | Marks Duration | Credits
(Max 100) | for UE
CIA | UE
Semester —I
Part A Core | 25 75 3 Hrs 4
Core 11 25 75 3 Hrs 4
Core ITI 25 | 75 | 3Hrs 4
Elective I Elective-I
(Choose one from 25 75 3 Hrs 3
Group-A)
Elective II Elective-I 1
(Choose one from 25 75 3 Hrs 3
Group-B)
Part B Skill (Choose One from Internal Assessment 2
Enhancement group G)
Course -SEC 1
Ability Soft Skill I Performance based 2
Enhancement assessment
Course (AECC 1)
Semester-11
Part A Core IV 25 75 3 Hrs 4
Core V 25 75 3 Hrs 4
Core VI 25 | 75 | 3Hrs 4
Elective II1 Elective-III
(Choose one from 25 75 3 Hrs 3
Group-C)
Elective IV Elective-IV
(Choose one from 25 75 3 Hrs 3
Group-D)
Part B Skill (Choose one from Internal Assessment
Enhancement Group-G) 2
Course -SEC 2
Ability Soft Skill I Performance based
Enhancement assessment 2

Course (AECC 2)
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Semester-111

Part A Core VII 25 75 3 Hrs 4
Core VIII 25 75 | 3 Hrs 4
Core IX 25 75 | 3 Hrs 4
Elective / ED V Elective-VI /ED-V 25 75 | 3 Hrs 3
(Choose one from
Group-E)
Core Industry ED-IV 25 75 | 3 Hrs 3
Module (Choose from
outside the
Department)
Part B
Skill based Assignment of problem by the faculty 2
(Term paper and  [Lecture -I (by the student)  25%
Seminar) Lecture-II (by the student) 25%
Lecture-1II (by the student)  25%
Submission of a write-up ( 10-15 pages using
LaTeX) 25%
Marks / Grade Point/ Letter Grade as per the
Regulation)
Ability Soft Skill I1I Performance based 2
Enhancement assessment
Course (AECC 3)
Internship / Industrial - Vacation Activity 2
Semester-1V
Part A Core X 25 75 3 Hrs 4
Core XI 25 75 3 Hrs 4
Core XII 25 75 3 Hrs 4
Project with viva 25 75 | 3 Hrs 3
voce XIII
Elective VI Elective-VI 25 75 | 3 Hrs 3
(Choose one from
Group — F)
Part B Skill Professional Internal Assessment 2
Enhancement Competency Skill
Course -SEC 4 Enhancement Course
Ability Soft Skill IV Performance based 2
Enhancement assessment
Course (AECC4)
Part C Extension Performance based assessment 1
Activity
Total Credits 91
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Elective Courses
Courses are grouped (Group A to Group F) so as to include topics from Pure
Chemistry (PC), Applied Chemistry (AC) and Industrial Components (IC) like
pharmaceutical industries, Polymer labs courses for flexibility of choice by the
stakeholders / institutions.

Semester I: Elective I and Elective 11

Elective I to be chosen from Group A and Elective II to be chosen from Group B

Group A: (PC/AC/IC)

1. Pharmaceutical Chemistry

2. Electrochemistry

Group B:(PC/AC/IC)

1. Nanomaterials and Nanotechnology

2. Molecular Spectroscopy

Semester II: Elective I1II & Elective IV
Elective III to be chosen from Group C and Elective IV to be chosen
from Group DGroup C:(PC/AC/IC)
1. Medicinal Chemistry
2. Green Chemistry
Group D :(PC/AC/IC)
1. Bioinorganic Chemistry

2. Material Science

Semester I11: Elective V

Elective V to be chosen from Group E.
Group E: (PC/AC/IC)

1. Pharmacognosy and Phytochemistry

2. Biomolecules and Heterocyclic compounds
Semester I'V: Elective VI

Elective VI to be chosen from Group F.
Group F:(PC/AC/IC)

1. Chemistry of Natural products

2. Polymer Chemistry



16

Skill Enhancement Courses

Skill Enhancement Courses are chosen to keep in pace with the latest

developments inthe academic / industrial front and provides flexibility of choice

by the stakeholders / institutions.

Group G (Skill Enhancement Courses) SEC:( Practical based paper)

>

YV V V V V V

>

Computational Chemistry

3D printing in Chemistry
Preparation of Consumer products
Chemistry in everyday life
Cosmetic Chemistry

Origin lab

Industrial Chemistry

Research Tools and Techniques

Ability Enhancement Courses

>

Soft Skill courses

Extra Disciplinary Courses for other Departments (not for Mathematics students)

Students from other Departments may also choose any one of the following as

Extra DisciplinaryCourse.

ED-I: Chemistry for

Life Sciences

ED-II: Chemical

conservation

ED-III: Chemistry in food

preservation

ED-IV: Chemistry for Social

studies

ED-V: Chemistry in consumer products
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8. Instructions for Course Transaction

Courses Lecture Tutorial Lab Practice Total
Hrs hrs hrs

Core 75 15 -- 90

Electives 75 15 - 90

ED 75 15 - 90

Lab Practice Courses - 15 75 90

Project 20 -- 70 90

9. Testing

Pattern

(25+75)

13.1Interna

1

Assessment

Theory Course: For theory courses there shall be three tests conducted by the
faculty concernedand the average of the best two can be taken as the Continuous
Internal Assessment (CIA) for a maximum of 25 marks. The duration of each

test shall be one / one and a half hour.

Computer Laboratory Courses: For Computer Laboratory Oriented Courses,
there shall be twotests in Theory part and two tests in Laboratory part. Choose
one best from Theory part and otherbest from the two Laboratory part. The

average of the best two can be treated as the CIA for a maximum of 25 marks.

The duration of each test shall be one / one and a half hour.

There is no improvement for CIA of both theory and laboratory, and, also

for University EndSemester Examination.
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14. Different Types of Courses

(i) Core Courses (Illustrative)

1. Organic Reaction mechanism I & 11

. Structure and bonding in Inorganic compounds
. Organic Chemistry Practical

. Physical Chemistry-1 & II

. Inorganic Chemistry Practical

. Organic synthesis and Photochemistry

. Coordination Chemistry-I & 11

. Physical Chemistry Practical

. Analytical Instrumentation technique practical

O 00O\ LN W

(ii) Elective Courses (ED within the Department Experts) (Illustrative)

Pharmaceutical Chemistry
Nanomaterials and Nanotechnology
Electrochemistry
Molecular Spectroscopy
Medicinal Chemistry
Green Chemistry
Pharmacognosy and Phytochemistry
Biomolecules and Heterocyclic compounds
. Bio inorganic Chemistry
10. Material Science
11. Chemistry of Natural products
12. Polymer chemistry
(iii) Elective Courses (ED from other Department Experts)

N R N N

(iv) Skill Development Courses

(v) Institution-Industry-Interaction (Industry aligned Courses)
Programmes /course work/ field study/ Modelling the Industry Problem/
Statistical Analysis /Commerce-Industry related problems / MoU with

Industry and the like activities.
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TANSCHE REGULATIONS ON LEARNING OUTCOMES-BASED CURRICULUM
FRAMEWORK FOR UNDERGRADUATE EDUCATION

Programme M.Sc.
Programme Code
Duration 2 years for PG
Programme [PO1: Problem Solving Skill

Outcomes (Pos)

Apply knowledge of Management theories and Human Resource
practices to solve business problems through research in Global
context.

[PO2: Decision Making Skill

Foster analytical and critical thinking abilities for data-based
decision-making.

PO3: Ethical Value
Ability to incorporate quality, ethical and legal wvalue-based
perspectives to all organizational activities.

PO4: Communication Skill
Ability to develop communication, managerial and interpersonal skills.

POS: Individual and Team Leadership Skill
Capability to lead themselves and the team to achieve organizational
goals.

PO6: Employability Skill
Inculcate contemporary business practices to enhance employability
skills in the competitive environment.

PO7: Entrepreneurial Skill
Equip with skills and competencies to become an entrepreneur.

PO8: Contribution to Society
Succeed in career endeavors and contribute significantly to society.

[PO 9 Multicultural competence
Possess knowledge of the values and beliefs of multiple cultures and
a global perspective.

[PO 10: Moral and ethical awareness/reasoning
Ability to embrace moral/ethical values in conducting one’s life.

Programme
Specific Outcomes
(PSOs)

PSO1 - Placement

To prepare the students who will demonstrate respectful engagement
with others’ ideas, behaviors, beliefs and apply diverse frames of
reference to decisions and actions.

PSO 2 - Entrepreneur

To create effective entrepreneurs by enhancing their critical thinking,
problem solving, decision making and leadership skill that will
facilitate startups and high potential organizations.
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PSO3 — Research and Development

Design and implement HR systems and practices grounded in
research that comply with employment laws, leading the organization
towards growth and development.

PSO4 — Contribution to Business World
To produce employable, ethical and innovative professionals to
sustain in the dynamic business world.

PSO 5 — Contribution to the Society
To contribute to the development of the society by collaborating with
stakeholders for mutual benefit.
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15. Syllabus for different Courses of M.Sc. Chemistry

Title of the ORGANIC REACTION MECHANISM -1
Course
Paper No. Corel
Category Core Year I | Credits 4 | Course
Semester I Code
Instructional | Lecture Tutorial Lab Practice Total
hours per 4 1 - 5
week
Prerequisites | Basic concepts of organic chemistry
Objectives of | To understand the feasibility and the mechanism of various organic
the course reactions.
To comprehend the techniques in the determination of reaction
mechanisms.
To understand the concept of stereochemistry involved in organic
compounds.
To correlate and appreciate the differences involved in the various types
of organic reaction mechanisms.
To design feasible synthetic routes for the preparation of organic
compounds.
Course UNIT-I: Methods of Determination of Reaction Mechanism: Reaction
Outline intermediates. The transition state, Reaction coordinate diagrams,

Thermodynamic and kinetic requirements of reactions: Hammond
postulate. Methods of determining mechanism: non-kinetic methods —
product analysis, determination of intermediates-isolation, detection, and
trapping. Cross-over experiments, isotopic labelling, isotope effects and
stereo chemical evidences. Kinetic methods - relation of rate and
mechanism. Effect of structure on reactivity: Hammett and Taft equations.
Linear free energy relationship, partial rate factor, substituent and reaction
constants.

UNIT-II: Aromatic and Aliphatic Electrophilic Substitution:
Aromaticity: Aromaticity in benzenoid, non-benzenoid, heterocyclic
compounds and annulenes. Aromatic electrophilic substitution: Orientation
and reactivity of di- and polysubstituted phenol, nitrobenzene and
halobenzene. Reactions involving nitrogen electrophiles: nitration,
nitrosation and diazonium coupling; Sulphur electrophiles: sulphonation;
Halogen electrophiles: chlorination and bromination; Carbon electrophiles:
Friedel-Crafts alkylation, acylation and arylation reactions. Aliphatic
electrophilic substitution Mechanisms: SE2 and SEi, SE1- Mechanism and
evidences.

UNIT-III: Aromatic and Aliphatic Nucleophilic Substitution: Aromatic
nucleophilic substitution: Mechanisms - SNAr, SN1 and Benzyne
mechanisms - Evidences - Reactivity, Effect of structure, leaving group
and attacking nucleophile. Reactions: Oxygen and Sulphur-nucleophiles,
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Bucherer and Rosenmund reactions, von Richter, Sommelet- Hauser and

Smiles rearrangements. SN1, ion pair, SN2 mechanisms and evidences.
Aliphatic nucleophilic substitutions at an allylic carbon, aliphatic trigonal
carbon and vinyl carbon.SN1, SN2, SNi, and SE1 mechanism and
evidences.

UNIT-1V: Stereochemistry-I: Introduction to molecular symmetry and
chirality — axis, plane, centre, alternating axis of symmetry. Optical
isomerism due to asymmetric and dissymmetric molecules with C, N, S
based chiral centres. Optical purity, prochirality, enantiotopic and
diastereotopic atoms, groups, faces, axial and planar chirality, chirality due
to helical shape, methods of determining the configuration. Racemic
modifications: Racemization by thermal, anion, cation, reversible
formation, epimerization, mutarotation. D, L system, Cram’s and Prelog’s
rules: R, S notations, proR, proS, side phase and re phase Cahn-Ingold-
Prelog rules, absolute and relative configurations. Configurations of
allenes, spiranes, biphenyls, cyclooctene, helicene, binaphthyls, exo-cyclic
alkylidene-cycloalkanes. Asymmetric synthesis, destruction.
Stereoselective and stereospecific synthesis

UNIT-V: Stereochemistry-II: Conformation and reactivity of acyclic
systems, intramolecular rearrangements, neighbouring group participation,
chemical consequence of conformational equilibrium. Stability of five and
six-membered rings: mono-, di- and polysubstituted cyclohexanes,
conformation and reactivity in cyclohexane systems. Fused and bridged
rings: bicyclic, poly cyclic systems, decalins and Brett’s rule. Optical
rotation and optical rotatory dispersion, conformational asymmetry, ORD
curves, octant rule, configuration and conformation.

Extended
Professional
Component (is
a part of
internal
component
only, Not to be
included in the

Questions related to the above topics, from various competitive
examinations UPSC / TRB / NET/ UGC-CSIR / GATE /TNPSC others to
be solved

(To be discussed during the Tutorial hours)

external

examination

question paper)

Skills acquired | Knowledge, Problem solving, Analytical ability, Professional Competency,
from this Professional Communication and Transferable skills.

course

Recommended | 1. J. March and M. Smith, Advanced Organic Chemistry, 5™ edition,
Text John-Wiley and Sons.2001.

2. E.S. Gould, Mechanism and Structure in Organic Chemistry, Holt,
Rinehart and Winston Inc., 1959.

3. P.S.Kalsi, Stereochemistry of carbon compounds, 8" edition, New
Age International Publishers, 2015.

4. P. Y. Bruice, Organic Chemistry, 7t edn, Prentice Hall, 2013.

5. J.Clayden, N. Greeves, S. Warren, Organic Compounds, 2ndediti0n,
Oxford University Press, 2014.
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Reference 1. F.A. Carey and R.J. Sundberg, Advanced Organic Chemistry Part-A

Books and B, 5™ edition, Kluwer Academic / Plenum Publishers, 2007.

2. D. G. Morris, Stereochemistry, RSC Tutorial Chemistry Text 1, 2001.

3. N.S. Isaacs, Physical Organic Chemistry, ELBS, Longman, UK, 1987.

4. E. L. Eliel, Stereochemistry of Carbon Compounds, Tata-McGraw
Hill, 2000.

5. L L. Finar, Organic chemistry, Vol-1 & 2, 6" edition, Pearson
Education Asia, 2004.

Website and 1.https://sites.google.com/site/chemistryebookscollection02/home/organic-
e-learning chemistry/organic
source 2. https://www.organic-chemistry.org/

Course Learning Outcomes (for Mapping with POs and PSQOs)

Students will be able

CLOL1: To recall the basic principles of organic chemistry.

CLO2: To understand the formation and detection of reaction intermediates of organic
reactions.

CLO3: To predict the reaction mechanism of organic reactions and stereochemistry of
organic compounds.

CLO4: To apply the principles of kinetic and non-kinetic methods to determine the
mechanism of reactions.

CLOS: To design and synthesize new organic compounds by correlating the
stereochemistry of organic compounds.

CO-PO Mapping (Course Articulation Matrix)

PO1 | PO2 | PO3 | PO4 | POS | PO6 | PO7 | PO8 | POY PO10
COo1 S S S S M S S S S M
CO2 | M S S S S M S S S S
CO3 S S M S S S S M S S
CO4 | M S S S S M S S S S
COS | M S M S S M S M S S

Strong - 3 Medium-2 Low-1
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Level of Correlation between PSO’s and CO’s

CO /PO PSO1 PSO2 PSO3 PS04 PSOS
CO1 3 3 3 3 3
CO2 3 3 3 3 3
CO3 3 3 3 3 3
CO4 3 3 3 3 3
CO5 3 3 3 3 3
Weightage 15 15 15 15 15
Weighted percentage of Course

Contribution to Pos 3.0 3:0 3:0 30 30

3 — Strong, 2 — Medium, 1 - Low

Methods of Evaluation

Continuous Internal Assessment Test
Intern‘fll Ass1gnments 25 Marks
Evaluation Seminars
Attendance and Class Participation
Extern.a I End Semester Examination 75 Marks
Evaluation
Total 100 Marks

Methods of Assessment

Recall (K1) Simple definitions, MCQ, Recall steps, Concept definitions.

Understand/ MCQ, True/False, Short essays, Concept explanations, short summary or

Comprehend overview
(K2) '
Application | Suggest idea/concept with examples, suggest formulae, solve problems,
(K3) Observe, Explain.
Problem-solving questions, finish a procedure in many steps,
Analyze (K4) Differentiate between various ideas, Map knowledge.
E‘ggg;‘te Longer essay/ Evaluation essay, Critique or justify with pros and cons.
Create (K6) Check knowledge in specific or offbeat situations, Discussion, Debating

or Presentations.

In order to avoid pull the score down of each PO, it is suggested that the usage L-Low (1) to
the minimum.
The S, M, L is based on the course outcome. The mapping is based on the revised Bloom’s
Taxonomy Verbs used to describe your course outcome.

¢ Remember and Understanding — Lower level

e Apply and Analyze — Medium Level

e Evaluate and Create — Strong Level
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Title of the STRUCTURE AND BONDING IN INORGANIC COMPOUNDS
Course
Paper No. Core Il
Category Core Year I | Credits | 4 | Course
Semester | | Code
Instructional Lecture | Tutorial | Lab Practice Total
hours per week 4 1 - 5
Prerequisites Basic concepts of Inorganic Chemistry
Objectives of the | To determine the structural properties of main group compounds and
course clusters.

To gain fundamental knowledge on the structural aspects of ionic
crystals.

To familiarize various diffraction and microscopic techniques.
To study the effect of point defects and line defects in ionic crystals.
To evaluate the structural aspects of solids.

Course Outline

UNIT-I: Structure of main group compounds and clusters: VB theory —
Effect of lone pair and electronegativity of atoms (Bent’s rule) on the
geometry of the molecules; Structure of silicates - applications of
Pauling’s rule of electrovalence - isomorphous replacements in silicates
— ortho, meta and pyro silicates — one dimensional, two dimensional
and three-dimensional silicates. Structure of silicones, Structural and
bonding features of B-N, S-N and P-N compounds; Poly acids — types,
examples and structures; Borane cluster: Structural features of closo,
nido, arachano; carboranes, hetero and metalloboranes; Wade’s rule to
predict the structure of Borane cluster; main group clusters

UNIT-II: Solid state chemistry — I: Ionic crystals: Packing of ions in
simple, hexagonal and cubic close packing, voids in crystal lattice,
Radius ratio, Crystal systems and Bravais lattices, Symmetry operations
in crystals, glide planes and screw axis; point group and space group;
Solid state energetics: Lattice energy — Born-Lande equation -
Kapustinski equation, Madelung constant.

UNIT-III: Solid state chemistry — I1: Structural features of the crystal
systems: Rock salt, zinc blende & wurtzite, fluorite and anti-fluorite,
rutile and anatase, cadmium iodide and nickel arsenide; Spinels -normal
and inverse types and perovskite structures. Crystal Growth methods:
From melt and solution (hydrothermal, sol-gel methods) — principles
and

examples.

UNIT-IV: Techniques in solid state chemistry: X-ray diffraction
technique: Bragg’s law, Powder diffraction method — Principle and
Instrumentation; Interpretation of XRD data, Phase purity, lattice
constants calculation; Systematic absence of reflections; Electron
diffraction technique — principle, instrumentation and application.
Electron microscopy — difference between optical and electron
microscopy, theory, principle, instrumentation, sampling methods and
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applications of SEM and TEM.

UNIT-V: Band theory and defects in solids
Band theory — features and its application of conductors, insulators and

semiconductors, Intrinsic and extrinsic semiconductors; Defects in
crystals — point defects (Schottky, Frenkel, metal excess and metal
deficient) and their effect on the electrical and optical property, laser
and phosphors; Linear defects and its effects due to dislocations.

Extended
Professional
Component (is a
part of internal
component only,
Not to be included
in the external
examination
question paper)

Questions related to the above topics, from various competitive
examinations UPSC / TRB / NET/ UGC-CSIR / GATE /TNPSC others
to be solved

(To be discussed during the Tutorial hours)

Skills acquired Knowledge, Problem solving, Analytical ability, Professional

from this course Competency, Professional Communication and Transferable skills.
Recommended 1. A R West, Solid state Chemistry and its applications, 2ndEdition
Text (Students Edition), John Wiley & Sons Ltd., 2014.

2. A K Bhagi and G R Chatwal, A textbook of inorganic polymers,
Himalaya Publishing House, 2001.

3. L Smart, E Moore, Solid State Chemistry — An Introduction, 4h
Edition, CRC Press, 2012.

4. K. F. Purcell and J. C. Kotz, Inorganic Chemistry; W.B. Saunders
company: Philadelphia, 1977.

5. J. E. Huheey, E. A. Keiter and R. L. Keiter, Inorganic Chemistry;
4th ed.; Harper and Row: NewYork, 1983.

Reference Books

1. D.E. Douglas, D.H. McDaniel and J. J. Alexander, Concepts and
Models in Inorganic Chemistry, 3rd Ed, 1994.

2. R D Tilley, Understanding Solids - The Science of Materials, 2nd
edition, Wiley Publication, 2013.

3. C N R Rao and J Gopalakrishnan, New Directions in Solid State
Chemistry, 2" Edition, Cambridge University Press, 199.

4. T. Moeller, Inorganic Chemistry, A Modern Introduction; John
Wiley: New York, 1982.

5. D. F. Shriver, P. W. Atkins and C.H. Langford; Inorganic
Chemistry; 3rd ed.; Oxford University Press: London, 2001.

Website and
e-learning source

https://ocw.mit.edu/courses/3-09 1-introduction-to-solid-state-chemistry-
fall-2018/video_galleries/lecture-videos/
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Course Learning Outcomes (for Mapping with POs and PSQOs)

Students will be able

CO1.: Predict the geometry of main group compounds and clusters.
CO2: Explain about the packing of ions in crystals and apply the radius ratio rule to predict

the coordination number of cations.

CO3: Understand the various types of ionic crystal systems and analyze their structural

features.
CO4: Explain the crystal growth methods.

COS5: To understand the principles of diffraction techniques and microscopic techniques.

CO-PO Mapping (Course Articulation Matrix)

PO1 | PO2 | PO3 | PO4 | POS | PO6 | PO7 | POS | POY PO10
CO1 S S S S M S S S S M
CO2 M S S S S M S S S S
CO3 S S M S S S S M S S
CO4 M S S S S M S S S S
COS5s M S M S S M S M S S
3 — Strong, 2 — Medium, 1 - Low
Level of Correlation between PSO’s and CO’s
CO /PO PSO1 PSO2 PSO3 PSO4 PSO5
CO1 3 3 3 3 3
CO2 3 3 3 3 3
CO3 3 3 3 3 3
CO4 3 3 3 3 3
CO5 3 3 3 3 3
Weightage 15 15 15 15 15
Weighted percentage of Course
Contribution to Pos 3.0 3.0 3.0 3.0 3.0

3 — Strong, 2 — Medium, 1 - Low
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Title of the ORGANIC CHEMISTRY PRACTICAL
Course
Paper No. Core 111
Category Core Year I | Credits | 4 | Course
Semester | | Code
Instructional Lecture | Tutorial | Lab Practice Total
hours per week - 1 4 5
Prerequisites Basic concepts of organic chemistry
Objectives of the | To understand the concept of separation, qualitative analysis and
course preparation of organic compounds.

To develop analytical skill in the handling of chemical reagents for
separation of binary and ternary organic mixtures.

To analyze the separated organic components systematically and
derivatize them suitably.

To construct suitable experimental setup for the organic preparations
involving two stages.

To experiment different purification and drying techniques for the
compound processing.

Course Outline

UNIT-I: Separation and analysis:
Two component mixtures.

UNIT-II: Estimations:

a)  a) Estimation of Phenol (bromination)
b) Estimation of Aniline (bromination)
¢) Estimation of Ethyl methyl ketone (iodimetry)
d) Estimation of Glucose (redox)
e) Estimation of Ascorbic acid (iodimetry)

UNIT-III: Two stage preparations:
a) p-Bromoacetanilide from aniline
b) p-Nitroaniline from acetanilide
¢) 1,3,5-Tribromobenzene from aniline
d) Acetyl salicyclic acid from methyl salicylate
¢) Benzilic acid from benzoin
f) m-Nitroaniline from nitrobenzene
g) m-Nitrobenzoic acid from methyl benzoate

Extended
Professional
Component (is a
part of internal
component only,
Not to be included
in the external

Questions related to the above topics, from various competitive
examinations UPSC / TRB / NET/ UGC-CSIR / GATE /TNPSC others
to be solved

(To be discussed during the Tutorial hours)

examination

question paper)

Skills acquired Knowledge, Problem solving, Analytical ability, Professional

from this course Competency, Professional Communication and Transferable skills.
Recommended 1. A R West, Solid state Chemistry and its applications, 2ndEdition
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Text (Students Edition), John Wiley & Sons Ltd., 2014.
2. A K Bhagi and G R Chatwal, A textbook of inorganic polymers,
Himalaya Publishing House, 2001.
3. L Smart, E Moore, Solid State Chemistry — An Introduction, 4t
Edition, CRC Press, 2012.
Reference Books | 1. D. E. Douglas, D.H. McDaniel and J. J. Alexander, Concepts and
Models in Inorganic Chemistry, 3rd Ed, 1994.
2. R 1 D Tilley, Understanding Solids - The Science of Materials, ond
edition, Wiley Publication, 2013.
3. C N R Rao and J Gopalakrishnan, New Directions in Solid State

Chemistry, 2" Edition, Cambridge University Press, 199.

Website and
e-learning source

https://ocw.mit.edu/courses/3-091-introduction-to-solid-state-

chemistry-fall-2018/video_galleries/lecture-videos/

Course Learning Outcomes (for Mapping with POs and PSOs)
Students will be able:

CO1: To recall the basic principles of organic separation, qualitative analysis and

preparation.

CO2: To explain the method of separation and analysis of separated organic mixtures and
convert them as derivatives by suitable preparation method.
CO3: To determine the characteristics of separation of organic compounds by various

chemical reactions.

CO4: To develop strategies to separate, analyze and prepare organic compounds.
COS: To formulate a method of separation, analysis of organic mixtures and design
suitable procedure for organic preparations.

CO-PO Mapping (Course Articulation Matrix)

PO1 | PO2 | PO3 | PO4 | POS | PO6 | PO7 | POS PO9 PO10
CO1 S S S S M S S S S M
CO2 M S S S S M S S S S
CcO3 S S M S S S S M S S
CO4 M S S S S M S S S S
COS M S M S S M S M S S
3 — Strong, 2 — Medium, 1 - Low
Level of Correlation between PSO’s and CO’s

CO /PO PSO1 PSO2 PSO3 PSO4 PSO5
Cco1 3 3 3 3 3
CcO2 3 3 3 3 3
CO3 3 3 3 3 3

3 3 3 3 3

CO4
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CO5 3 3 3 3 3
Weightage 15 15 15 15 15
Weighted percentage of Course 30 30 3.0 3.0 3.0

Contribution to Pos

3 — Strong, 2 — Medium, 1 - Low
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Title of the PHARMACEUTICAL CHEMISTRY
Course
Paper No. Elective |
Category Elective | Year I | Credits | 4 | Course
Semester | | Code
Instructional Lecture | Tutorial | Lab Practice Total
hours per week 4 1 - 5
Prerequisites Basic knowledge on drugs and doses
Objectives of the | To understand the advanced concepts of pharmaceutical chemistry.
course To recall the principle and biological functions of various drugs.

To train the students to know the importance as well the consequences
of various drugs.

To have knowledge on the various analysis and techniques.

To familiarize on the drug dosage and its structural activities.

Course Outline

UNIT-I: Physical properties in Pharmaceuticals: Physical properties of
drug molecule: physical properties. Refractive index- Definition,
explanation, formula, importance, determination, specific & molar
refraction. Optical activity, rotation- monochromatic & polychromatic
light, optical activity, angle of rotation, specific rotation examples,
measurement of optical activity. Dielectric constant & Induced
Polarization- Dielectric constant explanation & determination.
Rheology of pharmaceutical systems: Introduction, Definition,
Applications, concept of viscosity, Newton’s law of flow, Kinematic,
Relative, Specific, Reduced & Intrinsic viscosity.

UNIT-II: Isotopic Dilution analysis: principle and applications,
Neutron activation analysis: Principle, advantages and limitations,
Scintillation counters: Body scanning. Introduction to
radiopharmaceuticals. Properties of  various types of
radiopharmaceuticals, Radio-pharmaceuticals as diagnostics, as
therapeutics, for research and sterilization. Physico Chemical Properties
and drug action. Physico chemical properties of drugs (a) Partition
coefficient, (b) solubility (c) surface activity, (d) degree of ionization.

UNIT-III: Drug dosage and product development: Introduction to
drug dosage Forms & Drug Delivery system — Definition of Common
terms. Drug Regulation and control, pharmacopoeias formularies,
sources of drug, drug nomenclature, routes of administration of drugs
products, need for a dosage form, classification of dosage forms. Drug
dosage and product development. Introduction to drug dosage Forms &
Drug Delivery system — Definition of Common terms. Drug Regulation
and control, pharmacopoeias formularies, sources of drug, drug
nomenclature, routes of administration of drugs products, need

for a dosage form, classification of dosage forms.

UNIT-1V: Development of new drugs: Introduction, procedure
followed in drug design, the research for lead compounds, molecular
modification of lead compounds. Structure-Activity Relationship (SAR)
Factors effecting bioactivity, resonance, inductive effect, isoterism,
bioisosterism, spatial considerations, biological properties of simple
functional groups, theories of drug activity, occupancy theory, rate
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theory, induced-fit theory.

UNIT-V: Computers in Pharmaceutical Chemistry: : Need of
computers for chemistry. Computers for Analytical Chemists
Introduction to computers: Organization of computers, CPU, Computer
memory, I/O devices, information storage, software components.
Application of computers in chemistry: Quantitative structure activity
relationship (QSAR): Development of QSAR, drug receptor
interactions, the additivity of group contributions, physico-chemical
parameters, lipophilicity parameters, electronic parameter, ionization
constants, steric parameters, chelation parameters, redox potential,
indicator-variables

Extended
Professional
Component (is a
part of internal
component only,
Not to be included
in the external

Questions related to the above topics, from various competitive
examinations UPSC / TRB / NET/ UGC-CSIR / GATE /TNPSC others
to be solved

(To be discussed during the Tutorial hours)

examination

question paper)

Skills acquired Knowledge, Problem solving, Analytical ability, Professional
from this course Competency, Professional Communication and Transferable skills.
Recommended 1. Physical Chemistry- Bahl and Tuli.

Text 2. Text Book of Physical Pharmaceutics, IInd edition, Vallabh

Prakashan-. C.V.S. Subramanyam.

3. Medicinal Chemistry (Organic Pharmaceutical Chemistry), G.R
Chatwal, Himalaya Publishing house.

4. Instrumental method of Analysis: Hubert H, Willard, 7th edition.

5. Textbook of Pharmaceutical Chemistry by, Jayshree Ghosh, S.
Chand & company Ltd. Pharmaceutical Chemistry by Dr. S.
Lakshmi, Sultan chand & Sons.

Reference Books

Computers in chemistry, K.V. Raman, Tata Mc.Graw-Hill, 1993.

Computers for Chemists, S.K Pundir, Anshu bansal, A pragate

prakashan., 2 nd edition, New age international (P) limited, New

Delhi.

3. Physical Pharmacy and Pharmaceutical Sciences by Martins,
Patrick J. Sinko, Lippincott. William and Wilkins.

4. Cooper and Gunn’s Tutorial Pharmacy ,6th edition by S.J. Carter,
CBS Publisher Ltd.

5. Ansels pharmaceutical Dosage forms and Drug Delivery System by

Allen Popvich and Ansel, Indian edition-B.1. Publication Pvt. Ltd.

N —
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Website and

e-learning source

https://www.ncbi.nlm.nih.gov/books/NBK482447/

https://training.seer.cancer.gov/treatment/chemotherapy/types.html

Course Learning Outcomes (for Mapping with POs and PSOs)
Students will be able:

CO1: To identify the suitable drugs for various diseases.

CO2: To apply the principles of various drug action and drug design.
CO3: To acquire the knowledge on product development based on SAR.

CO4: To apply the knowledge on applications of computers in chemistry.
COS: To synthesize new drugs after understanding the concepts SAR.

CO-PO Mapping (Course Articulation Matrix)

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 PO10
Cco1 S S S S M S S S S M
CO2 M S S S S M S S S S
CO3 S S M S S S S M S S
CO4 M S S S S M S S S S
CO5s M S M S S M S M S S
3 — Strong, 2 — Medium, 1 - Low
Level of Correlation between PSO’s and CO’s
CO /PO PSO1 PSO2 PSO3 PSO4 PSO5
CO1 3 3 3 3 3
CO2 3 3 3 3 3
CO3 3 3 3 3 3
CO4 3 3 3 3 3
CO5 3 3 3 3 3
Weightage 15 15 15 15 15
Weighted percentage of Course
Contribution to Pos 3.0 3.0 3.0 3.0 3.0

3 — Strong, 2 — Medium, 1 - Low
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Title of the NANO MATERIALS AND NANO TECHNOLOGY
Course
Paper No. Elective |
Category Elective | Year I | Credits |4 | Course
Semester | [ Code
Instructional Lecture | Tutorial | Lab Practice Total
hours per week 4 1 - 5
Prerequisites Basic knowledge of crystallography and material science
Objectives of the | To understand the concept of nano materials and nano technology.
course To understand the various types of nano materials and their properties.

To understand the applications of synthetically important nano
materials.

To correlate the characteristics of various nano materials synthesized by
new technologies.

To design synthetic routes for synthetically used new nano materials.

Course Outline

UNIT-I: Introduction of nanomaterials and nanotechnologies,
Introduction-role of size, classification-0D, 1D, 2D, 3D. Synthesis
Bottom —Up, Top—Down, consolidation of Nano powders. Features of
nanostructures, Background of nanostructures. Techniques of synthesis

of nanomaterials, Tools of the nanoscience. Applications of
nanomaterials and technologies.

UNIT-II: Bonding and structure of the nanomaterials, Predicting the
Type of Bonding in a Substance crystal structure. Metallic
nanoparticles, Surfaces of Materials, Nanoparticle Size and Properties.
Synthesis Physical and chemical methods - inert gas condensation, arc
discharge, laser ablation, sol-gel, solvothermal and hydrothermal-CVD-
types, metallo organic, plasma enhanced, and low-pressure CVD.
Microwave assisted and electrochemical synthesis.

UNIT-III: Mechanical properties of materials, theories relevant to
mechanical properties. Techniques to study mechanical properties of
nanomaterials, adhesion and friction, thermal properties of
nanomaterials Nanoparticles: gold and silver, metal oxides: silica, iron
oxide and alumina - synthesis and properties

UNIT-1V: Electrical properties, Conductivity and Resistivity,
Classification of Materials based on Conductivity, magnetic properties,
electronic properties of materials. Classification of magnetic
phenomena. Semiconductor materials — classification-Ge, Si, GaAs,
SiC, GaN, GaP, CdS,PbS. Identification of materials as p and n —type
semiconductor-Hall effect - quantum and anomalous, Hall voltage -
interpretation of charge carrier density. Applications of
semiconductors: p-n junction as transistors and rectifiers, photovoltaic
and photogalvanic

cell.

UNIT-V: Nano thin films, nanocomposites. Application of
nanoparticles in different fields. Core-shell nanoparticles - types,
synthesis, and properties. Nanocomposites - metal-, ceramic- and
polymer-matrix composites applications. Characterization — SEM, TEM
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and AFM - principle, instrumentation and applications.

Extended
Professional
Component (is a
part of internal
component only,
Not to be included
in the external

Questions related to the above topics, from various competitive
examinations UPSC / TRB / NET/ UGC-CSIR / GATE /TNPSC others
to be solved

(To be discussed during the Tutorial hours)

examination
question paper)
Skills acquired Knowledge, Problem solving, Analytical ability, Professional
from this course Competency, Professional Communication and Transferable skills.
Recommended 1. S.Mohan and V. Arjunan, Principles of Materials Science, MJP
Text Publishers, 2016.
2. Arumugam, Materials Science, Anuradha Publications,2007.
3. Giacavazzo et. al., Fundamentals of Crystallography, International
Union of Crystallography. Oxford Science Publications, 2010
4. Woolfson, An Introduction to Crystallography, Cambridge
University Press, 2012.
5. James F. Shackelford and Madanapalli K. Muralidhara, Introduction
to Materials Science for Engineers. 6" ed., PEARSON Press, 2007.
Reference Books |1. S.Mohan and V. Arjunan, Principles of Materials Science, MJP
Publishers, 2016.
2. Arumugam, Materials Science, Anuradha Publications,2007.
3. Giacavazzo et. al., Fundamentals of Crystallography, International
Union of Crystallography. Oxford Science Publications, 2010
4. Woolfson, An Introduction to Crystallography, Cambridge
University Press, 2012.
5. James F. Shackelford and Madanapalli K. Muralidhara, Introduction

to Materials Science for Engineers. 6" ed., PEARSON Press, 2007.

Website and
e-learning source

1. http://xrayweb.chem.ou.edu/notes/symmetry.html.

2. http://www.uptti.ac.in/classroom-content/data/unit%20cell.pdf.

Course Learning Outcomes (for Mapping with POs and PSOs)
Students will be able:
CO1: To explain methods of fabricating nanostructures.

CO2: To relate the unique properties of nanomaterials to reduce dimensionality of the

material.

CO3: To describe tools for properties of nanostructures.
CO4: To discuss applications of nanomaterials.
COS: To understand the health and safety related to nanomaterial.




CO-PO Mapping (Course Articulation Matrix)

36

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 PO10
Cco1 S S S S M S S S S M
CO2 M S S S S M S S S S
CO3 S S M S S S S M S S
CO4 M S S S S M S S S S
CO5s M S M S S M S M S S
3 — Strong, 2 — Medium, 1 - Low
Level of Correlation between PSO’s and CO’s
CO /PO PSO1 PSO2 PSO3 PSO4 PSO5
CO1 3 3 3 3
CO2 3 3 3 3
CO3 3 3 3 3
CO4 3 3 3 3
CO5 3 3 3 3
Weightage 15 15 15 15 15
Weighted percentage of Course
Contribution to Pos 0 3.0 3.0 3.0 3.0

3 — Strong, 2 — Medium, 1 - Low
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ELECTROCHEMISTRY

Title of the Course
Paper No. Elective 11
Category Elective | Year I | Credits | 4 | Course

Semester | | Code
Instructional hours | Lecture | Tutorial | Lab Practice Total
per week 4 1 - 5
Prerequisites Basic knowledge of electrochemistry

Objectives of the
course

To understand the behavior of electrolytes in terms of conductance,
ionic atmosphere, interactions.

To familiarize the structure of the electrical double layer of different
models.

To compare electrodes between current density and over potential.

To discuss the mechanism of electrochemical reactions.

To highlight the different types of over voltages and its applications
in electroanalytical techniques.

Course Outline

UNIT-I: Ionics: Arrhenius theory -limitations, van’t Hoff factor and
its relation to colligative properties. Deviation from ideal behavior.
Ionic activity, mean ionic activity and mean ionic activity
coefficient-concept of ionic strength, Debye Huckel theory of strong
electrolytes, activity coefficient of strong electrolytes Determination
of activity coefficient ion solvent and ion-ion interactions. Born
equation. Debye-Huckel Bjerrum model. Derivation of Debye-
Huckel limiting law at appreciable concentration of electrolytes
modifications and applications. Electrolytic conduction-Debye-
Huckel Onsager treatment of strong -electrolyte-qualitative and
quantitative verification and limitations. Evidence for ionic
atmosphere. lon association and triple ion formations.

UNIT-II: Electrode-electrolyte interface: Interfacial phenomena -
Evidences for electrical double layer, polarizable and non-polarizable
interfaces, Electrocapillary phenomena - Lippmann equation electro
capillary curves. Electro-kinetic phenomena electro-osmosis,
electrophoresis, streaming and sedimentation potentials, colloidal
and poly electrolytes. Structure of double layer: Helmholtz -Perrin,
Guoy Chapman and Stern models of electrical double layer. Zeta
potential and potential at zero charge. Applications and limitations.

UNIT-III: Electrodics of Elementary Electrode Reactions:
Behavior of electrodes: Standard electrodes and electrodes at
equilibrium. Anodic and Cathodic currents, condition for the
discharge of ions. Nernst equation, polarizable and non-polarizable
electrodes. Model of three electrode system, over potential. Rate of
electro chemical reactions: Rates

of simple elementary reactions. Butler-Volmer equation-significance
of exchange current density, net current density and symmetry factor.
Low and high field approximations. symmetry factor and transfer
coefficient Tafel equations and Tafel plots.

UNIT-1V: Electrodics of Multistep Multi Electron System: Rates
of multi-step electrode reactions, Butler - Volmer equation for a
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multi-step reaction. Rate determining step, electrode polarization and
depolarization. Transfer coefficients, its significance and
determination,

Stoichiometric number. Electro-chemical reaction mechanisms-rate
expressions, order, and surface coverage. Reduction of 13-, Fe2+,
and dissolution of Fe to Fe2+. Overvoltage - Chemical and electro
chemical, Phase, activation and concentration over potentials.
Evolution of oxygen and hydrogen at different pH. Pourbiax and
Evan’s diagrams.

UNIT-V: Concentration Polarization, Batteries and Fuel cells:
Modes of Transport of electro active species - Diffusion, migration
and hydrodynamic modes. Role of supporting electrolytes.
Polarography principle and applications. Principle of square wave
polarography. Cyclic voltammetry- anodic and cathodic stripping
voltammetry and differential pulse voltammetry. Sodium and
lithium-ion batteries and redox flow batteries. Mechanism of charge
storage: conversion and alloying. Capacitors- mechanism of energy
storage, charging at constant current and constant voltage. Energy
production systems: Fuel Cells: classification, alkaline fuel cells,
phosphoric acid fuel cells, high temperature fuel cells.

Extended
Professional
Component (is a part
of internal
component only, Not
to be included in the
external examination
question paper)

Questions related to the above topics, from various competitive
examinations UPSC / TRB / NET/ UGC-CSIR / GATE /TNPSC
others to be solved

(To be discussed during the Tutorial hours)

Skills acquired from
this course

Knowledge, Problem solving, Analytical ability, Professional
Competency, Professional Communication and Transferable skills.

Recommended Text

1. D. R. Crow, Principles and applications of electrochemistry,
4thedition, Chapman & Hall/CRC, 2014.

2. J. Rajaram and J.C. Kuriakose, Kinetics and Mechanism of
chemical transformations Macmillan India Ltd., New Delhi,
2011.

3. S. Glasstone, Electro chemistry, Affiliated East-West Press, Pvt.,
Ltd., New Delhi, 2008.

4. B. Viswanathan, S. Sundaram, R. Venkataraman, K. Rengarajan
and P.S. Raghavan, Electrochemistry-Principles  and
applications, S. Viswanathan Printers, Chennai,2007.

5. Joseph Wang, Analytical Electrochemistry, 2" edition, Wiley,
2004.

Reference Books

1. J.O.M. Bockris and A.K.N. Reddy, Modern Electro chemistry,
vol.1 and 2B, Springer, Plenum Press, New York, 2008.

2. J.OM. Bockris, A.K.N. Reddy and M.G. Aldeco Morden
Electro chemistry, vol. 2A, Springer, Plenum Press, New York,
2008.

3. Philip H. Rieger, Electrochemistry, 2" edition, Springer, New
York, 2010.

4. L.I. Antropov, Theoretical electrochemistry, Mir Publishers,
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1977.
5. K.L. Kapoor, A Text book of Physical chemistry, volume-3,
Macmillan, 2001.

Website and 1. https://www.pdfdrive.com/modern-electrochemistry-e34333229.
e-learning source

Course Learning Outcomes (for Mapping with POs and PSQOs)

Students will be able:

CO1: To understand the behaviour of electrolytes in solution and compare the structures of
electrical double layer of different models.

CO2: To predict the kinetics of electrode reactions applying Butler-Volmer and Tafel
equations

CO3: To study different thermodynamic mechanism of corrosion,

CO4: To discuss the theories of electrolytes, electrical double layer, electrodics and
activity coefficient of electrolytes

COS5: To have knowledge on storage devices and electrochemical reaction mechanism.

CO-PO Mapping (Course Articulation Matrix)

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 PO10
Cco1 S S S S M S S S S M
CO2 M S S S S M S S S S
CO3 S S M S S S S M S S
CO4 M S S S S M S S S S
CO5s M S M S S M S M S S
3 — Strong, 2 — Medium, 1 - Low
Level of Correlation between PSO’s and CO’s
CO /PO PSO1 PSO2 PSO3 PSO4 PSO5
CO1 3 3 3 3 3
CO2 3 3 3 3 3
CO3 3 3 3 3 3
CO4 3 3 3 3 3
CO5 3 3 3 3 3
Weightage 15 15 15 15 15
Weighted percentage of Course
Contribution to Pos 3.0 3.0 3.0 3.0 3.0

3 — Strong, 2 — Medium, 1 - Low
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Title of the MOLECULAR SPECTROSCOPY
Course
Paper No. Elective I1
Category Elective | Year I | Credits | 4 | Course
Semester | I Code
Instructional Lecture | Tutorial | Lab Practice Total
hours per week 4 1 - 5
Prerequisites Basic knowledge of spectroscopy
Objectives of the | To understand the influence of rotation and vibrations on the spectra of
course the polyatomic molecules.

To study the principle of Raman spectroscopy, ESR spectroscopy, EPR
spectroscopy and fragmentation patterns in Mass spectroscopy.

To highlight the significance of Franck-Condon principle to interpret
the selection rule, intensity and types of electronic transitions.

To interpret the first and second order NMR spectra in terms of splitting
and coupling patterns using correlation techniques such as COSY,
HETCOR, NOESY.

To carry out the structural elucidation of molecules using different
spectral techniques.

Course Outline

UNIT-I: Rotational and Raman Spectroscopy: Rotational spectra of
diatomic and polyatomic molecules. Intensities of rotational spectral
lines, effect of isotopic substitution. Non-rigid rotators. Classical theory
of the Raman effect, polarizability as a tensor, polarizability ellipsoids,
quantum theory of the Raman effect, Pure rotational Raman spectra of
linear and asymmetric top molecules, Stokes and anti-Stokes lines.
Vibrational Raman spectra, Raman activity of vibrations, rule of mutual
exclusion, rotational fine structure-O and S branches, Polarization of
Raman scattered photons.

UNIT-II: Vibrational Spectroscopy: Vibrations of molecules,
harmonic and anharmonic oscillators- vibrational energy expression,
energy level diagram, vibrational wave functions and their symmetry,
selection rules, expression for the energies of spectral lines,
computation of intensities, hot bands, effect of isotopic substitution.
Diatomic vibrating rotor, vibrational-rotational spectra of diatomic
molecules, P, R branches, breakdown of the Born-Oppenheimer
approximation. Vibrations of polyatomic molecules — symmetry
properties, overtone and

combination frequencies. Influence of rotation on vibrational spectra of
polyatomic molecule, P, Q, R branches, parallel and perpendicular
vibrations of linear and symmetric top molecules.

UNIT-III: Electronic spectroscopy: Electronic Spectroscopy:
Electronic  spectroscopy of diatomic molecules, Frank-Condon
principle, dissociation and pre-dissociation spectra. n—m*, n—ou*
transitions and their selection rules. Photoelectron Spectroscopy: Basic
principles,

photoelectron spectra of simple molecules, X-ray photoelectron
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spectroscopy (XPS). Lasers: Laser action, population inversion,
properties of laser radiation, examples of simple laser systems.

UNIT-IV: NMR and ESR spectroscopy: Chemical shift, Mechanism
of shielding and de-shielding. Spin systems: Simplification of complex
spectra. Spin-spin interactions: Homonuclear coupling interactions -
AX, AX2, AB types. Vicinal, germinal and long-range coupling-spin
decoupling. Nuclear Overhauser effect (NOE), Factors influencing
coupling constants and Relative intensities. 13CNMR and structural
correlations, Satellites. ESR spectroscopy Characteristic features of
ESR spectra, line shapes and line widths; The g value and the hyperfine
coupling parameter (A). Interpretation of ESR spectra and structure
elucidation of organic radicals using ESR spectroscopy; Spin orbit
coupling and significance of g tensors, zero/non-zero field splitting,
Kramer’s degeneracy.

UNIT-V: Mass Spectrometry, EPR and Mossbauer Spectroscopy:
Ionization techniques- Electron ionization (EI), chemical ionization
(CI), isotope abundance, molecular ion, fragmentation processes of
organic molecules, deduction of structure through mass spectral
fragmentation, high resolution. Effect of isotopes on the appearance of
mass spectrum. EPR spectra of anisotropic systems - anisotropy in g
value, causes of anisotropy, anisotropy in hyperfine coupling,
hyperfine splitting caused by quadrupole nuclei. Principle of
Mossbauer spectroscopy: Doppler shift, Isomer shift, Applications:
Mossbauer spectra of high and low-spin Fe and Sn compounds

Extended
Professional
Component (is a
part of internal
component only,
Not to be included
in the external
examination
question paper)

Questions related to the above topics, from various competitive
examinations UPSC / TRB / NET/ UGC-CSIR / GATE /TNPSC others
to be solved

(To be discussed during the Tutorial hours)

Skills acquired
from this course

Knowledge, Problem solving, Analytical ability, Professional
Competency, Professional Communication and Transferable skills.
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Recommended 1. C. N. Banwell and E. M. McCash, Fundamentals of Molecular

Text Spectroscopy, 4™ Ed., Tata McGraw Hill, New Delhi, 2000.

2. R. M. Silverstein and F. X. Webster, Spectroscopic Identification
of Organic Compounds, 6™ Ed., John Wiley & Sons, New York,
2003.

3. W. Kemp, Applications of Spectroscopy, English Language Book
Society, 1987.

4. D. H. Williams and I. Fleming, Spectroscopic Methods in Organic
Chemistry, 4™ Ed., Tata McGraw-Hill Publishing Company, New
Delhi, 1988.

5. R. S. Drago, Physical Methods in Chemistry, Saunders:
Philadelphia, 1992.

Reference Books | 1. P.W. Atkins and J. de Paula, Physical Chemistry, 7" Ed., Oxford
University Press, Oxford, 2002.

2. L. N. Levine, Molecular Spectroscopy, John Wiley & Sons, New
York, 1974.

3. A. Rahman, Nuclear Magnetic Resonance-Basic Principles,
Springer-Verlag, New York,1986.

4. K. Nakamoto, Infrared and Raman Spectra of Inorganic and
coordination Compounds, PartB: 5th ed., John Wiley& Sons Inc.,
New York, 1997.

5. J. A. Weil, J. R. Bolton and J. E. Wertz, Electron Paramagnetic
Resonance; Wiley Interscience, 1994.

Website and 1. https://onlinecourses.nptel.ac.in/noc20 cy08/preview
e-learning source | 2. https://www.digimat.in/nptel/courses/video/104106122/L.14.html

Course Learning Outcomes (for Mapping with POs and PSQOs)

Students will be able:

CO1: To understand the importance of rotational and Raman spectroscopy.

CO2: To apply the vibrational spectroscopic techniques to diatomic and polyatomic
molecules.

CO3: To evaluate different electronic spectra of simple molecules using electronic
spectroscopy.

CO4: To outline the NMR, *C NMR, 2D NMR — COSY, NOESY, Introduction to *'P, '°F
NMR and ESR spectroscopic techniques.

COS: To develop the knowledge on principle, instrumentation and structural elucidation
of simple molecules using Mass Spectrometry, EPR and Mossbauer Spectroscopy
techniques.
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CO-PO Mapping (Course Articulation Matrix)

PO1 | PO2 | PO3 | PO4 | POS | PO6 | PO7 | POS | PO9 PO10
CO1 S S S S M S S S S M
CO2 M S S S S M S S S S
CO3 S S M S S S S M S S
CO4 M S S S S M S S S S
COS M S M S S M S M S S
3 — Strong, 2 — Medium, 1 - Low
Level of Correlation between PSO’s and CO’s
CO /PO PSO1 PSO2 PSO3 PSO4 PSO5
CcO1 3 3 3 3 3
CO2 3 3 3 3 3
CO3 3 3 3 3 3
CO4 3 3 3 3 3
CO5 3 3 3 3 3
Weightage 15 15 15 15 15
Weighted percentage of Course
Contribution to Pos 3.0 3.0 3.0 3.0 3.0

3 — Strong, 2 — Medium, 1 - Low

LR R R R R R R R R R R S S S R R R R R




