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VISION

To build the Department of Chemistry into a Centre of academic excellence with total
commitment to ensure quality education in Chemistry and allied fields, with a holistic

approach towards a better life, environment and society.

MISSION

M1: Promotes fundamentals of Chemistry through UG and PG courses

M2: Offer high end-research projects on concept-theory-practical topics.

M3: To provide excellent teachers, entrepreneurs and innovative independent
researchers.

M4: Become a nationally recognized center for chemical sciences and to establish state
of Art centralize research facility.

VALUES

» Collaboration

* Creativity

» Diverse perspective
Empowerment

» Informed practices

* Professionalism




PROGRAM OUTCOMES

[PO.1]. Critical Thinking: Take informed actions after identifying the assumptions that frame our thinking and
actions, checking out the degree to which these assumptions are accurate and valid, and looking at our ideas and
decisions (intellectual, organizational, and personal) from different perspectives.

[PO.2]. Self-directed and Life-long Learning: Acquire the ability to engage in independent and life-long learning
in the broadest context socio-technological changes.

[PO.3]. Social Interaction: Elicit views of others, mediate disagreements and help reach conclusions in group
settings.

[PO.4]. Effective Citizenship: Demonstrate empathetic social concern and equity centered national development,
and the ability to act with an informed awareness of issues and participate in civic life through volunteering.

[PO.5]. Ethics: Recognize different value systems including your own, understand the moral dimensions of your
decisions, and accept responsibility for them.

[PO.6]. Environment and Sustainability: Understand the issues of environmental contexts and sustainable
development.

[PO.7]. Effective Communication: Speak, read, write and listen clearly in person and through electronic media
in English and in one Indian language, and make meaning of the world by connecting people, ideas, books, media
and technology.

PROGRAM SPECIFIC OUTCOMES

[PSO.1]. Develop knowledge, understanding and expertise in their chosen field of chemical science.

[PSO.2]. Develop an understanding of eco-friendly chemical processes and impact of chemistry on health and
environment.

[PSO.3]. Understand theoretical concepts of instruments that are commonly used in most chemistry fields as well
as interpret and use data generated in instrumental chemical analyses.

[PSO.4]. Provide opportunities to excel in academics, research or Industry
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UNDER GRADUATE PROGRAMME STRUCTURE DEPARTMENT OF CHEMISTRY
Post graduate program comprising two years, will be divided into 10 (ten) semesters each of six months
duration.

Year Semesters

First Year Semester | Semester |1
Second Year Semester 11l Semester IV
Third Year Semester V Semester VI
Fourth Year (UG Hons.) Semester VI Semester VIII
Fifth Year Semester IX Semester X

Course Structure for B. Sc. and (UG Hons./PG Programme)

CHEMISTRY
1 credit = 1 hour per week for Theory and 2 hours per week for Laboratory
Sl Course Code Course Name Marks Vel D_urat Credit
Structure Mark | ion
END MID S (Hrs)
TERM | TERM of
Exam
(End
Term
SEMESTER-I
Value English Communications
Added/Ability (Offered by Respective
Enhancement | ENG VB 100 | Department/University
Compulsory Level)
Course — |
Atomic Structure,
CHE DMT 101 | chemical Bonding,
Disciplinary & | cHE omT | Fundamentals, 60 40 | 100 | 3 | 4+4
Inter- 103 Stereochemistry and
disciplinary Hydrocarbons
Major— | | CHE DMP 107 _ _
& Inorganic Chemistry B B 50 5 942
CHE IDMP | Practical - |
108
Disciplinary &
Inter- CHE DMI 102 States of Matter and
disciplinary & Colloidal State 30 20 50 2 2+2
. CHE IDMI 104
Minor — |
Vocational CHE VOT | Basic Concepts of 30 20 50 2 2




Course — | 105 Physical Chemistry
(Skill Experiments, Energy, and
Enhancement Environment
Course) CHE VOT Vocafuonal Chemistry 30 20 50 5
106 Practical — |
20
SEMESTER-II
Value Computer Studies (Offered
Added/Ability by Respective
Enhancement | CSC VB 200 | Department/University
Compulsory Level)
Course — 11
CHE DMT 201 | Thermodynamics — I, lonic
& Equilibria & Conductance,
Disciplinary & | CHE IDMT | Periodicity, Acid-Bases, & R 40 100 4+d
Inter- 203 Radioactivity
disciplinary [ CHE DMP 207
Major — 11 & Physical Chemistry
CHE IDMP | Practical - | & S 50 2+2
208
DISCIII;I,[QE_IW & CHE DMI 202 _ _ _ _
disciplinary & Chemistry in Daily Life 30 20 50 2+2
. CHE IDMI 204
Minor — Il
Vocational CHE VOT | Cosmetics, Perfumes, & 30 20 50 5
Course — 11 205 Pharmaceutical Chemistry
(Skill Vocational Chemistry
Enhancement | > MO | practical 11 30 20 | 50 2
Course) Internship (Industrial Visit)
20
SEMESTER-III
Value ¢ ¢
Added/Ability Eggf'rozngeng' St“dt'.es
Enhancement | EVS VB 300 | (Orered by Respective -
Department/University
Compulsory
Level)
Course — 111
Substitution, Elimination
CHEOE;MT Reacti_ons, Carbonyl
& Chemistry, 60 40 | 100 4+4
T Thermodynamics — I,
Disciplinary & | CHE IDMT Electrochemistry &
Inter- 303 . NSty
disciplinary Chemical Kinetics
. CHE DMP
Major — 111
307 Organic Chemistry
& Practical — | N N 50 2+2
CHE IDMP
308
Disciplinary & CHE DMI Basic Analytical 30 20 50 2+2




Inter- 302 Chemistry
disciplinary &
Minor — 11 CHE IDMI
304
Vocational CHE VOT | Cement & Ores, Pesticides
Course 11| 305 & Fuel 30 20| %0 2
(Skill Vocational Chemistry
Enhancement CH:EOXOP Practical — 111 /Industrial 30 20 50 2
Course) Visit
20
SEMESTER - IV
Value :
- Disaster Management
Added/Ability DMM VB (Offered by Respective
Enhancement LRy -
400 Department/University
Compulsory
Level)
Course — Il
Disciplinary & | CHE DMT | Chemistry of -s, -p, -d and
Inter- 401 -f Block elements,
disciplinary & Rearrangement and 60 40 100 4+4
Major — IV CHE IDMT | Reagents in Organic
403 Chemistry
CHE DMP
407 ; :
o ARy A )
CHE IDMP
408
Disciplinary & CHE DMI Chemical and Phase
Inter- 422 Equilibria, Solutions and 30 20 50 942
disciplinary Colligative Properties
Minor — I\ CHE IDMI
404
Vocational CHE VOT | Techniques of
Course — 11 405 Instrumental Analysis — 20 50 2
(Skill
Enhancement CHE VOP | Hands Training on
Course) 406 Instruments Ll 2 50 2
CHM P 223
20
SEMESTER-V
Value . .
Added/Ability Creative Expressmn_— I
(Offered by Respective
Enhancement VB 500 R -
Department/University
Compulsory
Level)
Course — 111
D'\I/f;:_lgrllila\;y CHEOQMT Photochemistry, Catalysis,
! 2 Quantum Chemistry & 60 40 100 4+4

CHE IDMT

Spectroscopy




503

CHE DMP
507 . :
I I I
CHE IDMP
508
o CHE DMT(l) | Chemistry Research
D'Sag;ér;ary 505 Orientation 30 20 50 2
- CHE DMP(I) | Organic Chemistry
(Internship) 509 Practical - I 30 20| 30 2
CHE DMI
Disciplinary 502 Advanced Analytical
Minor -V & Chemistr 30 20 50 2+2
CHE IDMI y
504
20
SEMESTER-VI
Value s .
Added/Ability Creative Expressmn_— I
(Offered by Respective
Enhancement VB 600 5 m— -
Department/University
Compulsory
Level)
Course — Il
Disciplinary & | CHE DMT
Inter- 601 Coordination &
disciplinary & Organometallics 60 40 100 4+4
Major — VI CHE IDMT | Chemistry
604
CHE DMP
607 . :
2 smeeem - |
CHE IDMP
608
CHE DMT
6038 Bioorganic Chemistr 60 40 100 4
CHE IDMT g y
606
CHE DMI
Disciplinary & 602
Inter- & .
disciplinary CHE IDMI Organic Spectroscopy 30 20 50 2+2
Minor — VI 605
30 20 50 20
SEMESTER-VII
Disciplinary CHE DMT | Transition and Inner
Major 701 Transition Metal 60 40 100 4




(UG Chemistry
Hons./PG CHE DMP | Inorganic Chemistry B B 50 5
Programme) 705 Practical - I
Organic Reaction
CHE DMT | \techanism and 60 40 | 100 4
702 .
Stereochemistry
CHE DMP | Organic Chemistry
706 Practical - 11 30 20 | 50 2
Thermodynamics,
CHEOQMT Catalysis-, Electro- & 60 40 | 100 4
Surface Chemistry
CHE DMT(l) | Research methodology for
704 Chemistry 30 20 50 2
CHE DMP(I) | Chemistry software uses
707 for research " 20 50 2
20
SEMESTER-VIII
D 801:
CHE D 894 Project/Dissertation 20
e D801A:
CHE D 801A Fpaslgpment of o - | 100 4
project/ Research
Disciplinary proposal/Lab Work
Major e D 801B: Pre-
(UG Submission r e
Hons./PG CHE D 8078 presentation/Data 100 4
Programme) collection
e D 801C: Report
CHE D 801C Writing/Write-up/ -- -- 200 8
Dissertation Report
e D 801D: Presentation
CHE D 801D o e -- -- 100 4
o 20
SEMESTER - IX
CHI;O?M o Organometallic Chemistry 60 40 100 4
CHE DMP | Inorganic Chemistry B B 50 9
905 Practical — IV
Disciplinary Principle of Organic
Major CHI;OI;MT Synthesis and Organic 60 40 100 4
(PG Spectroscopy
Programme) CHE DMP | Organic Chemistry
906 Practical — IV 30 20| 50 2
Quantum-, Statistical-
CHE VT | Mechanics, & Chemical 60 40 | 100 4

Kinetics




CHE DET

904 Molecular Spectroscopy 60 40 100 4
20
SEMESTER - X
CHE DMT | Bio-Inorganic & Sensor 4
1001 Materials Chemistry 60 40 100
Pericyclic Reaction,
CHE)(I)DZMT Photochemistry and Free 60 40 100 4
Radical Chemistry
Chemical Bonding, Group
CH1|5()5)3MT Theory and Solid State 60 40 100 4
iscipli Chemistry
Disciplinary Discipline Specific
Majc_)r | CHE DET | Elective Paper — | (opt any
(PG Final | 19044 /1004B | one course from DET 60 40 100 4
Year) offered by Dept. Of
Chemistry)
CHE DMP | Physical Chemistry A % 50 9
1005 Practical — IV
CHE Nanomaterials Chemistry
DMP1006A | Practical/ Advanced - M 50 2
/1006B Heterocyclic Chemistry
Practical (2)
20
Grand Total 200

*Pass percentage

1.

2.

The minimum marks required to pass any paper shall be 40 percent and 40 percent in
aggregate of a semester.

No students will be allowed to avail more than three chances to pass in any paper
inclusive of first attempt.




Minor Paper in Chemistry

Semester | Course Code Course Name Marks Total | Durat
Marks ion
(Hrs)

of Credit
Exam
(End
Term

END MID
TERM | TERM

I CHE DMI 102 | States of Matter and
& Colloidal State 30 20 50 2 2
CHE IDMI 104
I CHE DMI 202 | Chemistry in Daily Life
& 30 20 50 2 2
CHE IDMI 204
i CHE DMI 302 | Basic Analytical
& Chemistry 30 20 50 2 2
CHE IDMI 304
v CHE DMI 402 | Chemical and Phase
& Equilibria, Solutions and
CHE IDMI 404 | Colligative Properties

30 20 50 2 2

\V/ CHE DMI 502 | Advanced Analytical
& Chemistry 30 20 50 2 2
CHE IDMI 504
VI CHE DMI 602 | Organic Spectroscopy
& 30 20 50 2 2
CHE IDMI 605

The 1-VI Minor disciplinary/multidisciplinary paper may be substituted by the following additional Minor
papers subject to the availability of the Teacher and class load of the discipline/teacher in any semester.

Additional Course:

CHE DMI 102/ CHE IDMI 104: IT Skill for Chemist

CHE DMI 202/ CHE IDMI 204: Green Methods in Chemistry

CHE DMI 302/ CHE IDMI 304: Basic of Nanomaterials

CHE DMI 402/ CHE IDMI 404: Crystalline Materials and Properties

CHE DMI 502/ CHE IDMI 504: Inorganic Materials of Industrial Importance
CHE DMI 602/ CHE IDMI 605: Basic of Drug Design & Medicinal Chemistry




Minor Paper in Chemistry

Total | Durat
Marks ion
(Hrs)
Seme Marks of Credit
ster Course Code Course Name Exam
(End
Term
END MID
TERM TERM
| CHE VOT 105 Basic Concepts of
Physical Chemistry
Experiments, Energy, % 20 50 2 2
and Environment
| CHE VOP 106 Vocational Chemistry
Practical — | A 2 50 2 2
I CHE VOT 205 Cosmetics, Perfumes, &
Pharmaceutical 30 20 50 2 2
Chemistry
I CHE VOP(l) 206 | Vocational Chemistry
Practical — 11 /Internship 30 20 50 2 2
(Industrial visit)
1 CHE VOT 305 Cement, Extraction of
Ores, Pesticides & Fuel 30 20 50 2 2
Chemistry
I | CHE VOP 306 Voca_tlonal Chemistry 30 20 50 9 5
Practical — 11l
IV | CHE VOT 405 Techniques of
Instrumental Analysis
(Principles and
Applications of X-ray oL 20 50 2 2
diffraction, FT-IR, UV,
GCMS, LCMS etc.)
IV | CHE VOP (I) 406 | Hands Training on 30 20 50 5 5
Instruments
Discipline Specific Elective Course* (Opt any one)
Course Code Course Title of Paper Marks | Credit
Structure
CHE DET 904 Elective | Molecular Spectroscopy 100 04
CHE DET1004A | Elective | Introduction to Nanomaterials & Nanotechnology 100 04
CHE DET1004B | Elective | Advanced Heterocyclic Chemistry 100 04




SEMESTER — |

PAPER CODE: CHE DMT 101/CHE IDMT 103: Atomic Structure, Chemical Bonding,
Fundamentals, Stereochemistry and Hydrocarbons

Full Mark 100 (60 + 40)
Course Objectives: The learners should be able to: In Part A: Learn the basics of atomic structure &
chemical bonding and redox reactions. In Part B: Understanding the fundamentals, stereochemistry and
hydrocarbons.
A. Course Outcomes: At the end of the course, students will be able to
PART-A:

[CHE DMT 101/CHE IDMT 103.1]. Recall basic concepts of atomic structure, schrodinger’s wave
equation and pauli’s exclusion principle.

[CHE DMT 101/CHE IDMT 103.2]. Learn the classifications of bonds and general characteristics.
[CHE DMT 101/CHE IDMT 103.3]. Learn the basics of redox reactions, precipitation and complex
formation and redox titrations.

PART-B:

[CHE DMT 101/CHE IDMT 103.1]. Learn the basics of structure, reactivity, mechanism and kinetics
of organic reactions.

[CHE DMT 101/CHE IDMT 103.2]. Learn the basics and various types of acids and bases (Lewis
acid, Bronsted acids).

[CHE DMT 101/CHE IDMT 103.3]. Understand the basics of stereochemistry, isomerism and
stereospecific and stereo selective reactions.

B. SYLLABUS
Part-A

Inorganic Chemistry— I: Atomic Structure & Chemical Bonding,
Unit —I: Atomic Structure

Bohr’s theory, its limitations and atomic spectrum of hydrogen atom. Wave mechanics: de Broglie
equation, Heisenberg’s Uncertainty Principle and its significance, Schrdodinger’s wave equation,
significance of y and w2 Quantum numbers and their significance. Types 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.

Unit — I1: Chemical Bonding

(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 and importance of Kapustinskii
expression for lattice energy. Madelung constant, Born-Haber cycle and its application, Solvation energy

(i) Covalent bond: Lewis structure, Valence Bond theory (Heitler-London approach). Formal
charge, Valence shell electron pair repulsion theory (VSEPR), shapes of simple molecules and ions
containing lone pairs and bond pairs of electrons, multiple bonding (¢ and © bond approach) and bond



lengths. Energetics of hybridization. Bent’s rule, Resonance and resonance energy, Molecular orbital
theory. Molecular orbital diagrams of diatomic and simple polyatomic molecules N2, Oz, C», Bz, F2, CO,
NO, and their ions; HCI, BeF2, CO., (idea of s-p mixing and orbital interaction to be given).

Covalent character in ionic compounds, polarizing power and polarizability. Fajan’s rules and
consequences of polarization.

lonic character in covalent compounds: Bond moment and dipole moment. Percentage ionic character
from dipole moment and electronegativity difference.

(iii) Metallic Bond & Weak Chemical Forces: Qualitative idea of valence bond and band theories.
Semiconductors and insulators, defects in solids, van der Waals forces, ion-dipole forces, dipole-dipole
interactions, induced dipole interactions, Repulsive forces, Hydrogen bonding, effects of chemical force,
melting and boiling points, solubility energetics of dissolution process.

Unit — I11; Redox

Redox equations, Standard electrode potentials, redox potentials and formal potentials, Nernst equation,
redox potentials to explore the feasibility of reaction and calculation of values of equilibrium constant,
redox potential as a function of pH, precipitation and complex formation, redox titrations and redox
indicators, Frost and Latimer diagrams of redox potentials. Reversible and irreversible cells. Concept of
EMF of a cell. Measurement of EMF of a cell.

Reference Books:

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

2. Douglas, B.E. and Mc Daniel, D.H., Concepts & Models of Inorganic Chemistry, Oxford, 1970
3. Atkins, P.W. & Paula, J. Physical Chemistry, Oxford Press, 2006.

4. Day, M.C. and Selbin, J. Theoretical Inorganic Chemistry, ACS Publications 1962.

5. Wahid U. Malic, G. D. Tuli, R. D. Madan, Inorganic Chemistry, S. Chand & Co. Ltd

6. R. Sarkar and N. Saha, General & Inorganic Chemistry, New Central Book Agency

7. Puri, Sharma and Kalia, Principle of Inorganic Chemistry, Milestone publishers & distributors

Part B
Organic Chemistry — I : Fundamentals, Stereochemistry and Hydrocarbons

Unit I: Structure, Reactivity and Mechanism

Atomic orbitals, Hybridization, Bonding in Carbon Compounds, The breaking and forming of bonds,
Factors Influencing Electron availability, Steric factors, Reagents types and Reaction types. Kinetics of
reaction and Investigation of Reaction Mechanism.

Unit I11: The strength of acids and bases

Definition, Various types of acids and bases (Lewis acid, Bronsted acids). The origin of acidity and
basicity in organic compounds, The strength of acids and bases with comparative study.

Unit 111: Basics of Stereochemistry

Chirality, Configuration and conformation, Geometrical isomerism, Optical isomerism, Enantiomers,
Diastereomers, projection formulae, D-L and R-S nomenclature (CIP rules), Erythro and threo
nomenclature. dl- and meso compounds, Atropisomerism, Stereospecific and stereoselective reactions,



Conformations vs reactivity of cycloalkanes.

Unit 1V: Hydrocarbons and Their Functional Groups

Alkenes and alkynes: Synthesis through elimination, electrophilic addition reactions: addition of
halogens, hydrogen halides, water, oxymercuration-demercuration, addition of borane; hydrogenation,
oxidation, ozonolysis.

Alkyne synthesis, addition of halogen, hydrogen halide, water, boranes, hydrogenation, acetylide ion
Aromaticity, antiaromaticity, Electrophilic aromatic substitution: nitration, halogenation, sulfonation,
Friedel-Crafts alkylation and acylation reactions, reactions of substituted benzene: electronic effect of
substituents, important reactions of phenols, thiols, aromatic amino compounds and naphthalene.
Nucleophilic aromatic substitution: substitution of hydrogen, substitution of atoms other than hydrogen,
substitution via aryne intermediates.

C. Reference Books:

A Guidebook to Mechanism in Organic Chemistry-By Peter Sykes

Organic Chemistry (2" Edition)-By Jonathan Clayden, Nick Greeves and Stuart warren
Organic Chemistry (3" Edition)-By David Klein

Organic Chemistry (8" Edition)-By Paula Yurkanis Bruice

APwbhE



D. Course Articulation Matrix: (Mapping of COs with POs)

CORRELATION WITH
PROGRAM OUTCOMES

CORRELATION WITH

PROGRAMSPECIFIC

COURSE STATEMENT OUTCOMES
PO1|PO2 | PO3 PO4 PO5 PO POT7 | PSOL|PsO2 |5°0|PsO4

PART-A: Recall basic concepts of atomic structure| 3 2 2 2 2

[CHE DMT schrodinger’s wave equation and pauli’s

101/CHE IDMT  lexclusion principle.

103.1

[CHE DMT Learn the classifications of bonds and 2 2 2 2 1 1

%8%/?‘"5 IDMT | general characteristics.

[CHE DMT Learn the basics of redox reactions, 1 2 2 3 2

101/CHE IDMT  |precipitation and complex formation and

103.3 redox titrations.

PART-B: Learn the basics of structure, reactivity, | 2 1 2 2 2 2

[CHE DMT mechanism and Kinetics of organic

101/CHE IDMT reactions_

103.1

[CHE DMT Learn the basics and various types of 2 1 3 2 2 3

101/CHE IDMT  [acids and bases (Lewis acid, Bronsted

103.2 acids).

[CHE DMT Understand the basics of stereochemistry,

101/CHE IDMT  |isomerism and stereospecific and stereo

103.3 selective reactions.

1- Low Correlation; 2- Moderate Correlation; 3-

Substantial Correlation




CHE DMP 107/CHE IDMP 108: Inorganic Chemistry Practical — |

A. SYLLABUS
(A) Titrimetric Analysis

(i) Calibration and use of apparatus
(i) Preparation of solutions of different Molarity/Normality of titrants

(B) Acid-Base Titrations

(i) 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

Q) Estimation of Fe(ll) and oxalic acid using standardized KMnQ4 solution.

(i) Estimation of oxalic acid and sodium oxalate in a given mixture.
(itf)  Estimation of Fe(Il) with K2Cr207 using internal (diphenylamine, anthranilic
acid) and external indicator.
OR
(iv)  Calculation of standard deviation from the results obtained by redox titration of
Fe(Ill) against standard solution of K>Cr207.

(V) Calculation of standard deviation from the results obtained by complexometric
method of hardness (Ca?*) of water using EDTA.

B. Reference text:

1. Vogel, A.l. A Textbook of Quantitative Inorganic Analysis, ELBS.
2. Ghosal, Mahapatra and Nad, An Advanced Course in Practical Chemistry



SEMESTER — 11

PAPER CODE: CHE DMT 201/CHE IDMT 203: Thermodynamics — I, lonic
Equilibria, Conductance, Periodicity, Acid-Bases & Radioactivity

Full Mark 100 (60 + 40)
Course Objectives: The learners are Able to: Learn the basic introduction of thermodynamics and
thermodynamics laws, thermochemistry, ionic equilibria, conductance and quantitative aspects of Faraday’s laws
of electrolysis. Understand the basic chemistry of periodicity, acid-bases & radioactivity.

A. Course Outcomes: At the end of the course, students will be able to
PART-A
[CHE DMT 201/CHE IDMT 203.1]. Learn the Introduction of different terms and processes in
thermodynamics and laws.
[CHE DMT 201/CHE IDMT 203.2]. Understand ionic equilibria, salt hydrolysis, and theory of acid—base
indicators.
[CHE DMT 201/CHE IDMT 203.3]. Learn the ideas on conductivity, equivalent and molar conductivity and
their variation with dilution for weak and strong electrolytes.
PART-B
[CHE DMT 201/CHE IDMT 203.1]. Basics of periodic table and s, p, d, f block elements.
[CHE DMT 201/CHE IDMT 203.2]. Learn the lewis acid-base concepts and reactions, and classification
of acids and bases as hard and soft.
[CHE DMT 201/CHE IDMT 203.3]. Learn the basic of radioactive and instrumental analysis of
radioactive elements.

B. SYLLABUS
Part- A

Physical Chemistry — I: Thermodynamics — I, lonic Equilibria & Conductance

Unit — I: Thermodynamics — |

Introduction of different terms and processes in thermodynamics: [systems (isolated, closed, open) and
surrounding, macroscopic properties (extensive and intensive), kinds of processes], state and path
functions and their differentials. Zeroth law of thermodynamics.

First Law: concept of heat, g, work, w, internal energy, U, sign convention for heat and work; statement
of first law; enthalpy, H; heat capacities (Cv, Cp) and relation between them for ideal gases. Reversible
and irreversible processes, maximum work; 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. Ideal gas
law for adiabatic reversible expansion, comparison of adiabatic and isothermal reversible expansion.
Joule-Thomson effect, Joule-Thomson coefficient in ideal and real (van der Waals) gases, inversion
temperature.

Thermochemistry: Standard state, standard enthalpy of formation, Hess’s Laws of constant heat
summation and its application. Change in internal energy (AU) and enthalpy (AH) of chemical reactions,
relation between AU and AH, variation of heat of reaction with temperature (Kirchhoff’s equation).
Enthalpy of neutralization. Bond Energy — Bond dissociation energy and its calculation from thermo-
chemical data. Adiabatic flame temperature and explosion temperature.



Unit — 11: lonic Equilibria

Arrhenius theory of electrolytic dissociation: 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 triprotic
acids (exact treatment).

Salt hydrolysis — calculation of hydrolysis constant, degree of hydrolysis and pH for different salts. Buffer
solutions, derivation of Henderson-Hasselbalch equation and its applications; buffer capacity, buffer
range, buffer action and applications of buffers in analytical chemistry and biochemical processes in the
human body.

Multistage equilibria in polyelectrolyte systems; hydrolysis and hydrolysis constants.

Theory of acid—base indicators; selection of indicators and their limitations.

Solubility and solubility product of sparingly soluble salts — applications of solubility product principle.
Qualitative treatment of acid — base titration curves (calculation of pH at various stages).

Unit — 111: Conductance

Conductivity, equivalent and molar conductivity and their variation with dilution for weak and strong
electrolytes (Kohlrausch square root law). 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.

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.

Reference Books:

e Atkins, P. W. & Paula, J. de Atkin’s: Physical Chemistry 10" Ed., Oxford University Press (2006).
o Ball, D. W.: Physical Chemistry, Thomson Press, India (2007).

e Castellan, G. W.: Physical Chemistry 4™ Ed. Narosa (2004).

e Mortimer, R. G. Physical Chemistry 3" Ed. Elsevier: NOIDA, U.P. (2009).

e Puri, B. R, Sharma L. R., and Pathania M. S.: Principle of Physical Chemistry, Eds. 44", Vishal
Publishing Co., Jalandhar, (2010).

e Kotz J. C., Treichel P. M. & Townsend J. R.: General Chemistry, Cengage Lening India Pvt. Ltd.,
New Delhi (2009).

Part - B
Inorganic Chemistry — I1: Periodicity, Acid-Bases & Radioactivity
Unit — I: Periodicity

Periodic table and s, p, d, f block elements. Detailed discussion of the following properties of the elements,



with reference to s & 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’s/ Mulliken’s/ Alfred-Rochow scales / and Mulliken-Jafté’s
electronegativity scales. Variation of electronegativity with bond order, partial charge, hybridization,
group electronegativity. Sanderson’s electron density ratio.

Unit - I1: Acid & Bases

Arrhenius, Bronsted-Lowry, Lux-Flood, Lewis acid-base concepts and reactions, solvated proton, relative
strength of acids, types of acid-base reactions, levelling solvents, Factors affecting strengths of Lewis
acids and bases, Classification of acids and bases as hard and soft, Pearsons HSAB concept, acid-base
strength and hardness and softness, symbiosis, application of HSAB theory.

Non-aqueous solvents

Physical properties of a solvent, types of solvents and their general characteristics, reactions in non-
aqueous solvents with reference to liquid NHs, liquid SO> and liquid HF.

Unit — I11: Radioactivity

Radioactive decay, half life and average life of radio elements, units of radioactivity, natural radioactive
disintegration series, Instrumental analysis of radioactive elements, radioactive equilibrium, group
displacement law, isotope, isotone, isobars and nuclear isomerism. Application of isotope in medicine,
agriculture, reaction mechanism (isotope as tracer), age of minerals, age of earth, radio carbon dating,
nuclear particles, nuclear forces: meson exchange theory.

Nuclear models (elementary idea), nuclear stability, nuclear binding energy, nuclear reactions, magic
numbers, mass defect, proton-neutron ratio, packing fraction, Artificial radioactivity, transmutation of
elements, fission, fusion and spallation reaction. Nuclear energy, hazards of nuclear radiations and safety
measures.

C. Reference Books:

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

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

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

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

Miessler, G. L. &Donald A. Tarr. Inorganic Chemistry 4™ Ed., Pearson, 2010.

Shriver & Atklns Inorganlc Chemistry 51 Ed.



Course Articulation Matrix: (Mapping of COs with POs)

CORRELATION WITH PROGRAM

CORRELATION WITH

OUTCOMES PROGRAMSPECIFIC
COURSES ||STATEMENT OUTCOMES
PO1|PO2 | PO3 PO4 PO5 POG PO7|PSO1|PSO2 PSO | PSO 4
3
PART-A Learn the Introduction of different terms and| 2 1 2 1 2
CHE DMT processes in thermodynamics and laws.
201/CHE IDMT
203.1
CHE DMT Understand ionic equilibria, salt hydrolysis, and| 2 3 1 2 2 1 2
201/CHE IDMT theory of acid-base indicators.
203.2
CHE DMT Learn the ideas on conductivity, equivalent and 2 2 2 3 | 2 1
201/CHE IDMT  molar conductivity and their variation with
203.3 dilution for weak and strong electrolytes.
PART-B Basics of periodic table and s, p, d, f block | 1 1 2 3
CHE DMT elements
201/CHE IDMT
203.1
CHE DMT Learn the lewis acid-base concepts and 1 3 1 1 1 3
201/CHE IDMT reactions, and classification of acids and
203.2 bases as hard and soft.
CHE DMT Learn the basic of radioactive and| 1 3 1 1 1 3
201/CHE IDMT linstrumental  analysis of  radioactive
203.3 elements.

1- Low Correlation; 2- Moderate Correlation; 3-

Substantial Correlation




PAPER CODE: CHE DMP 207/CHE IDMP 208: Physical Chemistry Practical — |
Marks: 50

A. SYLLABUS

Thermochemistry:

e Determination of heat capacity of a calorimeter for different volumes using change of enthalpy
data of a known system (method of back calculation of heat capacity of calorimeter from known
enthalpy of solution or enthalpy of neutralization).

e Determination of heat capacity of the calorimeter and enthalpy of neutralization of hydrochloric
acid with sodium hydroxide.

Calculation of the enthalpy of ionization of ethanoic acid.
Determination of heat capacity of the calorimeter and integral enthalpy (endothermic and
exothermic) solution of salts.

e Determination of basicity/proticity of a poly-protic acid by the thermo-chemical method in terms
of the changes of temperatures observed in the graph of temperature versus time for different
additions of a base. Also calculate the enthalpy of neutralization of the first step.

Determination of enthalpy of hydration of copper sulfate.
e Study of the solubility of benzoic acid in water and determination of AH.

Surface tension measurements:
e Determine the surface tension by (i) drop number.
e Study the variation of surface tension of detergent solutions with concentration.
e Surface tension composition curve for a binary liquid mixture.

Viscosity measurement using Ostwald’s viscometer:
e Determination of viscosity of aqueous solutions of (i) polymer (ii) ethanol and (iii) sugar at room
temperature.
e Study the variation of viscosity of sucrose solution with the concentration of solute.
e Viscosity composition curve for a binary liquid mixture.

pH metry
e Study the effect on pH of addition of HCI/NaOH to solutions of acetic acid, sodium acetate
and their mixtures.
e Preparation of buffer solutions of different pH by
(a) Sodium acetate-acetic acid
(b) Ammonium chloride-ammonium hydroxide
e pH metric titration of (i) strong acid versus strong base, (ii) weak acid versus strong base.
e Determination of dissociation constant of a weak acid.
e To study the dissociation constant of amino acid (glycine) and hence the isoelectric point of the
acid.

Conductometry:
e Determination of cell constant.



e Determination of equivalent conductance, degree of dissociation and dissociation constant of a
weak acid.
e Perform the following conductometric titrations:
(@) Strong acid versus strong base
(b) Weak acid versus strong base
(c) Dibasic acid versus strong base

Any other experiment carried out in the class if permit.

B. Reference Books:
e J. Elias, A Collection of Interesting General Chemistry Experiments, Revised Ed., University
Press, 2007.
e C.W. Garland, J. W. Nibler and D. P. Shoemaker, Experiments in Physical Chemistry, 8th Ed.,
McGraw-Hill, 2003.
e A. M. Halern and G. C. McBane, Experimental Physical Chemistry: A Laboratory Textbook, 3rd
Ed., W. H. Freeman and Company, 2006.
e P. C. Kamboj, University Practical Chemistry, 1st Ed., Vishal Publishing, 2013.
S. K. Maity and N. K. Ghosh, Physical Chemistry Practical, NCBA, 2015.
A. K. Nad, B. Mahapatra and A. Ghoshal, An Advanced Course in Practical Chemistry, 3rd Ed.,
New Central Book Agency, 2014.
J. B. Yadav, Advanced Practical Physical Chemistry, Krishna Prakashan Media, 2010.

B. Viswanathan and P. S. Raghavan, Practical Physical Chemistry, Viva Books, 20009.



SEMESTER — 111

PAPER CODE: CHE DMT 301/ CHE IDMT 303
Substitution, Elimination Reactions, Carbonyl Chemistry, Thermodynamics-II,
Electrochemistry, and Chemical Kinetics.

Full Mark 100 (60 + 40)
Course Objectives: The learners are Able to: Learn the basics of nucleophilic substitution and addition
reactions and mechanisms. Apply the thermodynamic laws, free energy functions, electrochemistry and
chemical kinetics.

A. Course Outcomes: At the end of the course, students will be able to

PART-A

[CHE DMT 301/CHE IDMT 303.1]. Understand the basics of nucleophilic substitution reactions and its
mechanisms.

[CHE DMT 301/CHE IDMT 303.2]. Understand the basics knowledge of elimination reactions and its
mechanisms.

[CHE DMT 301/CHE IDMT 303.3]. Understand the basics of nucleophilic addition reactions and its
mechanisms.

PART-B

[CHE DMT 301/CHE IDMT 303.1]. Learn the basics of thermodynamic laws and free energy functions.
[CHE DMT 301/CHE IDMT 303.2]. Learn the basic concepts and applications of electrochemistry and
its titrations.

[CHE DMT 301/CHE IDMT 303.3]. Learn the basic concepts of chemical kinetics and its reaction

pathways.
B. SYLLABUS
Part— A
Organic Chemistry — I1: Substitution, Elimination Reactions, and Carbonyl Chemistry

Unit — I: Nucleophilic Substitution Reactions at a Saturated Carbon atom (sp® Carbon)

Types of Substitution reactions (Sn1, Sn2, Sni), neighboring group participation (NGP), factors affecting
various SN-type reactions, Competition between Sn1 and Sn2 reactions, Substitution reactions of alcohols,
alkyl halides, reactions with epoxides (regioselectivity on acid and base medium).

Unit — I1: Elimination Reaction

1,2-(B-) Elimination, E1 Mechanism, Elcb Mechanism, E2 Mechanism, Elimination vs Substitution,
Factors affecting Elimination Reactions, 1,1-(a-)Elimination, Pyrolytic Syn Elimination

Unit — I11: Nucleophilic addition to C=0 (Carbonyl Chemistry)

Addition Reactions at sp? Carbons: Addition of Carbon, Hydrogen, oxygen, sulfur and Nitrogen
nucleophiles to Carbonyl Compounds, Wittig reaction, Cannizzaro's reaction, a,B-unsaturated carbonyl
compounds-preparation and properties, Michael addition, 1,2 Vs 1,4- addition reaction.

Acidity of a-hydrogen: Keto-enol tautomerism, alkylation, acylation, halogenation, Aldol condensation,
Robinson annulation, Perkin’s reaction, Claisen condensation, Dieckmann condensation Reaction, Stobbe
Condensation Reaction, Bamford-Steven, Shapiro reaction, base-catalyzed halogenations reaction of
ketones (haloform reactions,), active methylene compounds and their reactions, Malonic ester (DEM),
acetoacetic ester (EAA).



Carboxylic acid and its derivatives (esters, anhydrides, acid halides, amides): Relative Reactivities,
Nucleophilic acyl substitution reactions, Synthesis and reactions.
Reference Books:

1. A Guidebook to Mechanism in Organic Chemistry-By Peter Sykes

2. Organic Chemistry (2" Edition)-By Jonathan Clayden, Nick Greeves and Stuart warren

3. Organic Chemistry (3" Edition)-By David Klein

4. Organic Chemistry (8" Edition)-By Paula Yurkanis Bruice

Part—B
Physical Chemistry - I1: Thermodynamics-11, Electrochemistry, and Chemical Kinetics

Unit — I: Thermodynamics — 11
Second Law: Limitation of first Law, spontaneous processes and different statement of second law of

thermodynamics, Carnot cycle and its efficiency, Carnot theorem; thermodynamic scale of temperature.
Concept of Entropy: Entropy changes in reversible and irreversible processes and of universe, physical
concept of entropy (molecular and statistical interpretation of entropy), Calusius inequality; entropy as a
function of V & T, and P & T; entropy changes of an ideal gas in different processes, entropy change in
mixing of gases.

Free Energy Functions: Free energy and its concept, Gibbs (G) and Helmholtz (A) free energies as
thermodynamic quantities and their relationship; variation of free energy with temperature and pressure.
Maxwell’s relations, thermodynamic equation of state; criteria for reversible and irreversible processes
(spontaneity); Gibbs-Helmholtz equations, its application of the determination of AG, AH, AS of a
reversible cell reaction.

Third Law: Variation of entropy with temperature (Nernst heat theorem), statement of third law, the
concept of residual entropy. Applications of third law for determination of absolute entropies of liquid
and gases.

Unit — I1: Electrochemistry
Chemical cells, reversible and irreversible cells with examples. Electromotive force of a cell and its

measurement, Nernst equation; Single electrode potential, its measurement and sign convention. 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/Sbh,03 electrodes
(iv) qualitative discussion of potentiometric titrations (acid-base, redox, precipitation). Concentration cells
with and without transference, liquid junction potential and its elimination; determination of activity
coefficients and transference numbers. Fuel cell (Hydrogen-Oxygen), Commercial Cell (Primary &
Secondary cell), dry cell, acid-alkali storage cell & introduction of lithium ion cells.

Unit — I111: Chemical Kinetics



The concept of reaction rate, order and molecularity of a reaction, rate laws in terms of the advancement
of a reaction, differential and integrated form of rate expressions up to second order reactions,
experimental methods of the determination of rate laws; half-life of a reaction.

Temperature dependence of reaction rates; Arrhenius equation; activation energy. Collision theory of
reaction rates, qualitative treatment of the theory of absolute reaction rates.

C. Reference Books:

P. Atkins, J. d. Paula and K. James, Physical Chemistry, 11th Ed., Oxford University Press, 2018.
R. S. Berry, S. A. Rice and J. Ross, Physical Chemistry, 2nd Ed., Oxford University Press, 2007.
D. R. Crow, Principles and Applications of Electrochemistry, 4th Ed., Blackie Academic &
Professional, 1994.

T. Engel and P. Reid, Physical Chemistry, 3rd Ed., Pearson, 2014.

S. Glasstone, Thermodynamics for Chemists, Affiliated East-West Press P. Ltd, 2003.

S. Glasstone, An Introduction to Electrochemistry, Affiliated East-West Press P. Ltd., 2013.

K. L. Kapoor, A Text Book of Physical Chemistry: Thermodynamics and Chemical Equilibrium,
Vol. 2, 5th Ed., MsGraw-Hill, 2015.

K. L. Kapoor, A Text Book of Physical Chemistry: Applications of Thermodynamics, Vol. 3, 5th
Ed., McGraw-Hill, 2015.

K. J. Laidler, Chemical Kinetics, 3rd Ed., Pearson, 2011.

R. P. Rastogi and R. R. Mishra, An Introduction to Chemical Thermodynamics, 6th Ed., Viksh
Publishing House, 2018.

B. R. Puri, L. R. Sharma and M. S. Pathania, Principles of Physical Chemistry, 47th Ed., Vishal
Publishing Co., 2018.



D. Course Articulation Matrix: (Mapping of COs with POs)

CORRELATION WITH PROGRAM

CORRELATION WITH

OUTCOMES PROGRAMSPECIFIC
COURSES |STATEMENT OUTCOMES
PO1|PO2 | PO3 PO4 PO5 POG PO7|PSO1|PSO2 PSO | PSO 4
3
PART-A Understand the basics of nucleophilic| 2 1 2 1 2
CHE DMT substitution reactions and its mechanisms.
301/CHE IDMT
303.1
CHE DMT Understand the basics knowledge off 2 3 1 2 2 1 2
301/CHE IDMT |elimination reactions and its mechanisms.
303.2
CHE DMT Understand the basics of nucleophilic| 2 2 2 3 1 2 1
301/CHE IDMT  faddition reactions and its mechanisms.
303.3
PART-B Learn the principle and concepts of organic | 1 1 2 3
CHE DMT compounds chirality and conformations.
301/CHE IDMT
303.1
CHE DMT Learn the basic concepts and applications of| 1 3 2" 1 1 3
301/CHE IDMT electrochemistry and its titrations.
303.2
CHE DMT Learn the basic concepts of chemical 1 3 1 1 1 3
301/gHE IDMT  |kinetics and its reaction pathways.
303.

1- Low Correlation; 2- Moderate Correlation; 3-

Substantial Correlation




PAPER CODE: CHE DMP 307/CHE IDMP 308: Organic Chemistry Practical — |
Full Mark: 50

A. SYLLABUS

1. Determination of the melting points of known and unknown organic compounds (Kjeldahl method
and electrically heated melting point apparatus)
2. 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

c. Separation of a mixture of o-and p-nitrophenol or o-and p-aminophenol by thin layer
chromatography (TLC)

Qualitative Analysis

3. a. Detection of special elements N, S and halogen (X = CI, Br and I)
b. Detection of non-nitrogenous Functional groups (alcohols, phenols, carbonyl and carboxylic
acid and ester functional groups)
c. Detection of nitrogenous Functional groups (primary nitro, amine and amide functional

groups)

4. ldentification of functional groups present in a unknown organic sample (Qualitative analysis of
unknown organic compounds containing simple functional groups such as alcohols, carboxylic
acids, phenols, carbonyl compounds, nitro, amine and amide groups)

B. Reference Books:

» Ghosal, Mahapatra and Nad, An Advanced Course in Practical Chemistry

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

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

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

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



SEMESTER — IV

PAPER CODE: CHE DMT 401/CHE IDMT 403: Chemistry of -s, -p, -d and -f Block
elements, Rearrangement and Reagents in Organic Chemistry

Full Mark 100 (60 + 40)
Course Objectives: The learners are Able to: Learn the general characteristic properties, structure
and bonding of -s, -p, -d and -f Block elements and rearrangement and reagents in organic chemistry.

A. Course Outcomes: At the end of the course, students will be able to
PART-A

[CHE DMT 401/CHE IDMT 403.1]. Learn the general characteristic, chemical, structure and bonding
properties of -s, -p block elements.

[CHE DMT 401/CHE IDMT 403.2]. Understand the characteristic, chemical and bonding properties of
d and -f block elements

[CHE DMT 401/CHE IDMT 403.3]. Learn the chemistry of lanthanides & actinides and electronic,
colour, spectral and magnetic properties.

PART-B

[CHE DMT 401/CHE IDMT 403.1]. Able to learn reactive intermediates and name reactions and
rearrangements.

[CHE DMT 401/CHE IDMT 403.2]. Learn the oxidizing reagents reactions and rearrangements.
[CHE DMT 401/CHE IDMT 403.3]. Learn the heterogeneous and homogeneous catalytic reduction
reactions.

B. SYLLABUS
Part — A

Inorganic Chemistry-111: Chemistry of -s, -p, -d and -f Block elements

Unit - I: -s & p-Block Elements:

s-Block Elements: General characteristic properties, complexes of alkali metals, comparative study of
hydrides, oxides, hydroxides, halides, carbonates and bicarbonates of group | and II, Diagonal
relationship, Allotropy and catenation, Biological role of alkali and alkaline earth metals.

p-Block Elements: General characteristic properties, comparative study (including diagonal
relationship and inert pair effect) of groups 13-17 (B, C, N, O, F) elements and group trends of
compounds like hydrides, oxides, halides, and oxy acids.

Study of the following compounds with emphasis on structure, bonding, preparation, properties and



uses (Inorganic Polymers): Boric acid and borates, boron nitrides, borohydrides (diborane) carboranes
and graphitic compounds, fullerenes, silanes, Oxides and oxoacids of nitrogen, Phosphorus and
chlorine. Peroxo acids of sulphur, halogens, interhalogen compounds, polyhalide ions, and
pseudohalogens.

Unit — 11: d-Block and Inert Group Elements:

Electronic configuration, oxidation states; aqueous, redox and coordination chemistry, spectral and
magnetic properties of compounds in different oxidation states, horizontal and vertical trends in
respect of 3d, 4d, and 5d elements

Noble Gases: Occurrence and uses, rationalization of inertness of noble gases, Clathrates; preparation
and properties of XeF,, XeFs and XeFe; Nature of bonding in noble gas compounds (Valence bond
treatment and MO treatment for XeF2). Molecular shapes of noble gas compounds (VSEPR theory).

Unit — 111: f-Block Elements:

Chemistry of Lanthanides & Actinides: Electronic configuration, oxidation states, colour, spectral
and magnetic properties, lanthanide contraction, separation of lanthanides and actinides (ion-exchange
method only), important lanthanide compounds, similarities the later actinides and lanthanides
elements.

Reference Books:

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

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

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

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

* Miessler, G. L. & Donald, A. Tarr._lnorganic Chemistry 4™ Ed., Pearson, 2010.
« Shriver & Atkins, Inorganic Chemistry 5" Ed.

Part—B
Organic Chemistry — I11 : Rearrangement and Reagents in Organic Chemistry
Unit — I: Rearrangement Reactions
Reactive intermediates and name reactions: Generation, structure, stability and reactions involving the
intermediates: Carbocation (Pinacol-Pinacolone Rearrangement, Wagner-Meerwein Rearrangement,
Demjanov reaction, Favorski Rearrangement, Fries Rearrangement, Benzil-Benzilic Acid
Rearrangement), carbanion (Alkylation, Aldol condensation, Robinson annulation, Claisen
condensation, Dieckmann condensation Reaction, Perkin Reaction, Stobbe Condensation Reaction,
Bamford-Steven, Shapiro reaction), Free radicals (Allylic halogenations, acyloin condensation,
McMurry coupling, Hunsdiecker reaction, Bouveault-Blanc reduction), carbenes (Wolff
Rearrangement, Reimer-Tiemann), nitrenes (Hofmann, Beckmann, Curtius, Schmidt, Lossen
Rearrangement), arynes, ylides (Wittig Reaction).
Unit — I1: Oxidizing reagents
Chromium reagents, manganese reagents, Ruthenium tetroxide, TPAP, Lead tetraacetate, Osmium
tetroxide, Hypervalent lodine reagents [Dess-Martin periodinane (DMP), o-iodoxybenzoicacid



(1IBX)], Cerric ammonium nitrate, DDQ, Selenium dioxide, DMSO based oxidizing reagents,
Aluminiumalkoxides (Oppenauer Oxidation), peroxyacids (epoxidation and Baeyer-Villiger oxidation
of ketones)

Unit — I11: Reducing reagents

Heterogeneous Catalytic hydrogenation, Homogeneous Catalytic hydrogenation (Wilkinson’s
Catalyst), Dissolving metal reduction (Clemmesen Reduction Reaction, Birch Reduction) Reduction
with hydride-transfer reagents (Aluminiumalkoxides, Lithium aluminium hydride, sodium
borohydride, DIBAL-H, Tinhydrides, Silanes, diimide, Borane and derivatives.

Reference Books:

Modern Methods of Organic Synthesis-By Willium Carruthers and lan Coldham
Organic Chemistry (2" Edition)-By Jonathan Clayden, Nick Greeves and Stuart warren
Organic Chemistry (3" Edition)-By David Klein

Organic Chemistry (8" Edition)-By Paula YurkanisBruice

Mo



D.Course Articulation Matrix: (Mapping of COs with POs)

CORRELATION WITH CORRELATION WITH
PROGRAM OUTCOMES PROGRAMSPECIFIC
COURSE STATEMENT OUTCOMES
PSO

PO1|PO2 | PO3 PO4 PO5 POG PO7|PSO1|PSO?2 3 PSO 4

PART-A o ; 3 2 2 2 2
CHE DMT  [Learn the general characteristic, chemical,

401/CHE structure and bonding properties of -s, -p block
IDMT 403.1 |elements.

CHE DMT . _ 2 2 2 2 1 1
401/CHE Understand the characteristic, chemical and

IDMT 403.2 |bonding properties of d and -f block elements

CHE DMT _ _ Ay 1 2 2 3 2
401/CHE Learn the chemistry of lanthanides & actinides

IDMT 403.3 |and electronic, colour, spectral and magnetic

properties.
PART-B Able to learn reactive intermediates and | 2 1 2 2 2 2
CHEDMT  nhame reactions and rearrangements.
401/CHE
IDMT 403.1
CHEDMT  |Learn the oxidizing reagents reactions and 2 1 3 2 2 3
401/CHE rearrangements.
IDMT 403.2
CHEDMT  |Learn the heterogeneous and homogeneous 2 1 3 2 2 3
401/CHE catalytic reduction reactions.
IDMT 403.3

1- Low Correlation; 2- Moderate Correlation; 3-
Substantial Correlation



PAPER CODE: CHE DMP 407/CHE IDMP 408: Physical Chemistry Practical — 11
A. SYLLABUS

Chemical Equilibrium:

Equilibrium constant of methyl acetate hydrolysis reaction.
Determination of critical solution temperature and composition of the phenol-water system
and to study the effect of impurities on it.
Phase equilibria: Construction of the phase diagram using cooling curves or ignition tube
method:
(a) simple eutectic and (b) congruently melting systems
Distribution of acetic/ benzoic acid between water and cyclohexane.
Study the equilibrium of at least one of the following reactions by the distribution method:
(@) l2(ag) + I'(ag) = Is(aq) and (b) Cu?*(aq) + nNHs(aq) = [Cu(NHs).]*

Chemical Kinetics:

Study the Kkinetics of the following reactions.
(@) Initial rate method: lodide-persulphate reaction.
(b) Order of reaction of 1, — acetone — H* ion.
(c) Integrated rate method:
(d) Acid hydrolysis of methyl acetate with hydrochloric acid
(e) Saponification of ethyl acetate.
(f)  Compare the strengths of HCI and H,SQO, by studying kinetics of hydrolysis of methyl
acetate.

Potentiometry:

Perform the following potentiometric titrations:
(a) Strong acid versus strong base
(b) Weak acid versus strong base
(c) Dibasic acid versus strong base

B. Reference Books:

J. Elias, A Collection of Interesting General Chemistry Experiments, Revised Ed., University
Press, 2007.

C. W. Garland, J. W. Nibler and D. P. Shoemaker, Experiments in Physical Chemistry, 8th
Ed., McGraw-Hill, 2003.

A. M. Halern and G. C. McBane, Experimental Physical Chemistry: A Laboratory Textbook,
3rd Ed., W. H. Freeman and Company, 2006.

P. C. Kamboj, University Practical Chemistry, 1st Ed., Vishal Publishing, 2013.

S. K. Maity and N. K. Ghosh, Physical Chemistry Practical, NCBA, 2015.

A. K. Nad, B. Mahapatra and A. Ghoshal, An Advanced Course in Practical Chemistry, 3rd
Ed., New Central Book Agency, 2014.

J. B. Yadav, Advanced Practical Physical Chemistry, Krishna Prakashan Media, 2010.

B. Viswanathan and P. S. Raghavan, Practical Physical Chemistry, Viva Books, 2009..



SEMESTER -V
PAPER CODE: CHE DMT 501/CHE IDMT 503: Photochemistry, Catalysis,
Quantum Chemistry & Spectroscopy

Full Mark 100 (60 + 40)
Course Objectives: The learners Able to: Understand the basic difference between thermal and
photochemical processes and laws of photochemistry. Type of catalysts, specificity, selectivity, mechanism of
catalyzed reaction at solid surface. Kinetics of complex reactions

. Course Outcomes: At the end of the course, students will be able to

[CHE DMT 501/CHE IDMT 503.1]. Understand the basics of photochemical processes and laws of
photochemistry

[CHE DMT 501/CHE IDMT 503.2]. Learn about the basics of catalysts and classifications and chemical
reactions.

[CHE DMT 501/CHE IDMT 503.3]. Learn about the Kinetics of complex reactions and its mechanisms.
[CHE DMT 501/CHE IDMT 503.4]. Understand the spectroscopy and its importance in chemistry.

[CHE DMT 501/CHE IDMT 503.5]. Understand the concepts of quantum chemistry and spectroscopy.

. SYLLABUS

Unit — I: Photochemistry

Characteristics of electromagnetic radiation and interaction of radiation with matter, difference between
thermal and photochemical processes. Laws of photochemistry: Grothus-Drapper law, Stark-Einstein law,
Jablonski diagram depicting various processes occurring in the excited state, qualitative description of
fluorescence, phosphorescence, non-radiative processes (internal conversion, intersystem crossing).
Lambert-Beer’s law and its limitation, physical significance of absorption coefficient; quantum efficiency,
reasons for low and high quantum efficiency. Kinetics of photochemical reactions (H2 + Br. = HBr and
2HI = Hy + 1), photostationary state. Chemical actinometers (ferri-oxalate, uranyl oxalate, MGL
[malachite green leucocyanide)] and Reinecke’s salt); chemiluminescence, role of photochemical
reactions in biological process.

Unit — Il Catalysis
Type of catalysts, specificity and selectivity, mechanism of catalyzed reaction at solid surface; effect of
temperature on surface reaction, promoters and poisons.

Heterogeneous Catalysis (Surface Reactions): Physical adsorption, chemisorptions, nature of adsorbed
state, adsorption isotherm; Langmuir and Freundlich adsorption isotherms. Multi-layer adsorption-BET
equation (no derivation) and its application to surface area measurement.

Kinetics Homogeneous Catalysis: Nature of surface, concept of active centres. Kinetics of enzymatic
reactions: Michaelis-Menten equation, Lineweaver-Burk and Eadie plot, effect of temperature and pH.

Unit — I11: Complex reactions

Kinetics of complex reactions (integrated rate expressions up to first order only): (i) opposing reactions
(i) parallel reactions and (iii) consecutive reactions and their differential rate equations (steady-state



approximation in reaction mechanisms) (iv) chain reactions (v) uni molecular gas reaction (Lindemann
mechanism)

Unit — IV Quantum Chemistry and Spectroscopy — |

Spectroscopy and its importance in chemistry. Wave-particle duality. Link between spectroscopy and
quantum chemistry. Electromagnetic radiation and its interaction with matter. Types of spectroscopy.
Difference between atomic and molecular spectra. Born-Oppenheimer approximation: Separation of
molecular energies into translational, rotational, vibrational and electronic components.

Postulates of quantum mechanics, quantum mechanical operators.

Free particle. Particle in a 1-D box (complete solution), quantization, normalization of wave functions,
concept of zero-point energy.

Unit — V Quantum Chemistry and Spectroscopy — 11

Rotational Motion: Schrédinger equation of a rigid rotator and brief discussion of its results (solution not
required). Quantization of rotational energy levels.

Microwave (pure rotational) spectra of diatomic molecules. Selection rules. Structural information derived
from rotational spectroscopy.

Vibrational Motion: Schrodinger equation of a linear harmonic oscillator and brief discussion of its results
(solution not required). Quantization of vibrational energy levels. Selection rules, IR spectra of diatomic
molecules. Structural information derived from vibrational spectra. Vibrations of polyatomic molecules.
Group frequencies. Effect of hydrogen bonding (inter- and intramolecular) and substitution on vibrational
frequencies.

Electronic Spectroscopy: Electronic excited states. Free Electron model and its application to electronic
spectra of polyenes. Color and constitution, chromophores, auxochromes, bathochromic and
hypsochromic shifts.

Reference Books:
e P. Atkins, J. d. Paula and K. James, Physical Chemistry, 11th Ed., Oxford University Press, 2018.
e C. N. Banwell and E. M. McCash, Fundamentals of Molecular Spectroscopy, 4th Ed., Tata

McGraw-Hill, 1996.

R. S. Berry, S. A. Rice and J. Ross, Physical Chemistry, 2nd Ed., Oxford University Press, 2007.

A. Chandra, Introductory Quantum Chemistry, 4th Ed., McGraw Hill Education, 2017.

T. Engel and P. Reid, Quantum Chemistry and Spectroscopy, 5th Ed., Pearson, 2011.

K. L. Kapoor, A Text Book of Physical Chemistry: Quantum Chemistry and Molecular

Spectroscopy, Vol. 4, 5th Ed., McGraw-Hill, 2015.

K. J. Laidler, Chemical Kinetics, 3rd Ed., Pearson, 2011.

e . N. Levine, Quantum Chemistry, 7th Ed., Pearson, 2014.

e D. A. McQuarrie and J. D. Simon, Physical Chemistry: A Molecular Approach, Viva Book Private
Limited, 2005.

e R. K. Prasad, Quntum Chemistry, 4th Ed., New Age International, 2020.

e B.R.Puri, L. R. Sharma and M. S. Pathania, Principles of Physical Chemistry, 47th Ed., Vishal
Publishing Co., 2018.

e J. Rajaram and J. C. Kuriacose, Kinetics and Mechanisms of Chemical Transformations, Penguin
Books Ltd, 20009.



C. Course Articulation Matrix: (Mapping of COs with POs)

CORRELATION WITH PROGRAM CORRELATION WITH
OUTCOMES PROGRAMSPECIFIC
COURSES |STATEMENT OUTCOMES
PO1|PO2 | PO3 PO4 PO5 POG PO7|PSO1|PSO2 PSO | PSO 4
3
CHE DMT  |Understand the basics of photochemical| 2 1 2 1 2
501/CHE IDMT processes and laws of photochemistry
503.1
CHE DMT |Learn about the basics of catalysts and| 2 3 1 2 2 1 2
501/C|‘6|§ 2|D|\/|'|' classifications and chemical reactions.
503.
CHE DMT |Learn about the kinetics of complex reactions | 2 2 2 3 1 2 1
501/CHE IDMT fand its mechanisms.
503.3
CHE DMT |Understand the spectroscopy and its 1 1 2 3
501/CHE IDMT |importance in chemistry.
503.4
CHE DMT  |[Understand the concepts of quantum 1 3 1 1 1 3
501/C53(|J‘|3E1 |§)MT chemistry and spectroscopy.

1- Low Correlation; 2- Moderate Correlation; 3-
Substantial Correlation



PAPER CODE: CHE DMP 507/CHE IDMP 508: Physical Chemistry Practical — 111

Full Mark 50
A. SYLLABUS

Catalysis:
¢ Kinetics of enzymation reaction (starch-amylase system).
¢ Kinetics of catalytic decomposition of H.O>

Surface Chemistry:
e Verify the Freundlich and Langmuir isotherms for adsorption of acetic acid on activated
charcoal.
Photochemistry:
e Photochemical reduction of ferric oxalate in cyanotype blue printing.
UV/Visible spectroscopy:

e Study the 200-500 nm absorbance spectra of KMnO, and K,Cr,O7 (in 0.1 M H,SO,) and
determine the Amax values. Calculate the energies of the two transitions in different units
(3 molecule™, kI mol™, cm™, eV).

e Study the pH-dependence of the UV-Vis spectrum (200-500 nm) of K,Cr,05.

e Record the 200-350 nm UV spectra of the given compounds (acetone, acetaldehyde, 2-
propanol, acetic acid) in water. Comment on the effect of structure on the UV spectra of
organic compounds.

Colorimetry:
e Verify Lambert-Beer’s law and determine the concentration of CuSO4/KMnO4/K,Cr,07 in a
solution of unknown concentration.
Determine the concentrations of KMnO,4 and K,Cr,0- in a mixture.
Study the kinetics of iodination of propanone in acidic medium.
Determine the amount of iron present in a sample using 1,10-phenathroline.
Determine the dissociation constant of an indicator (phenolphthalein).
Study the kinetics of interaction of crystal violet/phenolphthalein with sodium hydroxide.
Analysis of the given vibration-rotation spectrum of HCI(g)

Reference Books:

e J. Elias, A Collection of Interesting General Chemistry Experiments, Revised Ed., University
Press, 2007.

e C. W. Garland, J. W. Nibler and D. P. Shoemaker, Experiments in Physical Chemistry, 8th
Ed., McGraw-Hill, 2003.

e A. M. Halern and G. C. McBane, Experimental Physical Chemistry: A Laboratory Textbook,
3rd Ed., W. H. Freeman and Company, 2006.

e S. K. Maity and N. K. Ghosh, Physical Chemistry Practical, NCBA, 2015.

A. K. Nad, B. Mahapatra and A. Ghoshal, An Advanced Course in Practical Chemistry, 3rd
Ed., New Central Book Agency, 2014.

J. B. Yadav, Advanced Practical Physical Chemistry, Krishna Prakashan Media, 2010.

B. Viswanathan and P. S. Raghavan, Practical Physical Chemistry, Viva Books, 2009.



PAPER CODE: CHE DMT/I 505: Chemistry Research Orientation
Full Mark 50 (30 + 20)

Course Objectives: The learners are Able to: Understand the basic ideas on chemistry research and its
outline. Understand the chemical safety and ethical handling of chemicals.

. Course Outcomes: At the end of the course, students will be able to

[CHE DMT/I 505.1]. Learn the ideas on research overview and importance of chemistry research.
[CHE DMT/1 505.2]. Learn about the basics of research related topics with the help of Journals, Reviews,
monographs, dictionaries, text-books etc.

[CHE DMT/I 505.3]. Learn about the chemical safety and ethical handling of chemicals.

. SYLLABUS
Unit — I: Why Students Interested on Chemistry Research?
Research Overview, Importance of Chemistry Research, Types of application in today’s chemistry

Unit — I1: Research Outline

Before start the research area/topic search outline of the research related topics with the help of Journals,
Reviews, monographs, dictionaries, text-books etc.

Digital Sources: Web resources, E-journals, Journal access, TOC alerts, Hot articles, Citationindex,
Impact factor, H-index, UGC infonet, E-books, Internet discussion groups and communities, Blogs,
Preprint servers, Search engines, Scirus, Google Scholar, Chemlindustry, Wiki- Databases,
ChemSpider.

Outline of Journals: Elsevier, ACS, RSC, Springer, Wiley, MDPI etc.

Article format: Title, Authors, Affiliation, Abstract, Keywaords, Introduction, Experimental Section,
Characterization, Results & Discussion, Conclusion, Acknowledgements & References

Unit — I11: Chemical Safety and Ethical Handling of Chemicals:

Safe working procedure and protective environment, protective apparel, emergency procedure and
first aid, laboratory ventilation. Safe storage and use of hazardous chemicals, procedure for working
with substances that pose hazards, flammable or explosive hazards, procedures for working with
gases at pressures above or below atmospheric — safe storage and disposal of waste chemi