Chowgule Education Society's

Parvatibai Chowgule College of Arts and Science

Autonomous

MINUTES OF MEETING OF THE BOARD OF STUDIES IN CHEMISTRY
HELD ON 24% September 2024 at 10.00 am

Vide Chowgule College notice dated 3™ September 2024, a meeting of this BoS was convened on 24"
September 2024 at 10.00 a.m. through offline mode in the flipped Classroom of Parvatibai Chowgule
College of Arts & Science, Margao — Goa. Since the number of members present represented the
Quorum, the BoS began its proceedings.

Members present:
1. Dr. Roopa S. Belurkar — Chairman
2. Ms. Padmini C. Panjikar — Member Secretary
3. Prof. V.M.S. Verenkar — Academic Council nominee
4. Mr. Vinay Jairam Manerikar —Industry Representative
5. Dr. Deepika Karmalkar — Postgraduate Meritorious Alumnus
6
7
8
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Dr. G. K. Naik
Dr. Manjita R. Porob
Dr. Sachin B. Kakodkar
. Dr. Lactina R Gonsalves
10. Dr. Mayuri M. Naik
11. Ms. Limora Nionyka D’Souza
12. Dr. Luann Romayne D’souza
13. Ms. Harsha Arun Achari
14. Mrs. Suvarna Prajay Jog

Member Absent with Intimation
1. Prof. Vikas J. Pissurlekar — Vice-Chancellor Nominee
2. Prof. Vidhya Desai — Academic Council Nominee

Proceedings
The Chairman welcomed the members of the Board of Studies (BOS). The Chairman introduced and

explained the agenda for the meeting and read out the minutes of the previous B.O.S meet. The meet
continued taking up the following agenda.

Agenda Items:
1. To approve the syllabi of Under graduate semester V and semester V1 as per the NEP structure.

2. To select and approve the courses for Majorl and Major2 (Double major)

To discuss and explore the internship opportunities for the students.

To approve the revised Post graduate Generic Elective Course structure for Semester I11
AOB

S
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Agendum 1: To approve the syllabi of Under graduate semester V and semester VI as per the
NEP structure.

The syllabi of semesters V and VI framed by the department council of chemistry was placed
before the BoS for their suggestions and approval.
During the discussions, the BoS members recommended to add reference books in the practical
courses. In the course of Industrial Chemistry it was suggested to change some of the proposed
experiments.
It was recommended to replace carbohydrates and stereochemistry listed in the course Advanced
Organic Chemistry-11 of semester VI with Mass spectrometry.
It was proposed to redistribute the organic spotting experiments for binary mixtures between the
organic chemistry courses of semester V and VI.
It was proposed to replace the contents under Module | from the course Advanced Inorganic
Chemistry-I with solid state.
After deliberations and comprehensive review, the board members unanimously approved the
syllabi for the following courses after incorporating the suggested changes. (Annexure A)
Semester V
a. Advanced Physical Chemistry-1 (UG-CHE-301)
b. Advanced Organic Chemistry-l1 (UG-CHE-302)
c. Advanced Inorganic Chemistry-1 (UG-CHE-303)
d. Analytical Techniques (UG-CHE-VOC?2)
Semester VI
Advanced Physical Chemistry-11 (UG-CHE-304)
Advanced Organic Chemistry-Il1 (UG-CHE-305)
Advanced Inorganic Chemistry-1l1 (UG-CHE-306)
Industrial Process (UG-CHE-VOC3)
Environmental Chemistry (UG-CHE-307)

P00 o

Agendum 2: To select and approve the courses for Majorl and Major2 (Double major)
The above agendum was not taken up for discussion.

Agendum 3: To discuss and explore the internship opportunities for the students.
The areas suggested by the BoS for the internship of UG chemistry students are industries and research
institutes.

Agendum 4: To approve the revised Post graduate Generic Elective Course structure for
Semester |11
The suggestion proposed by the BoS members are as follows:

It was proposed to incorporate Gamma radiation as a storage method in module | of the paper titled
Food chemistry and Nutrition.

It was proposed to adjust the allocation of hours, reducing Module I from 15 Hours to 10 Hours and
increasing Module Il from 15 Hours to 20 Hours for the paper title Environmental Chemistry.

It was proposed to include a book authored by Professor A. V. Salker in reference section for the
paper titled Environmental Chemistry.

It was proposed to add additional drug molecules in module 111 of paper titled Chemistry in
Everyday Life.

It was proposed to cross check the topics against 12th standard syllabus and remove any
redundancies in the paper titled Chemistry in Everyday Life.

It was proposed to eliminate and restructure the entire module 1V of Chemistry in Everyday Life

It was proposed to revise the title of the paper from Chemistry in Everyday Life to Advance
Applied Chemistry

Agendum 5: Any Other Business
The PSOs for Undergraduate Department of Chemistry were placed before the BoS members for their
approval. Subsequently all the PSOs were approved by the board members.
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PART A: The BoS passed the resolutions as follows:
1. A resolution was passed to approve the syllabi for the core courses of undergraduate semester V
and VI in accordance with the approved course structure.
2. A resolution was passed to take up the content from agendum 2 in the next BoS.
3. A resolution was passed to approve the areas suggested by the BoS for the internship of UG
chemistry students are industries and research institutes.
4, (a) A resolution was passed to approve the change in credits from 2 to 4 Credits of Post
Graduate Generic Elective Course for Semester I11.
(b) A resolution was passed to approve the revised Post Graduate Generic Elective Course
structure for Semester [11. The courses are as follows (a) Food chemistry and Nutrition (PGMP-
CHE-GE-501), (b) Environmental Chemistry (PGMP-CHE-GE-502),(b) Chemistry in Everyday
Life (PGMP-CHE-GE-503).
5. A resolution was passed to approve the PSOs for Undergraduate Department of Chemistry.

PART B: Important Points/ recommendations of BoS that require consideration / approval of
Academic Council:
1. To seek approval for syllabi of Undergraduate semester V and VI for of the chemistry
department. (Annexure A)
To seek approval for the PSOs for Under graduate of the chemistry department. (Annexure A)
To seek approval for the revision of course credits from 2 to 4 credits of Generic Elective course
structure in Semester 111 for Post Graduate Department of Analytical Chemistry. (Annexure II)
4. To seek approval for the revision of Generic Elective course structure in Semester III for Post
Graduate Department of Analytical Chemistry. (Annexure II)

LS I SO ]

Members present:
1. Dr. Roopa S. Belurkar — Chairman

2. Ms. Padmini C. Panjikar — Member Secretary

3. Prof. V.M.S. Verenkar — Academic Council nominee

4. Mr. Vinay Jairam Manerikar —Industry Representative

5. Dr. Deepika Karmalkar — Postgraduate Meritorious Alumnus
6. Dr. G. K. Naik

7. Dr. Manjita R. Porob

8. Dr. Sachin B. Kakodkar

9. Dr. Lactina R Gonsalves

10. Dr. Mayuri M. Naik

11. Ms. Limora Nionyka D’Souza
12. Dr. Luann Romayne D’souza
13. Ms. Harsha Arun Achari

14, Mrs. Suvarna Prajay Jog

Member Absent with Intimation

|. Prof. Vikas J. Pissurlekar — Vice-Chancellor Nominee
2. Prof. Vidhya Desai — Academic Council Nominee

BV b

Padntiifi C. Panjikar Roopa S. Belurkar
Member Secretary Chairperson
Board of Studies Board of Studies

Dated: 5™ 0 ¢ ToR el 3¢ 244
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PART C: The remarks of the Dean of the Faculty

a. The minutes are in order.
b. The minutes may be placed before the Academic Council with remarks, if any.
c; Important points of the minutes which need clear policy decision of the Academic

Council to be recorded.

Date: | - {C‘}“(_:LL’.

AN
Signature of the Dean: WL o™
(Faculty of Science) Dr. Meghana Devli

PART D: The remarks of the Member Secretary of the Academic Council

a.  The minutes are in order.

The minutes may be placed before the Academic Council with remark, if any.

¢.  Important points of the minutes which need clear policy decision of the Academic
Council to be recorded.

=3

Date: (I i"’)i\’\
Signature of the Member Secretary Wﬁﬁ/‘
Academic Council Mr. V.C. Kumaresh
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Under Graduate Course Structure (To be implemented w.e.f Academic Year 2025-2026)

SEMESTE

MULTIDISCIPLI NARY

VALUE ADDED

ABILIT
Y
ENHAN
CEMEN

SKILL ENHANCEME NT

R MAJOR CORE MINOR/VOCATIONAL COURSE (MDC) COURSES (VAC) coBRs C(()SLIJEI?SE
(AEC)
UG-CHE-101 UG-CHE-101 |[UG-CHE-MDC1UG-CHE-VAC1 UG-CHE-SEC1
General General Basics in Environmental Skill Development
Chemistry-I Chemistry-I Chemistry monitoring in Chemistry
I UG -CHE-MDC2UG-CHE-VAC?2 UG-CHE-SEC2
Selected topics in |Ethics in science Basic Laboratory
organic and ) Methods and
inorganic Safety in
chemistry Chemistry
UG-CHE-102 UG-CHE-102 |UG-CHE-MDC1|UG-CHE-VAC1 UG-CHE-SEC3
General General Basics in Environmental Chemistry of Water
Chemistry-II Chemistry-I1 Chemistry monitoring and Soil
I UG-CHE-MDC2 UG-CHE-VAC2 -
Selected topics in |Ethics in science
organic and
inorganic
chemistry
UG-CHE-201 UG-CHE-MDC5 UG-CHE-SEC4
Concepts in UG-CHE-207 | Fundamentals of - - Basics of
Chemistry-I } e Chemistr Analyfucal
" Concepts in y Chemistry
Chemistry
UG-CHE-202 -
Concepts in - - - -
Chemistry-II
UG-CHE-203 UG-CHE -VOC1
Selected Topics in :
i Spectroscopic - - - -
Physical Techniques
Chemistry
UG-CHE-204

Selected Topics in
Organic Chemistry

UG-CHE-205
Selected Topics in
Inorganic
Chemistry

UG-CHE-206

Introduction to

Pharmaceutical
Chemistry
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UG-CHE-301
Advanced Physical
Chemistry -1

UG-CHE -vOC2
Analytical
techniques

UG-CHE-302
Advanced Organic
Chemistry -I

UG-CHE-303
Advanced
Inorganic
Chemistry -1

Vi

UG-CHE-304
Advanced Physical
Chemistry -11

UG-CHE -VOC3
Industrial Process

UG-CHE-305
Advanced Organic
Chemistry -1l

UG-CHE-306
Advanced
Inorganic

Chemistry -11

UG-CHE-PRJ
Project

UG-CHE-307
Environmental and
sustainable
chemistry
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Annexure A (UG Programme)
Name of the Programme: B.Sc in Chemistry
New Syllabus (Semester V and VI)
(To be implemented w.e.f. Acad. Year 2025 - 2026)

SEMESTER V

CORE COURSE

THEORY

Course Code: UG-CHE-301

Course Title: Advanced Physical Chemistry-I
Credits: 3

Duration: 45 Hours

Maximum Marks: 75

Course Objectives:

1. Will have a working knowledge of the main areas of Physical Chemistry, will develop critical
thinking abilities and be able to work in chemical or related fields.

2. Will help to get a better understanding about the basics of Spectroscopy and
Electrochemistry.

3. Will develop a better knowledge of nuclear reactors.

4. Will be able to carry out experiments with required skills.

Course Outcomes:

On successful completion of the course, the student will be able to:

CLO1: Comprehend the interactions of electromagnetic radiation with the matter in
Microwave, IR and Raman spectroscopy and predict their applications.

CLO2: Construct electrochemical cells, its theory and apply the same in determining
various chemical parameters.

CLOa3: Elucidate the nuclear decay process, its measurement ,applications of
radioisotopes and delineate the working of nuclear reactors.

CLO4: Apply the chemical concepts, carry out instrumental experiments and work
efficiently in the laboratory.

MODULE I: Molecular Spectroscopy 15 Hours
Introduction: definition of spectrum. Electromagnetic radiation, quantization of different forms of
energies in molecules: translational, rotational and electronic, Born Oppenheimer approximation,
factors affecting line width and intensity, Introduction to dipole moment, of bond, bond moment,
Mossotti-Clausius equation (derivation expected).

Microwave spectroscopy: Rotational spectrum of diatomic molecule as a rigid rotator (derivation
expected), moment of inertia, energy levels, selection rules, determination of internuclear distance,
applications of Microwave spectroscopy. Numerical problems expected.

Infrared spectroscopy:Hooke’s law, energy levels and transitions: Simple harmonic

oscillator, anharmonic oscillator (derivations expected), Calculation of force constant,

Stretching and bending vibrations, modes of vibration of linear triatomic and non-linear

Triatomic molecule and changes in dipole moment, applications of IR spectroscopy.

Vibration —rotation spectroscopy: Diatomic vibrating rotator, P, Q, R branches.

Raman spectroscopy:Rayleigh and Raman scattering, Stokes and Antistokes lines. Quantum theory of
Raman Effect, Mutual exclusion principle, Differences between Raman and IR spectroscopy,
applications of Raman spectroscopy. Numerical problems expected.
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MODULE II: Electrochemistry 15 Hours
Introduction: Construction of an electrochemical cell, representation of electrochemical cell and
calculation of Ecenand different types of electrochemical cells.

Emf of a cell and its measurements: concentration cells-electrode amalgam and gas electrodes
reversible to cations and anions(derivations expected); electrolyte- metal/metal ion and gas electrodes
with and without transport reversible to cations and anions(derivations expected), liquid junction
potential and its measurement (derivations expected).

Applications of concentration cells: determination of ionic product of water, transport number of ions,
solubility and solubility product, definition of pH, pOH, pKa, and pKb, determination of pH using
glass electrodes by potentiometric method, buffer solution, Henderson- Hasselbalch equation for acidic
and basic buffer (derivation NOT expected). Numerical problems expected.

MODULE I111: Nuclear Chemistry 15 Hours
Introduction : Composition of the nucleus, nuclear binding forces and energy, nuclear stability, nucleon
—nucleon forces and their equality, characteristics and theory of nuclear forces, nuclear models- liquid
drop model and shell model.

Natural Radioactivity: nuclear reactions and its representation, kinetics of radioactive decay, half-life
and average life of radioelements (derivations expected).

Measurement of radioactivity:lonisation chamber, proportional counter, GM counter, Scintillation
counter.

Artificial radioactivity: Nuclear fission chain reaction and conditions for its control.

Nuclear reactors: classification of reactors, types of nuclear reactors — Production reactor, power
reactor and breeder reactor, reprocessing of spent fuels.

Radioisotopes and their applications: radiolabelled reactions, radiocarbon dating, medicinal and
agricultural field, hazards and biological effects of nuclear radiation. Numerical problems expected.

PRACTICALS

Course Title: Advanced Physical Chemistry |
Course Code: UG-CHE-301

Marks: 25

Credits: 1

Duration: 30 hours

List of experiments

1. To determine the percent composition of acid mixture (strong acid and weak acid) by 03 Hours
titrating against strong base by conductometry.

2. To determine the strength of a mixture containing weak acid (CHsCOOH) and salt of 03 Hours
strong acid and weak base (NH4Cl) by titrating against strong base by conductometry.

3. To verify Ostwald’s dilution law using acetic acid by conductometry. 02 Hours
4. To determine the percent composition and amount of halide ions from their mixture
(any two halides)by potentiometry using standard 0.1N AgNO3 04 Hours
5. To determine the solubility and solubility product of silver halide by potentiometry. 03 Hours
6. To determine the formal redox potential of Fe?*/Fe3* system using standard 0.1N 03 Hours
K2Cr.O7by potentiometry.
7. To determine the dissociation of weak monobasic acid (CHzCOOH) by titrating 02 Hours

against standard 0.1N NaOHby pH metry.
8. To determine the strength of Strong acid and weak acid in a mixture of two by pH

04 Hours
metry.
9. To study the acid hydrolysis of ethyl acetate at two different temperatures and 04 Hours
calculate the energy of activation.
10. Interpretation of different IR spectra 02 Hours
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REFERENCES

Mandatory Reading:

1. Atkins P, et.al.(2006) Physical Chemistry. Oxford University Press, New Delhi.

2. BahIB.S.et.al. (2010) Essentials of Physical Chemistry. S. Chand & Co., New Delhi

3. Laxmeshwar N.B, et.al.(2018) Concepts of Physical Chemistry. New Age International.

Supplementary Reading:

Arnikar H. J.(2004) Essentials of Nuclear Chemistry Wiley-Eastern Ltd., New Delhi.

Castellan G.W.(2002) Physical Chemistry. Narosa Publishing House, New Delhi.
KunduK.,et.al.(2003) Physical Chemistry. S. Chand & Co., Ltd., New Delhi.

Puri B.R., et.al. (2008). Principles of Physical Chemistry. Vishal Publishing Company, Jalandhar.
Raj G.(2000) Advanced Physical Chemistry. Goel Publishing House, Meerut.
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Practical References:

Das, R. C., & Raj, B. (2006). Experimental physical chemistry.New Age International.

Dogra, S. K., &Kaur, R. (2012). Practical chemistry. S. Chand Publishing.

Glasstone, S., & Lewis, D. (1960). An introduction to physical chemistry. Macmillan.

Laidler, K. J., &Meiser, J. H. (1999). Laboratory manual of physical chemistry.HarperCollins.
Mundra, J. N., & Jain, S. R. (2005). Practical physical chemistry.PragatiPrakashan.

Yadav, J. B. (2012). Physical chemistry: A laboratory manual. New Age International.

Nokrwhe

WEB REFERENCES:

1. https://eis.hu.edu.jo/ACUploads/10224/Brett%20Ch.,%20Brett%20A.%20Electrochemistry..%20p
rinciples,%20methods,%20and%20applications%20(Oxford,%201994)(T)(444s).pdf

2. NDE Education Resources - Detection & Measurement

3. MIT OCW - Experimental Chemistry Background

CORE COURSE

THEORY

Course Title: Advanced Organic Chemistry-I
Course Code: UG-CHE-302

Credits: 3

Duration: 45 hours

Maximum Marks: 75

Course Objectives:

1. To understand the chemistry of enolates.

2. To provide knowledge about different name reactions and their mechanisms.

3. To understand the principle and applications of UV-Visible and IR spectroscopy.

4. To develop students’ hands-on skills in chemical synthesis, reinforcing their understanding of
reaction mechanisms and compound formation.

Course Learning Outcomes: On successful completion of the course, the student will be able to:
CLOL1: Apply the chemistry of enolates in organic synthesis.

CLO2: Describe mechanisms of various name reactions and rearrangements and apply these
mechanisms towards the formation of complex molecules.

CLO3: Explain the principles of UV-visible and IR spectroscopy and apply the same.

CLO4: Synthesize different organic molecules, calculate UV maxima of given organic
molecules using Woodward-Fieser rules and interpret the given IR spectra.

MODULE I: Chemistry of Enolates and related name reactions 15 Hours
Chemistry of Enolates: Definition of enolate ion, acidity of an a-hydrogen in carbonyl compounds, pka
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values, generation of enolate ion, role of bases in enolate ion formation, keto-enoltautomerism(ketones,
[-diketones, p-keto esters), alkylating the o-carbon of compounds with reference to ketones
(symmetrical and unsymmetrical), ethylacetoacetate and malonic ester. Malonic ester synthesis of
carboxylic acids, ethylacetoacetate synthesis of ketones.Alkylation of a-carbon via enamine synthesis.
Name reactions involving enolate ions:Reactions, mechanisms and applications of Claisen-Schmidt
condensation, Claisen condensation, Dieckmann condensation, Perkin condensation, Knoevenagel
condensation, Doebner modification, Stobbe condensation, Benzoin condensation, Michael addition.

MODULE I1: Selected Name Reactions in Organic Chemistry 15 Hours
Name reactions involving electrophilic aromatic substitutions: Reactions, mechanisms and applications
ofVilsmeier-Haack reaction, Gattermann-Koch reaction, Reimer-Tiemann reaction and Kolbe-Schmitt
reaction.

Rearrangement reactions: Reactions, mechanisms and applications of Beckmann rearrangement,
Curtius rearrangement, Hofmann rearrangement, Wagner-Meerwin rearrangement, Benzilic acid
rearrangement, Claisen rearrangement, Favorskii rearrangement

MODULE I11: UV-Visible Spectroscopy and IR-Spectroscopy 15 Hours
UV-Visible Spectroscopy: Introduction to spectroscopy, Beer-Lambert’s law (statement, expression
and terms involved), types of electronic transitions in a molecule, intensity of absorption. Concept of
chromophores and auxochromes with examples, imax, baochromic and hypsochromic shifts,
hypochromic and hyperchromic effects. Effect of conjugation on colour with resgpect to benzene,
nitrobenzene, p-nitroaniline and S-Carotene. Application of Woodward-Fieser rules for calculation of
Amax for the following systems: Conjugated (alicyclic, homoannular and heteroannular, extended
conjugated systems), o,f-unsaturated compounds (aldehydes, ketones, acids, esters) and aromatic
compounds (aldehydes, ketones, carboxylic acids, esters). Problems on calculation of Amax using
Woodward-Fieser rules for the above systems.Applications of UV-Visible spectroscopy.

IR Spectroscopy: Principle of IR Spectroscopy (Hooke’s law), types of molecular (Stretching and
bending), intensity and position of IR bands, measurement of IR spectrum, functional group region,
finger print region. Applications of IR Spectroscopy in establishing the identity of an unknown
molecule, functional group analysis, detection of purity of sample, to study progress of chemical
reactions, effect of H-bonding, conjugation, resonance and ring size on IR absorptions. Interpretation
of IR spectra of organic compounds and problems based on IR spectroscopy.

PRACTICALS

Course Title: Advanced Organic Chemistry-I
Course Code: UG-CHE-302

Credits: 1

Duration: 30 hours

Maximum Marks: 25

List of experiments:

Organic Spotting

1. Binary organic mixture separation, purification of individual compounds and
qualitative analysis of both the separated compounds. 08 Hours
Solid-solid (any two)

Organic preparations

1. Preparation of dibenzalacetone 02 Hours
2. Preparation of benzoin using benzaldehyde and thiamine hydrochloride 02 Hours
3. Oxidation of benzoin to benzyl 02 Hours
4. Preparation of 2,4-DNP hydrazone of acetophenone 02 Hours
5. Nitration of nitrobenzene 02 Hours
6. Nitration of acetanilide 02 Hours
7. Benzil to benzilic acid 02 Hours
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8. Synthesis of tetrahydroquinazolines from 2-aminobenzyl amine andbenzaldehyde via hand
grinding 02 Hours

9. Acetanilide from acetophenoneoxime 02 Hours

UV-visible and IR spectroscopy

1. Calculation of UV maxima for given organic structures (dienes,o,-unsaturated compounds and

aromatic compounds) 02 Hours
2. Interpretation of the given IR spectra 02 Hours
REFERENCES

Mandatory Reading:
1. Morrison, R. T., Boyd, R. N., &Bhattacharjee, S. K. (2010). Organic chemistry (7th ed.). Pearson.
2. Bruice, P. Y. (2014). Organic chemistry (7th ed.). Pearson Education Inc.

Supplementary Reading:

Carey, F., &Giuliana, R. M. (2012). Organic chemistry (8th ed.). McGraw Hill.

Finar, I. L. Organic chemistry. Pearson India.

March, J. (2007). Advanced organic chemistry (4th ed.). John Wiley.

Ahluwalia, V. K., &Parashar, R. K. (2011). Organic reaction mechanisms (4th ed.). Narosa
Publishing House.

Kalsi, P. S. (2004). Spectroscopy of organic compounds (6th ed.). New Age International
Publishers.

Kemp, W. (1991). Organic spectroscopy (3rd ed.). Palgrave Macmillan.

Pavia, D. L., Lampman, G. M.,&KTriz, G. S. (2001). Introduction to spectroscopy (3rd ed.).
Thomson Learning.

Silverstein, R. M., & Webster, F. (2006). Spectrometric identification of organic compounds (5th
ed.). John Wiley & Sons.

Sharma, Y. R. (2017). Elementary organic spectroscopy: Principles and chemical applications
(5th ed.). S. Chand and Company Ltd.
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Practical References:

1. Ahluwalia, V. K., &Aggarwal, R. (2001). Comprehensive practical organic chemistry:
Preparation and quantitative analysis. Universities Press.

2. Mann, F. G., & Saunders, B. C. (2009). Practical organic chemistry (4th ed.). Pearson Education.

3. Furniss, B. S., Hannaford, A. J., Smith, P. W. G., &Tatchell, A. R. (1989). Vogel’s textbook of
practical organic chemistry (5th ed.). Pearson Education.

4. Shriner, R. L., Hermann, C. K. F., Morrill, T. C., & Curtin, D. Y. (2004). The systematic
identification of organic compounds (8th ed.). John Wiley & Sons.

Web References:

1. https://chem.libretexts.org

2. Infrared (IR) Spectroscopy- Definition, Principle, Parts, Uses (microbenotes.com)

3. UV-Vis Spectroscopy: Principle, Strengths and Limitations and Applications | Technology
Networks

CORE COURSE

THEORY

Course Title: Advanced Inorganic Chemistry |
Course Code: UG-CHE-303

Semester: V

Credits: 3

Marks: 75

Duration: 45 hours

Course Objectives:
1. To provide students with an overview of importance of electronic spectra in metal complexes.
2. To understand and rationalize the synthesis, structure, bonding and properties of organometallic
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compounds.

3. To understand the chemistry of solid-state compounds with respect to their reactions and
properties.

4. To enable students to prepare different compounds and determine its purity and to understand and
analyze various inorganic analytes by various methods.

Course Outcomes:

On successful completion of the course, the student will be able to:

CLO1: Understand and interpret the electronic transitions in metal complexes based on their
electronic configuration and explain the electronic properties using Ogel diagram.

CLO2: Identify, classify and understand the structure and bonding in metal carbonyls and apply the
EAN concept to any organometallic system and predict its stability based on electron count.

CLO3: Explain the reactions of solid-state compounds, their and properties.

CLO4: Develop skills in the synthesis of inorganic compounds and their analysis by different chemical
methods.

MODULE I: Electronic spectra of Transition Metal Complexes: 15 Hours
Introduction, types of electronic transitions: The d-d transitions (d1/d9, d3/7 and d2/d8), charge
transfer transitions and ligand-ligand transitions, selection rules (Laporte orbital and spin), Electronic
spectra of complexes, spectroscopic terms, energies of the terms, Orgel diagrams applications (ligand
field strength, colour of complexes, cis-, trans- isomerism and geometry of complexes).

MODULE II: Introduction to organometallic chemistry and metal carbonyls 15 Hours
Definition, classification of organometallic compounds, Nomenclature, ligands, concept of hapticity of
organic ligands, 18 electron rule, EAN concept, electron counhting and oxidation states in complexes,
Classification of metal carbonyls; Mononuclear metal carbonyls: Preparation, properties, structure and
bonding of Ni(CO)4, Fe(CO)s, Cr(CO)s using VBT; Polynuclear metal carbonyls: Preparation,
properties structure and bonding of Co2(CQO)s, Mn2(CO)1o, Fe2(CO)9 and Fe3(CO)i. -acceptor
behaviour of CO (MO diagram of CO), synergic effect and use of IR data to explain structure and
bonding in metal carbonyls.

MODULE IlI: Solid State chemistry 15 Hours
Reactions of solids: tarnish reactions, decomposition reaction, solid-solid reactions, addition reactions,
double decomposition reaction, electron transfer reaction, solid- gas reactions; sintering; phase
transformations in solids-structural change in phase transformation, Martensite transformation,
temperature and pressure induced transformations, order-disorder transitions.

Theories of metallic bonding (free electron theory and band theory); Properties of solids: Electrical
conductivity, insulators, semiconductor and conductors; Band structure of metals, insulators and
semiconductors, photo conductivity and ionic conductivity; Types of semiconductors; intrinsic and
extrinsic semiconductors. Applications of semiconductors.Solid Solutions; Types of solid solutions,
solid solution mechanisms.

PRACTICALS

Course Title: Advanced Inorganic Chemistry I
Course Code: UG-CHE-303

Semester: V

Credits: 1

Marks: 25

Duration: 30 Hours

List of experiments:
1. Preparation of the complexes:
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4.
5.
6

7.

a. [Ni(NHz3)s]Cl2 and estimate the amount of Ni from the complex volumetrically 04 Hours

b. K2[Cr(SCN)s].4H20 02 Hours
c. Preparation and estimation of Potassium trioxalato chromate 04 Hours
d. K3[AI(C204)3]. H20 complex and estimation of the amount Al volumetrically 04 Hours
Preparation of zinc oxalate and estimation of zinc from the complex. 04 Hours
To estimate the amount of barium as BaSOg in a solution of chloride containing ferric chloride and
free HCI. 04 Hours
To determine the Strength of a given AgNOs solution by Mohr’s method. 02 Hours

To estimate Nitrite in the given solution of sodium Nitrite using KMnOs. Volumetrically 02 Hours
Titration of Zn (I1) by K4[Fe(CN)s] and verify the composition of the complex KzZnz[Fe (CN)e]2

02 Hours
To estimate the amount of Iron (1) by dichromate method from the given solution of ferric alum
02 Hours

REFERENCE BOOKS
Mandatory Reading:

1.

2.

Atkins, P., Overton, T., Rourke, J., Weller, M., Armstrong, F., & Hagerman, M.,(2010), Shriver
and Atkins’ Inorganic Chemistry,5th Edition, Oxford University Press.
West, A. R., (2017), Solid State Chemistry and its Applications, 2nd Edition, Wiley Publications.

Supplementary Reading:

1.
2.

3.
4

Cotton, F. A., & Wilkinson, G., (2007), Basic Inorganic Chemistry, 3rd edition, Wiley Eastern
Ltd.

Huheey, J. E., Keiter, E. A., Keiter, R. L., Medhi, O. K., (2006), Inorganic Chemistry: Principles
of Structure and Reactivity, 4th Edition, Pearson Education, India.

Lee, J. D., (2008), Concise Inorganic Chemistry, 5th edition, Wiley-India

Keer H. V., (2017), Principles of the Solid State Chemistry, 2nd Edition, New Age International.

Practical References:

1.
2.

3.
4. Pass, G., & Sutcliffe, H. (1979). Practical inorganic chemistry: Preparations, reactions, and

5.

Marr, G., &Rockett, B. W. (1972). Practical inorganic chemistry (3rd ed.). Van Nostrand
Reinhold.

Jeffery, G. H., Bassett, J., Mendham, J., & Denney, R. C. (1989). Vogel's textbook of quantitative
chemical analysis (5th ed.). Longman Scientific & Technical.

Svehla, G. (1996). Vogel’s qualitative inorganic analysis (7th ed.). Pearson Education.

instrumental methods (2nd ed.).
Chapman and Hallhluwalia, V. K., &Aggarwal, R. (2001). Comprehensive practical organic and
inorganic chemistry. University Press.

WEB REFERENCES:

1.

http://cdn.intechopen.com/pdfs/38537/InTechElectronic absorption spectra of 3d transition met
al complexes.pdf

2. https://employees.csbsju.edu/cschaller/Principles%20Chem/New Folder/TMligands.htm3.
3. https://link.springer.com/chapter/10.1007/978-3-662-25191-1 8

4. https://chem.libretexts.org

5. https://www.sciencedirect.com/topics/materials-science/metal-organic-framework
VOCATIONAL COURSE

THEORY

Course Code: UG-CHE-VOC2
Course Title: Analytical Techniques
Credits: 3

Duration: 45 Hours

Maximum Marks: 75
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https://link.springer.com/chapter/10.1007/978-3-662-25191-1_8
https://chem.libretexts.org/
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Course Objectives:

1. To understand principles of some important analytical techniques.

2. To apply analytical techniques for qualitative and quantitative analysis.
3. To perform qualitative and quantitative analysis.

Course Learning Outcomes:

On successful completion of the course, the student will be able to:

CLO1: Explain sampling techniques and thermoanalytical techniques.

CLO2: Apply radioanalytical techniques and electroanalytical techniques for quantitative analysis.

CLO3: Apply nuclear magnetic resonance Spectroscopy and coulometric method of analysis for
chemical analysis.

CLO4: Perform qualitative and quantitative analysis.

MODULE I: Sampling Techniques and Thermoanalytical Techniques 15 Hours
UNIT I: Sampling Techniques

Terms encountered in sampling: Sample, the population or the universe, sampling unit, increment, the
gross sample, the sub sample, Analysis sample, bulk ratio, size to weight ratio, random sampling,
systematic sampling, multistage sampling, sequential sampling; sampling of gases, liquids and solids;
Preservation, storage and preparation of sample solution.

UNIT Il:Thermoanalytical Techniques

Introduction, Thermogravimetric analysis (TG), Derivative thermogravimetric analysis (DTG),
Differential thermal analysis (DTA), Differential scanning calorimetry (DSC), Simple thermometric
titrations, Thermometric titration applications, Direct enthalpimetric titrations, Thermal methods in
quantitative analysis,

MODULE I1: Radioanalytical Techniques and Electroanalytical Techniques 15 Hours
UNIT I: Radioanalytical Techniques

Isotope dilution analysis - principle and applications; neutron activation analysis - principle and
applications.

UNIT II: Electroanalytical Techniques

Conductometric Titrations: Introduction, Principles, procedure, types, advantages and limitations of
conductometric titrations

Potentiometric Titrations: Introduction, indicator and reference electrodes, Principle, procedure,
types, advantages of potentiometric titrations

Polarography: Introduction, Principles of polarography; Residual, limiting, migration and diffusion
current, equation of polarographic wave; llkovic equation; diffusion current, half wave potential and
their measurement, oxygen interference, dropping mercury electrode, polarographic cells,
polarographic instrumentation and polarographic quantitative analysis.

MODULE I11:Nuclear Magnetic Resonance Spectroscopy and Coulometric Methods of Analysis
15 Hours

Unit I: Nuclear Magnetic Resonance Spectroscopy

Introduction, Principles, Instrumentation, Environmental effects on NMR, chemical shift, Spin-spin

splitting, Applications of NMR spectroscopy, *C, °F and *'P NMR, FT-NMR

Unit 11:Coulometric Methods of Analysis

Introduction, Principles of electrolysis, Electrolysis at constant potential, Electrolysis at constant

current, Coulometric methods of analysis, Applications of coulometry, Coulometric titrations,

Applications of coulometric titrations, Stripping voltammetry, Conventional stripping analysis,

Electrogravimetry
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PRACTICALS

Course Code: UG-CHE-VOC2
Course Title: Analytical Techniques
Credit: 1

Duration: 30 Hours

Maximum Marks: 25

List of experiments:

1. To determine the amount of HCI in the given solution using a quinhydrone electrode by
potentiometric method. 02 Hours

2. To determine the amount of CH3COOH in the given solution by potentiometric method. 02 Hours

3. To determine the amount of oxalic acid in the given solution using a quinhydrone electrode by

potentiometric method. 02 Hours
4. To estimate the amount of dibasic acid (oxalic acid) present in the given solution against standard
NaOH solution by conductometric method. 02 Hours
5. To estimate the amount of monobasic (HCI) and dibasic acid (oxalic acid) present in a mixture
solution by titration against NaOH by conductometric method. 02 Hours
6. To estimate the amount of H2SOs, CH3COOH and CuSO4 present in the mixture by titration
against NaOH by conductometric method. 04 Hours
7. To determine the amount of ferrous ions present in the given solution using KMnOs by
potentiometric method. 04 Hours
8. To determine the amount of iron present in the given solution using K>Cr.O7 by potentiometric
method. 04 Hours
9. To estimate the amount of individual halide present in a halide mixture solution by titration against
silver nitrate by potentiometric method. 04 Hours
10. To analyse the TG/DTA pattern of zinc oxalate dihydrate. 02 Hours
11. To analyse the TGA/DTG pattern of copper sulphatepentahydrate. 02 Hours

REFERENCE BOOKS:

Mandatory Reading:

1. Khopkar, S. M. (2020). Basic Concepts 'of Analytical Chemistry (4" Edition). New Age
International Publishers

2. Christian, G. D. (2003). Analytical Chemistry (6" Edition). John Wiley & Sons.

3. Skoog, D. A., West, D. M., Holler, F. J.,, & Crouch, H. R. (2000). Analytical Chemistry: An
Introduction (7™" Edition). Saunders College Publishing.

Supplementary Reading:
1. Skoog, D. A., West, D. M., Holler, F. J., & Crouch, H. R. (2014). Fundamentals of Analytical
Chemistry (9" Edition). Cengage Learning.

Practical References:
1. Khosla, B. D., Garg, V. C., &Gulati, A. (2018). Senior Practical Physical Chemistry (18"
Edition). R. Chand and Co.

WEB REFERENCES:

1. https://chem.libretexts.org/Bookshelves/Analytical _Chemistry/Analytical_Chemistry 2.1 (Harvey
)/07%3A_Obtaining_and_Preparing_Samples_for_Analysis

2. https://onlinelibrary.wiley.com/doi/10.1002/9783527828692.ch1?msockid=2972e3e7fc526b7a291
5f235fde06aec
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3. https://link.springer.com/chapter/10.1007/978-1-349-16236-9 8

4. https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical Chemistry Textbook Maps/Su
pplemental _Modules_(Physical_and_Theoretical Chemistry)/Spectroscopy/Magnetic_Resonance
_Spectroscopies/Nuclear_Magnetic_Resonance/Nuclear_Magnetic_Resonance Il

SEMESTER VI

CORE COURSE

THEORY

Course Code: UG-CHE-304

Course Title: Advanced Physical Chemistry-I1
Credits: 3

Duration: 45 Hours

Maximum Marks: 75

Course Objectives:

To predict the mechanism of catalytic reactions.

To realize the need of Quantum Mechanics and its applications.
To calculate the surface area of solids.

To synthesize and characterize catalysts.

NS

Course Learning Outcomes:

1. On successful completion of the course, the student will be able to:

2. CLOL1: Predict the mechanistic behavior of catalytic reactions.

3. CLO2: Apply quantum mechanics to Chemical systems.

4. CLO3: Interpret various types of adsorption isotherms and estimate surface area of a solid
5. CLO4: Synthesize and characterize catalysts.

MODULE I: Quantum Mechanics 15 Hours
Black body radiation, Plank’s radiation law, photoelectric effect, Bohr’s model of hydrogen atom (no
derivation) and its defects, Compton Effect, de Broglie hypothesis, Heisenberg’s uncertainty
principle, sinusoidal wave equation, Hamiltonian operator, Schrddinger wave equation and its
importance, physical interpretation of the wave function, postulates of quantum mechanics, particle in
one dimensional box; Schrodinger wave equation for H-atom, separation into three equations (without
derivation), quantum numbers, hydrogen like wave function, radial wave functions, angular wave
functions.

MODULE I1: Quantum Chemistry and Adsorption 15 Hours
UNIT I: Quantum Chemistry

Molecular orbital theory, Formation of M.O from A.O, construction of M.O’s by LCAO-H 2+ ion,
calculation of energy levels from wave functions, physical picture of bonding and antibonding wave
functions, concept of o, 6*, m, m* orbitals and their characteristics, Hybrid orbitals sp, sp? , sp® ;
Calculation of coefficients of A. O’s used in the hybrid orbitals sp, sp? , sp* ; introduction to valence
bond model of Hz; comparison of M. O. and V. B. models.

UNIT II: Adsorption

Introduction, differences between adsorption, absorption and sorption; characteristics of adsorption,
sorption and occlusion; adsorption of gases on solids; Physisorption and chemisorption; Adsorption
isotherms; types of adsorption isotherms: Freundlich adsorption isotherm, Langmuir adsorption
isotherm; adsorption isobars; the BET equation (derivation not needed); determination of surface area:
Harkin and Jura method, Benton and White method, the BET method, Point B method, from electrical
potential of adsorbed layer, using rate of dissolution, from heat of wetting; importance of surface area;
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heat of adsorption and its measurement; Adsorption from solution; Gibbs adsorption equation
(derivation not needed); desorption by porous solids; adsorption in meso pores and micro pores.

MODULE I1I: Catalysis And Catalysts 15 Hours
Introduction, Criteria for catalysis, Types of catalysts, Theory of homogenously catalysed reactions;
Langmuir-Hinshelwood theory of heterogeneous catalysis; Mechanistic behaviour and kinetics of
heterogeneously catalysed reactions; Effect of temperature on heterogeneously catalysed reactions;
Classification of catalysis, Enzyme catalysis; Characteristics of enzyme catalysis; Factors affecting
rate of enzyme catalysed reactions; Mechanism and kinetics of enzyme catalysed reactions;
Michaelis-Menten kinetics of enzyme catalysed reactions, Methods of calculation of rate of enzyme
catalysed reactions, Acid-base catalysis, Types of acid-base catalysis, Mechanism and kinetics of
acid-base catalysis; catalytic coefficients; Hammett and Bronsted equation (derivation not needed);
Acidity function. Concept of activity and selectivity in catalysis. Some important classes of catalysts
and their applications, Methods for characterization of catalysts, Scheme for catalyst development and
design (only flow chart).

PRACTICALS

Course Code: UG-CHE-304

Course Title: Advanced Physical Chemistry-I1
Credit: 1

Duration: 30 Hours

Maximum Marks: 25

List of experiments:
1. To study the adsorption of acetic acid on charcoal and to verify Freundlich adsorption isotherm.

04 Hours

2. To study the adsorption of oxalic acid on charcoal and to verify Langmuir adsorption isotherm.
04 Hours

3. To study acid catalysed inversion of cane sugar by polarimetry. 02 Hours
4. To determine the interfacial tension between two immiscible liquids at room temperature using a
stalagmometer. 02 Hours

5. To determine the indicator constant of a given indicator by colorimetric measurement. 02 Hours
6. To synthesize ZnO by decomposition method and determine its adsorption capacity using acetic

acid. 04 Hours
7. To synthesize CuO by decomposition method and determine its adsorption capacity using acetic

acid. 04 Hours
8. To determine the Hammett constant of a substituted benzoic acid by pH measurement. 04 Hours
9. To study the adsorption of iodine from alcoholic solution using charcoal. 02 Hours
10. To determine the energy of activation for the autocatalytic reaction between KMnQO4 and oxalic

acid. 02 Hours
11. To study the kinetics of autocatalytic reaction between KMnO4 and oxalic acid. 02 Hours

REFERENCE BOOKS:

Mandatory Reading:

1. Atkins, P., Paula, J. D., & Keeler J. (2018). Atkins’ Physical Chemistry (11" Edition). Oxford
University Press.

2. McQuarrie, D. A. (2008). Quantum Chemistry (2" Edition). University Science Books.

3. Rothenberg, G. (2008). Catalysis: Concepts and Green Applications (1% Edition). Wiley-VCH.

Supplementary Reading:
1. McQuarrie, D. A., & Simon J. D. (2023). Physical Chemistry: A Molecular Approach. University
Science Books.
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Practical References:
1. Khosla B. D., Garg V. C., &Gulati A. (2018). Senior Practical Physical Chemistry (18" Edition),
R. Chand and Co.

WEB REFERENCES:

1. http://www.savitapall.com/atomic_structure/notes/Unit_09-10/4-
The%20Wave%20Mechanical%20Model%200f%20the%20Atom.pdf

2. https://phys.libretexts.org/Bookshelves/Quantum_Mechanics/Quantum_Mechanics_(Fowler)/09%
3A_Perturbation_Theory/9.01%3A_Time-Independent_Perturbation_Theory

3. https://www.researchgate.net/publication/354849653_Adsorption_Phenomena_Definition_Mecha
nisms_and_Adsorption_Types_Short_Review

4. https://static.horiba.com/fileadmin/Horiba/Products/Scientific/Particle_Characterization/Webinars/
Slides/BET_Theory_Explained.pdf

CORE COURSE

THEORY

Course Title: Advanced Organic Chemistry-11
Course Code: UG-CHE-305

Credits: 3

Duration: 45 hours

Maximum Marks: 75

Course Objectives:

1. Todiscuss the chemistry of selected five and six membered heterocyclic compounds.

2. To explain Proton and Carbon-13 Nuclear Magnetic Resonance Spectroscopy and to solve
problems based on its data.

3. To develop understanding with regards to Mass spectroscopy and elucidate the structures of
organic compounds based on UV, IR, *H NMR, *3C NMR and Mass spectral data.

4. To provide basic practical knowledge by performing experiments in the laboratory and to solve
problems based on UV, IR, *H NMR, *3C NMR and Mass spectroscopic techniques.

Course Outcomes:

On successful completion of the course, the student will be able to:

CLO1: explain the chemistry of selected five and six membered heterocyclic compounds.

CLO2: explain and apply the knowledge of Proton and Carbon-13 Nuclear Magnetic Resonance
Spectroscopy to elucidate the structures of organic compounds.

CLO3: discuss and apply the knowledge of Mass spectroscopy to determine the structures of organic
compounds along with UV, IR, *H NMR and *C NMR spectral data.

CLO4: develop practical skills by performing organic chemistry experiments in the laboratory in
addition to determining the structures of organic compounds based on UV, IR, *H NMR, *3C NMR and
Mass spectral data.

MODULE I: Chemistry of five and six membered aromatic heterocycles 15 hours
Heterocyclic chemistry: Introduction, classification and nomenclature.

Five membered aromatic heterocycles (Pyrrole, Furan and Thiophene): Structure and reactivity of
pyrrole, furan and thiophene; Electrophilic substitution reactions of pyrrole, furan and thiophene:
General mechanism, mechanism of nitration, sulphonation, halogenation, acylation, formylation and
reaction using acids (HCI, H.SO4 and HNO3). Nucleophilic substitution reactions of five membered
aromatic heterocycles.Any two methods of preparation of furan, pyrrole and thiophene.

Six membered aromatic heterocycle (Pyridine): Structure and reactivity of pyridine; Electrophilic
substitution reactions of pyridine: General mechanism, mechanism of nitration, sulphonation and
halogenation. Electrophilic addition at nitrogen: Protonation using acids (HX), N-alkylation using alkyl
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halide and N-acylation using acid halide. Nuceophilic substitution reactions of pyridine: General
mechanism with examples, Chichibabin reaction. Any two methods of preparation of
pyridine.Structural similarities and differences between pyrrole and pyridine; comparison of basicity
ofpyrrole, pyridine and piperidine.

MODULE I1: Nuclear Magnetic Resonance Spectroscopy 15 hours
Proton Nuclear Magnetic Resonance(*H NMR) Spectroscopy: Introduction to NMR Spectroscopy,
types of protons: equivalent, non-equivalent, homotopic, enantiotopic and diastereotopic protons, NMR
Spectrometer (block diagram), nuclear shielding and deshielding, chemical shift and molecular
structure, spin-spin splitting and coupling constants, intensity of peaks, interpretation of *H NMR
spectra of simple organic molecules. Structure elucidation of organic compounds using *H NMR
spectral data is expected.

Carbon-13 Nuclear Magnetic Resonance (*C NMR) Spectroscopy: Number of signals, splitting of
signals, proton coupled and decoupled spectra, off resonance decoupled spectra. *C NMR chemical
shifts, identification of hybridization of carbons and nature of functionalization. Structure elucidation
of organic compounds using 3C NMR spectral data is expected.

MODULE I11: Mass Spectrometry and spectral problems 15 hours
Mass Spectrometry: Instrumentation, definitions of parent or molecular ion peak and base peak.
lonization of a molecule on Electron Impact; the mass spectrum. Fragmentation of alkanes,
cycloalkanes, alkenes, aromatic hydrocarbons, alkyl halides, aryl halides, alcohols, aldehydes, ketones:
a-cleavage and Mc-Lafferty rearrangement. Isotope effect with respect to alkyl halides. Structure
elucidation of organic compounds using UV, IR, *H NMR, *C NMR and Mass spectral data
(combined problems).

PRACTICALS

Course Title: Advanced Organic Chemistry-11
Course Code: UG-CHE-305

Credits: 1

Duration: 30 hours

Maximum Marks: 25

List of experiments:
1. Binary organic mixture separation, purification of individual compounds and qualitative analysis

of both the separated compounds. Solid-Liquid (any 1); Liquid-Liquid (any 1). 08 Hours
Synthesis of 2,3-diphenylquinoxaline heterocyclic compound. 02 Hours
Synthesis of 3,4-dihydropyrimidin-2(1H)-one viaBiginelli reaction. 04 Hours

To determine the structure of organic compounds using a given set of *H NMR data. 02 Hours

To determine the structure of organic compounds using the given *H NMR spectra. 02 Hours

To assign the chemical shift values to the peaks of given *H NMR spectra of the selected organic
compounds. 02 Hours
To determine the structure of organic compounds using a given set of 3C NMR data. 02 Hours
To identify the compounds based on the given Mass spectra. List: Alkane, alkene, alcohol, ether,
amine, carboxylic acid, ester and amides. 02 Hours
9. To give the fragmentation patterns for the given mass spectra of organic compounds. 02 Hours
10. To identify the structure of organic compounds based on the given spectroscopic information of

ocogklrwd

o~

UV, IR, 'H NMR, ¥C NMR and Mass spectroscopic techniques. 02 Hours
11. To identify the structure of organic compounds based on UV, IR, *H NMR, **C NMR and Mass

spectroscopic data. 02 Hours
REFERENCES

Mandatory Reading:
1. Morrison, R. T.; Boyd, R. N.; Bhattacharjee, S. K. (2010).Organic Chemistry (7" Edition).
Pearson Publications, India.
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2. Joule, J. A.; Mills, K. (2010).Heterocyclic Chemistry (5" Edition).John Wiley & Sons, Ltd.
publication, UK.

3. Silverstein, R. M.;Webster, F. X.; Kiemle, D. J. (2005). Spectrometric ldentification of Organic
Compounds (7" Edition). John Wiley & Sons, Ltd. publication, USA.

Supplementary Reading:

1. Bruice, P. Y. (2020).Organic Chemistry (8" Edition). Pearson Publications, India.

2. Carey, F. A.; Giuliano, R. M. (2016).0Organic Chemistry (10" Edition). McGrawHill Education,
India.

3. Finar, I. L. (2002).0Organic Chemistry (6" Edition). Volume 1, Pearson Publications, India.

4. Gilchrist, T. (2005).Heterocyclic Chemistry (3" Edition). Pearson Publications, India.

5. Kalsi, P. S. (2016).Spectroscopy of Organic compounds (7" Edition). New Age International
Private Ltd.,India.

Practical References:

1. Furniss, B. S.; Hannaford, A. J.; Smith, P. W. G.;Tatchell, A. R. (2003). Vogel's Textbook of
Practical Organic Chemistry (5™ Edition). Pearson Publications, India.

2. Pavia, D. L.;Lampman, G. M.;Kriz, G. S. (2001). Introduction to Spectroscopy (3" Edition).
Thomson Learning, USA.

WEB REFERENCES:

1. https://www.dalalinstitute.com/wp-content/uploads/sites/2/Books/A-Textbook-of-Organic-
Chemistry-Volume-1/ATOOCV1-11-1-Mechanistic-and-Stereochemical-Aspects-of-Addition-
Reactions-Involving-Electrophiles-Nucleophiles-and-Free-Radicals.pdf
https://www.Indcollege.co.in/syllabus/co po/Carbohydrates%20-
Classification,%20Structure%20and%20function.pdf
https://faculty.ksu.edu.sa/sites/default/files/CH-2-
1%20Pyrrole%2C%20Furan%20and%20Thiophene_0.pdf
https://www.bhu.ac.in/Content/Syllabus/Syllabus 3006312720200506092720.pdf
https://www.vanderbilt.edu/AnS/Chemistry/Rizzo/chem220a/Ch13slides.pdf
https://www1.udel.edu/chem/kohclasses/docs/13CNMRfor322.pdf

ook w N

CORE COURSE

THEORY

Course Title: Advanced Inorganic Chemistry-I1
Course Code: UG-CHE-306

Semester: VI

Credits: 03

Marks: 75

Duration: 45 hours

Course objectives:

1. To have a comprehensive knowledge of the chemistry of inorganic materials.

2. To understand the synthesis, properties, characterisation techniques and application of
technologically important materials.

3. To comprehend the role of metal ions that are involved in different processes like oxygen
transport, electron-transfer reactions, etc. in biological systems.

4. To develop skills in material synthesis and their characterization methods.

Course Learning Outcomes:

On successful completion of the course, the student will be able to:

CLO1 :Explain the chemistry of inorganic materials and illustrate their preparation, structure, bonding
and applications.

CLO2 : Compare the properties and synthesis techniques of nanoparticles and explain the
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https://faculty.ksu.edu.sa/sites/default/files/CH-2-
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https://www1.udel.edu/chem/kohclasses/docs/13CNMRfor322.pdf

characterization methods employed to analyse the properties.

CLO3: Evaluate the significance of biologically important compounds and elucidate the role of metal
ions that are involved in different biological processes.

CLO4: Synthesize inorganic materials and carry out its analysis using different techniques.

MODULE I: Materials Chemistry 15 hours
Inorganic Polymers:Definition, properties, classification (condensation, addition and coordination),
preparation, structure and bonding, applications of dimers and polymers containing Boron (borazine),
phosphorous (phosphazenes), silicon (silicones), sulfur (SsNa4, thiazylhalides).

Silicates: Type, structure and applications; Zeolites: Types, structure and applications.

Metal-organic frameworks (MOEF’s): structure, ligands, applications.

Molecular materials: Fullerides and liquid crystals.

MODULE Il: Nanomaterials 15 hours
Terminology and history, classification of nanomaterials, properties of nanomaterials- mechanical,
optical, magnetic, electronic, catalytic and surface area; synthetic approach with at least one example
of each type; Chemical methods (precursor method, sol-gel, hydrothermal, and co-precipitation); Top
down and bottom up approach; Physical methods (mechanical methods, chemical vapor deposition,
laser ablation); biological methods (using plant extract)

Characterization Methods: X-Ray diffraction techniques, electron microscopic techniques (SEM and
TEM), magnetic measurement, UV-Visible spectroscopy, Infrared and Raman spectroscopy.

MODULE I11: Biological Inorganic Chemistry 15 hours
Essential and trace elements in biological processes; distribution of elements in biosphere; bio-
availability and bio-stability; Biologically important compounds: sugars (carbohydrates), fatty acids
(lipids), nucleotides (nucleic acids) and amino acids (proteins); Biological importance of water.
Mechanism of ion transport across membranes; sodium-potassium pump.

Heme proteins: hemoglobin, myoglobin and cytochrome c; non-heme proteins: hemerythrin and
hemocyanin, Iron transport proteins: Siderophores, transferrin and ferritin. Iron-Sulphur clusters.

PRACTICALS

Course Title: Advanced Inorganic Chemistry-I1
Course Code: UG-CHE-306

Semester: VI

Credit: 01

Marks: 25

Duration:30 hours

List of experiments:

1. Preparation of bis(dimethylglyoxime)cobalt(I1) complex, a Vitamin B> model system. 02 Hours
2. Preparation of Tris(acetylacetonato)iron(lIl). 02 Hours
3. Preparation of acetylacetonatomanganese(l11) complex. 02 Hours
4. Preparation of isomers, cis and trans dichloro(ethylenediamine)cobalt(I11) chloride. 04 Hours
5. To prepare mixed metal oxide of Zn and Fe using co-precipitation technique. 02 Hours
6. Synthesis of ZnO nanoparticles by chemical method. 02 Hours
7. To determine the particle size of metal oxides using SEM/TEM data. 02 Hours
8. To study the X-ray diffraction pattern of given sample (Phase and particle size). 02 Hours
9. To calculate the lattice parameter of any three-metal oxides using their XRD data. 02 Hours
10. Estimation of Cu from Copper Chloride volumetrically. 02 Hours
11. Estimation of metal ions in metal compound by titrimetric method. 04 Hours
12. Separation and determination of transition metal ions: Separation of Mg?* and Zn?* by ion
exchange and its estimation. 04 Hours
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REFERENCE BOOKS:

Mandatory Reading:

1. Atkins, P., Overton, T., Rourke, J., Weller, M., Armstrong, F., & Hagerman, M.,(2010), Shriver
and Atkins’ Inorganic Chemistry,5th Edition, Oxford University Press.

2. West, A. R., (2017), Solid State Chemistry and its Applications, 2nd Edition, Wiley Publications.

Supplementary Reading:

1. Cotton, F. A., & Wilkinson, G., (2007), Basic Inorganic Chemistry, 3rd edition, Wiley Eastern
Ltd.

Lee, J. D., (2008), Concise Inorganic Chemistry, 5th edition, Wiley-India.

Fausto da Silva, J. J. R., & Williams, (1991), R. J. P., The Biological Chemistry of the Elements,
Clarendon Press.

Poole, C. P., & Owens, F. J., (2003), Introduction to Nanotechnology, 1st Edition, John-Wiley and
Sons.

Rao, M. B., & Reddy, K. K., (2015), Introduction to Nanotechnology, 1st Edition, Campus books
International.

a > wbd

Practical References:

1. Jeffery, G. H., Basett, J., Mendham, J., Denney, R. C., (1989), Vogel’s Text Book of Quantitative
Chemical Analysis, 5th Edition, Longman Scientific and Technical.

2. Brauer, G., (1963), Handbook of Preparative Inorganic Chemistry, Volume 1 and 2, 2nd Edition,
Academic Press.

3. Elias, A. J., (2008), General Chemistry Experiments, Universities Press

WEB REFERENCES:

https://ion2.upm.edu.my/article/introduction to nanomaterials-68574
https://nanocomposix.com/pages/nanoparticle-characterization-techniques
https://www.sciencedirect.com/science/article/abs/pii/B9780128139349000013
https://www.sciencedirect.com/topics/materials-science/metal-organic-framework
https://www.sciencedirect.com/topics/chemistry/bioinorganic-
chemistry#:~:text=A%200verview,active%20site%200f%20the%20enzyme.
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CORE COURSE

THEORY

Course Code: UG-CHE-307

Course Title: Environmental and Sustainable Chemistry
Credits: 3

Duration: 45 Hours

Maximum Marks: 75

Course Objectives:

Will understand the effects of pollution on our environment

Will be aware of solid waste management challenges.

Will be introduced to sustainable chemistry.

Will develop skills to apply concepts in analysis of water and soil.

PN

Course Outcomes:

On successful completion of the course, the student will be able to:

CO1: Delineate how air pollutants are transported and accumulated in the environment and its toxicity.
CO2: Articulate the knowledge relevant to key parameters responsible towards water and soil
pollution; and its analysis.

CO3: Evaluate solid waste management and explicate the technique involved in the treatment of
drinking water and wastewater.

CO4: Develop skills to analyze and adopt methods deployed in analysis of soil and water pollution
and carry out valorisation experiments towards sustainability.
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MODULE I: Chemistry of Atmosphere and air pollution 15 Hours
Atmosphere: Composition, Structure, properties vertical temperature performance, lapse rate and
temperature inversion. Reactions in the atmosphere: i) formation in the atmosphere ii) reaction of
hydroxyl radical with trace gases and as sources of hydro peroxy radical and hydrogen peroxide.

Ozone Chemistry: Major atmospheric species involved in ozone formation and destruction, some major
chemical reactions in the troposphere associated with ozone. Stratospheric ozone: pollutants,
destroying stratospheric ozone layer. Species destroying layer: i) catalytic NO,

ii) photodissociation of CFCs, and iii) combined chain reaction.

Air pollution: Introduction, classification of air pollutants, sources, effects of air pollutants on living
and nonliving things with respect to NOx, Carbon and Sulphur, Photochemical smog, acid rain,
greenhouse effect and its consequences on the environment, air quality index, air pollution problems in
India; method to control the air pollution; instrumental analysis of air pollutants: a) SO, b) HS, ¢) CO
d) CO2 (excess) and e)NOx

MODULE I1: Water and Soil pollution 15 Hours
Water pollution : Introduction, types, sources and classification of water pollutants; Chemical, physical
and biological characteristics of water pollution, effects of water pollutants on life and environment;
method to control water pollution; toxic elements in water; chemical analysis of dissolved oxygen
(DO), Chemical oxygen demand (COD), Biochemical oxygen demand (BOD) and Total organic
carbon (TOC).Importance of buffer and buffer index in waste water treatment.

Soil Pollution and instrumental techniques: Composition of soil, classification of pollutants and their
characteristics, sources, organic and inorganic components in soil; Nitrogen and NPK in soil, wastes
and pollutants in soil, biochemical effect of pesticides, sources of pesticides residue in the soil;
pesticides degradation by natural forces, effect of pesticide residue on life, chemical analysis of
Soil/Sediment analysis: a)Bulk density, b)Specific gravity, ¢) Moisture content d) Water holding
capacity e) Conductivity f)Alkalinity, and g) detection of sulphate, calcium and iron.

UNIT I11: Treatment of water and solid waste management 15 Hours
Techniques of water treatment: a) Treatment of water for municipal purpose: Important processes
involved in purification of water. b) Treatment of water for Industries: Removal of hardness of water
by Clark’s method and use of ion exchange resins.

Fundamentals of solid waste management: Origin and Classification of solid waste : domestic waste,
commercial waste, industrial waste, market waste, agricultural waste, biomedical waste, institutional
waste, hazardous waste and e waste, sources of solid waste, physical and chemical characteristics of
municipal solid waste, impacts of solid waste on environment, collection, storage and transportation of
solid waste, health aspects involved in handling solid waste, Solid waste management methods
relating: i) Utilisation, ii) Recovery, iii) Reuse iv) Recycling of wastes residues, v) Recycling
avoidance of solid waste, concept of composting, pyrolysis, incineration and sanitary landfills.

PRACTICALS

Course Title: Environmental and Sustainable Chemistry
Course Code: UG-CHE-307

Maximum Marks: 25

Credits: 1

Duration: 30 hours

List of Experiments

1. Determination of sodium in water samples: ion exchange method. 02 Hours
2. Determination of Total solids, Total dissolved solids and total suspended solids. 02 Hours
3. Determination of chloride content in water samples: Potentiometric method 04 Hours
4. Determination of bulk density of different types of soil samples. 02 Hours
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5. Determination of permanent, temporary and total hardness of water sample. 02 Hours
6. Determination of Dissolved Oxygen content in water samples. 02 Hours
7. Analysis of Manganese in water samples by spectrophotometry 02 Hours
8.  Estimation of nitrite in water samples by spectrophotometry. 02 Hours
9. Analysis of different types of soil for pH, conductivity, acidity and alkalinity. 04 Hours
10. Determination of Chemical Oxygen Demand in water samples. 02 Hours
11. Determination of Biological Oxygen Demand in water samples. 02 Hours
12. Valorisation Experiments ( any 1) a) Organic lab waste valorisation
b) Preparation of bio plastic 04 Hours
c¢) Composting activity
REFERENCES:

Mandatory Reading:

wNhhN e

Christan G. D.AnalyticalChemistry(5th edition). Wiley publication

De, A. K.(1995) Environmental Chemistry.Wiley eastern Ltd.

Igbal,S.A.et.al.(1995)Chemistry of Air and Air Pollution. Discovery Publishing House, New Delhi
Katyal Jimmy et.al.(1993) Environmental Pollution. Anmol Publications, New Delhi

Supplementary Reading:
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Manahan, S.E. (1994.) Environmental Chemistry Lewis Publishers

Neil,P. O. (2007). Environmental Chemistry. Blackie Academic & Professional

Raghuraman, K.et al. Basic Principles of Analytical Chemistry(4th edition).sheth publishers
Schroede, E.D.(1997).Water & waste water treatment. Mc. Graw Hill

Skoog et.al, Principles of Analytical Chemistry(4th International edition)Saunders college
Publishers

Trivedi P.R. et.al.Environmental Water and Soil Analysis(1st edition).Akashdeep Publishing house
, New Delhi

Tyagi, O.D. et.al.(1992).A Text Book Of Environmental Chemistry.Anmol Publications, New Delhi
Vanloon G.W. et.al. (2003)Environmental Chemistry. Oxford University Press

Salker, A.V. (2017) Environmental Chemistry : Pollution and Remedial Perspective. Narosa
Publishing house, India

Practical References:

1.
2.

5.

Manahan, S. E. (2017). Environmental chemistry (10th ed.). CRC Press.
Harris, W. (2013). Environmental chemistry: A global perspective (2nd ed.). Oxford University
Press.

3. Ahuja, S. (2010). Environmental chemistry: Principles and applications. Academic Press.
4.

Vogel, A. ., & Bassett, J. (2016). Vogel's textbook of quantitative chemical analysis (6th ed.).
Pearson.

Skoog, D. A., West, D. M., Holler, F. J., & Crouch, S. R. (2014). Fundamentals of analytical
chemistry (9th ed.). Cengage Learning

WEB REFERENCES:
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https://www.clearias.com/composition-structure-earth-atmosphere/
https://www.nrdc.org/stories/air-pollution-everything-you-need-know
https://www.nrdc.org/stories/water-pollution-everything-you-need-know
https://biologyreader.com/ozone-depletion.html
https://www.conserve-energy-future.com/sources-effects-methods-of-solid-waste-
management.php
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VOCATIONAL COURSE
THEORY

Course Title: Industrial Chemistry
Course Code: UG-CHE-VOC3
Credits: 3

Duration: 45 hours

Maximum Marks: 75

Course Objectives:

1. To understand the fundamentals of industrial chemistry.

2. To apply the knowledge of industrial processes.

3. To develop understanding about industrial Safety and Effluent management.
4. To develop practical skills by performing laboratory experiments.

Course Outcomes:

On successful completion of the course, the student will be able to:
CLO1:explain the fundamentals of industrial chemistry.

CLO2:discuss and apply the knowledge of selected key industrial processes.
CLO3:develop understanding about industrial safety and effluent management.
CLO4:develop practical skills by performing laboratory experiments.

MODULE I: Fundamentals of Industrial Chemistry 15 Hours
Metallurgy and industrial fuels: Introduction to metallurgy, Occurrence of metals in nature, various
steps of metallurgy, furnaces and extraction of iron from iron ore. Industrial fuels: Coal gas, producer
gas, water gas.

Mechanical properties of materials and change with respect to temperature, Metals and alloys-
important metals and alloys, Glass- types, composition, manufacture, physical and chemical properties
applications, Relevance of catalysis in modern industrial processes, Corrosion- various types of
corrosion relevant to chemical industry- Mechanism, Preventive methods.

MODULE I1: Industrial processes 15 Hours
Halogenation: Introduction, type of halogenation reactions, halogenating agents, kinetics and
mechanism of halogenation, manufacturing of chloroethane, chlorobenzene, chloral; Nitration:
Introduction, type of nitration reaction, nitrating agents, kinetics and mechanism of nitration,
manufacturing of nitrobenzene and p-nitroacetanilide; Sulphonation: Introduction, type of sulphonation
reaction, sulphonating agents, mechanism of sulphonation reaction, commercial sulphonation of
benzene and alkyl benzene; Physico chemical principles involved in the manufacture of HNOs3
(Ostwald’s method) and NH3 (Haber’s method); Introduction, classification and applications of boilers
and heat exchangers; Introduction, general classification, composition, characteristics and applications
of paints.

MODULE I1I: Industrial Safety and Effluent management 15 Hours
Meaning of industrial safety, industrial accidents, industrial hazards, MSDS and safety programme.
Process Safety: a) Chemical reaction hazards: Fundamental understanding, various instruments used to
understand chemical reaction hazards; b) Fire and Explosion Hazards: Fundamental understanding,
various instruments used to understand fire and explosion hazards; Principles and equipments for
aerobic, anaerobic treatment, adsorption, filtration, sedimentation, bag filters, electrostatic
precipitators, mist eliminators, wet scrubbers, absorbers, solid waste management and reverse oSmosis;
Treatment of electronic waste.

PRACTICALS
Course Title: Industrial Chemistry
Course Code: UG-CHE-VOC3
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Credits: 1
Duration: 30 hours
Maximum Marks: 25

List of experiments:

1. Synthesis of 1-nitronaphthalene from naphthalene (Nitration). 02 Hours
2. Synthesis of 2,4,6-tribromophenol from phenol (Bromination). 02 Hours
3. Synthesis of 4-hydroxybenzenesulphonic acid from phenol (Sulphonation). 02 Hours
4. Synthesis of phthalic acid to phthalic anhydride (Dehydration). 02 Hours
5. Synthesis of ethyl acetate from acetic acid and ethanol (Esterification). 02 Hours
6. To prepare potash alum, K2SO4.Al2(SO4)3. 24 H20, from aluminium foil. 02 Hours
7. Estimation of zinc in the Alloy (brass). 02 Hours
8. Ore analysis: Calcium from limestone/ Iron from iron ore 04 Hours
9. To estimate the amount of copper from copper salt by spectrophotometric method. 02 Hours
10. Estimation of copper from the Alloy (bronze). 02 Hours
11. To determine the rate of corrosion on an Aluminium plate in basic medium. 02 Hours
12. To determine the effect of temperature on rate of corrosion in acidic medium. 02 Hours
13. To determine the effect of pH on the rate of corrosion on different metallic plates

(Aluminium/Zinc). 02 Hours
REFERENCES:

Mandatory Reading:
1. Sharma, B. K. (2014). Industrial Chemistry (6" Edition).Goel Publishing House, Meerut.

Supplementary Reading:

1. Gugale, G. S.;Nagawade, A. V.;Pawar, R. A.;Gadave, K. M. (2018).Industrial Chemistry,
NiraliPrakashan.

2. Madan, R. D. (2019). Modern Inorganic Chemistry, Revised edition, S. Chand and company
Limited, New-Delhi.

3. Bentley, J.; Turner, G. P. A. (1998).Introduction to paint chemistry and principles of paint

technology, 4" Edition, Chapman & Hall, UK.

Lee, J. D. (2008).Concise Inorganic Chemistry(5" Edition). Blackwell Science Limited, UK.

Cotton, F. A. et. al. Basic Inorganic Chemistry (2" Edition). Wiley Eastern Ltd.

Bahl, B. S.; Sharma,A. N. Comprehensive Inorganic Chemistry (3" Edition). Ram Chand

publications.
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Practical References:
1. Jeffery, G. H.; Basett, J.; Mendham, J.; Denney, R. C. (1989). Vogel’s Text Book of Quantitative
Chemical Analysis (5th Edition). Longman Scientific and Technical.

WEB REFERENCES:

1. https://chem.libretexts.org/Bookshelves/General Chemistry/Book%3A General Chemistry%3A
Principles Patterns and Applications (Averill)/22%3A The d-
Block Elements/22.03%3A Metallurgy

2. https://chem.libretexts.org/Bookshelves/General Chemistry/Book%3A General Chemistry%3A
Principles Patterns and Applications (Averill)/02%3A Molecules lons and Chemical Formula
s/2.06%3A Industrially Important Chemicals

3. https://workforce.libretexts.org/Bookshelves/Safety and Emergency Management/\Workplace Sa
fety for US Workers - Workbook/07%3A Industrial Safety and Manufacturing

4. https://eng.libretexts.org/Bookshelves/Industrial and Systems Engineering
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https://workforce.libretexts.org/Bookshelves/Safety_and_Emergency_Management/Workplace_Safety_for_US_Workers_-_Workbook/07%3A_Industrial_Safety_and_Manufacturing
https://workforce.libretexts.org/Bookshelves/Safety_and_Emergency_Management/Workplace_Safety_for_US_Workers_-_Workbook/07%3A_Industrial_Safety_and_Manufacturing
https://eng.libretexts.org/Bookshelves/Industrial_and_Systems_Engineering

Programme
Specific
Outcomes
(PSOs) Existing

Programme Specific
Outcomes (PSOs)
(Suggestion in
cooperated by
Academic Council)
Changed to

Description

PSO-1.

Development of
Practical
Laboratory Skills

Development of
Practical Laboratory
Skills

Graduates will acquire hands-on experience in
the preparation of chemical solutions, synthesis
of complexes, and execution of laboratory
experiments, demonstrating proficiency in
handling advanced scientific instruments (e.g.,
spectrophotometer, pH meter, potentiometer)
and implementing standard safety protocols for
chemical handling by promoting deeper learning
through experimental practice and fostering
curiosity for continuous personal and
professional development.

PSO-2.

Interdisciplinary
and Adaptability

Integrative Problem-
Solving in Chemistry

Graduates will develop the ability to integrate
fundamental theoretical principles of chemistry
with multidisciplinary approaches to solve
complex problems in areas like energy, health,
and environmental sustainability. This
adaptability will enable them to embrace
evolving scientific trends, utilize novel
technologies, and apply chemistry knowledge to
diverse fields.

PSO-3.

Research
Competence and
Analytical Skills

Advanced Analytical
Skills

Graduates will hone research aptitude and
critical thinking by elucidating various spectra
(e.g., UV, IR, NMR, MS), analyzing X-ray
diffractograms, interpreting TG-DTA curves,
and identifying surface morphology via
SEM/TEM. They will also demonstrate effective
communication and collaboration within
research teams, contributing to innovation and
societal advancement.

PSO-4.

Ethical
Awareness and
Societal
Contributions

The Role of Chemistry
in Global Sustainability

Graduates will appreciate the central role of
chemistry in addressing global challenges related
to energy, environment, and health. They will
promote ethical responsibility through the safe
handling of chemicals and environmental
consciousness while engaging with
interdisciplinary, community-based initiatives by
emphasizing ethical engagement and social
contribution at both local and global levels.
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Post Graduate (M.Sc in Analytical Chemistry) Course Structure (To be implemented w.e.f
Academic Year 2025-2026)

Semester

Course Type

Course Code

Course Title

Discipline Specific Core
(DSC)

PGMP-CHE-DSC-401

General Inorganic Chemistry

PGMP-CHE-DSC-402

General Physical Chemistry

PGMP-CHE-DSC-403

Fundamentals of Organic
Chemistry

PGMP-CHE-DSC-404

Laboratory Course in Physical
Chemistry

PGMP-CHE-DSC-405

Laboratory Course in Organic
Chemistry

Discipline Specific
Elective (DSE)

PGMP-CHE-DSE-401

Reaction Mechanisms in
Organic Chemistry

PGMP-CHE-DSE-402

Topics in Physical Chemistry

PGMP-CHE-DSE-403

Diffraction Methods

Discipline Specific
Core (DSC)

PGMP-CHE-DSC-406

Spectroscopy in Chemistry

PGMP-CHE-DSC-407

Fundamentals of Chemical
Analysis

PGMP-CHE-DSC-408

Spectral Methods of Analysis

PGMP-CHE-DSC-409

Laboratory Course in
Analytical Chemistry

PGMP-CHE-DSC-410

Laboratory Course in
Inorganic Chemistry

Discipline Specific
Elective (DSE)

PGMP-CHE-DSE-404

Topics in Inorganic Chemistry

PGMP-CHE-DSE-405

Reagents in Organic Synthesis

PGMP-CHE-DSE-406

Bio analytical Chemistry
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Semester Course Type Course Code Course Title
PGMP-CHE-DSE-501 Calibrations and Validation
PGMP-CHE-DSE-502 Methods of Analysis
Advanced NMR
PGMP-CHE-DSE-503
Discipline Spectroscopy
Specific Core PGMP-CHE-DSE-504 Separation Techniques
(DSE) Quality Assurance and
PGMP-CHE-DSE-505 Quality Control in Analytical
Chemistry
PGMP-CHE-DSE-506 Chemometrics
11 PGMP-CHE-DSRE-501 Research Methodology &
- - Academic writing
Discipline specific Experiments in Analytical
research Electives | PGMP-CHE-DSRE-502 Chp : y
(DSRE emistry .
PGMP-CHE-DSRE-503 Experiments on Analytical
Instrumentation
PGMP-CHE-GE-501 E?ft’g t?:ﬁm's”y and
Generic Electi - .
ener(%E)ec Ve PGMP-CHE-GE-502 Environmental Chemistry
PGMP-CHE-GE-503 Application of Chemistry in
Everyday Life
PGMP-CHE-DSRE-504 Synthgsm of Inorganic
Materials
Discipline SpeCiﬁC PGMP-CHE-DSRE-505 CatalySiS
v research Electives | PGMP-CHE-DSRE-506 Applied Organic Chemistry

(DSRE)

PGMP-CHE-DSRE-507

Nanomaterials

PGMP-CHE-DSR/I-501

Discipline Specific Research
or Internship
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Annexure I1: (PG Programme)

Name of Programme: M.Sc. Analytical Chemistry
Reviesd Syllabus (Semester 111)

(To be implemented w.e.f. Acad. Year 2025 - 2026)

SUMMARY OF CHANGES INCORPORATED IN THE EXISTING APPROVED

Existing (Indlcgte Specify The
. Only The Unit
Semester Course Title Changes Proposed Reason For
Where The Change
The Change
Is Proposed

PGMP-CHE-GE-501: Arrangement of To form

Food chemistry and References References in uniformit
Nutrition Chronological Order y

PGMP-CHE-GE-502; Arrangement of To form

I Environmental Chemistr References References in uniformit
y Chronological Order y

PGMP-CHE-GE-503: Arrangement of To form

Advance Applied References References in uniformit
Chemistry Chronological Order y

GENERIC ELECTIVE SYLLABUS
GENERIC ELECTIVES (GE)

Course code: PGMP-CHE-GE-501

Course Title: Food Chemistry and Nutrition
Credits: 4

Duration: 60 Hours

Maximum Marks: 100

Course Objectives:

The Course will enable the students to

Recall the essential macronutrients and micronutrients required for human nutrition.

Identify the classification of carbohydrates, proteins, fats, vitamins, minerals, and water in the diet.
Explain the functions and roles of carbohydrates in the human body, including dietary fiber.
Describe the different types of lipids and their significance in nutrition.

Analyze the nutritional significance of macro and micro nutrients in maintaining overall health.
Infer the effects of chemical contaminants in measures to prevent.

oML E

Course Learning Outcomes:

On successful completion of the course, the student will be able to:

CLO1: Identify the major classifications of dietary fibers, lipids, water-soluble and fat-soluble
vitamins, major minerals, and trace minerals.

CLO2: Explain the functions of macro and micro nutrients in the human body, specifically in digestion,
absorption, and overall health.

CLO3: Apply knowledge of intentional additives, incidental additives and their roles in food products.
CLO4: Analyze the hazards in the food supply and measures to control them.

MODULE I: Fundamentals of Food Chemistry 15 hours

Introduction to Food Chemistry - Definition, scope, and importance; Major components of food:
Water, Carbohydrates, Proteins, Lipids; Water in Food - role of water in food preservation and
spoilage; Carbohydrates- Classification (Monosaccharides, Disaccharides, Polysaccharides), functions
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and applications in food; Proteins and Enzymes- Amino acids, enzyme activity, factors affecting
enzyme activity; Lipids- Types of lipids: Saturated, Unsaturated, Trans fats, Role of lipids in nutrition
and health; Vitamins and Minerals- Classification and functions, Impact of food processing on
vitamins and minerals

MODULE I1: Food Preservation and Processing 15 hours
Principles of Food Preservation- Traditional and modern methods of preservation (Gamma Radiation),
Role of pH, temperature, and moisture control; Thermal Processing- Pasteurization, Sterilization,
Blanching, Effects of heat on food quality and nutrition; Cold Preservation - Refrigeration and
Freezing, Impact on food texture, flavour, and nutritional content; Dehydration and Drying- Methods:
Air drying, Freeze drying, Spray drying, Applications and effects on food quality; Food Additives-
Types: Preservatives, Antioxidants, Stabilizers, Regulatory aspects and safety considerations; Novel
Preservation Techniques- High-pressure processing, Benefits and challenges.

MODULE I11: Nutritional Biochemistry 15 hours
Introduction to Nutritional Biochemistry- Nutrients and their functions, Digestion, absorption, and
metabolism; Energy Metabolism - Role of carbohydrates, fats, and proteins in energy production;
Macronutrients - Carbohydrates: Dietary fiber and its role in health, Proteins: Biological value, Protein-
Energy Malnutrition (PEM), Lipids: Essential fatty acids, Cholesterol metabolism, Micronutrients-
Vitamins: Fat-soluble (A, D, E, K) and Water-soluble (B-complex, C), Minerals: Major (Calcium,
Phosphorus) and Trace elements (Iron, Zinc), Nutritional Disorders- Deficiency diseases: Scurvy,
Rickets, Over-nutrition: Obesity, Metabolic syndrome, Diet and Health - Role of diet in disease
prevention.

MODULE IV: Food Safety and Quality Control 15 hours
Introduction to Food Safety- Foodborne illnesses: Causes, symptoms, and prevention; Food safety
regulations and standards, Microbial Contamination - Pathogens: Bacteria, Viruses, Parasites and their
control measures, Chemical Contaminants - Pesticides, Heavy metals, Impact on health and methods of
detection; Physical and Allergenic Hazards- Common physical hazards in food, Food allergens and
labelling requirements; Food Quality Control- Sensory evaluation; Quality assurance and quality
control systems; ISO Standards- Principles of Hazard Analysis Critical Control Points (HACCP) and
ISO 22000: Food safety management systems

REFERENCE BOOKS:

Mandatory:

1. DeMan, J. M.(1999) Principles of food chemistry.

2. Lee, F. (2012). Basic food chemistry. Springer Science & Business Media.
3. Srilakshmi, B. (2006). Nutrition science. New Age International.

Supplementary:

1. Baeuerle, P. A. (Ed.). (2013). Inducible Gene Expression, Volume 1: Environmental Stresses and
Nutrients. Springer Science & Business Media.

2. Berdanier, C. D., & Hargrove, J. L. (Eds.). (1993). Nutrition and gene expression (p. 579). Boca

Raton, FL: CRC Press.

Bier, D. M. (2017). Nutrition from the inside out. Annual Review of Nutrition, 37(1), 1-31.

4. Caudill, M. A. (2012). Biochemical, physiological, and molecular aspects of human nutrition.
Elsevier-Health Sciences Division.

5. Harper, A. E., Shils, M. E., Shike, M., Ross, A. C., Caballero, B., & Cousins, R. J. (1999). Modern
nutrition in health and disease.

6. ICMR. (1981). Recommended dietary intakes for Indians.

w
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7. Mortimore, S., & Wallace, C. (2013). HACCP: A practical approach. Springer Science & Business
Media.

8. Roe, D. A, Bodwell, C. E., & Erdman Jr, J. W. (1988). A comparison of drug-nutrient and
nutrient-nutrient interactions. Nutrient interactions. Nueva York: Marcell Dekker (Ift), 365-377.

9. White, P. A., Netzler, N. E., & Hansman, G. S. (2016). Foodborne viral pathogens. CRC Press.

JOURNALS:

American Journal of Clinical Nutrition

Annals of Nutrition and Metabolism

British Journal of Nutrition

European Journal of Clinical Nutrition

International Journal of Vitamin and Nutrition Research
International Journal of Food Science and Nutrition
Journal of Nutrition

Nutrition Research

Nutrition Reviews
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Course Code: PGMP-CHE-GE-502
Course Title: Environmental Chemistry
Credits: 4

Duration: 60 Hours

Maximum Marks: 100

Course Objectives:

The Course will enable the students to

1. Identify and define various types of pollution, such as air, water, soil, noise, radioactive and
microplastic pollution.

Recall key pollutants associated with each type of pollution.

Explain the causes and sources of different types of pollution.

Interpret the environmental and health impacts of pollution on ecosystems and human populations.
Evaluate the effectiveness of pollution control measures in various industries and sectors.

agblrwm

Course Learning Outcomes:

On successful completion of the course, the student will be able to:

CLO1: Study the various pollutions and their environmental impact.

CLO2: Explain the causes and sources of different types of pollution including air, water, soil, noise
pollution etc

CLO3: Identify methods to control the various types of pollution.

CLO4: Summarize the sustainable approaches to pollution control and the role of policies and
regulations in managing pollution.

MODULE 1I: Introduction to Pollution 10 Hours
Understanding Pollution- Definition and concepts of pollution, Historical perspective on pollution;
Historical responses and the birth of modern environmental regulation; Types of Pollution, their
sources and Impact on humans & environment - Air Pollution, Water Pollution, Soil Pollution, Noise
Pollution, Light Pollution, Plastic Pollution; Pollution Indicators- Key environmental indicators,
monitoring pollution levels; Global Impact of Pollution- Case studies on the global effects of pollution
(London Smog (1952), Great Pacific Garbage Patch, Chernobyl Disaster), Key international
agreements on pollution control (Kyoto Protocol and Paris Agreement, Montreal Protocol, Stockholm
Convention, Basel Convention).
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MODULE I1: Air Pollution, Water Pollution and Soil Pollution 20 Hours
Air pollution- primary and secondary pollutants, transport and diffusion of pollutants, Methods of
monitoring and control of air pollution, SO2, NOx, CO, SPM.

Water pollution — Consequences, types of pollutants in ground water, Geological and anthropogenic
pollutants in ground water - movements of contaminants in ground water; Heavy metals in aquatic
systems - cycling, interactions and transport - factors affecting, sewage and wastewater treatment and
recycling; advanced waste water treatment.

Soil pollution: Consequences, Transport processes- biological process-microbial transformation of
heavy metals, industrial waste effluents and heavy metals and their interactions with soil components,
analysis of soil quality, soil pollution control.

MODULE I11: Noise Pollution, Radioactive Pollution and Microplastics 15 Hours
Noise pollution - measurement and indices, Marine pollution, sources of marine pollution and its
control, Effects of pollutants on human beings, plants, animals and climate, air quality standards and
air pollution

Radioactive Pollution- Radioactivity in the environment, Radionuclides- sources, types of radiation,
Radioactive fallout, Ecological risks from radiation, effects on humans, exposure standards. nuclear
power plants and fuel production; waste generation from nuclear power plants; radioactive waste
treatment, disposal options.

Microplastic: occurrence, fate and waste management, The Microplastic Cycle: An Introduction,
Microplastics in Terrestrial and Freshwater Environments, Marine Microplastics, Exposure, The
interactions of microplastics and chemical pollutants, Analysis and Techniques for Collection,
Removal and Degradation.

MODULE IV: Sustainable Solutions and Policy Frameworks 15 Hours
Sustainable Practices: Reducing, reusing, and recycling waste, Green technologies and innovations,
Role of renewable energy in pollution reduction; Global and National Policies-

Major environmental laws and regulations (Clean Air Act, Water Pollution Control Act), International
agreements and treaties (Paris Agreement, Kyoto Protocol), Role of governmental and non-
governmental organizations in pollution management; Public Awareness and Education- Role of
education in pollution control, Community engagement and participation, Case studies of successful
pollution management programs

REFERENCE BOOK:

Mandatory:

1. De Anil, K. (2003). Environmental chemistry. New Age International.

2. Salker, A. V. (2017). Environmental Chemistry: Pollution and Remedial Perspective. Narosa
Publishing House, India.

Supplementary:
1. Andrady, A. L. (2011). Microplastics in the marine environment. Marine pollution bulletin, 62(8),

1596-1605.

2. Bank, M. S. (2022). Microplastic in the environment: pattern and process (p. 354). Springer
Nature.

3. Bell, L. H., & Bell, D. H. (2017). Industrial noise control: Fundamentals and applications. CRC
Press.

4. Khanna, N. (2000). Measuring environmental quality: an index of pollution. Ecological
Economics, 35(2), 191-202.

5. Vig, N. J,, & Kraft, M. E. (Eds.). (2012). Environmental Policy: New Directions for the Twenty-
First Century 8th Edition. Sage.

Page 32 of 34



REFERENCE LINK:

1. Causes, Effects and Solutions of Groundwater Pollution - Conserve Energy Future (conserve-
energy-future.com)

2. Soil Pollution: Definition, Causes, Effects and Solutions - Conserve Energy Future (conserve-
energy-future.com)

3. Soil - Detoxification, Pathways, Microorganisms | Britannic.

4. Water pollution | Definition, Causes, Effects, Solutions, Examples, & Facts | Britannica

Course Title: Advance Applied Chemistry
Course code: PGMP-CHE-GE-503
Credits: 4

Maximum Marks: 100

Duration: 60 Hours

Course Objective:

The course will enable the students to

1. Identify common chemical compounds found in everyday products.

2. Impart knowledge of Chemistry and related sciences.

3. Describe the significant applications f chemistry and environmental impact.

4. Develop scientific attitude to make the students open minded, critical and curious.

5. Examine chemical processes in household products and their impact on health and the
environment.

Course Learning Outcomes:

On successful completion of the course students will be able to

CLO1: Recall common chemical concepts and terminology used in daily life.

CLO2: Explain how chemical processes affect various aspects of daily life, such as health,
environment, and technology.

CLO3: Analyze the impact of chemical processes on society, the environment, and industry.

CLO4: Evaluate the safety and ethical considerations associated with the use of chemicals in everyday
life.

MODULE I: Applications, Uses of Chemistry 15 Hours
Pharmaceuticals- Historical developments in medicine, Contribution of chemistry to human health,
Classification of drugs and some common drugs used in our daily life.

Plastics and Polymers - Introduction, types of polymers, Plastic in daily use: HDPE, LDPE, PVC, PET,
PP. Environmental Hazards of plastics, Biodegradable plastics.

Cosmetics - Basic concepts-composition and classification of creams-sunscreen and suntan Lotions,
deodorants, talcum powder- Identifiers, lipsticks, oils, face creams, skin products, dental cosmetics,
hair dyes, shaving cream, shampoo.

MODULE II: Chemistry and the Environment 15 Hours
Environmental Chemistry-Chemical processes in the environment, Air, water, and soil chemistry;
Green Chemistry- Principles of green chemistry, Sustainable chemical processes; Pollutants and
Toxicology- Types and sources of pollutants, Chemical toxicology and its effects on health; Renewable
Energy and Chemistry-Chemistry of solar cells, batteries, and biofuels, Role of chemistry in
developing sustainable energy solutions; Waste Management and Recycling- Chemical processes in
waste treatment, Recycling of materials and its chemical implications.

MODULE I11: Chemistry in Health 15 Hours
Introduction to Chemistry and Health-Overview of chemistry’s role in maintaining human health;
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Chemistry of the Human Body- Major elements in the human body: Carbon, hydrogen, oxygen,
nitrogen, calcium, and phosphorus, Water: The most important molecule in the body, pH balance and
its importance in body functions (blood pH); Proteins and Their Role in Health - Structure and
function of proteins in the body, Enzymes: Biological catalysts and their roles in metabolism, Diseases
related to protein malfunction; Role of Carbohydrates, lipids, vitamins and mineral to maintain good
health; Future Trends in Chemistry and Health-Role of chemistry in addressing global health
challenges.

MODULE IV: Impact of Chemistry on Medicine 15 Hours
Medicinal Chemistry - The role of chemistry in drug discovery and development, Historical
perspective (From natural remedies to modern pharmaceuticals).

Pharmaceutical Chemistry- Drug discovery and design, Chemical structure and drug activity;
Chemistry of Pain Relievers and Antibiotics- How common pain relievers and antibiotics work
(Gabapentin, Acetaminophen, Amitriptyline, Codeine) The chemistry behind antibiotics; Chemistry of
the Human Body-Biochemical processes and metabolic pathways, Hormones and neurotransmitters;
Radio pharmaceuticals and Diagnostic Agents - Introduction to radio pharmaceuticals: Use of
radioactive isotopes in medicine, Diagnostic applications: PET scans, MRI contrast agents, and X-ray
imaging.

REFERENCE BOOKS:

Mandatory:

1. Fernandes, J. P. S. (2018). The importance of medicinal chemistry knowledge in the clinical
pharmacist’s education. American Journal of Pharmaceutical Education, 82(2), 6083.

2. Silverman, R. B., & Holladay, M. W. (2014). The organic chemistry of drug design and drug action.
Academic press.

3. Singh, K. (2012). Chemistry in daily life. PHI Learning Pvt. Ltd.

Supplementary:
1. De Anil, K. (2003). Environmental chemistry. New Age International.
2. Ghosh, J. (2010). Fundamental concepts of applied chemistry. S. Chand Publishing
3. Lehninger, A. L., Nelson, D. L., & Cox, M. M. (2005). Lehninger principles of biochemistry.
Macmillan.
Lewis, J. S., Windhorst, A. D., & Zeglis, B. M. Radiopharmaceutical Chemistry.
Manahan, S. E. (2022). Environmental chemistry. CRC press.
Sharma, B. K. (1991). Industrial chemistry. Krishna Prakashan Media.
Shreve, R. N. (1967). The chemical process industries.
Silverman, R. B., & Holladay, M. W. (2014). The organic chemistry of drug design and drug
action. Academic press.
9. Srilakshmi, B. (2003). Food science. New Age International.
10. Sriram, D., & Yogeeswari, P. (2009). Medicinal chemistry. Pearson Education India.
11. Sundari, K. B. (2019). Applied Chemistry. MJP Publisher.

N GA

WEB REFERENCES

1. https://www.researchgate.net/publication/244480193_An_Introduction_to_Toothpaste_-
_Its_Purpose_History _and_Ingredients

2. https://www.academia.edu/29067197/Plastic_pdf
3. https://www.susana.org/_resources/documents/default/2-1799-biogasplants.pdf
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