B.Sc. Chemistry (Physical Science) NEP, 1V Sem

Compounds

Teacher: Dr. KANIKA SOLANKI

BSC. (PHYSICAL SCIENCES)- CHEMISTRY COMPONENT
SEMESTER - IV

Subject: Discipline Specific Course -10 (DSC- 10): Carbohydrates, Lipids and Heterocyclic

DISCIPLINE SPECIFIC CORE COURSE CHEM-DSC -10: Chemistry- IV: Chemistry of

Carboxylic Acids & their Derivatives, Amines and Heterocycles

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title | Credits | Credit distribution of the | Eligibility Pre-

& Code course criteria requisite
Lecture | Tutorial | Practical/ of the

Practice course
(if any)
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Acids & Mathematics

their

Derivatives,

Amines and

Heterocycles

DSC-10:

Chemistry-

1A%

Learning Objectives

The Learning Objectives of this course are as follows:
® To make students learn about the chemistry of carboxylic acids and their derivatives

(aliphatic and aromatic)
e To give basic understanding of amines (aliphatic & aromatic), diazonium salts

e To provide basic understanding of heterocyclic systems.

Learning outcomes

By studying this course, students will be able to:
Understand reactions of carboxylic acids, esters, amides, amines and diazonium salts
Understand the concept of protection and deprotection.
Use the synthetic chemistry learnt in this course to do functional group transformations.
Gain theoretical understanding of chemistry of heterocyclic compounds.

e & @ @

Syllabus

Unit 1: Carboxylic Acids and their Derivatives (aliphatic and aromatic)

( 13 Lectures)

Preparation: Oxidation reactions of alcohols, aldehydes and ketones, Acidic and alkaline



hydrolysis of esters; Reactions: Hell-Volhard Zelinsky reaction,

Carboxylic acid derivatives (aliphatic): Preparation: Acid chlorides, anhydrides, esters and
amides from acids and their interconversion, Claisen condensation. Reactions: Relative
reactivities of acid derivatives towards nucleophiles, Reformatsky reaction, Perkin
condensation.

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

Unit 2: Amines (aliphatic & aromatic) and Diazonium Salts (Hours:10)

Amines

Preparation: from alkyl halides, Gabriel's Phthalimide synthesis, Hoffmann bromamide
reaction. Reactions: Hoffmann vs Saytzeff elimination, carbylamine test, Hinsberg test, reaction
with HNOz, Schotten-Baumann reaction. Electrophilic substitution (case aniline): nitration,
bromination, sulphonation; basicity of amines.

Diazonium salt

Preparation: from aromatic amines; Reactions: conversion to benzene, phenol and dyes.

Unit 3: Heterocyclic Compounds (Hours: 7)
Introduction, classification, structure, nomenclature and uses. Preparation and properties of the
following heterocyclic compounds with reference to electrophilic and nucleophilic
substitution: furan, pyrrole, thiophene, and pyridine.



B.Sc. Chemistry (H) NEP, IV Sem
Subject: Nuclear and environmental Chemistry (DSC-1)

Teacher: Dr. Aditi Puri

DISCIPLINE SPECIFIC ELECTIVE COURSE -1 (DSE-1): Nuclear and

Environmental Chemistry

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE

COURSE

Course title & | Credits |  Credit distribution of the | Eligibility | Pre-

Code course criteria | requisite

Lecture | Tutorial | Practical/ of the
Practice course
(if any)

Nuclear and 04 03 - 01 Class 12 -

Environmental with

Chemistry Physics,

(DSE-1) Chemistry

Learning Objectives

The Objectives of this course are as follows:

e To make students know more about nuclear chemistry

e To familiarise the students about environmental chemistry, especially with respect to air
and water

Learning outcomes

By studying this course, the students will be able to:

e Gain knowledge about Nuclear chemistry, radioactive decay, nuclear disasters, and nuclear
waste and their disposal.

e Describe the composition of air, various air pollutants, effects and control measures of air
pollutants.

e List different sources of water, water quality parameters, impacts of water pollution, water
treatment.

e Identify different industrial effluents and their treatment methods.



SYLLABUS OF DSE-1

Unit-1: Nuclear Chemistry (21 Hours)

The nucleus: subatomic particles, ¢ liquid drop model; forces in nuclecus-mesons; stability of
nucleus-n/p ratio, binding energy; radioactive elements.

Radioactive decay- o-decay, f-decay, y-decay; neutron emission, positron emission; unit of
radioactivity (curie); half life period: radioactive displacement law, radioactive series.
Measurement of radioactivity: ionization chamber, Geiger Counters, Scintillation counters.
Nuclear reactions: Nuclear fission-theory of nuclear fission; chain reaction; nuclear fusion; nuclear
reactors-fast breeder reactors, fuels used in nuclear reactors, separation of isotopes, moderators,
coolants; nuclear reactors in India.

Applications: Dating of rocks and minerals, carbon dating, neutron activation analysis, isotopic
labeling studies, nuclear medicine- *™Tc radio pharmaceuticals.

Nuclear disasters — Chernobyl disaster, Three Mile Island Disaster, Disposal of nuclear waste and
its management.

UNIT - 2: Air Pollution (12 Hours)

Major regions of atmosphere, chemical and photochemical reactions in atmosphere. Air pollutants:
types, sources, particle size and chemical nature, Major sources of air pollution, Pollution by SOa,
CO03, CO, NQ,, H:S and other foul-smelling gases, methods of estimation of CO, NO,, SO, and

control procedures.

Chemistry and environment impact of the following: Photochemical smog, Greenhouse effect,
Ozone depletion

Air pollution control, Settling Chambers, Venturi Scrubbers, Electrostatic Precipitators (ESPs).
UNIT -3 ; Water Pollution: (12 Hours)

Hydrological cycle, water resources, aquatic ecosystems, Sources and nature of water pollutants,
Techniques for measuring water pollution, Impacts of water pollution on hydrological cycle and
ecosystems. Water purification methods. Effluent treatment plants (primary, secondary and tertiary
treatment).

Sludge disposal. Industrial waste management, incineration of waste. Water treatment and
purification (reversc osmosis, clectro dialysis, ion-cxchange). Water quality paramcters for
wastewater, industrial water and domestic water.



DISCIPLINE SPECIFIC CORE COURSE-12 (DSC-12): Electrochemical Cells,
Chemical Kinetics and Catalysis

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & | Credits Credit distribution of the Eligibility Pre-
Code course criteria requisite
Lecture | Tutorial | Practical/ of the
Practice course
(if any)
Electrochemical 04 03 - 01 Class 12t -
Cells, Chemical with
Kinetics and Physics,
Catalysis Chemistry,
(DSC-12, Mathematics
Physical
Chemistry IV)

Learning Objectives
The Objectives of this course are as follows:

e To provide a detailed understanding about galvanic cells and their types

e To explain the applications of galvanic cells and EMF measurements.

e To get an understanding of the kinetics of simple and complex chemical reactions

e To give basic concept about catalysts and enzymes.

e To teach the working of potentiometer and different electrodes for performing
potentiometric titrations

e To explain the experimental study of kinetics of simple reactions

Learning outcomes
By studying this course, the students will be able to:

e Explain the working of electrochemical cells and different types of galvanic cell.

e Devise a spontaneous galvanic cell using various combinations of half-cells.

e Understand the concept of concentration cell

e Use the appropriate galvanic cell to measure pH, calculate thermodynamic parameters
and perform potentiometric titrations.

e Write rate law and derive rate equations for simple and complex reactions and
understanding of theories of reaction rates.

e Understand different types of catalysts and mechanism of enzyme catalysis.

e Perform potentiometric titrations using appropriate electrodes for quantitative analysis.

e Set up experiments to study the kinetics of simple reactions.

SYLLABUS OF DSC-12
Unit-1: Electrochemical Cells (Hours: 21)



Rules of oxidation/reduction of ions based on half-cell potentials, Chemical cells, reversible
and irreversible cells with examples. Electromotive force of a cell and its measurement,
Nernst equation; Standard electrode (reduction) potential and its application to different kinds
of half-cells. Application of EMF measurements in determining (i) free energy, enthalpy and
entropy of a cell reaction, (ii) equilibrium constants, and (iii) pH values, using hydrogen,
quinone-hydroquinone, glass and SbO/Sb20s electrodes. Concentration cells with and
without transference, liquid junction potential; determination of activity coefficients and
transference numbers. Qualitative discussion of potentiometric titrations (acid-base, redox,
precipitation). Structure of electric double layer (qualitative aspects only).

Unit-2: Chemical Kinetics (Hours: 18)

Order and molecularity of a reaction, rate laws in terms of the advancement of a reaction,
differential and integrated form of rate expressions up to second order reactions, experimental
methods for determination of rate laws, kinetics of complex reactions (integrated rate
expressions up to first order only): (i) Opposing reactions (ii) parallel reactions and (iii)
consecutive reactions and their differential rate equations (steady-state approximation in
reaction mechanisms) (iv) chain reactions.

Temperature dependence of reaction rates; Arrhenius equation; activation energy. Collision
theory of reaction rates, Lindemann mechanism, qualitative treatment of the theory of
absolute reaction rates, introduction to electrode kinetics (qualitative aspects only).

Unit-3: Catalysis: (Hours: 6)

Types of catalyst, specificity and selectivity, mechanisms of catalyzed reactions at solid
surfaces. Enzyme catalysis, Michaelis-Menten mechanism, acid-base catalysis.
Practical: Credits: 01

(Laboratory periods: 15 classes of 2 hours each)

(A) Potentiometry:

Perform the following potentiometric titrations:
1. Strong acid vs. strong base

Weak acid vs. strong base

Dibasic acid vs. strong base

Mixture of strong and weak acid vs strong base

A

Potassium dichromate vs. Mohr's salt
(B)  Chemical Kinetics:
Study the kinetics of the following reactions
1. Jodide-persulphate reaction by Initial rate method
2. Acid hydrolysis of methyl acetate with hydrochloric acid.
3. Saponification of ethyl acetate by conductometric measurements.

Suggested experiments



l.
2.

To study the kinetics of lodide-persulphate reaction using integrated rate method.
Comparison of the strengths of HCI and H,SO4 by studying kinetics of hydrolysis of

methyl acetate.

Essential/recommended readings
Theory:

1.
2.
3.
4,
5.

6.

Atkins, P.W.; Paula, J.de. (2014), Atkin’s Physical Chemistry Ed., 10th Edition,
Oxford University Press.

Ball, D. W. (2017), Physical Chemistry, 2nd Edition, Cengage Learning, India.
Castellan, G. W. (2004), Physical Chemistry, 4m Edition, Narosa.

Kapoor, K.L. (2015), A Textbook of Physical Chemistry, Vol 3, 6t Edition, McGraw
Hill Education.

Kapoor, K.L. (2015), A Textbook of Physical Chemistry, Vol 5, 3:¢ Edition, McGraw
Hill Education.

Laidler K.J. (2003), Chemical Kinetics, 3rd Edition, Pearson Education India.

Practical:

1.

2.

3.

Khosla, B.D.; Garg, V.C.; Gulati, A. (2015), Senior Practical Physical Chemistry, R.
Chand & Co, New Delhi.

Kapoor, K.L. (2019), A Textbook of Physical Chemistry, Vol.7, 1s Edition, McGraw
Hill Education.

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

Note: Examination scheme and mode shall be as prescribed by the Examination

Branch, University of Delhi, from time to time.
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B.Sc. Chemistry (H) NEP, 1V Sem
Subject: Discipline Specific Core Course -11 (DSC- 11): Carbohydrates, Lipids and
Heterocyclic Compounds

Teacher: Dr. KANIKA SOLANKI

DISCIPLINE SPECIFIC CORE COURSE -11 (DSC-11): Carbohydrates, Lipids and

Heterocyclic Compounds

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title | Credits Credit distribution of the | Eligibility | Pre-
& Code course criteria requisite of
Lecture | Tutorial | Practical/ ‘the course

Practice (if any)

Carbohydra 04 03 - 01 Class 12t -

tes, Lipids with

and Hetero Physics,

cyclic Chemistry

Compounds

(DSC-11,

Organic

Chemistry

1V)

Learning Objectives

The Objectives of this course are as follows:

e To familiarize students with the chemistry of carbohydrates, lipids, and heterocyclic
compounds

e To enable students to develop novel, efficient, convenient, selective and
environmentally benign synthetic methods for synthesis of heterocyclic compounds.

Learning outcomes

By studying this course, the students will be able to:

* Describe uses and applications carbohydrates, lipids and heterocycles

e Use the knowledge gained from study of carbohydrates, lipids and heterocycles to
propose greener and better synthetic routes.

e Use the chemistry and biology of carbohydrates, lipids and heterocycles to better serve
the mankind.



SYLLABUS OF DSC-11

Unit-1: Carbohydrates & Lipids (Hours: 24)

Monosaccharides: Constitution and absolute configuration of glucose and fructose, epimers
and anomers, mutarotation, determination of ring size of glucose and fructose, Haworth
projection and conformational structures; Interconversion of aldoses and ketoses; Killiani-
Fischer synthesis and Ruff degradation; Linkage between monosaccharides: Comparative
study of the structure of disaccharides (sucrose, maltose, lactose) and polysaccharides (starch,
cellulose and glycogen) excluding their structure elucidation. Reactions of disaccharides-
reducing property, hydrolysis, methylation and acetylation.

Lipids: Introduction to lipids, classification. Oils and fats: Common fatty acids present in oils
and fats, Omega-3&6 fatty acids, trans fats, hydrogenation, hydrolysis, acid value,
saponification value, iodine number. Biological importance of triglycerides, phospholipids,
glycolipids, and steroids (cholesterol).

Unit-2: Heterocyclic Compounds (Hours:21)

Classification and nomenclature of heterocyclic compounds (containing only one hetero atom).
Structure, aromaticity in 5-membered and 6-membered rings containing one heteroatom;
Basicity and relative reactivity towards electrophilic substitution reactions (amongst five
membered and six membered rings.

General methods of synthesis for: furan, thiophene, pyrrole (Paal-Knorr synthesis, Hantzsch
synthesis), pyridine (Hantzsch synthesis), indole (Fischer Indole synthesis), quinoline (Skraup
synthesis, Friedlander’s synthesis, Knorr quinoline synthesis, Doebner-Miller synthesis)

Properties: Physical properties, discussion on the following reaction (with mechanism) for
furan, pyrrole, thiophene, pyridine, indole and quinoline: Electrophilic substitution- nitration,
sulphonation, halogenation, formylation, acylation, mercuration and carboxylation. Oxidation,
reduction, addition, reactions showing acidic /basic character, reaction with diazonium salts,
ring opening, ring expansion and nucleophilic substitution reaction wherever applicable should
be discussed.









DEPARTMENT OF CHEMISTRY

SEMESTER 1V

B Sc. (Hons) Chemistry

DISCIPLINE SPECIFIC CORE COURSE - 10(DSC-10): Coordination Chemistry
and Reaction Mechanism

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title | Credits | Credit distribution of the course | Eligibility Pre-
& Code | Lecture | Tutorial | Practical/ | eriteria requisite
Practice of the

course
(if any)

Coordination 04 03 -- 01 Class 12t --

Chemistry with

and Reaction Physics,

Mechanism Chemistry,

(DSC-10: Mathematics

Inorganic

Chemistry -

V)

Learning Objectives
The Objectives of this course are as follows:

¢ To familiarize the students with coordination compounds which find manifold
applications in diverse areas.

¢ To acquaint the student with the concept of Inorganic reaction mechanism.
Learning Outcomes

By studying this course, the students will be able to:

¢« Explain the terms- ligand, denticity of ligands, chelate, coordination number and use
standard rules to name coordination compounds.

e Discuss the various types of isomerism possible in such compounds.

¢ Use Valence Bond Theory to predict the structure and magnetic behaviour of metal
complexes and understand the terms inner and outer orbital complexes.



¢ Explain the meaning of the terms A, A, pairing energy, CFSE, high spin and low spin
complexes and how CFSE affects thermodynamic properties like lattice enthalpy and
hydration enthalpy.

¢ Explain magnetic properties and colour of complexes on the basis of Crystal Field
Theory.

¢ [Explain the reaction mechanism of coordination compounds and differentiate between
kinetic and thermodynamic stability.

SYLLABUS OF DSC-10

Unit-1: Coordination Chemistry (Hours: 28)

Werner’s Coordination theory, simple problems based on this theory

IUPAC nomenclature of coordination compounds, isomerism in coordination compounds
(coordination numbers 4 and 6). Valence bond theory and its application to complexes of
coordination numbers 4 and 6.

Crystal field theory, measurement of A,. Calculation of CFSE in weak and strong fields,
concept of pairing energies, factors affecting the magnitude of A,. Octahedral vs. tetrahedral
coordination, tetragonal distortions from octahedral geometry: Jahn-Teller theorem, square
planar geometry. Qualitative aspect of Ligand field and MO Theory (for octahedral o-donor,
n- acceptor and m- donor complexes).

Unit-2: Stability of complexes and Inorganic Reaction Mechanism:  (Hours: 17)

Brief discussion of thermodynamic and kinetic stability, Factors affecting stability of
complexes. such as chelate effect, macrocyclic ettect, resonance effect etc., trends 1n step
wise formation constant, interpretation of lability and inertness based on VBT and CFT.

Introduction to inorganic reaction mechanisms, concept of reaction pathways, transition state,
intermediate and activated complex. Substitution reactions in square planar complexes,
factors affecting the rate of Substitution reactions in square planar complexes- such as charge
effect, solvent effect and Trans- effect (Theories of trans-effect).

Practical component
Practical: Credits: 01
(Laboratory periods: 15 classes of 2 hours each)

(A) Argentometry

Estimation of C1

(1) By Mohr’s method

(11) By Vohlard’s method and

(ii1) By Fajan’s method

(B) Complexometric Titrations:

(1) Complexometric estimation of Mg>*/ Zn®" using EDTA

(11) Estimation of total hardness of water samples
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