	GHATAL RABINDRA SATABARSIKI MAHAVIDYALAYA

DEPARTMENT OF CHEMISTRY

TEACHING PLAN FOR MAJOR

	Semester: I, Paper: MJ1T (ORGANIC CHEMISTRY-I)
(CCFUP) 2023 and NEP 2020

	Contents
	No. of Lectures
	Name of the Teacher

	Basics of Organic Chemistry (20 Lectures):  
Valence Bond Theory: concept of hybridisation, shapes of molecules, resonance (including hyperconjugation); calculation of formal charges and double bond equivalent (DBE); orbital pictures of bonding (sp3, sp2, sp: C-C, C-N & C-O systems and s-cis and s-trans geometry for suitable cases).
	4
	Dr. Kaushik Ghosh

	Electronic displacements: inductive effect, field effect, mesomeric effect, resonance energy; bond polarization and bond polarizability; electromeric effect; steric effect, steric inhibition of resonance.
	4
	Dr. Kaushik Ghosh

	MO theory: qualitative idea about molecular orbitals, bonding and antibonding interactions, idea about σ, σ*, π, π *, n – MOs; basic idea about Frontier MOs (FMO); concept of HOMO, LUMO and SOMO; interpretation of chemical reactivity in terms of FMO interactions;
	4
	Dr. Kaushik Ghosh

	MO theory: sketch and energy levels of π MOs of i) acyclic p orbital system (C=C, conjugated diene, triene, allyl and pentadienyl systems) ii) cyclic p orbital system (neutral systems: [4], [6]-annulenes; charged systems: 3-,4-,5-membered ring systems); Hückel’s rules for aromaticity up to [10]-annulene (including mononuclear heterocyclic compounds up to 6-membered ring); concept of antiaromaticity and homoaromaticity; non-aromatic molecules; Frost diagram; elementary idea about α and β; measurement of delocalization energies in terms of β for buta-1,3-diene, cyclobutadiene, hexa-1,3,5-triene and benzene.
	6
	Dr. Kaushik Ghosh

	Physical properties: influence of hybridization on bond properties: bond dissociation energy (BDE) and bond energy; bond distances, bond angles; concept of bond angle strain (Baeyer’s strain theory); melting point/boiling point and solubility of common organic compounds in terms of covalent & non-covalent intermolecular forces; polarity of molecules and dipole moments; relative stabilities of isomeric hydrocarbons in terms of heat of hydrogenation, heat of combustion and heat of formation.
	6
	Dr. Rabindra Nath Manna

	General Treatment of Reaction Mechanism I (5 Lectures)

Mechanistic classification: ionic, radical and pericyclic (definition and example); reaction type: addition, elimination and substitution reactions (definition and example); nature of bond cleavage and bond formation: homolytic and heterolytic bond fission, homogenic and heterogenic bond formation; curly arrow rules in representation of mechanistic steps; reagent type: electrophiles and nucleophiles (elementary idea); electrophilicity and nucleophilicity in terms of FMO approach.
	3
	Dr. Rabindra Nath Manna

	Reactive intermediates: carbocations (carbenium and carbonium ions), carbanions, carbon radicals, carbenes: generation and stability, structure using orbital picture and electrophilic/nucleophilic behavior of reactive intermediates (elementary idea).
	2
	Dr. Rabindra Nath Manna

	Stereochemistry I (20 Lectures) 
Bonding geometries of carbon compounds and representation of molecules: tetrahedral nature of carbon and concept of asymmetry; Fischer, sawhorse, flying-wedge and Newman projection formulae and their inter translations.
	4
	Dr. Rabindra Nath Manna

	Concept of chirality and symmetry: symmetry elements and point groups (Cαh, Cnh , Cnv , Cn , Dαh , Dnh, Dnd , Dn , Sn (Cs, Ci); molecular chirality and centre of chirality; asymmetric and dissymmetric molecules; enantiomers and diastereomers; concept of epimers; concept of stereogenicity, chirotopicity and pseudoasymmetry; chiral centres and number of stereoisomerism: systems involving 1/2/3-chiral centre(s) (AA, AB, ABA and ABC types).
	6
	Dr. Rabindra Nath Manna

	Relative and absolute configuration: D/L and R/S descriptors; erythro/threo and meso nomenclature of compounds; syn/anti nomenclatures for aldols; E/Z descriptors for C=C, conjugated diene, triene, C=N and N=N systems; combination of R/S- and E/ Z- isomerisms.
	4
	Dr. Rabindra Nath Manna

	Optical activity of chiral compounds: optical rotation, specific rotation and molar rotation; racemic compounds, racemisation (through cationic, anionic, radical intermediates and through reversible formation of stable achiral intermediates); resolution of acids, bases and alcohols via diastereomeric salt formation; optical purity and enantiomeric excess; invertomerism of chiral trialkylamines.
	6
	Dr. Rabindra Nath Manna 

	Semester: I, Paper: MJ1P (ORGANIC CHEMISTRY LAB- I)
(CCFUP) 2023 and NEP 2020

	Contents
	No. of Lectures
	Name of the Teacher

	Lab (30 Lectures)

Separation: based upon solubility, by using common laboratory reagents like water (cold, hot), dil. HCl, dil. NaOH, dil. NaHCO3, etc., of components of a binary solid mixture; purification of any one of the separated components by crystallization and determination of its melting point. The composition of the mixture may be of the following types: Benzoic acid/p-Toluidine; p-Nitrobenzoic acid/p-Aminobenzoic acid; p-Nitrotolune/p-Anisidine; etc.
	5
	Dr. Rabindra Nath Manna

	Determination of boiling point of common organic liquid compounds: ethanol, cyclohexane, chloroform, ethyl methyl ketone, cyclohexanone, acetylacetone, anisole, crotonaldehyde, mesityl oxide, etc. [Boiling point of the chosen organic compounds should preferably be less than 160 °C]
	5
	Dr. Rabindra Nath Manna

	Identification of a Pure Organic Compound: Solid compounds: oxalic acid, tartaric acid, citric acid, succinic   acid, resorcinol, urea, glucose, cane sugar, benzoic acid and salicylic acid
	10
	Dr. Rabindra Nath Manna 


	Liquid Compounds: formic acid, acetic acid, methyl alcohol, ethyl alcohol,
acetone, aniline, dimethylaniline, benzaldehyde, chloroform and nitrobenzene.
	10
	   Mr. Anupam Maity


	Semester: I, Paper: SEC1P: Chemistry of Cosmetics & Perfumes

(CCFUP) 2023 and NEP 2020

	Contents
	No. of Lectures
	Name of the Teacher

	Part-A:

i) Preparation of talcum powder.

ii) Preparation of shampoo.

iii) Preparation of enamels.

iv) Preparation of hair remover.

v) Preparation of face cream.

vi) Preparation of nail polish and nail polish remover.

vii) Preparation of Lipstick.

Any other preparation as per the instruction of respective College
	24
	Mr. Anupam Maity

	Part-B: Field visit and submission of the Report
	12
	Dr. Rabindra Nath Manna 



	Semester: II, Paper: MJ2T (INORGANIC CHEMISTRY-I)
(CCFUP) 2023 and NEP 2020

	Contents
	No. of Lectures
	Name of the Teacher

	Extra nuclear Structure of atom (14 Lectures)

Bohr’s theory, its limitations and atomic spectrum of hydrogen atom: Sommerfeld’s Theory. Wave mechanics: de Broglie equation, Heisenberg’s Uncertainty Principle and its significance, Schrödinger’s wave equation, significance of ψ and ψ2. 
	7
	Dr. Rabindra Nath Manna

	Quantum numbers and their significance: Radial and angular wave functions for hydrogen atom. Radial and angular distribution curves. Shapes of s, p, d and f orbitals. Pauli’s Exclusion Principle, Hund’s rules and multiplicity, Exchange energy, Aufbau principle and its limitations, Ground state Term symbols of atoms and ions for atomic number up to 30.
	7
	Dr. Rabindra Nath Manna

	Chemical periodicity
(8 Lectures)

Modern IUPAC Periodic table: Effective nuclear charge, screening effects and penetration, Slater’s rules, atomic radii, ionic radii (Pauling’s univalent), covalent radii, lanthanide contraction. Ionization potential, 
	3
	Dr. Kaushik Ghosh

	Electron affinity and electronegativity: Pauling’s, Mulliken’s and Allred-Rochow’s scales and factors influencing these properties, group electronegativities. Group trends and periodic trends in these properties in respect of s-, p- and d-block elements. Secondary periodicity, Relativistic Effect, Inert pair effect.


	2
	Dr. Kaushik Ghosh

	Acid-Base reactions
(12 Lectures)

Acid-Base concept: Arrhenius concept, theory of solvent system (in H2O, NH3, SO2 and HF), Bronsted-Lowry’s concept, relative strength of acids, Pauling’s rules. Lux-Flood concept, Lewis concept, group characteristics of Lewis acids, solvent levelling and differentiating effects. 
	6
	Dr. Kaushik Ghosh

	Thermodynamic acidity parameters: Drago-Wayland equation. Superacids, Gas phase acidity and proton affinity; HSAB principle. Acid-base equilibria in aqueous solution (Proton transfer equilibria in water), pH, buffer. Acid-base neutralisation curves; indicator, choice of indicators.
	6
	Dr. Kaushik Ghosh

	Redox Reactions and precipitation reactions
(18 Lectures)

Ion-electron method of balancing equation of redox reaction: Elementary idea on standard redox potentials with sign conventions, Nernst equation (without derivation). Influence of complex formation, precipitation and change of pH on redox potentials; formal potential. Feasibility of a redox titration, redox potential at the equivalence point, redox indicators. Redox potential diagram (Latimer and Frost diagrams) of common elements and their applications. Disproportionation and comproportionation reactions (typical examples)
	9
	Dr. Rabindra Nath Manna

	Solubility product principle: common ion effect and their applications to the precipitation and separation of common metallic ions as hydroxides, sulfides, phosphates, carbonates, sulfates and halides.
	3
	Dr. Rabindra Nath Manna

	Semester: II, Paper: MJ2P (INORGANIC CHEMISTRY LAB-I)

(CCFUP) 2023 and NEP 2020

	Contents
	No. of Lectures
	Name of the Teacher

	LAB (30 Lectures) 

Acid and Base Titrations:

1.
Estimation of carbonate and hydroxide present together in mixture
	2
	Mr. Anupam Maity

	2.
Estimation of carbonate and bicarbonate present together in a mixture.
	2
	Mr. Anupam Maity

	3.
Estimation of free alkali present in different soaps/detergents.
	2
	Mr. Anupam Maity

	Oxidation-Reduction Titrimetric:

1.
Estimation of Fe(II) using standardized KMnO4 solution
	4
	Mr. Anupam Maity

	2.
Estimation of oxalic acid and sodium oxalate in a given mixture
	4
	Dr. Rabindra Nath Manna

	3.
Estimation of Fe(II) and Fe(III) in a given mixture using K2Cr2O7 solution.
	4
	Mr. Anupam Maity

	4.
Estimation of Fe(III) and Mn(II) in a mixture using standardized KMnO4 solution
	4
	Mr. Anupam Maity

	5.
Estimation of Fe(III) and Cu(II) in a mixture using K2Cr2O7.
	4
	Mr. Anupam Maity

	6.
Estimation of Fe(III) and Cr(III) in a mixture using K2Cr2O7.
	4
	Mr. Anupam Maity

	Semester: II, Paper: SEC-2P  (Medicinal & Pharmaceutical Chemistry)

(CCFUP) 2023 and NEP 2020

	Contents
	No. of Lectures
	Name of the Teacher

	Part-A: Extraction

i) Extraction of eucalyptus leaf ingredient

ii) Extraction of eugenol from clove

iii) Extraction of nicotine from tobacco.

iv) Curumine from turmeric

v) Extraction of caffeine from tea/coffee
	10
	Dr. Rabindra Nath Manna

	Part-B: A project: Collection and brief introduction of at least 10 herbal plants.
	              4
	Dr. Rabindra Nath Manna 


	GHATAL RABINDRA SATABARSIKI MAHAVIDYALAYA

DEPARTMENT OF CHEMISTRY

TEACHING PLAN FOR THE ACADEMIC SESSSION 2024-2025

	Semester: III, Paper: MJ03T (PHYSICAL CHEMISTRY-II)

(CCFUP) 2023 and NEP 2020

	Contents
	No. of Lectures
	Name of the Teacher

	A. FITNESS TRAINING FOR PHYSICAL CHEMISTRY (7 LECTURES) 
(I) Units and Dimensions: Physical quantity, Units and unit systems, Symbols, Basic and Derived units, SI units, Dimensions, Principle of homogeneity of dimensions, Atomic Units. (Examples should be taken from various chapters of Physical Chemistry) 

(II) Plots of Simple Functions: linear plots; its slopes and intercepts, choice of proper scale, Plots of polynomial, exponential and trigonometric functions and their combinations. Plots of inverse and hyperbolic functions. (Examples should be taken from various chapters of Physical Chemistry).
	4
	Dr. Rabindra Nath Manna

	B. CHEMICAL KINETICS: PART-1  

(I) Introduction, stoichiometric coefficient, Extent or advancement of reaction, Rate of a reaction in terms of advancement of reaction, Law of mass action, Differential rate law, rate constant and its unit, order and molecularity: 

(II) Integrated rate laws for simple reactions involving only one reactant: zero. half, one, two, three and n-th order reactions, Half life time, time of completion, average life time. Integrated rate laws involving more than one reactants: 2nd and third order. Pseudo first order reactions. 

(III) Determination of order of a reaction: method of differential rate law, nt and nc, method of integrated rate law, method of half-life time, method of isolation. 

(IV) Complex reactions: Opposing reactions, Equilibrium Constant; Consecutive reactions, slowest step is the rate determining step. Parallel reactions KCP and TCP 

(V) Temperature dependence of rate constant; Arrhenius equation, energy of activation. 

(VI) Rate-determining step and steady-state approximation – explanation with suitable examples. Arrhenius Complex and van’t Hoff complex. 

(VII) Homogeneous catalysis: with reference to acid-base catalysis.
	8
	Dr. Rabindra Nath Manna

	C. THERMODYNAMICS: PART-1 (FIRST LAW OF THERMODYNAMICS & THERMOCHEMISTRY) (16 LECTURES) 
(I) Mathematics for Thermodynamics: Derivatives, Partial derivatives, State functions and Path functions, Exact and Inexact differentials, Cyclic rule, Chain rule, Legendre transformations, Homogeneous functions, Extremization problems. 

(II) Introduction, Some basic concepts; System; isolated, closed and open; Thermodynamic system. Surroundings, Universe, Boundaries and its classifications, Properties of a system: Extensive and Intensive; State property and path property, Different types of processes: reversible and irreversible processes, Isothermal and adiabatic processes. Thermodynamic state, Equation of states, Steady state and Equilibrium state. Thermal equilibrium, Zeroth law of Thermodynamics and its applications. Definition of temperature. 

(III) Concept of heat and work: Work in various processes (reversible, irreversible, isothermal, adiabatic), indicator diagrams, 

(IV) Joule’s experiments, Concept of internal energy (U), First law of thermodynamics; its various statements.
	10
	Dr. Kaushik Ghosh

	D. QUANTUM MECHANICS: PART-1 (HISTORICAL DEVELOPMENTS AND OLD QUANTUM THEORY) (10-LECTURES) 
(I) A brief introduction to Quantum Mechanics 

(II) Black body radiation: experimental observations, important features, Stefan Boltzmann law, Wien’s distribution formula and the Wien’s displacement law, Rayleigh-Jeans formula, Planck’s hypothesis and the theoretical explanations BB energy distribution. 

(III) Particle aspect of light: Photoelectric effect: Experimental observations and Einstein’s explanation; Compton effect; Experimental observations and Compton’s explanations. 

(IV) Wave aspects of particle: de Broglie’s wave particle duality 

(V) Heisenberg Uncertainty Principle: Position-Momentum Uncertainty principle, Statements and qualitative explanations from the dual nature of light and particle. Various consequences of HUP. Energy-time uncertainty principle. 

(VI) Old quantum theory: Bohr, Wilson and Sommerfeld quantization rule and their applications to PIAB, LSHO, RR and H-atom problems.
	12
	Dr. Kaushik Ghosh

	Semester: III, Paper: MJ3P (PHYSICAL CHEMISTRY LABORATORY- II)

	Contents
	No. of Lectures
	Name of the Teacher

	Lab (30 Lectures)

1. Calibration of various apparatus such as burette, pipette, volumetric flux, measuring cylinder etc. 

2. Concepts of molecular weight, equivalent weight, various concentration terms, primary and secondary standard solutions and their preparations with proper explanations of types of apparatus to be used to prepare these solutions. 

Prepare the following solutions 

(i) Primary standard oxalic acid solution by accurate weighing 

(ii) Primary standard potassium dichromate solutions by accurate weighing 

(iii) Secondary standard sodium hydroxide solutions by approximate weighing 

(iv) Secondary standard sodium thiosulphate solutions by approximate weighing 

(v) Secondary standard potassium permanganate solution by approximate weighing 

(vi) Secondary standard sulphuric acid, hydrochlroric acid and acetic acid solutions of various strength from the supplied concentrated solutions. 

3. Study of kinetics of acid-catalyzed hydrolysis of an ester 

4. Study of kinetics of decomposition of H2O2 


	20
	Dr. Rabindra Nath Manna

	5. Determination of specific rotation of cane sugar using polarimeter 

6. Study the kinetics of inversion of cane sugar using polarimeter. 
	10
	Anupam Maity

	Semester: III, Paper: MJ4T (ORGANIC CHEMISTRY- II)

	Contents
	No. of Lectures
	Name of the Teacher

	Stereochemistry II, General Treatment of Reaction Mechanism II, Substitution and Elimination Reactions and Chemistry of Alkenes and Alkynes Theory: 45 Lectures 
Stereochemistry II  
Conformation: conformational nomenclature: eclipsed, staggered, gauche, syn and anti; dihedral angle, torsion angle; Klyne-Prelog terminology; P/M descriptors; energy barrier of rotation, concept of torsional and steric strains; relative stability of conformers on the basis of steric effect, dipole-dipole interaction and H-bonding; butane gauche interaction; conformational analysis of ethane, propane, n-butane, 2-methylbutane and 2,3- dimethylbutane. haloalkane, 1,2-dihaloalkanes and 1,2-diols (up to four carbons); 1,2-halohydrin; conformation of conjugated systems (s-cis and s-trans). 

General Treatment of Reaction Mechanism II
Reaction thermodynamics: free energy and equilibrium, enthalpy and entropy factor, calculation of enthalpy change via BDE, intermolecular & intramolecular reactions. 


	5
	Mr. Anupam Maity

	Concept of organic acids and bases: effect of structure, substituent and solvent on acidity and basicity; proton sponge; gas-phase acidity and basicity; comparison between nucleophlicity and basicity; HSAB principle; application of thermodynamic principles in acid-base equilibria. 

Tautomerism: prototropy (keto-enol, nitro-aci-nitro, nitroso-oximino, diazo-amino and enamine-imine systems); valence tautomerism and ring-chain tautomerism; composition of the equilibrium in different systems (simple carbonyl; 1,2- and 1,3-dicarbonyl systems, phenols and related systems), factors affecting keto-enol tautomerism; application of thermodynamic principles in tautomeric equilibria. 

Reaction kinetics: rate constant and free energy of activation; concept of order and molecularity; free energy profiles for one-step, two-step and three-step reactions; catalyzed reactions: electrophilic and nucleophilic catalysis; kinetic control and thermodynamic control of reactions; isotope effect: primary and secondary kinetic isotopic effect (kH /kD); principle of microscopic reversibility; Hammond’s postulate.
	6
	Dr. Anupam Maity

	Substitution and Elimination Reactions (10 Lectures) 

Free-radical substitution reaction: halogentaion of alkanes, mechanism (with evidence) and stereochemical features; reactivity-selectivity principle in the light of Hammond’s postulate. 

Nucleophilic substitution reactions: substitution at sp3centre: mechanisms (with evidence) relative rates and stereochemical features: SN1, SN2, SN2', SN1' (allylic rearrangement) and SNi; effects of solvent, substrate structure, leaving group and nucleophiles (including ambident nucleophiles, cyanide & nitrite); substitutions involving NGP; role of crown ethers and phase transfer catalysts; [systems: alkyl halides, allyl halides, benzyl halides, alcohols, ethers, epoxides]. 

Elimination reactions: E1, E2, E1cB and Ei (pyrolytic syn eliminations); formation of alkenes and alkynes; mechanisms (with evidence), reactivity, regioselectivity (Saytzeff/Hofmann) and stereoselectivity; comparison between substitution and elimination; importance of Bredt’s rule relating to the formation of C=C.
	10
	Mr. Anupam Maity

	Chemistry of Alkenes and Alkynes 

Addition to C=C: mechanism (with evidence wherever applicable), reactivity, regioselectivity (Markownikoff and anti-Markownikoff additions) and stereoselectivity; reactions: hydrogenation, halogenations, iodolactonisation, hydrohalogenation, hydration: oxymercuration-demercuration, hydroboration-oxidation, epoxidation, syn and anti-hydroxylation, ozonolysis, addition of singlet and triplet carbenes; electrophilic addition to diene (conjugated dienes and allene); radical addition: HBr addition; mechanism of allylic and benzylic bromination in competition with brominations across C=C; use of NBS; Birch reduction of benzenoid aromatics; interconversion of E- and Z-alkenes; contra- thermodynamic isomerization of internal alkenes. Addition to C≡C (in comparison to C=C): mechanism, reactivity, regioselectivity (Markownikoff and anti-Markownikoff addition) and stereoselectivity; reactions: hydrogenation, halogenations, hydrohalogenation, hydration, oxymercuration-demercuration, hydroboration-oxidation, dissolving metal reduction of alkynes (Birch); reactions of terminal alkynes by exploring its acidity; interconversion of terminal and non-terminal alkynes.
	15
	Mrs. Bidisha Maiti Mondal

	Semester: III, Paper: MJ4P (ORGANIC CHEMISTRY LABORATORY- II)

	Contents
	No. of Lectures
	Name of the Teacher

	Lab (30 Lectures)
1 Experiment: Qualitative Analysis of Single Solid Organic Compounds 
a) Detection of special elements (N, S, Cl, Br) by Lassaigne’s test 

b) Solubility and classification (solvents: H2O, 5% HCl, 5% NaOH and 5% NaHCO3) 

c) Detection of the following functional groups by systematic chemical tests: aromatic amino (-NH2), aromatic nitro (-NO2), amido (-CONH2, including imide), phenolic –OH, carboxylic acid (-COOH), carbonyl (-CHO and >C=O). 

d) Melting point of the given compound 

[Each student, during laboratory session, is required to carry out qualitative chemical tests for all the special elements and the functional groups of unknown (at least six) organic compounds].
	30
	Mrs. Bidisha Maiti Mondal

	Semester: III, Paper: MI3T (INORGANIC CHEMISTRY II and ORGANIC CHEMISTRY -II)

	Contents
	No. of Lectures
	Name of the Teacher

	Inorganic Chemistry–II 
Chemical Periodicity: (10 Lectures) 
Classification of elements on the basis of electronic configuration: general characteristics of s-, p-, d- and f-block elements. Positions of hydrogen and noble gases. Atomic and ionic radii, ionization potential, electron affinity, and electronegativity; periodic and group-wise variation of above properties in respect of s- and p- block elements. 
	5
	Mr. Anupam Maity

	Chemical Bonding and Molecular Structure: (20 Lectures) 

Ionic Bonding: General characteristics of ionic bonding. Energy considerations in ionic bonding, lattice energy and solvation energy and their importance in the context of stability and solubility of ionic compounds. Statement of Born-Landé equation for calculation of lattice energy, Born-Haber cycle and its applications, polarizing power and polarizability. Fajan’s rules, ionic character in covalent compounds, bond moment, dipole moment and percentage ionic character. 

Covalent bonding: VB Approach: Shapes of some inorganic molecules and ions on the basis of VSEPR and hybridization with suitable examples of linear, trigonal planar, square planar, tetrahedral, trigonal bipyramidal and octahedral arrangements. Concept of resonance and resonating structures in various inorganic and organic compounds. MO Approach: Rules for the LCAO method, bonding and antibonding MOs and their characteristics for s-s, s-p and p-p combinations of atomic orbitals, nonbonding combination of orbitals, MO treatment of homonuclear diatomic molecules of 1st and 2nd periods (including idea of s-p mixing): H2, B2, C2, N2, O2, F2. MO diagram of CO and explanation of its ligating behaviour based on MO approach. Comparison of VB and MO approaches.
	5
	Mr. Anupam Maity

	Organic Chemistry-II 
Aromatic Hydrocarbon 
Benzene: Preparation: from phenol, by decarboxylation, from acetylene, from Benzene sulphonic acid. Reactions: electrophilic substitution (general mechanism); nitration (with mechanism), halogenations (chlorination and bromination), sulphonation and Friedel-Craft’s reaction (alkylation and acylation) (up to 4 carbons on benzene); side chain oxidation of alkyl benzenes (up to 4 carbons on benzene). 

Organometallic Compounds 

Introduction; Grignard reagents: Preparations (from alkyl and aryl halide); concept of umpolung; Reformatsky reaction. 

Aryl Halides

Preparation: (chloro-, bromo- and iodobenzene): from phenol, Sandmeyer reactions. Reactions (Chlorobenzene): nucleophilic aromatic substitution (replacement by –OH group) and effect of nitro substituent (activated nucleophilic substitution).
	10
	Mrs. Bidisha Maiti Mondal

	Semester: III, Paper: SEC3P (Preparation of Household Chemicals )

	Contents
	No. of Lectures
	Name of the Teacher

	Part A: 
(i) Preparation of liquid disinfectant 

(ii) Preparation of Liquid Detergent 

(iii) Preparation of Dish wash Liquid Soap 

(iv) Preparation of Hand Sanitizer 

(v) Preparation of simple organophosphates, phosphonates and thiophosphates 

Part B: Field visit and submission of the report.
	30
	Dr. Rabindra Nath Manna


	GHATAL RABINDRA SATABARSIKI MAHAVIDYALAYA

DEPARTMENT OF CHEMISTRY

TEACHING PLAN FOR THE ACADEMIC SESSSION 2024-2025

	Semester: IV, Paper: MJ05T (INORGANIC CHEMISTRY-II)

(CCFUP) 2023 and NEP 2020

	Contents
	No. of Lectures
	Name of the Teacher

	A. Chemical Bonding-I: (15 Lectures):  

(i) Ionic bond: General characteristics, types of ions, size effects, radius ratio rule and its application and limitations. Packing of ions in crystals. Born-Landé equation with derivation and importance of Kapustinskii expression for lattice energy. Madelung constant, Born-Haber cycle and its application, Solvation energy. Solubility energetics of dissolution process, Defects in solids, line and plane defects, Schottky and Frenkel defects (Elementary idea) non-stoichiometric defect in crystal, Colour centres (F-center) in ionic crystals.
	7
	Dr. Kaushik Ghosh

	(ii) Covalent bond: Polarizing power and polarizability, ionic potential, Fajan’s rules. Lewis structures, formal charge. Valence Bond Theory. The hydrogen molecule (Heitler-London approach), directional character of covalent bonds, hybridizations, equivalent and non-equivalent hybrid orbitals, Bent’s rule, Dipole moments, VSEPR theory, shapes of molecules and ions containing lone pairs and bond pairs (examples from main groups chemistry) and multiple bonding (σ and π bond approach).
	8
	Dr. Kaushik Ghosh

	B. Chemical Bonding-II: (12 Lectures) 

(i) Molecular Orbital Theory: Molecular orbital concept of bonding (The approximations of the theory, Linear combination of atomic orbitals (LCAO)) (elementary pictorial approach): σ- and πbonds and δ- interaction, multiple bonding. Orbital designations: gerade, ungerade, HOMO, LUMO. Orbital mixing, MO diagrams of H2, Li2, Be2, B2, C2, N2, O2, F2, and their ions wherever possible; Heteronuclear molecular orbitals: CO, NO, NO+ , CN- , HF, BeH2, CO2 and H2O. Bond properties: bond orders, bond lengths
	4
	Dr. Kaushik Ghosh

	(ii) Metallic Bond: Qualitative idea of valence bond and band theories, electrical and thermal conductivity of metals, Semiconductors (intrinsic and extrinsic: p-type and n-type) and insulators, Superconductivity (only basic idea).
	4
	Dr. Kaushik Ghosh

	(iii) Weak Chemical Forces: van der Waals forces, ion-dipole forces, dipole-dipole interactions, induced dipole interactions, Instantaneous dipole-induced dipole interactions. Repulsive forces, Intermolecular forces: Hydrogen bonding (theories of hydrogen bonding, valence bond treatment), host-guest interactions, Halogen bonds. Effects of chemical force, melting and boiling points.
	4
	Dr. Kaushik Ghosh

	C. Chemistry of s and p Block Elements: (18 Lectures) 
Group trends in electronic configuration, Common oxidation states, Allotropy and catenation (with example), Oxides of N, P, S and Cl, Oxo/Peroxo acids of P, S and Cl, Basic properties of halogens. Study of the following compounds with emphasis on structure, bonding, preparation, properties and uses: Li2O, Na2O2 and KO2, BeH2, BeCl2, boric acid, borates, borax, sodium perborate, boron nitrides, borazines, borohydrides (diborane), carbides (covalent and ionic type), diamond, graphite, silanes, silicones, phosphazenes, sulphur-nitrogen binary compounds, interhalogen compounds, polyhalide ions, pseudohalogens, Chlorofluorocarbons (CFCs). 
	12
	Dr. Kaushik Ghosh

	Noble Gases: Separation of Noble gases, Clathrates; Structure and properties of XeF2, XeF4, XeF6, XeO2F2 and XeO3, XeO42- and XeO64- .
	6
	Dr. Kaushik Ghosh

	Semester: IV, Paper: MJ5P (INORGANIC CHEMISTRY LABORATORY- II)

	Contents
	No. of Lectures
	Name of the Teacher

	Lab (30 Lectures)

Qualitative semimicro analysis of mixtures containing four radicals. Emphasis should be given to the understanding of the chemistry of different reactions and to assign the most probable composition. 
Acid Radicals: Na+ , K+ , Ca2+ , Sr2+, Ba2+ ,Al3+ ,Cr3+, Mn2+/Mn4+, Fe2+/Fe3+, Co2+/Co3+, Ni2+ , Pb2+, Cu2+, Zn2+, Bi3+, NH4+ , Mg2+ . 
 
	15
	Dr. Kaushik Ghosh

	Basic Radicals: F- , Cl- , Br- , I- , SCN- , S2- , SO32- , SO42- , S2O32- , NO3- , NO2- , PO43- , BO33- , H3BO3.
	10
	Dr. Kaushik Ghosh

	Insoluble Materials: Al2O3, SrSO4, BaSO4, CaF2
	5
	Dr. Kaushik Ghosh

	Semester: IV, Paper: MJ6T (PHYSICAL CHEMISTRY- II)

	Contents
	No. of Lectures
	Name of the Teacher

	A. STATES OF MATTER: PART-1 (GASEOUS STATE) (LECTURE-15) 
(I) Mathematical interlude: Gamma functions, Error and co-error functions, Method of successive approximations, Graphical method of solutions. Concept of probability.
 (II) Kinetic Theory of gases: Postulates, Derivation of basic equation of KTG, Concept of pressure and temperature. Derivation of empirical gas laws from the basic equation of KTG. 
(III) Maxwell’s speed distribution: Maxwell’s velocity distribution in 1D, Maxwell's speed distribution in 2D and 3D. Nature of the distributions, graphical representations, calculation of average, RMS, most probable speed and average kinetic energy in each case.
	5
	Dr. Rabindra Nath Manna

	(IV) Maxwell’s kinetic energy distribution: Maxwell’s kinetic energy distribution in one, two and three dimensions, Nature of the distribution, graphical representations calculations of average kinetic energy in each case. Calculation of probability of finding molecules having energy ≥ a threshold value, Importance of the result. 

(V) Principle of Equipartition of energy: Statement of the principle, degrees of freedom, Molar heat capacity of gases of different atomicity and structures, Limitations of this principle. 
 (VI) Collision of gas molecules; Collision diameter; Collision number and mean free path; Frequency of binary collisions (similar and different molecules); Wall collision. Rate of effusion and Graham’s law of effusion.
	6
	Dr. Rabindra Nath Manna

	(VII) Barometric distribution formula.
(VIII) Deviation of gases from ideal behaviour: Liquifaction of gases and Andrew's curve, critical constants. Law of continuity of states, Compressibility factor; Amagat's plots. KammerlingOnnes or the virial equation of state.
 (IX) van der Waals equation and its features; Derivation and application in explaining real gas behaviour, Existence of critical state, Critical constants in terms of van der Waals constants; Law of corresponding states; van der Waals equation expressed in virial form and significance of second virial coefficient; Boyle temperature. 
(X) Intermolecular interactions among neutral covalent molecules: Dipole-dipole or Keesom interaction, Dipole-induced dipole or Debye interaction, Induced dipole-induced dipole or London interactions. Hard sphere model, Lennard-Jones potential, Buckingham potential.
	4
	Dr. Rabindra Nath Manna

	B. ELECTROCHEMISTRY: PART-1 (CONDUCTANCE) (LECTURE-7) 

(I) Transport Phenomena: General law of transport, Examples of various laws of transport 
(II) Conductance in a solution: Strong and weak electrolytes, Conductance, Specific Conductance, cell constant, Equivalent and molar conductance and their interrelations. 
(III) Variation of specific and equivalent conductance with dilution for strong and weak electrolytes. Ionic mobility, Determination of equivalent conductance at infinite dilution for strong and weak electrolyte. Kohlrausch's law of independent migration of ions. Ionic conductance and transport number. Relation between ionic mobility and ionic conductance. Factors determining ionic and equivalent conductance: concentration, size of the solvated ions, temperature, viscosity of the solvent and the Walden’s rule. Abnormally high ionic conductance of H+ and OH-. 
	5
	Dr. Rabindra Nath Manna

	(IV) Qualitative idea of Debye –Huckel theory: Ion atmosphere -asymmetric or relaxation effect and electrophoretic effect; Kohlrausch equation, Wien effect, Debye-Falkenhagen effect.
(V) Determination by Moving boundary method, Hittorf rule. Abnormal transport number. 
(VI) Application of conductance measurement; Determination of degree of dissociation of weak electrolyte, Determination of ionization constant of weak acid, Determination solubility product of sparingly soluble salts, determination of ionic product of water, determination of rate constant of saponification of ester. Conductometric titrations; principles and various examples.
	2
	Dr. Rabindra Nath Manna

	C. THERMODYNAMICS: PART-2 (SECOND LAW OF THERMODYNAMICS and SYSTEM OF VARIABLE COMPOSITIONS) (LECTURE-12) 

(I) Limitations of 1st law of thermodynamics, Spontaneous process and its characteristic features. Need for a Second law. 
(II) Engine, its efficiency and the Kelvin Planck statement of 2nd law of thermodynamics. Heat pump and refrigerator, their performance and the Clausius statement of 2nd law of thermodynamics. Equivalence of Kelvin-Planck and Clausius statement of second law of thermodynamics. 
(III) Carnot engine: Carnot cycle, Efficiency of Carnot engine taking ideal gas as the working substance, efficiency in terms of P-V diagram. Efficiency of Carnot engine taking VDW gas as the working substance, Carnot’s theorem; statements and proofs, Efficiency of Stirling engine. Thermodynamic scale of temperature. (IV) Introduction to the concept of entropy (S). Properties of entropy. Clausius inequality; Statement of second law of thermodynamics in terms of entropy and the conditions of spontaneity and equilibrium. Limitations of this criteria. Entropy change of systems, surroundings and the universe for various processes and transformations. Carnot’s cycle in T-S diagram and expressions of efficiency. Trouton’s rule.
	6
	Dr. Rabindra Nath Manna

	(V) Carathedory’s statement of 2nd law of thermodynamics (statement only): Two adiabates never intersect, Oneadiabate and one isotherm intersect once, Maxwell’s equal area constructions. 
(VI) Auxiliary state functions: Legendre transformation. Gibbs free energy (G) and Helmholtz free energy (A) . Their physical significance. Variations of G and A with T, P and V. Thermodynamic criteria for spontaneity and equilibrium in terms of change in G and A. Exergonic and endergonic processes. Coupled reaction. 
(VII) Thermodynamic free entropy: Messieu function and Planck’s function. Their properties and physical significance. 
(VIII) Fundamental equations of thermodynamics, Maxwell's relations; Thermodynamic square, Thermodynamic equations of states, Temperature dependence of free energy functions: Gibbs-Helmholtz equation.
	6
	Dr. Rabindra Nath Manna

	D. QUANTUM MECHANICS: PART-2 (POSTULATES OF QUANTUM MECHANICS AND OPERATOR ALGEBRA) (LECTURE-11)

 (I) Postulate-1 of Quantum mechanics: Genesis of Schrodinger equation, Time independent Schrodinger equation and its nature, Wave function, Born’s probabilistic interpretation of wave function, acceptability criteria of wave function, Normalized wave functions and normalization procedure, Orthogonal and orthonormal set of wave functions, Degeneracy of wave functions, 
(II) Postulate-2 of Quantum Mechanics: Classical observable, concepts of operators, Linear operators, Systematic approach to construct quantum mechanical operator for a classical observable, Various examples. 
(III) Postulate-3 of Quantum Mechanics: Eigen value equations, Commutation relations and their physical significance. Important theorems regarding commutations and simultaneous eigen functions. Angular momentum operators and commutation relations associated to them. 
	7
	Dr. Rabindra Nath Manna

	(IV) Postulate-4 of Quantum Mechanics: Average values of a classical observable in a quantum state, Representation of quantum mechanics, Bra-ket notations, Hermitian operator; definition properties and examples, Theorems of Hermitian operators, Gram-Schmidt orthogonalization techniques, Swartz inequality, Generalized Heisenberg uncertainty principle. 
(V) Postulate-5 of Quantum Mechanics: Time dependent Schrodinger equation, Concept of stationary states, Probability current density, Ehrenfest equation of states.
	4
	Dr. Rabindra Nath Manna

	Semester: IV, Paper: MJ6P (PHYSICAL CHEMISTRY LABORATORY- II)

	Contents
	No. of Lectures
	Name of the Teacher

	Lab (30 Lectures)
1. Conductometric titrations (i) Strong acid vs. strong base (ii) Weak monobasic acid vs. Strong base. (iii) Weak dibasic acid vs. Strong base (iv) Mixed acid vs. strong base (v) Silver nitrate vs. potassium chloride 
	10
	Dr. Rabindra Nath Manna

	2. Determination of ionization constant and equivalent conductance at infinite dilution of an weak acid. 
	6
	Dr. Rabindra Nath Manna

	3. Determination of rate constant of saponification of an ester conductometrically. 
	6
	Dr. Rabindra Nath Manna

	4. Determination of solubility product of a sparingly soluble salt.
	8
	Dr. Rabindra Nath Manna

	Semester: IV, Paper: MJ7T (ORGANIC CHEMISTRY -II)

	Contents
	No. of Lectures
	Name of the Teacher

	Stereochemistry III (10 Lectures)

Chirality arising out of stereoaxis: stereoisomerism of substituted cumulenes with even and odd number of double bonds; chiral axis in allenes, spiro compounds. Alkylidene cycloalkanes and biphenyls; related configurational descriptors (Ra/Sa and P/M); atropisomerism; racemisation of chiral biphenyls; buttressing effect.

Concept of prostereoisomerism:
Prostereogeniccentre; concept of (pro)

n-chirality: topicity of ligands and faces (elementary idea); pro-R/pro-S, pro-E/pro-Z and Re/Si descriptors; pro-r and pro-s descriptors of ligands on propseudo asymmetriccentre.

Asymmetric synthesis: stereoselective and stereospecific reactions; diastereoselectivity and enantioselectivity (only definition); enantioselectivity: kinetically controlled MPV reduction; diastereoselectivity: addition of nucleophiles to C=O adjacent to a stereogeniccentre: Felkin- Anh and Zimmermann-Traxler models.

	10
	Mr. Anupam Maity

	Aromatic Substitution (5 Lectures)

Electrophilic aromatic substitution: mechanisms and evidences in favour of it; orientation and reactivity; reactions: nitration, nitrosation, sulfonation, halogenation, Friedel-Crafts reaction; onecarbon electrophiles (reactions: chloromethylation, 
Gatterman-Koch, Gatterman, Houben-Hoesch, Vilsmeier-Haack, Reimer-Tiemann, Kolbe-Schmidt); Ipso substitituion. Nucleophilic aromatic substitution: addition-elimination mechanism and evidences in favour of it; SN1 mechanism; cine substitution (benzyne mechanism), structure of benzyne.
	5
	Mr. Anupam Maity

	Carbonyl and Related Compounds (25 Lectures) Addition to C=O: structure, reactivity and preparation of carbonyl compounds; mechanism (with evidence), reactivity, equilibrium and kinetic control; Burgi-Dunitz trajectory in nucleophilic additions; formation of hydrates, cyanohydrins and bisulphite adduct; nucleophilic additionelimination reactions with alcohols, thiols and nitrogen-based nucleophiles; 
Reactions: benzoin condensation, Cannizzaro and Tischenko reactions, reactions with ylides: Wittig and CoreyChaykovsky reaction; Rupe rearrangement, oxidations and reductions: Clemmensen, WolffKishner, LiAlH4, NaBH4, MPV, Oppenauer, Bouveault- Blanc, acyloin condensation; oxidation of alcohols with PDC and PCC; periodic acid and lead tetraacetate oxidation of 1,2-diols.
	10
	Mr. Anupam Maity

	Exploitation of acidity of α-H of C=O: formation of enols and enolates; kinetic and thermodynamic enolates; reactions (mechanism with evidence): halogenation of carbonyl compounds under acidic and basic conditions, Hell-Volhard-Zelinsky (H.V.Z.) reaction, nitrosation, SeO2 (Riley) oxidation; condensations (mechanism with evidence): Aldol, Tollens’, Knoevenagel, Claisen-Schmidt Claisen ester including Dieckmann, Stobbe; Mannich reaction, Perkin reaction, Favorskii rearrangement; alkylation of active methylene compounds. specific enol equivalents (lithium enolates, enamines, and silyl enol ethers) in connection with alkylation, acylation and aldol type reaction.
	10
	Mr. Anupam Maity

	Nucleophilic addition to α, β-unsaturated carbonyl system: general principle and mechanism (with evidence); direct and conjugate addition, addition of enolates (Michael reaction), Stetter reaction, Robinson annulation.
	3
	 Mr. Anupam Maity

	Substitution at sp2 carbon (C=O system): mechanism (with evidence): BAC2, AAC2, AAC1, AAL1 (in connection to acid and ester); acid derivatives: amides, anhydrides & acyl halides (formation and hydrolysis including comparison).
	2
	Mr. Anupam Maity

	Organometallics (5 Lectures)

Grignard reagent; Organolithiums; Gilman cuprates: preparation and reactions (mechanism with evidence); addition of Grignard and organolithium to carbonyl compounds; substitution on -COX; directed ortho metalation of arenes using organolithiums, conjugate addition by Gilman cuprates; Corey-House synthesis; abnormal behavior of Grignard reagents; comparison of reactivity among Grignard, organolithiums and organocopper reagents; Reformatsky reaction; Blaise reaction; concept of umpolung and base-nucleophile dichotomy in case of organometallic reagents.
	5
	Mr. Anupam Maity

	Semester: IV, Paper: MJ7P (ORGANIC CHEMISTRY LABORATORY- II)

	Contents
	No. of Lectures
	Name of the Teacher

	Lab (30 Lectures)

Organic Preparations A. The following reactions are to be performed, noting the yield of the crude product:
1. Nitration of aromatic compounds

2. Condensation reactions

3. Hydrolysis of amides/imides/esters  

4. Acetylation of phenols/aromatic amines 

5. Benzoylation of phenols/aromatic amines 

6. Side chain oxidation of aromatic compounds   7. Diazo coupling reactions of aromatic amines  8. Bromination of anilides using green approach (Bromate-Bromide method) 

9. Selective reduction of m-dinitrobenzene to m-nitroaniline
Students must also calculate percentage yield, based upon isolated yield (crude) and theoretical yield. B. Purification of the crude product is to be made by crystallization from water/alcohol, crystallization after charcoal treatment, or sublimation, whichever is applicable. C. Melting point of the purified product is to be noted.
	30
	Mr. Anupam Maity
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