SYLLABUS: CHEMICAL ASSISTANT

INORGANIC CHEMISTRY

Atomic Structure & Chemical Bonding

Atomic Structure: Recapitulation of Bohr's theory, its limitations and atomic spectrum of
hydrogen atom. Wave mechanics: de Broglie equation, Heisenberg's Uncertainty Principle and its
significance. Schrédinger’s wave equation, significance of  and 2. Quantum mechanical treatment of
H- atom, Quantum numbers and their significance. Normalized and orthogonal wave functions. Sign of
wave functions. Radial and angular wave functions for hydrogen atom. Radial and angular distribution
curves. Shapes of s, p, and d orbitals, Relative energies of orbitals. Pauli’s Exclusion Principle, Hund's rule
of maximum spin multiplicity, Aufbau principle and its limitations.

Periodicity of Elements: Brief discussion of the following properties of the elements, with
reference to s & p-block and the trends shown: (a) Effective nuclear charge, shielding or screening
effect, Slater rules, variation of effective nuclear charge in periodic table. (b) Atomic and ionic radii (c)
lonization enthalpy, Successive ionization enthalpies and factors affecting ionization enthalpy and trends
in groups and periods. (d) Electron gain enthalpy and trends in groups and periods. (e) Electronegativity,
Pauling’s/ Allred Rochow's scales. Variation of electronegativity with bond order, partial charge,
hybridization, group electronegativity.

Chemical Bonding lonic bond: General characteristics, types of ions, size effects, radius ratio rule
and its limitations. Packing of ions in crystals. Born-Landé equation with derivation and importance of
Kapustinskii expression for lattice energy. Madelung constant, Born-Haber cycle and its application,
Solvation energy. Covalent character in ionic compounds, polarizing power and polarizability. Fajan’s
rules and consequences of polarization.

_Covalent bond: Valence Bond theory (Heitler-London approach). Energetics of hybridization,
equivalent and non-equivalent hybrid orbitals. Bent’s rule, Resonance and resonance energy. lonic
character in covalent compounds: Bond moment and dipole moment. Percentage ionic character from
dipole moment and electronegativity difference. Molecular orbital theory. Molecular orbital diagrams of
diatomic and simple polyatomic molecules N2, 02, C2, B2, F2, CO, NO, and their ions; HCl (idea of s-p
mixing and orbital interaction to be given).

VSEPR Theory: Lewis structure, Valence shell electron pair repulsion theory (VSEPR), shapes of
the following simple molecules and ions containing lone pairs and bond pairs of electrons: H20, NH3,
PCI3, PCIS, SF6, CIF3, 13-, BrF2+, PCI6-,ICI2- ICI4-, and S042-. University of Delhi B.Sc. Hons Chemistry
Page 17 of 167 Multiple bonding (o and 1t bond approach) and bond lengths.

Metallic Bond: Qualitative idea of valence bond and band theories. Semiconductors and
insulators, defects in solids. Weak Chemical Forces: van der Waals forces, ion-dipole forces, dipole-
dipole interactions, induced dipole interaction, Hydrogen bonding (theories of hydrogen bonding,



valence bond treatment). Effects of weak chemical forces, melting and boiling points, solubility,
energetics of dissolution process.

S- and p-Block Elements

General Principles of Metallurgy: Chief modes of occurrence of metals based on standard
electrode potentials. Ellingham diagrams for reduction of metal oxides using carbon and carbon
monoxide as reducing agent. Electrolytic Reduction, Hydrometallurgy with reference to cyanide process
for silver and gold. Methods of purification of metals: Electrolytic process, Van Arkel-De Boer process,
Zone refining.

Chemistry of s-Block Elements General characteristics: melting point, flame colour, reducing
nature, diagonal relationships and anomalous behavior of first member of each group. Reactions of
alkali and alkaline earth metals with oxygen, hydrogen, nitrogen and water. Common features such as
ease of formation, thermal stability and solubility of the following alkali and alkaline earth metal
compounds: hydrides, oxides, peroxides, superoxides, carbonates, nitrates, sulphates. Complex
formation tendency of s-block elements; structure of the following complexes: crown ethers and
cryptates of Group I; basic beryllium acetate, beryllium nitrate, EDTA complexes of calcium and
magnesium. Solutions of alkali metals in liquid ammonia and their properties.

Chemistry of p- Block Elements Electronic configuration, atomic and ionic size, metallic/non-
metallic character, melting point, ionization enthalpy, electron gain enthalpy, electronegativity,
Catenation, Allotropy of C, P, S; inert pair effect, diagonal relationship between B and Si and anomalous
behaviour of first member of each group.

. Structure, bonding and properties: acidic/basic nature, stability, ionic/covalent nature,
oxidation/reduction, hydrolysis, action of heat of the following: * Hydrides: hydrides of Group 13 (only
diborane), Group 14, Group 15 (EH3 where E = N, P, As, Sb, Bi), Group 16 and Group 17. » Oxides: oxides
of phosphorus, sulphur and chlorine ¢ Oxoacids: oxoacids of phosphorus and chlorine; peroxoacids of
sulphur ¢ Halides: halides of silicon and phosphorus.

_Preparation, properties, structure and uses of the following compounds: ¢ Borazine * Silicates,
silicones, » Phosphonitrilic halides {{PNCI2)n where n = 3 and 4} ¢ Interhalogen and pseudohalo gen
compounds * Clathrate compounds of noble gases, xenon fluorides (MO treatment of XeF2).



Coordination Chemistry

Coordination Chemistry: Recapitulation of Werner’s Coordination IUPAC nomenclature of
coordination compounds, isomerism in coordination compounds. with coordination numbers 4 and 6. A
brief idea about chelate effect and labile and inert complexes. Valence bond theory and its application
to complexes of coordination numbers 4 and 6. Examples of inner and outer orbital complexes. Crystal
field theory, measurement of Ao. Calculation of CFSE in weak and strong fields, concept of pairing
energies, factors affecting the magnitude of Ao. 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, it- acceptor and - donor complexes).

Transition Elements: General group trends with special reference to electronic configuration,
colour, variable valency, magnetic properties (no temperature dependence), catalytic properties, and
ability to form complexes. Latimer diagrams of Mn, Fe and Cu in acidic and basic media A brief
discussion of differences between the first, second and third transition series. Some important
compounds of Cr, Mn, Fe and Co and their roles as laboratory reagents; Potassium dichromate,
potassium permanganate, potassium ferrocyanide, potassium ferricyanide, sodium nitroprusside and
sodium cobaltinitrite.

Lanthanoids and Actinoids: A brief discussion of electronic configuration, oxidation states,
colour, spectral and magnetic properties. Lanthanoid contraction (causes and effects) separation of
lanthanoids by ion exchange method. Unit 4: Inorganic Reaction Mechanism: Introduction to inorganic
reaction mechanisms. Concept of reaction pathways, transition state, intermediate and activated
complex.Substitution reactions in square planarcomplexes, Trans- effect, theories of trans-effect.
Thermodynamic and Kinetic stability.

Qualitative Analysis and Oragnaometallic Compounds

rag

““Theoretical Principles in Qualitative Analysis: Basic principles involved in analysis of cations and
anions and solubility products, common ion effect. Principles involved in separation of cations into
groups and choice of group reagents. Interfering anions (fluoride, borate, oxalate and phosphate) and
need to remove them after Group Il. Organometallic Compounds Definition and classification of
organometallic compounds on the basis of bond type. Concept of hapticity of organic ligands.

. Metal carbonyls: 18 electron rule, electron count of mononuclear, polynuclear and substituted
metal carbonyls of 3d series. General methods of preparation (direct combination, reductive
carbonylation, thermal and photochemical decomposition) of mono and binuclear carbonyls of 3d



series. Structures of mononuclear and binuclear carbonyls of Cr, Mn, Fe, Co and Ni using VBT. n-acceptor
behaviour of CO (MO diagram of CO to be discussed), synergic effect and use of IR data to explain extent
of back bonding. Zeise's salt: Preparation and structure, evidences of synergic effect and comparison of
synergic effect with that in carbonyls. Metal Alkyls: Important structural features of methyl lithium
(tetramer) and trialkyl aluminium (dimer), concept of multicentre bonding in these compounds. Role of
triethylaluminium in polymerisation of ethene (Ziegler — Natta Catalyst). Species present in ether
solution of Grignard reagent and their structures, Schlenk equilibrium. Ferrocene: Preparation and
reactions (acetylation, alkylation, metallation, Mannich Condensation).

Structure and aromaticity: Comparison of aromaticity and reactivity with that of benzene.
Reaction Kinetics and Mechanism Introduction to inorganic reaction mechanisms. Substitution reactions
in square planar complexes, Trans- effect, theories of trans effect, Mechanism of nucleophilic
substitution in square planar complexes, Thermodynamic and Kinetic stability, Kinetics of octahedral
substitution, Ligand field effects and reaction rates, Mechanism of substitution in octahedral complexes.
Catalysis by Organometallic Compounds Study of the following industrial processes and their
mechanism: 1. Alkene hydrogenation (Wilkinsons Catalyst) 2. Hydroformylation (Co salts) 3. Wacker
Process 4. Synthetic gasoline (Fischer Tropsch reaction) 5. Synthesis gas by metal carbonyl complexes

hemistry

™

Physical
States of Matter & Ionic Equilibrium

Gaseous state: Kinetic molecular model of a gas: postulates and derivation of the kinetic gas
equation; collision frequency; collision diameter; mean free path and viscosity of gases, including their
temperature and pressure dependence, relation between mean free path and coefficient of viscosity,
calculation of o from n; variation of viscosity with temperature and pressure. Maxwell distribution and
its use in evaluating molecular velocities (average, root mean square and most probable) and average
kinetic energy, law of equipartition of energy, degrees of freedom and molecular basis of heat
capacities. Behaviour of real gases: Deviations from ideal gas behaviour, compressibility factor, Z, and its
variation with pressure and temperature for different gases. Causes of deviation from ideal behaviour.
Equation of states for real gases; van der Waals equation of state, its derivation and application in
explaining real gas behaviour, Virial coefficients, calculation of Boyle temperature. Isotherms of real
gases and their comparison with van der Waals isotherms, continuity of states, critical state, relation
between critical constants and van der Waals constants, law of corresponding states.

Liquid state: Qualitative treatment of the structure of the liquid state; physical properties of
liquids; vapour pressure, surface tension and coefficient of viscosity, and their determination. Effect of
addition of various solutes on surface tension and viscosity. Explanation of cleansing action of
detergents. Temperature variation of viscosity of liquids and comparison with that of gases.



solid state: Nature of the solid state, law of constancy of interfacial angles, law of rational
indices, Miller indices, elementary ideas of symmetry, symmetry elements and symmetry operations,
qualitative idea of point and space groups, seven crystal systems and fourteen Bravais lattices; X-ray
diffraction, Bragg’s law, a simple account of rotating crystal method and powder pattern method.
Analysis of powder diffraction patterns of NaCl, CsCl and KCI .

lonic equilibria: Strong, moderate and weak electrolytes, degree of ionization, factors affecting
degree of ionization, ionization constant and ionic product of water. lonization of weak acids and bases,
pH scale, common ion effect; dissociation constants of mono and diprotic acids. Salt hydrolysis-
calculation of hydrolysis constant, degree of hydrolysis and pH for different salts. Buffer solutions;
derivation of Henderson equation and its applications. Solubility and solubility product of sparingly
soluble salts — applications of solubility product principle. Qualitative treatment of acid — base titration
curves (calculation of pH at various stages). Theory of acid-base indicators; selection of indicators and
their limitations.

nd its Applications
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: Chemical Thermodynamics: Intensive and extensive variables; state and path functions; isolated,
closed and open systems. Mathematical treatment - Exact and inexact differential, Partial derivatives,
Euler's reciprocity rule, cyclic rule,

Concept of heat, Q, work, W, internal energy, U, and statement of first law; enthalpy, H,
relation between heat capacities, Joule Thompson Porous Plug experiment, Nature of Joule Thompson
coefficient, calculations of Q, W, AU and AH for reversible, irreversible and free expansion of gases (ideal
and van der Waals) under isothermal and adiabatic conditions. Thermochemistry: Enthalpy of reactions:
standard states; enthalpy of neutralization, enthalpy of hydration, enthalpy of formation and enthalpy
of combustion and its applications, bond dissociation energy and bond enthalpy; effect of temperature
(Kirchhoff's equations) on enthalpy of reactions.

Concept of entropy; statement of the second law of thermodynamics, Carnot cycle.
Calculation of entropy change for reversible and irreversible processes (for ideal gases). Free Energy
Functions: Gibbs and Helmholtz energy; variation of S, G, A with T, V, P; Free energy change and
spontaneity (for ideal gases). Relation between Joule-Thomson coefficient and other thermodynamic
parameters; inversion temperature; Gibbs-Helmholtz equation; Maxwell relations; thermodynamic
equation of state.

statement of third law, unattainability of absolute zero, calculation of absolute entropy of
molecules, concept of residual entropy, calculation of absolute entropy of solid, liquid and gases.

Systems of Variable Composition: Partial molar quantities, dependence of thermodynamic
parameters on composition; Gibbs Duhem equation, chemical potential of ideal mixtures, Change in
thermodynamic functions on mixing of ideal gases.



Chemical Equilibrium: Criteria of thermodynamic equilibrium, degree of advancement of
reaction, Chemical equilibria in ideal gases, Thermodynamic derivation of relation between Gibbs free
energy of a reaction and reaction quotient, Equilibrium constants and their dependence on
temperature, pressure and concentration, Le Chatelier's Principle (Quantitative treatment), Free energy
of mixing and spontaneity, Equilibrium between ideal gases and a pure condensed phase.

_Solutions and Colligative Properties: Dilute solutions; lowering of vapour pressure, Raoult’s law,
Henry’s law. Thermodynamic basis of the colligative properties - lowering of vapour pressure, elevation
of Boiling Point, Depression of Freezing point and Osmotic pressure and derivation of expressions for
these using chemical potential. Application of colligative properties in calculating molar masses of
normal, dissociated and associated solutes in solutions.

Phase Equilibria and Electrochemical Cells

. Phase Equilibria:Concept of phases, components and degrees of freedom, derivation of Gibbs
Phase Rule for nonreactive and reactive systems; Clausius-Clapeyron equation and its applications to
solid liquid, liquid-vapour and solid-vapour equilibria, phase diagram for one component systems (H20
and S), with applications. A comparison between the phase diagram of CO2 and H20. Phase diagrams
for systems of solid-liquid equilibria involving eutectic, congruent and incongruent melting points. Binary
solutions: Gibbs-Duhem-Margules equation, its derivation and applications to fractional distillation of
binary miscible liquids (ideal and non-ideal), azeotropes, lever rule, partial miscibility of liquids, CST,
miscible pairs, steam distillation. Nernst distribution law: its derivation and applications.

Electrochemical Cells: Rules of oxidation/reduction of ions based on half-cell potentials,
applications of electrolysis in metallurgy and industry. 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, (i) equilibrium
constants, and (iii) pH values, using hydrogen, quinone-hydroquinone, glass and SbO/Sh203 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).

Surface chemistry: Physical adsorption, chemisorption, adsorption isotherms (Langmuir and
Freundlich). Nature of adsorbed state. Qualitative discussion of BET.



Conductance & Chemical Kinetics Total Credits

Conductance: Quantitative aspects of Faraday’s laws of electrolysis, Arrhenius theory of
electrolytic dissociation. Conductivity, equivalent and molar conductivity and their variation with
dilution for weak and strong electrolytes. Molar conductivity at infinite dilution. Kohlrausch’s law of
independent migration of ions. Debye-Huckel-Onsager equation, Wien effect, Debye-Falkenhagen
effect, Walden’s rule. lonic velocity, mobility and their determination, transference number and its
relation to ionic mobility, determination of transference number using Hittorf and Moving Boundary
methods. Applications of conductance measurement: (i) degree of dissociation of weak electrolytes, (ii)
ionic product of water (iii) solubility and solubility product of sparingly soluble salts, (iv) conductometric
titrations, (v) hydrolysis constants of salts.

Chemical Kinetics: 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.

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

Photochemistry: Characteristics of electromagnetic radiation, Jablonski Diagram. Lambert-Beer’s
law and its limitations, physical significance of absorption coefficients. Laws of photochemistry,
quantum yield, actinometry, examples of low and high quantum yields, photochemical equilibrium and
the differential rate of photochemical reactions, photosensitized reactions, quenching. Role of
photochemical reactions in biochemical processes, photostationary states, chemiluminescence.

Quantum Chemistry

Quantum Chemistry: Postulates of quantum mechanics, quantum mechanical operators,
Schridinger equation and its application to free particle and “particle-in-a-box”, quantization of energy
levels, zero-point energy and Heisenberg Uncertainty principle; wavefunctions, probability distribution
functions, nodal properties, Extension to two and three dimensional boxes, separation of variables,
degeneracy. Qualitative treatment of simple harmonic oscillator model of vibrational motion: Setting up



of Schrodinger equation and discussion of solution and wavefunctions. Vibrational energy of diatomic
molecules and zero-point energy. Angular momentum: Commutation rules, quantization of square of
total angular momentum and z-component. Rigid rotator model of rotation of diatomic molecule.
Schrodinger equation, transformation to spherical polar coordinates. Separation of variables. Spherical
harmonics. Discussion of solution. Qualitative treatment of hydrogen atom and hydrogen-like ions:
setting up of Schraodinger equation in spherical polar coordinates, radial part, quantization of energy.
Average and most probable distances of electron from nucleus. Setting up of Schrédinger equation for
many-electron atoms (He, Li). Need for 33 approximation methods. Statement of variation theorem and
application to simple systems (particle-in-a-box, harmonic oscillator, hydrogen atom).

:Chemical bonding: Covalent bonding, valence bond and molecular orbital approaches, LCAO-MO
treatment of H2 + . Bonding and antibonding orbitals. Qualitative extension to H2. Comparison of LCAO-
MO and VB treatments of H2 (only wavefunctions, detailed solution not required) and their limitations.
Refinements of the two approaches (Configuration Interaction for MO, ionic terms in VB). Qualitative
description of LCAO-MO treatment of homonuclear and heteronuclear diatomic molecules (HF, LiH).
Localised and non-localised molecular orbitals treatment of triatomic (BeH2, H20) molecules.
Qualitative MO theory and its application to AH2 type molecules.

Molecular Spectroscopy: Interaction of electromagnetic radiation with molecules and various
types of spectra; BornOppenheimer approximation. Rotation spectroscopy: Selection rules, intensities of
spectral lines, determination of bond lengths of diatomic and linear triatomic molecules, isotopic
substitution. Vibrational spectroscopy: Classical equation of vibration, computation of force constant,
amplitude of diatomic molecular vibrations, anharmonicity, Morse potential, dissociation energies,
fundamental frequencies, overtones, hot bands, degrees of freedom for polyatomic molecules, modes
of vibration, concept of group frequencies. Vibration-rotation spectroscopy: diatomic vibrating rotator,
P, Q, R branches. Raman spectroscopy: Qualitative treatment of Rotational Raman effect; Effect of
nuclear spin, Vibrational Raman spectra, Stokes and anti-Stokes lines; their intensity difference, rule of
mutual exclusion. Electronic spectroscopy: Franck-Condon principle, electronic transitions, singlet and
triplet states, fluorescence and phosphorescence, dissociation and predissociation, calculation of
electronic transitions of polyenes using free electron model. Nuclear Magnetic Resonance (NMR)
spectroscopy: Principles of NMR spectroscopy, Larmor precession, chemical shift and low resolution
spectra, different scales, spin-spin coupling and high resolution spectra, interpretation of PMR spectra of
organic molecules. Electron Spin Resonance (ESR) spectroscopy: Its principle, hyperfine structure, ESR of
simple radicals. Photochemistry Characteristics of electromagnetic radiation, Lambert-Beer’s law and its
limitations, physical significance of absorption coefficients. Laws, of photochemistry, quantum yield,
actinometry, examples of low and high quantum yields, photochemical equilibrium and the differential
rate of photochemical reactions, photosensitised reactions, quenching. Role of photochemical reactions
in biochemical processes, photostationary states, chemiluminescence.



Recapitulation of Basics of Organic Chemistry Hybridisation: Shapes of molecules Electronic
displacements and their applications: Inductive, electromeric, resonance and mesomeric effects and
hyperconjugation. Concept of dipole moment, acidity and basicity and pKa values.

Homolytic and heterolytic fissions with suitable examples. Types, shape and relative stability of
carbocations, carbanions, carbenes and free radicals. Weaker forces like van der Waals forces and
hydrogen bonding Electrophiles and nucleophiles, and introduction to types of organic reactions:
addition, elimination and substitution reactions.

Stereochemistry Stereoisomerism: Optical activity and optical isomerism, asymmetry, chirality,
enantiomers, diastereomers. specific rotation; Configuration and projection formulae: Newmann,
Sawhorse, Fischer and their interconversion. Chirality in molecules with one and two stereocentres;
meso configuration. Racemic mixture and their resolution. Relative and absolute configuration: D/L and
R/S designations. Geometrical isomerism: cis-trans, syn-anti and E/Z notations using CIP rules.

: Carbon-Carbon sigma bonds (Alkanes and Cycloalkanes) General methods of preparation- Wurtz
and Wurtz Fittig reaction, Corey House synthesis, physical and chemical properties of alkanes, Free
radical substitutions; Halogenation, concept of relative reactivity v/s selectivity.

Carbon-Carhon pi Bonds (Alkenes and Alkynes) Structure and isomerism.General methods of
preparation, physical and chemical properties. Mechanism, of E1, E2, E1cb reactions, Saytzeff and
Hoffmann eliminations, Electrophilic Additions, mechanism with suitable examples,
(Markownikoff/Antimarkownikoff addition), syn and anti-addition; addition of H2, X2, oxymercuration-
demercuration, hydroboration-oxidation, ozonolysis, hydroxylation, Diels Alder reaction, 1,2-and 1,4-
addition reactions in conjugated dienes. Mechanism of allylic and benzylic bromination in propene, 1-
butene, toluene,ethyl benzene. Reactions of alkynes; acidity, electrophilic and nucleophilic additions,
hydration to form carbonylcompounds, Alkylation of terminal alkynes.

Aromatic Hydrocarbons Concept of Aromaticity, Huckel's rule, aromatic character of arenes,
cyclic carbocations and carbanions with suitable examplesand heterocyclic compoundswith suitable
examples. Electrophilic aromatic substitution: halogenation, nitration, sulphonation, Friedel Crafts
alkylation/ acylation with their mechanism. Directing effects of groups in electrophilic substitution.
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Halogenated Hydrocarbons and Oxygen Containing Functional

Groups

Chemistry of Halogenated Hydrocarbons: Alkyl halides: Methods of preparation and properties,
nucleophilic substitution reactions — SN1, SN2 and SNi mechanisms with stereochemical aspects and
effect of solvent; nucleophilic substitution vs. elimination. Aryl halides: Preparation (including
preparation from diazonium salts) and properties, nucleophilic aromatic substitution; SNAr, Benzyne
mechanism. Relative reactivity of alkyl, allyl, benzyl, vinyl and aryl halides towards nucleophilic
substitution reactions. Organometallic compounds of Mg (Grignard reagent) — Use in synthesis of
organic compounds.

Alcohol, Phenol, Ether and Epoxides B.Sc. Hons Chemistry University of Delhi Alcohols:
preparation, properties and relative reactivity of 1°, 2°, 3° alcohols, Bouveault—Blanc
Reduction;Oxidation of diols by periodic acid and lead tetraacetate, Pinacol-Pinacolone rearrangement.
Phenols: Preparation and properties; Acidity and affecting factors, Ring substitutionreactions, Reimer
Tiemann and Kolbe's—Schmidt Reactions, Fries and Claisen rearrangements and their mechanism. Ethers
and Epoxides: Preparation and reactions with acids. Reactions of epoxides with alcohols, ammonia and
LiAIH4.

Carbonyl Compounds Structure, reactivity, preparation and properties; Nucleophilic additions,
Nucleophilic addition-elimination reactions with ammonia derivatives with mechanism. Mechanisms of
Aldol and Benzoin condensation, Knoevenagel condensation, Claisen-Schmidt, Perkin, Cannizzaro and
Wittig reaction, Beckmann and Benzil-Benzilic acid rearrangements, haloform reaction and Baeyer
Villiger oxidation, a-substitution reactions, oxidations and reductions (Clemmensen, Wolff Kishner,
LiAIH4, NaBH4, MPV, PDC) Addition reactions of a, B- unsaturated carbonyl compounds: Michael
addition. Active methylene compounds: Keto-enol tautomerism. Preparation and synthetic applications
of diethyl malonate and ethyl acetoacetate.

Carboxylic acids and their derivatives General methods of preparation, physical properties and
reactions of monocarboxylic acids, effect of substituents on acidic strength. Typical reactions of
dicarboxylic acids, hydroxy acids and unsaturated acids. Preparation and reactions of acid chlorides,
anhydrides, esters and amides; Comparative study of nucleophilic substitution at acyl group-Mechanism
of acidic and alkaline hydrolysis of esters, Claisen condensation, Dieckmann and Reformatsky reactions,
Hoffmann-bromamide degradation and Curtius rearrangement.
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Nitrogen containing functional groups, Polynuclear
Hydrocarbons, Heterocyclic Chemistry, Alkaloids and Terpenes

Nitrogen Containing Functional Groups Preparation, properties and important reactions of
amines and diazonium salts, nitro compounds, nitriles and isonitriles. A) Amines: Introduction,
classification, chirality in amines (pyramidal inversion), importance and general methods of preparation.
Properties: Physical properties, Basicity of amines: Effect of substituents, solvent and steric effects.
Distinction between Primary, secondary and tertiary amines using Hinsberg’s method and nitrous acid.
Discussion of the following reactions with emphasis on the mechanistic pathway: Gabriel Phthalimide
synthesis, Hoffmann- Bromamide reaction, Carbylamine reaction, Mannich reaction, Hoffmann’s
exhaustive methylation, Hofmann-elimination reaction and Cope elimination. Diazonium Salts:
Preparation and synthetic applications of diazonium salts including preparation of arenes, haloarenes,
phenoals, cyano and nitro compounds. Coupling reactions of diazonium salts(preparation of azo dyes). B)
Nitro compounds (Aliphatic and Aromatic):Nomenclature, classification and general methods of
preparation: from alkyl halides, alkanes, oxidation of amines and oximes and diazonium salts.
Properties: Physical properties, discussion on the following reactions with mechanism: Reaction with
alkali and its synthetic applications, condensation reaction, Mannich reaction, Hydrolysis,Reduction-
electrolytic reduction, reduction in acidic, basic and neutral medium (for aromatic compounds),reaction
with nitrous acid, Electrophilic substitution-Halogenation, nitration and sulphonation reaction, and
Nucleophilic substitution on the ring. C) Nitriles: Introduction, Nomenclature and uses. Preparation from
the following reactions: Dehydration of amides and aldoximes, substitution reaction in alkyl halides and
tosylates, from Grignard reagents and from dehydrogenation of primary amines. Properties: Physical
properties, discussion on the following reactions with mechanism: Reaction with Grignard reagent,
hydrolysis,addition reaction with HX,NH3,reaction with aqueous ROH, Reduction reactions-catalytic
reduction and Stephen’s reaction, Condensation reactions-Thorpe Nitrile Condensation. D) Isonitriles:
Introduction, Nomenclature and uses. Preparation from the following reactions: Carbylamine reaction,
substitution in alkyl halides and dehydrogenation of N-substituted formamides. Properties: Physical
properties, discussion on the following reactions with mechanism: Hydrolysis, reduction, addition of-
HX, X2 and sulphur, Grignard reaction, oxidation and rearrangement.

Polynuclear Hydrocarbons Introduction, Classification,Structure, Nomenclature and uses.
Aromaticity of polynuclear hydrocarbons, structure elucidation of Naphthalene and general methods of
preparation of naphthalene, phenanthrene and anthracene(including Haworth method,Friedel Craft
acylation, Diels Alder reaction,Elbs reaction and Pschorr Synthesis).Relative reactivity of naphthalene,
phenanthrene and anthracene in comparison to benzene. Properties: Physical properties, discussion on
the following reaction (with mechanism) for Naphthalene, Anthracene and Phenanthrene. Addition
reactions, Oxidation, Electrophilic substitution- Friedel Craft reaction, Chloromethylation, Halogenation,
Formylation, Nitration and sulphonation. Reduction reaction and Diels Alder reaction.
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1 Heterocyclic Compounds Introduction, importance, classification and nomenclature of
heterocyclic compounds (containing only one hetero atom). General discussion on the following aspects
of heterocyclic compounds: 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, Pyrrole (Paal-Knorr
synthesis, Knorr pyrrole synthesis, Hantzsch synthesis), Thiophene, Pyridine (Hantzsch synthesis),
Indole(Fischer indole synthesis and Madelung synthesis, reduction of o-nitrobenzaldehyde), Quinoline
and isoquinoline, (Skraup synthesis, Friedlander’s synthesis, Knorr quinoline synthesis, Doebner-Miller
synthesis, Bischler-Napieralski reaction, Pictet-Spengler reaction, Pomeranz-Fritsch reaction) Properties:
Physical properties, discussion on the following reaction (with mechanism) for Furan, Pyrrole,
thiophene, Pyridine, Indole, Quinoline and Isoquinoline: 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

. Alkaloids Introduction, Natural occurrence, Classification, Uses, general structural features,
general methods for structure elucidation including Hoffmann’s exhaustive methylation and Emde’s
method. Structure elucidation, synthesis and physiological action of Nicotine. Unit 5: Terpenes
Introduction, Occurrence, Uses, classification, isoprene and special isoprene rule; general methods of
structure elucidation including distinction between isopropylidene and isopropenyl group, Elucidation of
structure, synthesis of Citral.

Biomolecules

Nucleic Acids: Components of nucleic acids, Nucleosides and nucleotides; Structure, synthesis
and reactions of: Adenine, Guanine, Cytosine, Uracil and Thymine; Structure of polynucleotides. Amino
Acids, Peptides and Proteins Amino acids, Peptides and their classification. a-Amino Acids - Synthesis,
ionic properties and reactions. Zwitterions, pKa values, isoelectric point and electrophoresis; Study of
peptides: determination of their primary structures-end group analysis, methods of peptide synthesis.
Synthesis of peptides using N-protecting, C-protecting and C-activating groups -Solid-phase synthesis.

Enzymes Introduction: classification and characteristics of enzymes. Salient features of active
site of enzymes. Mechanism of enzyme action (taking trypsin as example), factors affecting enzyme
action, coenzymes and cofactors and their role in biological reactions, specificity of enzyme action
(including stereospecificity), enzyme inhibitors and their importance, phenomenon of inhibition
(competitive, uncompetitive and non-competitive inhibition including allosteric inhibition).

. Lipids: Introduction to oils and fats; common fatty acids present in oils and fats, Hydrogenntion
of fats and oils, Saponification value, acid value, iodine number. Reversion and rancidity. Concept of
Energy in Biosystems Cells obtain energy by the oxidation of foodstuff (organic molecules). Introduction
to metabolism (catabolism, anabolism). ATP: The universal currency of cellular energy, ATP hydrolysis
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and free energy change. Agents for transfer of electrons in biological redox systems: NAD+, FAD.
Conversion of food to energy: Outline of catabolic pathways of carbohydrate- glycolysis, fermentation,
Krebs cycle. Overview of catabolic pathways of fat and protein. Interrelationship in the metabolic
pathways of protein, fat and carbohydrate. Caloric value of food, standard caloric content of food types.

Pharmaceutical Compounds: Structure and Importance Classification, structure and therapeutic
uses of antipyretics: Paracetamol (with synthesis), Analgesics: Ibuprofen (with synthesis), Antimalarials:
Chloroquine (with synthesis). An elementary treatment of Antibiotics and detailed study of
chloramphenicol, Medicinal values of curcumin (haldi), azadirachtin (neem), vitamin C and antacid
(ranitidine).
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