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CHEMISTRY
1. Physical Chemistry

Atomic Structure - Bohr’s atomic model-Sommerfeld’s extension of atomic structure; Electronic
configuration and Quantum numbers; Shapes of s, p, d, f orbitals - Pauli’s exclusion principle -
Hund’s rule of maximum multiplicity - Aufbau principle. Emission and absorption spectra, line
and band spectra; Hydrogen spectrum — Lyman, Balmer, Paschen, Brackett and Pfund series; de
Broglie’s theory; Heisenberg’s uncertainty principle — wave nature of electron — Schrodinger
wave equation (No derivation). Eigenvalues and eigenfunctions. Valence electrons, ionic bond,
covalent bond, bond parameters, Lewis structure, polar character of covalent bond, covalent
character of ionic bond, valence bond theory, resonance, geometry of covalent molecules, VSEPR
theory, concept of hybridization involving s, p and d orbitals and shapes of some simple molecules,
molecular orbital theory of homonuclear diatomic molecules (qualitative level). Hydrogen bond.

Thermodynamics - Zeroth law of thermodynamics — I and 1l Laws of thermodynamics — internal
energy and enthalpy, heat capacity and specific heat, measurement of AU and AH, Hess’s law of
constant heat summation, enthalpy of: bond dissociation, combustion, formation, atomization,
sublimation, phase transition, ionization, solution and dilution. Introduction of entropy as a state
function, Second law of thermodynamics, Gibbs energy change for spontaneous and non-
spontaneous process, criteria for equilibrium. Third law of thermodynamics (brief introduction).

Chemical Kinetics - Rate of a chemical reaction, factors affecting rates of reaction: concentration,
temperature, pressure and catalyst; Law of mass action — Rate expression, order, and molecularity
of reactions, zero order, first order and pseudo first order reaction — half-life period. Determination
of rate constant and order of reaction. Temperature dependence of rate constant — Arrhenius
equation, activation energy and its calculation; elementary concept of collision theory of
bimolecular gaseous reactions.

2. Analytical Chemistry

Electrochemistry - Redox reactions; Theory of electrical conductance; metallic and electrolytic
conductance. Faraday’s laws — theory of strong electrolytes — Specific resistance, specific
conductance, equivalent and molar conductance — Variation of conductance with dilution —
Kohlrausch’s Law — lonic product of water, pH, and pH — buffer solutions — use of pH values.
Cells — Electrodes and electrode potentials — construction of cell, EMF values and standard
electrode potentials, Nernst equation and its application to chemical cells. Relation between Gibbs
energy change and EMF of a cell, dry cell, electrolytic cells and Galvanic cells; lead accumulator;
Fuel cells, Corrosion, and its prevention.



Chemical Equilibrium - Equilibrium in physical and chemical processes, dynamic nature of
equilibrium, law of mass action, equilibrium constant, factors affecting equilibrium — Le Chatelier’s
principle; ionic equilibrium — ionization of acids and bases, strong and weak electrolytes, degree of
ionization, ionization of polybasic acids, acid strength, concept of pH, Hydrolysis of salts (elementary
idea), buffer solutions, Henderson equation, solubility product, common ion effect (with illustrative
examples).

Solutions - Colligative properties of dilute solutions; Different methods for expressing the
concentration of solution - molality, molarity, mole fraction, percentage, the vapour pressure of
solutions and Raoult's Law - Ideal and non-ideal solutions, vapour pressure - composition, plots for
ideal and non-ideal solutions.

Environmental Chemistry - Environmental pollution - Atmospheric, water and soil.

3. Inorganic Chemistry

Modern periodic law and present form of the periodic table, s, p, d and f block elements, periodic
trends in properties of elements atomic and ionic radii, ionization enthalpy, electron gain enthalpy,
valence, oxidation states and chemical reactivity.

The s-block elements — properties and chemical reactivity of alkali and alkaline earth metals.

The p-block elements — Group 13 to Group 18 elements — General Introduction: Electronic
configuration and general trends in physical and chemical properties of elements across the
periods and down the groups, unique behaviour of the first element in each group.

Boron physical and chemical properties, some important compounds: borax, boric acids, boron
hydrides. Aluminium: uses, reactions with acids and alkalies. Carbon - catenation, allotropic
forms, physical and chemical properties; Important compounds of silicon and a few uses: silicon
tetrachloride, silicones, silicates and zeolites, their uses. Compounds of nitrogen: preparation and
properties of ammonia and nitric acid, oxides of nitrogen (structure only); Phosphorous-allotropic
forms; compounds of phosphorous: preparation and properties of phosphine, halides (PCl3, PCls)
and oxoacids (elementary idea only). Dioxygen: preparation, properties and uses; classification
of oxides; ozone. Sulphur — allotropic forms; compounds of sulphur: preparation, properties and
uses of sulphur dioxide; sulphuric acid: industrial process of manufacture, properties and uses,
oxoacids of Sulphur (structures only).

Compounds of halogens: preparation, properties and uses of chlorine and hydrochloric acid,
interhalogen compounds, oxoacids of halogens (structures only).

General characteristics of d-block elements, Lanthanides & Actinides

The d-block elements - Electronic Configuration — Oxidation states of first row transition
elements and their colours. Occurrence and principles of extraction: Copper, Silver, Gold and
Zinc. Preparation and properties of CuSO4, AgNO3z and K2Cr207.

Lanthanides — Introduction, electronic configuration, general characteristics, oxidation state —
lanthanide contraction, uses, brief comparison of Lanthanides and Actinides.



4. Coordination and Material Chemistry

Coordination Compounds - IUPAC nomenclature of mononuclear coordination compounds;
Isomerism, Geometrical isomerism in 4-coordinate, 6-coordinate complexes. Theories on
coordination compounds — Werner’s theory (brief), Valence Bond theory & CFT (basic ideas of
Crystal field theory, colour and magnetic properties), importance of coordination compounds.
Uses of coordination compounds. Bioinorganic compounds (Haemoglobin and chlorophyll).

Solid-State Chemistry and Surface Chemistry — Classification of solids based on different binding
forces: molecular, ionic, covalent and metallic solids, amorphous and crystalline solids
(elementary idea), unit cell in two dimensional and three dimensional lattices, calculation of
density of unit cell, packing in solids, packing efficiency, voids, number of atoms per unit cell in
a cubic unit cell, point defects, electrical and magnetic properties, Band theory of metals,
conductors, semiconductors and insulators and n- and p-type semiconductors.

Adsorption- physisorption and chemisorption; Catalysis — homogeneous and heterogeneous catalysis.
Colloidal state: distinction between true solutions, colloids and suspensions; lyophilic, lyophobic
multimolecular and macromolecular colloids; properties of colloids; Tyndall effect, Brownian
movement, electrophoresis, coagulation; emulsions — types of emulsions.

5. Basic principles of organic chemistry and Functionalized organic compounds

Carbon — tetravalency, hybridization; Classification of organic compounds — functional groups;
Homologous series; Nomenclature (IUPAC); Homolytic and heterolytic bond cleavage; carbocations,
carbanions and free radicals; electrophiles and nucleophiles; Inductive effect, electromeric effect,
resonance and hyperconjugation.

Common organic reactions - Substitution, addition, elimination and rearrangement.

Aromatic hydrocarbon - Aromaticity, electrophilic substitution, halogenation, Friedel-Craft's alkylation
and acylation.

Isomerism in Organic Compounds: Definition, Classification — structural isomerism, stereo
isomerism — geometrical and optical isomerism. Optical activity - chirality — compounds containing
chiral centres — R, S notation, D, L notation.

Detection of the functional groups in organic compounds: Hydroxyl (alcoholic and phenolic),
carbonyl (aldehyde and ketones) carboxyl and amino groups.

Alcohols and Ethers - Nomenclature of alcohols — Classification of alcohols - distinction between
primary, secondary and tertiary alcohols — General methods of preparation of primary alcohols,
properties. Methods of preparation of dihydric alcohols: Glycol — Properties — Uses. Methods of
preparation of trihydric alcohols - Properties — Uses. Aromatic alcohols — preparation and
properties of phenols and benzyl alcohol; Ethers — Nomenclature of ethers — general methods of
preparation of aliphatic ethers - Properties — Uses. Aromatic ethers — Preparation of Anisole — Uses.

Aldehydes and Ketones - Nomenclature of carbonyl compounds — Comparison of aldehydes and
ketones. General methods of preparation of aldehydes — Properties — Uses. Aromatic aldehydes —
Preparation of benzaldehyde — Properties and Uses. Ketones — general methods of preparation of
aliphatic ketones (acetone) — Properties — Uses. Aromatic ketones — preparation of acetophenone —
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Properties — Uses, preparation of benzophenone — Properties. Name reactions; Clemmensen
reduction, Wolff—Kishner reduction, Cannizzaro reaction, Claisen-Schmidt reaction, Benzoin
Condensation, Aldol Condensation and Haloform reaction. Preparation and applications of
Grignard reagents.

6. Carboxylic acids, Organic nitrogen compounds, Biomolecules and Polymers

Carboxylic Acids and their derivatives - Nomenclature — Preparation of aliphatic monocarboxylic
acids — formic acid — Properties — Uses. Monohydroxy mono carboxylic acids; Lactic acid —
Synthesis of lactic acid. Aliphatic dicarboxylic acids; Preparation of oxalic and succinic acids.
Aromatic acids: Benzoic and Salicylic acids — Properties — Uses. Derivatives of carboxylic acids;
acetyl chloride (CH3COCI) — Preparation — Properties — Uses. Preparation of acetamide, Properties
— acetic anhydride — Preparation, Properties. Preparation of esters — methyl acetate — Properties

Organic Nitrogen Compounds - Aliphatic nitro compounds — Preparation of aliphatic nitroalkanes
— Properties — Uses. Aromatic nitro compounds — Preparation — Properties — Uses. Distinction
between aliphatic and aromatic nitro compounds. Amines; aliphatic amines — General
methods of preparation — Properties — Distinction between primary, secondary and tertiary amines.
Aromatic amines — Synthesis of benzylamine — Properties, Aniline — Preparation — Properties —
Uses. Differences between aliphatic and aromatic amines. Aliphatic nitriles — Preparation
— properties — Uses. Diazonium salts — Preparation of benzene diazonium chloride — Properties.

Biomolecules and Polymers

Carbohydrates — Distinction between sugars and non-sugars, structural formulae of glucose,
fructose, and sucrose, with their linkages, invert sugar — definition, examples of oligo and
polysaccharides.

Amino acids and Proteins — Classification of amino acids with examples, Peptides - properties
of peptide bond; Proteins - primary, secondary, tertiary and quaternary structure (qualitative idea
only), denaturation of proteins, enzymes.

Lipids - Definition, classification with examples, difference between fats, oils, and waxes.
Nucleic acids — Chemical constitution of DNA and RNA.

Vitamins - Types and Function.

Polymers - Natural and synthetic polymers, methods of polymerization (addition and
condensation), copolymerization. Some important polymers: natural and synthetic like
polythene, nylon, polyesters, Bakelite, rubber. Biodegradable and non-biodegradable
polymers.

Chemistry in Everyday Life — Chemicals in medicines — analgesics, tranquilizers, antiseptics,
disinfectants, antimicrobials, antifertility drugs, antibiotics, antacids, antihistamines. Chemicals in food —
preservatives, artificial sweetening agents, elementary idea of antioxidants. Cleansing agents — soaps and
detergents, cleansing action.
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